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Figure 1. Research framework
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AA e} A A Korotkoff sounds & 2z} SA A 7155 QY

ool FEHUlzEES o] HEHAG. Al Fed 7 WYL Korean
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Association of Laboratory Quality Control o] ¢J&jx AAE WWRAHQ a8z

s)%-7¢1 44 he)Quality ControD®] 747} o] 6] R},

KMIC Male e Those who attended physical
N=108,422 examination in 1990 and
1992.
l e Male with age 35-59 in 1990
Baseline Data Set e Those who had blood
N=103,909 pressure measured in 1990
and 1992

e Removed outliers and missing
values from the data of year
1990 and 1992.

! !

Deaths e Deaths due to atherosclerotic
N=3,780 cardiovascular disease
(ASCVD) up to year 2000.

Alive
N=100,129

Deaths due to
other causes
N=3,122

Deaths due to
ASCVD
N=658

Figure 2. Flow chart of selection of study subjects
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i ake] Apel didk AbAe 19939 19 1 UFE 20009 12 9 31 74A 4
Hloh A2 EAY] ARE AR FAFHA 9] ¥ ICD A=
kA AE l-d(person-year) S ALFeRglom Abgelclo] AduHge] ofd
9ol Atd(censored) AARE A o] 1 ALGA A 7EA o] AE 9l-do] At
SJF-715 A SJ A EhA] o]
A7} AFF JRE o]&ste] ALY

rlo

Ht}h ICD =9 Qe HAEwes u

1o
_1

N
f
N
=2
n
ol
i
Y,
o
o
o
-
N
J
>,
Flf

1990 d3} 1992 d 9] AR E 7|22 tdAke] dubl 5AS vetstr] §sto]

o
Chy

>
ol
ol
2
)
Sl
e
o
>
S
>,
ol
2
kil
=2
i
e
N
)
%0,
rlr

Ne'A N2Hed 48 4
Aottt AAmgEe] e FE AAFE F A= FAER 7] 100 cm ©]3t, AZF 30
o3}, T~ HE 50 mg/dL, 2 o]/ ¥ o] 30 mmHg " o] A 4257]
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1990~1992 1994 1996 1998 2000 2000.12

1 qﬁummmml
CVD death
2 ® <>
CVD death
3 ® » <
CVD death
4 » » <]
CVD death

5 ® p J ® >

CVD dlath

Figure 3. Time-lag of deaths caused by cardiovascular disease (CVD) during

the survey periods from 1990 to 2000

A7 e AdRARe R AdeA e tAtel gardsl 172
segkel W& 747 p

N, 2 Ao ek,

1 p p’ p h'En AAs I s FoaaE
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preHTN (p_ p") } M ; ™ (evidence of CVD deaths)

HTN  (p_h")

Norm (p_l’lo)
prelTN (p_ p%) } N; %3 (no evidence of CVD deaths)

HTN  (p_h")

Figure 4. Proportion of blood pressure category by the evidence of

cardiovascular deaths
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Table 1. Characteristics of study population

< AFd ol 25.8%, 71 d ol 29.6%, a1l 33.3%% Ul =& 7 5

Value

Characterisic

Normotension Prehypertension Hypertension
(n= 25878) (n=49450) (n= 28581)
Selected coexisting conditions, mean (SD)
Age (year) 43.2 (6.2) 44.3 (6.5) 47.0 (6.5)
Systolic blood pressure (mmHg) 110.5 (4.8) 123.5 (5.8) 141.9 (12.9)
Diastolic blood pressure (mmHg) 71.4 (4.0) 80.8 (3.9) 93.8 (7.2)
Body mass index (kg/m® 22.6 (2.2) 23.5 (2.3) 24.2 (2.4)
Total cholesterol (mg/dL) 189.7 (31.1) 194.4 (32.5) 201.2 (35.3)

Four conventional risk factors for ASCVD, No. (%)

Current smoking 15266 (61.2)

Fasting blood glucose (=110 mg/dL) 1357 (5.2)
Total cholesterol (=200mg/dL) 8829 (34.1)
Body mass index (=25 kg/m? 3890 (15.0)
No. of risk factors listed above, No. (%)
0 5445 (21.8)
1 11669 (46.8)
2 6445 (25.8)
3 1298 (5.2)
4 86 (0.3)

27548 (57.9)
4141 (8.4)
19736 (39.9)
12161 (24.6)

9716 (18.7)
20829 (42.2)
14341 (29.6)

4181 (8.7)

383 (0.8)

14601 (53.2)
4173 (14.6)
13723 (48.0)

10159 (35.6)

4139 (13.9)
10869 (37.9)
9399 (33.3)
3707 (13.3)
467 (1.7)

SD valuses are meanzxstandard deviation. ASCVD denotes atherosclerotic

cardiovascular disease.

Table 2 & 1992 1 %7] ZA7|Zbe] st o) dxE5e] A 1w w& 7}

T FHECIth 1990 dellA 2000 W7bA 2] vl 2 9] ZAF Aol A 5 A
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olalo] AZFAR ] 8-S W] Eal= hAAE LS A9 H ek 1992 W Az )
Fogd 35-39 Ao AAES dA¥ol Frkste] 1996 W3k 1998 W<
A7l = 2 AR didAbEe]l gle 2000 W= 40 MlF-E 44 Al

A Fals AAE Uk 1992 W 7] AZARAA e 7 du oA Ao
FHEL 35-39 Aol 32.3%C1 4 55-59 Aol = 15.0%% Aedo] F7lehH A %47
o7 ftastd o HryluEgel fHES 35-39 Al 50.9%°14 55-59 A=

41.7%= A7 o] S7tetA sl ey 1d Y] FHELS 35-39 AlollA =
16.7% 18]31 55-59 Mol A= 43.3%= A &H o2 FFalglth 55 A8 AF2 1
ol el = M7 dyge] FHEC ¥t FHERT i 11 oFoE n¥Ye
FHEe] A7In¥8gnn 9 FokAE AFS et ok 5 v A A=vi)
BAEe] AEe] FhstAA A7 Gl nEP R Mt s gAT &
=

