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n the recent JNC-7 report, pre-hypertension (PreHTN), 
a new category including normal and high-normal 
blood pressure (BP) were added to the previous JNC-6 

because normal or high-normal BP might be another condition 
related to the development of cardiovascular diseases (CVD) 
in the future.1,2 Many researchers in public health and medi-
cine agree to apply more aggressive measures and early life-
style modification for the population with PreHTN, in order 
to prevent future CVD and hypertension (HTN). However, 
the European Society of Hypertension and the European 
Society of Cardiology do not agree with this idea, because 
they consider early intervention will unnecessary increase 
medical care services and send premature warnings to the 
public. They suggested an intervention would be more effec-
tive if it targeted a subset of population with concurrent pre-
hypertensive and co-morbid CVD risk factors.3–5 Although 
debates on the timing and target population for intervention 
exist, many studies concluded that the pre-hypertensive status 

would be likely to progress to HTN.6–16

There are several limitations associated with previous 
studies. First, the results were mostly derived from studies on 
risk prediction of CVD, and progression to HTN in Western 
populations. Second, the sample size from the previous studies 
was not large enough to investigate the natural history of 
PreHTN in the general population. Third, there are limited 
number of studies based on Asian and African population.13,16 
Fourth, there are hardly any studies that investigate difference 
in progression rate to HTN by gender and age. Finally, there 
were very few studies on the progression rate to HTN in 
patients newly diagnosed with PreHTN. A study that focuses 
on the new-onset PreHTN population stands to investigate 
the role of early detection and intervention.

Two studies in Taiwan and Korea investigated the progres-
sion rate to HTN. However, the sample size was too small to 
investigate the difference in the progression rate by gender or 
age groups, and to represent the population in each country.12,15
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Background:  There are limited studies conducted in Asia to  investigate the progression rate to hypertension 
(HTN). This study was done to estimate the progression rate of new-onset pre-HTN (PreHTN) to HTN during 
an 8-year follow-up period, and to compare the impact of PreHTN on progression to HTN.

Methods and Results:  A total of 49,228 participants, aged 30 to 54 years with new-onset PreHTN at baseline 
(1994–1996) from a biennial national medical exam were enrolled and followed up every 2 years until 2004. The 
incidence rate recorded at each interval and the cumulative incidence rate of HTN were analyzed. Hazard ratio 
of high-normal and high blood pressure (BP) in men and women was calculated. The cumulative incidence rate 
for high-normal BP was 27.6% and 26.4% at 2-year follow-up, increased to respectively 64.1% and 55.8% in men 
and women at the 8-year follow-up. Compared to optimal BP, hazard ratios for men with high-normal BP across 
all age groups were 3-  to 4-fold higher at 2-year, and 2-  to 3-fold higher at 8-year  follow-up. Hazard ratios  for 
women were about 6-fold higher at 2-year and around 4-fold higher at 8-year follow-up.

Conclusions:  New PreHTN was a significant predisposing factor for future HTN, in young adults and the effect 
is more prominent in women.    (Circ J  2011; 75: 135 – 140)
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The purpose of the study was to assess the progression rate 
of new-onset PreHTN to HTN during the 8-year follow-up 
period, and to compare the impact of PreHTN on progression 
to HTN by age and gender.

Methods
Study Population
The National Health Insurance Corporation has provided a 
biennial medical screening program for Korean adults since 
the early 1980s. A total of 784,870 adults were enrolled in 
1992. Detailed information on the program was described in 
the previous paper.22 In this study, 30% (226,768) of the 
784,870 participants who received medical examinations in 

1992 were randomly selected for enrollment (Figure 1). Indi-
viduals over 55 years of age or having high BP (systolic BP 
(SBP) ≥120 mmHg or diastolic BP (DBP) ≥80 mmHg) were 
excluded from the first pool of subjects (226,768) in 1992. 
Among the remaining participants (50,902) with optimal BP 
in 1992, individuals with optimal BP or PreHTN between 
1994 and 1996 were chosen as the final sample for analysis. 
The final sample comprised of 49,228 adults with optimal BP 
or PreHTN at baseline (1994–1996), and was followed up 
every other year until 2004. The study protocol was approved 
by the Yonsei University College of Medicine ethical com-
mittee.