Table 2 9] A& 7|F2o 2 A7|n¥ Y} 1] FHES EA8AHFigure

5and 6). 247 A A oM 5 A HA 0] AR AT R Hoks w Aol Skl

= =

facs

adste]l S7HFigure 6) 5= A& & F Atk 5§ SAAESd= o8t
S7kstA dste] st ndgor Wity = AS & e ool tg

A= F 7 (age effect) =S eI AT}
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Table 2. Prevalence of normotension, prehypertension and hypertension in

base-line population by age and survey year from 1992 to 2000

Unit: n (%)
Age Blood Pressure Survey Years
Category 1992 1994 1996 1998 2000

35-39 Normotension 9105 (32.25) 1851 (26.74) - - -

Prehypertension 14368 (50.89) 3180 (45.94) - - -

Hypertension 4760 (16.86) 1891 (27.32) - - -

40-44 Normotension 6772 (27.44) 6662 (25.39) 6206 (27.23) 3002 (26.97) -

Prehypertension 12225 (49.54) 11636 (44.34) 10055 (44.11) 5002 (44.93) -

Hypertension 5679 (23.01) 7941 (30.27) 6533 (28.66) 3128 (28.10) -
45-49 Normotension 5054 (22.44) 5215 (21.67) 5428 (23.26) 5324 (24.12) 5316 (22.35)
Prehypertension 10639 (47.24) 9893 (41.11) 9816 (42.07) 9636 (43.65) 10177 (42.78)
Hypertension 6829 (30.32) 8959 (37.23) 8091 (34.67) 7115 (32.23) 8297 (34.88)
50-54 Normotension 3606 (18.45) 4042 (18.13) 3992 (18.92) 4058 (20.42) 3764 (19.21)
Prehypertension 8488 (43.46) 8546 (38.34) 8355 (39.60) 8103 (40.77) 7889 (40.26)
Hypertension 7440 (38.09) 9702 (43.53) 8754 (41.49) 7712 (38.81) 7943 (40.53)
55-59 Normotension 1344 (15.01) 2580 (14.35) 2693 (15.51) 2711 (16.42) 1874 (16.31)
Prehypertension 3730 (41.69) 6188 (34.41) 6294 (36.25) 6333 (38.37) 4452 (38.74)
Hypertension 3873 (43.29) 9217 (51.25) 8376 (48.24) 7462 (45.21) 5167 (44.96)
=60 Normotension - 654 (12.57) 1049 (13.66) 967 (13.16) 430 (12.86)
Prehypertension - 1749 (33.63) 2605 (33.92) 2576 (35.05) 1252 (37.43)
Hypertension - 2798 (53.80) 4025 (52.42) 3806 (51.79) 1663 (49.72)
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Age

Figure 5. Prevalence of prehypertension by age and year,
from 1992 to 2000+

Prevalence of Hypertension
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Figure 6. Prevalence of hypertension by age and year,
from 1992 to 2000
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Table 3. Number of deaths caused by atherosclerotic cardiovascular disease

cfdzs Diagnoses NORM preHTN HTN gg&i %
401 essential hypertension 0 0 2 2 0.3
410 acute myocardial infarction 1 1 4 6 0.91
411 ischemic heart disease 0 0 2 2 0.3
430 subarachnoid hemorrhage 0 2 3 5 0.76
440 atherosclerosis 1 1 1 3 0.46
441 aortic aneurysm and dissection 0 1 0 1 0.15
[110- essential (primary) hypertension 1 2 18 21 3.19
[11- hypertensive heart disease 0 2 6 8 1.22
[12- hypertensive renal disease 0 0 1 1 0.15
[120- angina pectoris 2 4 4 10 1.52
[21- acute myocardial infarction 19 65 84 168 25.5
[125- chronic ischemic heart disese 2 4 3 9 1.37
[46- cardiac arrest 11 21 21 53 8.05
[47- paroxysmal tachycardia 0 1 0 1 0.15
148- atrial fibrillation and flutter 1 0 1 2 03
149- other cardiac arrhythmias 1 1 1 3 0.46
I50- heart failure 2 10 7 19 2.89
[51- descriptions of heart disease 1 7 7 15 2.28
160- subarachnoid hemorrhage 1 16 22 39 5.93
61— intracerebral hemorrhage 9 33 109 151 23
[62- other nontraumatic intracranial

hemorrhage 0 3 4 7 1.06
63— cerebral infarction 6 12 31 49 7.45
64— stroke, not specified as hemorrhage or

infarction 2 12 21 35 5.32
[67- other cerebrovascular diseases 0 3 11 14 2.13
169- sequelae of cerebrovascular disease 1 2 5 8 1.22
I70- atherosclerosis 1 1 2 4 0.61
[71- aortic aneurysm and dissection 0 2 5 7 1.06
[74- arterial embolism and thrombosis 0 0 1 1 0.15
[77- other disorders of arteries and arterioles 0 1 0 1 0.15
R96- ill-defined and unknown causes of

mortality 2 5 6 13 1.98

Total 64 212 382 658 100

ICD indicates international classification of disease, NORM Normal blood pressure,

preHTN prehypertension, and HTN hypertension.
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Table 4. Deaths of cardiovascular disease by blood pressure category

Unit: n (%)
Death from Death from Death from otk}er

Blood pressure atherosclerotic
coronary artery cerebrovascular . Total death

category . . cardiovascular

disease disease .
diease
Normotension 24 (12.3) 19 (6.2) 21 (13.6) 64 (9.7)

Prehypertension 74 (38.0) 83 (27.0) 55 (35.5) 212 (32.2)
Hypertension 97 (49.7) 206 (66.9) 79 (561.0) 382 (58.1)
Total 195 (100) 308 (100) 155 (100) 658 (100)

Table 5 = M71adeta adstel &3 didAse] AdaA s g AlgE
ojt}. 1993 1€ 1d¥H 2000 1249 3

l-do @ Axtaton AERAS o9 Ao R Qg ApgaE AW =
Helste] AFGA AR AE A-dE AAbste] BRe 2gEgit AdRdgow
Abget % 658 M Iy R 35-39 Aol A 58 W (8.8%), 40-44 AlolA 97
(14.7%), 45-49 Al°lA 164 8 (24.9%), 50-54 AlolA 205 8 (31.2%), 55-59 Al
ol A 134 (20.4%) -2 50-54 A9k 45-49 Ale] Aol A7} 74 Bkt
ApgALE o FEdEE RS S W BAEStelA 64 B(9.7%), A7Iadst
o M= 212 W(32.2%), 8ol = 382 H(58.1%) 0.2 AF I} F3hA detol

F7bshAA ApaE ol FobAE 2o E vt
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Table 5. Mortality rates of atherosclerotic cardiovascular disease by b-year

age groups and blood pressure categories

Mortality rate

Blood pressure No. of No. of death Rate per
Age categor men from 100,000
gory atherosclerotic ’ RR (95% CID)
. person-—
cardiovascular cars
disease Y
35-39 Normotension 9105 13 18.0 1
Prehypertension 14368 21 18.4 1.00 (0.50-2.00)
Hypertension 4760 24 63.8 3.31 (1.68-6.53)
40-44 Normotension 6772 11 20.5 1
Prehypertension 12225 42 43.5 2.12 (1.09-4.12)
Hypertension 5679 44 98.4 4.81 (2.48-9.31)
45-49 Normotension 5054 15 37.6 1
Prehypertension 10639 55 65.7 1.74 (0.98-3.08)
Hypertension 6829 94 176.4 4.67 (2.71-8.05)
50-54 Normotension 3604 19 67.3 1
Prehypertension 8488 60 90.3 1.34 (0.80-2.25)
Hypertension 7440 126 218.2 3.20 (1.97-5.18)
55-59 Normotension 1343 6 57.4 1
Prehypertension 3730 34 117.5 2.02 (0.85-4.80)
Hypertension 3873 94 314.7 5.44 (2.38-12.41
Total 103909 658 - -
Zb AHIOFE Vvl E AGAEgd dist AAdEY ddddEes dAr|adEst

oAM= 40-44 Ale] ARBaFAAN gD tdREol vsiA H7]arE et

)

>
\a|

FEEe] g 1g=sE 2.1 #(95% CI, 1.09-4.12)%
= YERTh ofoll wksiA el di g ke Ald b ghell ek el e
3

ol A g kel vl A 3.2-5.4 1 il TAACREE F8HA HE

po)
o

2=

W tHTable 5).
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Agke] Apgol theh WstE washy] flste] FWAsd Adudeke] ApdtA
713kl wpebA AgE, drladst, 8o FHES £4 5 tH(Table 6). 7

MA = AEH o7 Hasttt 2 oo 2000 A7bA HAk Frlehs Ao e
Wk, oo vkl S At v &2 92 o]F X &EH o0 R THAhStE HoR

e tH(Table 6).

Table 6. Proportion of cardiovascular events in normotension, prehypertension

and hypertension during each survey period
Unit: n (%)

Cardiovascular events

Blood pressure
category 1993.1 ~ 1994.1 ~ 1996.1 ~ 1998.1 ~ 2000.1 ~
1993.12 1995.12 1997.12 1999.12 2000.12

Normotension 0 (0.0) 14 (9.2) 18 (11.5) 19 (9.5) 13 (9.6)

Prehypertension 5 (33.3) 46 (30.3) 44 (28.2) 68 (34.0) 49 (36.3)

Hypertension 10 (66.7) 92 (60.5) 94 (60.3) 113 (56.5) 73 (564.1)
Total 15 (100) 152 (100) 156 (100) 200 (100) 135 (100)

Figure 7-1 % 19934 1 €%¥ 19934 12 €7bA 9] 77tell - AdaAdsio=w

A At A g guel 4yac A/ ndd, ndge] vEe w45

|

O
O

sttt o] 71 ¢ Adddgew ApGE ool H7]ardH(33.3%) 3
ALYSH66.7%)%  tEAEe] HES 100%°lar APEEA] e oA

A" (47.7%)9F 118 H(27.3%)2) kel B &S 85%0] At}
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Figure 7-2 % 1994 d 1 € oA 9] Ag2LE A9kl 19954 12 Y7k4] A
Ao 2 Apke A9-9F 28R k2 Ag- TG 1990-1992 I 1994 I €] F
A dFel Bl&S mwskgith. 1990-1992 o] AAdttel BlsiA
A71E g oidate] o] 7ghe] AMEE Adied=EE 1.72 w1(30.3x25.0/
9.2x47.7, 3z, p23 F2(1) oA P iRt o] 7|3be] A Ay
A¥EE 6.02 HWi(60.5x25.0/9.2x27.3, =, p23 FA@NEA H7|udtat
el &3 Abgre] AEASo ALY P =Tt Eokvh 1994 W o] FAdE bt
HlE) A 7] g ekl vkl o] 7zkell Abge e Es 1.53 wi(FE, p23

A (1) ol AP thgAte] o] 7izhel]l AP Ao des 4.57 M=,

p23 FA@2NEA A7|nd Gy m el &3 Al AdAAZ o Al F =T}
=94t} Figure 7-3 & 1996 W 1 Yol o] AMAE A|9)atar 1997 @ 12 €714
AEARA5 02 AbeE 49-9F 12X e A9 F Awke] 1990-1992 W, 1994