BP Measurements
BP of participants was measured by registered nurses or 
trained technicians using a standard mercury sphygmoma-
nometer or an automatic manometer. BP was measured once 
at each year so that potential misclassification of BP status 
can exist. We used the arithmetic mean value BP of 1994 and 
1996 to minimize a misclassification error. The measured  
BP was classified as optimal (SBP <120 mmHg and DBP 
<80 mmHg), normal (SBP 120 to 129 mmHg or DBP 80 to 
84 mmHg), high-normal (SBP 130–139 mmHg or DBP 85 to 
89 mmHg), or HTN (SBP ≥140 mmHg or DBP ≥90 mmHg) 
based on the JNC-6 criteria.

Other Measurements
Subjects were asked about health behavior and had under-
gone biochemical measurements in each biennial health 
examination from 1992 to 2004. Health behavior included 
smoking, drinking, physical activity and family history of 
CVD related diseases. For the biochemical measurements, 
body mass index (BMI), serum glucose and total cholesterol 
were measured following fasting. The mean value of 1994 
and 1996 measurements for BMI, fasting serum glucose 
(FSG), total serum cholesterol (TC) were used as baseline 
characteristics.

Statistical Methods
By baseline BP status and gender, the general characteris-
tics of the study population were presented in Table 1. The  
2-yearly interval incidence rate and the cumulative incidence 

Figure 1.    The process of setting up the baseline data.

Table 1. General Characteristics of the Study Population According to BP Categories at Baseline

Characteristics
Men, baseline BP Women, baseline BP

Optimal 
(n=20,225)

Normal 
(n=9,657)

High-normal 
(n=3,251)

P-value 
for trend*

Optimal 
(n=12,704)

Normal 
(n=2,744)

High-normal 
(n=647)

P-value 
for trend*

Age (year, 1992) mean ± SD** 38.7±6.5 39.1±6.6 40.1±6.8 <0.0001 35.6±5.1 36.8±5.8 38.4±6.5 <0.0001

Body mass index (kg/m2) 22.5±2.3 23.2±2.4 23.6±2.4 <0.0001 21.2±2.2 21.9±2.4 22.5±2.6 <0.0001

Current smoking (%) 60.6 59.3 56.7 <0.0001 0.14 0.12 0.17 　0.9454

Alcohol drinking (%) 75.2 79.8 80.2 <0.0001 17.9 18.0 19.9 　0.3540

Regular physical activity (%) 28.7 28.2 29.8 　0.6026 14.1 13.7 16.9 　0.3323

Family history (%)

    HTN, stroke, heart disease 12.7 13.0 13.9 　0.1027 18.4 21.0 20.7 　0.0044

    Diabetes mellitus   6.4   6.4   5.7 　0.3318 10.4 11.8 11.6 　0.0544

SBP (mmHg) 108.9±5.5　　 119.6±4.4　　 126.5±5.7　　 <0.0001 106.5±6.3　　 118.9±4.6　　 126.0±5.8　　 <0.0001

DBP (mmHg) 70.2±4.5 78.0±3.5 83.4±3.5 <0.0001 68.5±5.0 77.8±3.8 83.2±3.7 <0.0001

FSG (mg/dl)   88.5±14.4   90.3±16.3   91.7±17.7 <0.0001   84.6±10.0   86.0±12.1   87.8±14.9 <0.0001

TC (mg/dl) 183.8±30.6 188.6±31.2 189.8±31.1 <0.0001 177.6±29.0 182.8±30.3 188.3±31.8 <0.0001

*P-value for trend by ANOVA or Cochran-Armitage test.
**Age in 1992 presented because the data included individuals who participating in health exam in 1992 from the KCPS data.
BP, blood pressure; HTN, hypertension; SBP, systolic BP; DBP, diastolic BP; FSG, fasting serum glucose; TC, total serum cholesterol.
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rate were calculated and analyzed by gender and baseline BP 
status based on the life-table method.

Compared to the optimal BP, the hazard ratio (HR) of high-
normal or normal BP in men and women was calculated by 
the Cox proportional hazard model after adjusting for baseline 
characteristics such as age, BMI, smoking, alcohol, regular 
exercise, family history of CVD, FSG and TC. All P-values 
were 2-tailed, with a P-value of less than 0.05 considered to 
be of statistical significance. All statistical analyses were 
conducted using SAS version 9.1.3 (SAS Institute Inc, Cary, 
NC, USA).