1996 o) Al Al3d e FobH 9] vl &5 ¥l stk 1990-1992 9] Ad shkol
HlS| A A7 gl tidake] o] 7|3kl A E AdiYld =+ 1.28 wi(GE=x, p23
FA(1) olAar aHRF gkl o] 7|7kl AbE A FEE 4.80 wW(RE,
23 FA@NEA A7 18 G n¥ ol &3 Abste] AERA ] AP AF =S}
E=okrh 1994 o) g ekl wlaiA A7 dE k] tidate] o] 73kl Aped

JP>

o

FAHAEES 1.84 wi(EE, p23 FA(1) oldar AU A o] 7]3kl
AP a9 e 5.22 Ml (REE, p23 A @2)EA A7|ad bt ad gt &3

Aol AEwATe AY AFEsl Edeh 1996 de] AgALTe WA
A7) @Gl B o gkl A AT FEE 117 (R, p23 F4 (1)
o9a MFL tgAte] o sighel A JUABEE 374 W(EE, p23
FA@IZA A/ndg n@ge] &3 Al d@wapel AP 99t

=3kt}. Figure 7-4 & 1998 1\ 1 Do]A o] AgALE A 9|skal 1999 W 12 €7HA]
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ANgdAAso 7 Abga F9of 1A e FA9 F Fwke] 1990-1992 4, 1994 W,
1996 W, 1998 o] v Al T2 Hl&S vusdrt. 1990-1992 W

grddstatol mlsiA AvIadd] widAke] o] Fel AP A=
AEAAE A AL w9kt 1994 d o] A Skl vlsiA 7] E el
AR AR o] ZIzbell AbgE A d e 2.62 Mi(RE,

D
Zlad et ad el Sk Abee] Adude] Abg =T =9kt 1996 H 9

gddstael weld A7jadekl oidAke] o ztel AMEE G HEe
o

2

N

0.99G=, p23 &4(1) olar ard AR thd=ke] of 7|3bel] Apdad 4
2.08 ¥Rz, p23 sA@)HEA A7Indstel £3F At AbgdEs =
kot adstel &3 Abghel Advdgke] A 9= =gtk 1998 |

PFRGT WA A7 PG e o bl ARE FAAGEE

W

0.70C+=, p23 &2(1) ol d P thgake] of 7|3bo] ALgE A3 ==
2.08 iRz, p23 A @)HEA A7lndstel £3F At AbgdEE =4
gokot adgtel &3k Abgtel Adddeke) Abd fl == = Figure 7-5 =

2000 d 1 o] AMEALE A9]star 2000 A 12 E7hA] Ad#AAgo =z AR

e

499 28x e A9 F Ao 1990-1992 W, 1994 W, 1996 d, 1998 d,
2000 o] ol Al dehwFe wl&E ®lawskglth 1990-1992 9]
AE gl wEiAl Ay Eekl didAre] o 7zl AMgE AU dEEE
1.32 Wl(3=x, p23 F21(1) ol mdekel iAo o] |Fhe] AbgEt
AddEs 215 MGEE, p23 FA@)EA A7|ad gt mdgtel] %3 Apghe]

AEAEE A A LTt okt 1994 d o A Skarel vlsiA 7] E 4l
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gAel o] J)zkel AbgE A
el UgAel o] Zkel ARE AR 244 MR, p23 FH(@)EA
A7l 8 e mE el S8 Al A@nAse] A 9P =S E9keh 1996 W)

grddstatol mlsiA A7Iadd]d widAke] o] Fhel AP A d s
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ot
k1
rr

2 Wiz, p23 F4(1) ol

1.30 Wiz, p23 &A1) olAar R didAte] o] ZIRbel ApgE
AU EEE 2,03 w(FhE, p23 A @)2A A7 g3t kel &3 Abgte]
AdRA g A SEErF =ohvh 1998 W] Aaddetatel vlslA Ay n¥ i
gdake] o] 77tel AMEE Adigld=E 1.33 wlGER, p23 FA(1) oA
¥l Akt o] 77k AbE A EE 1.61 W(FE, p
1 gkt ol £k Abghe]l AP BESe] AMY A =7F =9kek 2000 €

9FAGT AN AN nEE DA o] Aol AE U dEE

2

i

W

117 w(E2, p23 FAO)RA A7 ndete e tjabate] Abw
grort wAe] &9 ALge AARAR AP AREE B
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k1
rr
ke
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AlolEd gl nhE Addd g AMEEE AR

o,
i
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o
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1.08 ¥(95% CI, 0.71-1.64) kot EAGH R #2354 edokrH(Table 7).
8 Abge] WIS ] 3 W Ae] 24 e AWM Isl AAE et Latis oAl
AlsA A7 etel Fahe Ol
Edon FAHoR fosith. AR 5 dde] WS Arjadgiel
A= gl HsA] G =7 1.37 ¥l(95% CI, 0.96-1.97)& E9kont

o

AU EE 1.44 ¥j(95% CI, 1.02-2.02)

SAAeE FoskA sttt AFE B He 1 dd, 3 9 aea 5 d A

— 87_



e

>
=

de dsto] AN Agoll= AL
gk 913o] Zhzr 2.77 Hi(95% CI, 1.90-4.06)
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3.55 #j(95% CI, 2.57-4.90)
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Figure 7-1. Prevalence in normotension, Figure 7-2. Prevalence in normotension,
prehypertension and hypertension by ASCVD prehypertension and hypertension by ASCVD
deaths, from 1993.1 to 1993.12 deaths, from 1994.1 to 1995.12

Figure 7-3. Prevalence in normotension, Figure 7-4. Prevalence in normotension,
prehypertension and hypertension by ASCVD prehypertension and hypertension by ASCVD
deaths from 1996.1 to 1997.12 deaths, from 1998.1 to 1999.12
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Figure 7-5. Prevalence in normotension,
prehypertension and hypertension by ASCVD
deaths from 2000.1 to 2000.12
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Table 7. Time-dependent Cox's model with 1-year, 3-year, and 5-year lag

times
Lag time
Variables One-year Three-year Five-year
Hazard  o5p o Hazard g5, o Hazard —gg0
ratio ratio ratio

Prehypertension 1.08 (0.71 -1.64) 1.44"  (1.02 -2.02) 1.37 (0.96 -1.97)
Hypertension 2.777  (1.90 -4.06) 3.55™ (2.57 -4.90) 3.02™ (2.15 -4.25)
Smoking 1.75™ (1.37 -2.23) 1.77"" (1.46 -2.14) 1.09™ (1.07 -1.10)
Total cholesterol 1.17 (0.93 -1.48) 1.26" (1.05 -1.51) 1.88™ (1.52 -2.32)
Fasting blood glucose 1.39"  (1.00 -1.92) 1.54™ (1.22 -1.96) 1.29" (1.06 -1.57)
Body mass index 1.05 (0.82 -1.36) 0.95 (0.78 -1.16) 1.62™ (1.26 -2.09)
Age 1.07™ (1.05 -1.09) 1.08™ (1.06 -1.09) 1.13 (0.91 -1.40)

* p value<0.05, **x p value<0.01, *+* p value<0.0001; CI denotes confidence interval.
The hazard ratios of prehypertension and hypertension was adusted for the covariates
(smoking, total cholesterol, fasting blood glucose, body mass index, and age). The
covariates were based on 1992 data.

3.4 A7 nELT AR 9Pl

A7l kel A 35-39 Al o] AHollM = FdAstaA FFe e Ee] w2 tdAt

(Table 8-1). 40-44 A< AF N = thE @ 8le] glo] FATS 3k ud=t
oA AbgEe] 16.6/100,000 9-Woz 7H4 Egow, FumliE FASIHA
FEUzEEe] EAY FAUA AGAFTA aFAAM BT AMEE]
6.2/100,000 Q1-d o2 A e th(Table 8-2). 45-49 Ao A&

39 Aol dAmolAet AR FAstdA FEULHEC =S tdA
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o2 gd89le flo] FAWE sk 1Fel 12.0/100,000 Ql-dCo 2 YERGoL}
ARA = flgacle]l 3 gl 2EA AlgEe]l 9.6/100,000 <l-do =
L EFSTH(Table 8-3). 50-54 Al9] A& eA &= ot fgd8cle] glo] FArkS sk
gatell A AlgEo]  21.2/100,000 -doz Jpg Egon, FHARE
FASHA EEYAHEC] o OF o2 APEo] 18.2/100,000 21-doll o,
ARA = FFezEEe] FoulA FYAZFA 1Fo 7.6/100,000 Q1-do =2
APgEo] EQktHTable 8-4). 50-59 A9l <dHoA = thE ool §lo]
FANS s Rl AbEEC] 41.8/100,000 ¢l-dow P Egtom,
THARE SASHA EZ2Y S| =& 1F 02 20.0/100,000 2-de] o,

AfAs e ddaFdes 2y FFdadE0] =AY FAsuA d9e] =

rlo

IEelA 25 10.5/100, -do =z = YERtHTable 8-5).
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Table 8-1. Mortality rates of each risk factor group by blood pressure

category in age 35 to 39 year-old

Risk factor groups

Risk Factors

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Current smoking - + - - - + - - + - + + - + + +
TC = 200 mg/dL - -+ - -+ o+ - - 4+ -+ + - + +
FBG = 110 mg/dL - - - + - - + + - - + + 4+ + -+
BMI > 25 kg/m® - - - -+ - - + + 4+ - - + + + +
Normotension
Total (N) 2083 3253 629 46 299 1317 24 8 454 177 83 56 10 19 320 19
ASCVD death (N) 1 3 1 0 0 5 0 0 1 0 0 1 0 1 0 0
Mortality ratex 14 42 14 00 00 69 00 00 14 00 00 14 00 14 0.0 0.0
Prehypertension
Total (N) 2629 4131 1127 101 745 1995 58 44 1071 553 180 137 52 64 938 95
ASCVD death (N) 2 5 0 0 0 6 0 0 0 1 1 1 0 0 4 0
Mortality ratex 1.8 44 00 00 00 53 00 00 00 09 09 09 00 00 35 0.0
Hypertension
Total (N) 682 1006 399 39 326 552 43 30 427 328 86 82 49 39 447 76
ASCVD death (N) 3 7 0 0 1 4 0 0 1 1 1 1 1 0 1 3
Mortality ratex 8.0 18,7 0.0 0.0 2.7 107 0.0 0.0 27 27 27 27 27 00 27 8.0

* Mortality rate per 100,000 person-year. TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index;
ASCVD, atherosclerotic cardiovascular disease

Table 8-2. Mortality rates of each risk factor group by blood pressure

category in age 40 to 44 year-old

Risk factor groups

Risk Factors

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Current smoking - + - - - + - - + - + + - + + +
TC = 200 mg/dL - -+ - -+ o+ - - 4+ -+ + - + +
FBG = 110 mg/dL - - - + - - + + - - + + 4+ + -+
BMI > 25 kg/m” - - - - + - - 4+ + + - - + + + +
Normotension

Total (N) 1398 2216 615 44 208 1091 29 12 310 177 106 63 17 15 214 23
ASCVD death (N) 1 5 0 0 0 4 0 0 1 0 0 0 0 0 0 0
Mortality ratex 1.9 93 00 00 00 75 00 00 1.9 0.0 0.0 0.0 00 00 0.0 0.0
Prehypertension

Total (N) 2282 3010 1124 103 628 1748 111 53 827 537 180 168 61 58 758 95
ASCVD death (N) 3 16 1 0 2 6 1 0 6 2 3 1 0 0 1 0
Mortality ratex 3.1 166 1.0 00 21 62 1.0 00 62 21 31 1.0 00 0.0 1.0 0.0
Hypertension