Results
Table 1 illustrates the baseline characteristics of the study 
population. At baseline, the percentage of PreHTN in men 
was 38.9% (normal 9,657 (29.1%); high-normal 3,251 
(9.8%)) and in women was 21.0% (normal 2,744 (17.0%); 
high-normal 647 (4.0%)). The 3 BP groups by mean age, base-
line BMI, FSG, and TC were statistically significant in both 
men and women (P<0.0001). Smoking and alcohol drinking 
were statistically significant in all 3 BP groups in men at 
baseline. In men, smoking rate was lower in high-normal BP 
group, compared to the optimal BP group while drinking 
rate was higher in high-normal BP group.

Table 2 showed the 2-yearly interval incidence of HTN in 
baseline BP in men and women. The 2-year interval inci-
dence rate in men ranged between 9.8 and 12.4%, which was 
twice as high as in women (5.1–5.9%).

Figure 2 shows a gradual increase in the cumulative inci-
dence rate for each BP status at baseline during the follow-
up years in men and women. The cumulative incidence rate 
of high-normal BP in men and women was 27.6% and 26.4% 
at 2-year follow-up, and increased to 64.1% and 55.8% at 
the 8-year follow-up, respectively. The cumulative incidence 
rate of normal BP in women was closer to that of optimal BP 
than the rate of high-normal BP, compared to the rate of  
normal BP in men, which is closer to the rate of high-normal 
BP.

After adjusting for covariates, Figure 3 presented the 
results of Cox’s proportional HR analysis for each age group 
and the 3 baseline BP categories at 2-year and 8-year fol-
low-up. In both men and women, the HR and the confidence 
interval (CI) were reduced and yet statistically significant 
across all age groups at 8-year follow-up as compared to  
2-year follow-up. When compared to optimal BP, HR in 
men with high-normal BP were 3- to 4-fold higher at 2-year 
follow-up and 2- to 3-fold higher at 8-year follow-up in each 
age group. HR in women were about 6-fold higher at 2-year 
follow-up, and around 4-fold higher at 8-year follow-up.

Discussion
It is a consensus that regular screening is an effective method 
to detect HTN early in the general public. It was recom-
mended for people with high-normal BP to be screened once 
a year, and for people with normal BP once every other 
year.10 After JNC-7, the attention has been given to PreHTN 
(normal BP and high-normal) because many studies reported 
the progression rate to HTN among population with high-
normal BP over time was significantly higher than indi-
viduals with optimal BP.6–16 Other studies on PreHTN in the 
USA also concluded that high-normal BP was associated 
with an increased risk of CVD.17–21

There have been short- and long-term studies to investi-
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gate the patterns of progression rate to HTN among different 
population in the West. The Framingham Heart Study, one of 
the first long-term studies, reported that people with normal 
or high-normal BP were 2 to 3 times more likely to develop 
HTN than people with optimal BP in 26 years of follow-up.9 
In a rather short-term follow-up study of 4 years, the progres-
sion rate among people with high-normal BP was reported to 
be increased by 11.6% in 35–64 age groups, and only 5.5% 
increase in the 65–94 age groups.10

In a study using Health and Lifestyle Surveys in the UK, 
researchers analyzed 2 sets of data measured 7 years apart.11 
The result of the study showed 4.3 times higher progression 
rate in people with high-normal BP in a 7-year follow-up 
period, and higher HR in people with high-normal BP among 
younger age group (34–44 year olds). In another study in 
Europe, Zhang and others12 reconfirmed that a stepwise 
increase in the incidence of HTN across 3 non-hypertensive 
BP categories showed similar outcomes to the Framingham 
Heart study. The risk of CVD among people progressed to 
PreHTN, researchers from the MONICA cohort study in 
Copenhagen reported that the 10-year crude progression rates 
to HTN from optimal, normal and high-normal BP were 
10.4%, 37.3% and 58.1%, respectively.13 The authors of the 
MONICA cohort study suggested that people progressed 

from optimal or normal BP to high-normal BP or HTN had 
almost the same CVD risk as those with sustained high- 
normal BP or HTN from baseline (1982–1984) to the follow-
up (1993–1994). Studies in Western populations concluded 
that PreHTN was one of the main contributors to HTN, and 
possibly to the future development of CVD, although there 
were differences in the progression rate of PreHTN to HTN 
depending on the length of follow-up.