Total (N) 7751015 549 77 391 731 66 43 441 426 95 117 80 56 535 76
ASCVD death (N) 4 9 2 0 3 6 0 1 3 4 4 1 1 0 6 0
Mortality ratex 10.7 24.0 53 0.0 8.0 160 00 00 8.0 107 10.7 27 27 0.0 16.0 0.0

* Mortality rate per 100,000 person-year. TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index;
ASCVD, atherosclerotic cardiovascular disease
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Table 8-3. Mortality rates of each risk factor group by blood pressure

category in age 45 to 49 year-old

Risk factor groups
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Risk Factors

Current smoking . - - . - . . + -+ + +
TC = 200 mg/dL - - + - - 4+ + - - + -+ 4+ -+ o+
FBG = 110 mg/dL - - -+ - . + - -+ + + + -+
BMI > 25 kg/m® - - - -+ - - 4+ + + - - + + + +
Normotension

Total (N) 1034 1432 509 48 174 844 39 24 213 144 74 72 17 14 185 19
ASCVD death (N) 1 4 2 0 0 3 0 0 3 2 1 2 1 1 2 0
Mortality ratex 25101 50 00 00 76 00 00 76 50 25 50 25 25 50 0.0
Prehypertension

Total (N) 1843 2443 1085 125 577 1627 127 68 592 508 218 197 64 63 567 95
ASCVD death (N) 8 10 2 1 3 13 0 0 0 1 3 2 0 0 5 2
Mortality ratex 9.6 120 24 12 36 156 00 00 00 1.2 36 24 00 00 6.0 24
Hypertension

Total (N) 858 1136 691 118 498 881 124 76 454 537 177 177 99 72 534 105
ASCVD death (N) 4 20 7 2 6 13 2 2 3 7 4 3 0 0 9 5

Mortality ratex 10.7 53.4 18.7 5.3 16.0 34.7 53 0.0 8.0 18.7 10.7 8.0 0.0 0.0 24.0 13.3

* Mortality rate per 100,000 person-year. TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index;
ASCVD, atherosclerotic cardiovascular disease

Table 8-4. Mortality rates of each risk factor group by blood pressure

category in age 50 to 54 year-old

Risk factor groups

Risk Factors

1 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Current smoking - + - - - + - - + - + + - + + +
TC = 200 mg/dL - -+ - -+ o+ - - 4+ -+ + - + +
FBG = 110 mg/dL - - - + - - + + - - + + 4+ + -+
BMI > 25 kg/m” - - - - + - - 4+ + + - - + + + +
Normotension

Total (N) 658 1054 395 47 102 634 39 10 130 82 78 65 15 15 129 19
ASCVD death (N) 3 8 0 0 0 3 2 0 1 0 0 1 0 0 1 0
Mortality ratex 10.7 28,5 0.0 0.0 0.0 107 71 00 36 0.0 0.0 36 00 00 36 0.0
Prehypertension

Total (N) 1475 1838 948 139 431 1246 154 73 370 417 227 231 66 56 374 71
ASCVD death (N) 2 14 4 0 3 12 2 0 4 5 1 3 3 0 2
Mortality ratex 3.0 21.2 6.1 00 45 182 30 00 6.1 76 15 45 45 0.0 3.0 1.5
Hypertension

Total (N) 960 1079 876 171 551 934 196 108 374 593 186 228 128 82 468 147
ASCVD death (N) 8 26 7 5 3 27 4 4 5 8 1 3 7 0 10 2

Mortality ratex 214 69.4 18.7 13.3 8.0 72.1 10.7 0.0 13.3 214 2.7 8.0 18.7 0.0 26.7 5.3

* Mortality rate per 100,000 person-year. TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index;
ASCVD, atherosclerotic cardiovascular disease
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Table 8-5. Mortality rates of each risk factor group by blood pressure
category in age 55 to 59 year-old

Risk factor groups

Risk Factors

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Current smoking - + - - - + - - + - + + - + + +
TC = 200 mg/dL - -+ - - 4+ + - - + - 4+ + - + +
FBG = 110 mg/dL - - - + - - + + - - + + 4+ + -+
BMI > 25 kg/m” - - - - + - - 4+ + + - - + + + +
Normotension
Total (N) 272 370 166 23 39 219 18 5 36 34 34 34 7 6 25 6
ASCVD death (N) 1 3 0 0 0 1 0 0 0 0 0 1 0 0 0 0
Mortality ratex 9.6 289 00 00 00 96 00 00 00 00 00 96 00 00 00 0.0
Prehypertension
Total (N) 683 800 473 60 188 601 93 19 122 173 64 93 27 20 150 27
ASCVD death (N) 2 12 3 0 2 6 1 0 2 1 3 0 0 0 1 0
Mortality ratex 7.0 41.8 105 00 7.0 209 35 00 70 35 105 00 00 00 35 0.0
Hypertension
Total (N) 530 588 511 110 261 476 126 61 159 276 121 128 81 37 211 63
ASCVD death (N) 8 15 7 3 2 16 4 3 1 6 5 5 2 1 10 2

Mortality ratex 21.4 40.0 18.7 8.0 5.3 42.7 107 0.0 2.7 16.0 13.3 13.3 5.3 2.7 26.7 5.3

* Mortality rate per 100,000 person—-year. TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index;
ASCVD, atherosclerotic cardiovascular disease

Table 9 &= RBAIUTY W9, WA 2 Ve sHEE AdHH S
ARl E el digk A7lndg n¥ete] APgLI el uigk Az A
Aztolrt, 7} AP oS TASAS well AdP vt s Ao A
Hla) A A7l nd el Al o] 1.4
o7 Golatx] @oron AAE e Wy Aste] AbHe o] nlaj H7|aEet

79 A9 HLS 2.138(95% CI, 1.28-3.56)=2 A A o= G2 329 Hp<0.05).

1 ¥1(95% CI, 0.89-2.25)% =gto1} EA 4

7 A9RAE SARGS Wol AFAAT wyEAAR ARG e
nAgEel APl 2,63 W©O5% CL, 1.66-4.16)% oM, Aadgts =
Ao Abg ool vlal gt A2 7.87 vl (95% CI, 4.82-12.83)=

AV Awe B

o
o

B EAFoR §939H(p<0.0001). ZF ¢1d8
o] APt e] Ve A AdBES] Ao v A7 gt

of Apeidel 1.21 wj(95% CI, 0.73-2.0D)F FTAXSZ FostA &gkor,
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T AMEYEL 264 Hl(95% CI, 1.61-4.33)2 EA X o= Fosrt

(p<0.0001).

Table 9. Risk ratios of prehypertension and hypertension of one risk factor

group
Atherosclerotic

cardiovascular disease Death from other

atherosclerotic

) Death from Death from cardiovascular

Variables coronary artery cerebrovascular disease
disease disease
RR 95% CI RR 95% CI RR 95% CI

Current smoking 0.82 (0.57 -1.18) 1.39% (1.07 -1.81) 1.15 (0.79 -1.68)
TC=200 mg/dL 0.55% (0.31 -0.97) 0.50% (0.30 -0.82) 0.34% (0.15 -0.77)
FBG=110 mg/dL  0.83 (0.26 -2.62) 0.88 (0.36 -2.14) 1.11 (0.35 -3.52)
BMI>25 kg/m? 0.46 (0.20 -1.05) 0.56 (0.31 -1.03) 0.82 (0.40 -1.70)
Age 1.08## (1.05 =1.10) 1.09##* (1.07 -1.11) 1.08+x (1.05 -1.11)
Prehypertension 1.41  (0.89 -2.25) 2.13%* (1.28 -3.56) 1.21 (0.73 -2.01)
Hypertension 2.63%xx (1.66 —4.16) 7.87#*x (4.82 -12.83) 2.64#*xx (1.61 -4.33)

* p value<0.05, #* p value<0.01, #** p value<0.0001, RR denotes relative risk (as
compared with the normotension) and CI confidence interval.
TC, total cholesterol; FBG, fasting blood glucose; BMI, body mass index

A, F2U20%, 99 2 AAFAFL 3EAEoE AU

ek

I
f

BAE A3 dguddd v 9%, §9, u@dsdE wdY 39958
FARS o PAGE JARAT AP v AV Pt nd
T ARl vzt

5.06) B =il SAHeE Fosgivh. HFAA AdelM= AZE AT

Z+7} 1.51 ¥j(95% CI, 1.14-2.01), 3.84 #](95% CI, 2.92-

AERAR APE el waA A7 ndta ndgtae] g el Wt 7zt
1.66 Hi(95% CI, 0.92-2.99), 4.81 wl(95% CI, 2.76-8.38)31 o} Fdx <t
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M= Aadshs o Adudd Abdedel veiA Ar7jad gty g
Abg ol 242} 1.48 ¥1(1.66x0.89), 3.53 vl (4.81x0.73) % H]F A} g kel Bl sjA]

}

=4 @gken Fdd ddttel= AEEEe] EAALER FostA FUth
T zEEe] 200 mg/dL vIREQl RdelM = Aol Adads A

1ol mlsiA A7]ader vk s stare] Al gl e} wlvE b7 1.67 vl (95% Cl,
1.13-2.45), 4.20 ¥ (95% CI, 2.89-6.10)31 21} FZ & =& o] 200 mg/dL ©]7¢<]
el = Addsharel Addadst Abgegde vlei drjadgwa) st

o] Abelgoel bzt 1.48 wi(1.67x0.80), 3.53 WH(4.20x0.82)%2 FFHe| ~H Eo

—

200 mg/dL vWwe) HAvke] o8l ot Fgu FEAiHEE fo@
AEabgol gt FREW 110 me/dl wrel PwelNE FaEwel
AERAR APE ol walA A7 ndsta ndgtae] g el Wt 7zt

1.5591(95% CI, 1.15-2.11), 4.00 ¥i(95% CI, 2.98-5.37) o} FHdFo] 110
mg/dL o]l Fdel A= Al A¥dEE Abge el vlEA
A7ladetat s n¥ekre]l AR 91E ol Z7F 1.21 Wi(1.55x0.78),
2.93 ¥1(4.00x0.73)% & Fe] 110 mg/dL w9k Q1 kel HlsjA FA] et ow
et FHII7be] F93 wEargol ik AAFAFI} 25 kg/m ? vlwkl
JeelMe  Aadstare] Adads Apgdgel  wEid drjadgstaty)
a et b9 g el nzk Zhzh 1.45 wi(95% CI, 1.06-1.97), 3.76 Hl(95% CI,
2.79-5.06)% o} AAFEAF7E 25 kg/m® o]4Fel FAwtlME AT

Adade Abdedel nleid A7ladet ok adeke] A E ol

—

12}

N

1.89 HJ(1.45x1.31), 4.50 w}(3.76x1.20)2 A A&X]57} 25 kg/m” vjwkel ] tho

Hlel A AP =7 s o SAH R 79 A= S

=
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Table 10. Risk ratios of prehypertension and hypertension and interaction with

covariates

Model 1 Model 2% Model 3§ Model 4] Model 5

Variables+
RR 9H%Cl  RR 95%Cl  RR  9%%Cl  RR  9%H%Cl  RR  96%Cl

Current smoking 1.84™ (1,55 -2.18) 2.30° (127 -4.17) 1.84™ (1.55-2.17) 1.84™ (1.55-2.17) 1.84™ (1.55 -2.18
2