There have also been more attention on PreHTN and pro-
gression rates among Asian population in recent years. There 
were 2 studies from Taiwan and Korea on the progression 
rate of PreHTN to HTN. In the Chin-Shan Community Car-
diovascular Cohort study in Taiwan, the adjusted cumulative 
HTN incidence probability among ethnic adult Chinese was 
higher in PreHTN participants (0.59) than (0.27) in normo-
tensive participants during an 8-year follow-up period.14 In 
Korea, Kim et al also reported the incidence rates in individu-
als with high-normal BP at baseline were 2 or 5 times higher 
than those with optimal BP in a 2-year follow-up.15 In these 
studies, researchers validated results from the Framingham 
study, although the sample size in these studies was too small 
to represent the general population in Taiwan or Korea.

In this study, we reconfirmed a stepwise increase in the 
incidence of HTN in 3 populations with non-hypertensive 

Figure 2.    Cumulative incidence rate of 
hypertenstion (HTN) by baseline blood 
pressure  in  (A)  men  and  (B)  women. 
BP, blood pressure.
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Figure 3.    Hazard ratios for 2-years and 8-years 
progression to hypertension by baseline blood 
pressure and age  in  (A) men and (B) women. 
Adjusted  for  baseline  characteristics  such  as 
age,  smoking  status,  alcohol  drinking,  regular 
physical activity,  family history of cardiovascu-
lar  disease,  body  mass  index,  fasting  serum 
glucose, and total serum cholesterol.
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BP, and the incidence rate of HTN in men was twice that of 
women. These results were consistent with that of previous 
studies. However, the results of HR at 2- and 8-year fol-
low-up showed that women seemed to have higher risks of 
developing HTN from new-onset PreHTN than men in most 
of the age groups, after controlling for other variables such 
as age and smoking. In addition, we could not find signifi-
cant differences in the HR of PreHTN progresses to HTN 
among age groups. The strength of the study was the presen-
tation of short- and long-term progression rates of PreHTN 
by age and sex based on a large sample size. Unlike other 
studies, another strength was that the progression rate was in 
participants with new-onset PreHTN.

There were several limitations due to the characteristics of 
the population and the measurement of indices of the study. 
First of all, we used the national health screening data, which 
was conducted in numerous clinic settings. BP was measured 
once in each period. There was not a unified protocol about 
rest time, position, and sphygmomanometer. There was no 
information on whether BP was measured by a mercury 
sphygmomanometer or not. We could not compare the data 
between a mercury sphygmomanometer and an automatic 
manometer. Second, although this study included a large 
population, study participants were comprised of government 
employees, private school teachers and their dependents who 
might be categorized as middle class, who might be healthier 
than the general population in Korea. Therefore, the study 
could have underestimated the incidence of HTN and the 
prevalence of CVD risk factors. In addition, study data were 
collected from individuals under 65 years of age and hence 
analyses were not performed in people over 65 years of age. 
Fourth, another limitation of study is the lack of information 
on the use of antihypertensive medication, which could led 
to underestimation of PreHTN and HTN. One would ques-
tion the possibility of misclassification bias due to measure-
ment error, because biennial health examination was carried 
out at different hospitals throughout the country. The medical 
institute responsible for the national screening program has 
been under internal and external quality control. Mean BP in 
1994 and 1996 defined based on JNC-6 criteria were used to 
minimize bias in categorizing the BP at baseline. Lastly, 
the regression to the means phenomenon might exist in any 
populations because we first excluded the participants with 
PreHTN in 1992.

In conclusion, it was clear that PreHTN was a strong in-
dicator to progression to HTN in adulthood and the impact is 
more pronounced in women. Although European scientists 
recommended that intervention and treatment should be  
focused on people with PreHTN with CVD risk factors, our 
study supported that identification of new-onset PreHTN, 
even in young adults, would be important and a more aggres-
sive and early clinical and lifestyle intervention in people 
with new-onset PreHTN should be given more attention.
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