( ) 2. ) 1847 ( ) ( ) ( )
TC>200 mg/dL  1.22° (1.04 -143) 1. (104 -143) 147 (0.89-241) 1.22" (1.04-143) 1.22° (1.04-143)
FBG2110 mg/dL 155" (1.27-1.90) 1.55™ (1.27 -1.90) 1.55™ (1.27 -1.90) 2.04 (0.97 -4.29) 1.55™ (1.27 -1.90)
BM>25 kg/m® 102 (0.85-1.21) 1. 01 (085-1.21) 1.02 (0.85-1.21) 1.02 (0.85-1.21) 0.84 (0.40-1.75)
Age 1,087 (1.07 -1.10) 1.08™ (1.07 -1.10) 1.08™ (1.07 -1.10) 1.08™ (1.07 -1.10) 1.08™ (1.07 -1.10)
Prehypertension 151" (1.14-2.01) 1.66 (0.92-2.99) 1.67° (1.13-245) 155" (1.15-2.11) 145" (1.06-1.97)
Hypertension ~ 3.84™ (2.92 -5.05) 4.81™ (2.76 -8.38) 4.20™ (2.8 -6.10) 4.00™ (2.98 -5.37) 3.76™ (2.79 -5.06)
preHTN*smoke - 0.89 (0.46 -1.74) - - -
HTN*smoke - 073 (0.39-1.38) - - -
preHTN«TC - - 080 (046 -1.42) - -
HIN#TC - - 082 (0.48 -1.40) - -
preHTN=FBG - - - 0.78 (0.34 -1.81) -
HTN+FBG - - - 073 (0.34 -1.60) -
preHTN«BMI - - - 131 (0.58-2.93)
HTN+BMI - - - 120 (0.55-2.59)

+p value < 0.05, * pvalue <0.01, #+ p value < 0.0001, RR denotes relative risk (as compared with the normotension)
and CI confidence interval. Age, smoking status (CUsmok), total cholesterol (TC), fasting blood glucose (FBG) levels,
and body mass index (BMD) calculation were based on 1992 data. The body mass index is expressed as the weight in
kilograms divided by the squae of the hight in meters.

T Modell indicates interaction risk ratios and 95% confidence intervals of age with each risk factor.

1 Model2 indicates interaction risk ratios and 95% confidence intervals of prehypertension and hypertension with
current smoking.

§ Model3 indicates interaction risk ratios and 95% confidence intervals of prehypertension (preHTN) and hypertension
with total cholesterol.

[IModel4 indicates interaction risk ratios and 95% confidence intervals of prehypertension and hypertension with fasting
blood glucose.

9 Model5 indicates interaction risk ratios and 95% confidence intervals of prehypertension and hypertension with body
mass index.
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Abstract

Risk of Prehypertension
on Atherosclerotic Cardiovascular Disease

Jeanna An
Department of Public Health
The Graduate School

Yonsei University

The goal of this study was to investigate the risk posed by prehypertension
on atherosclerotic cardiovascular disease (ASCVD) in Korean men between
the ages of 35 and 59 in order to provide healthcare providers base-line data
to assist them in developing health promotion programs.

First, in accordance with the objective of this study, the prevalence of
prehypertension and hypertension was estimated within 5-year age groups
(35-39, 40-44, 45-49, 50-54, 55-59), and the mortality rate caused by
ASCVD among the subjects in normotension, prehypertension and
hypertension was compared. Secondly, the risk ratio of mortality rates of
ASCVD in prehypertension and hypertension with time-flow was compared.
And finally, the group with a high ASCVD risk in prehypertension was

determined.
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The research data used in this study was obtained from the Korea Medical
Insurance Corporation. The total number of subjects participating in the initial
physical examination of this study was 103,909. This study used the Korean
Standard Classification of Disease to determine if the death was related to
ASCVD. This document is based on the revised International Classification of
Diseases, Ninth and Tenth Revision. The definition of ASCVD included
hypertensive diseases, ischemic heart diseases, and conduction disorders
including heart failure, cerebrovascular diseases, diseases of arteries,
arterioles and capillaries, and unknown causes of sudden death. Death
certificates of the subjects were pursued from January 1, 1993 to December
31, 2003. The cause of death, other than ASCVD or dropped cases, was
treated as censored data. Censored data were calculated person-year up to
the point of being classified censored. In order to analyze the risk of
prehypertension and hypertension on ASCVD, subjects with prehypertension
and hypertension prior to deaths were analyzed with one-year, three-year,
and five-year time lag using the time-dependent Cox’s proportional hazard
model.

Based on the results of this study, the age effect was linked to moving
subjects from prehypertension towards hypertension. Mortality rates of
ASCVD among the subjects in normotension, prehypertension, and
hypertension showed 1.3 in normotension, 54.4 in prehypertension, and 171.1
in hypertension per 100,000 person-year, respectively. This result showed
that the mortality rate of ASCVD was increased as the blood pressure

increased. However, the mortality rate of ASCVD in prehypertension in ages
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of 40 through 44 was 2.1 (95% CI, 1.09-4.12) times greater than that of
normotension. The time-dependent Cox’s proportional hazard model was
used to predict the risk ratio of average blood pressures measured during the
previous one-year, three—-year and five—-year to the deaths caused by ASCVD.

The result showed that when the measured blood pressure indicates
prehypertension, the risk of ASCVD mortality in one, three and five-year lag
time was 1.1, 1.4 and 1.4 times greater than that of normotension
respectively; however, only the measured blood pressure in three-year lag
time showed statistical significance. On the other hand, if the measured blood
pressure indicates hypertension, the risk of ASCVD death is 2.8, 3.6, and 3.0
times greater than that of normotension respectively, and showed all
statistical significance. In order to determine the high risk group on ASCVD
death among prehypertension, well-known four ASCVD risk factors such as
current smoking, high cholesterolemia, high fasting blood glucose, and
overweight were included in the Cox’s proportional hazard model. Also
included was the determination if there was any interaction of the covariates.
The result showed that prehypertension was strong independent predictor of
ASCVD death without any interaction with the covariates.

Based on the result of this study, prehypertension has characteristics of
other chronic diseases where there are many other complex risk factors
involved and may take years to progress. Therefore, in order to promote
individual health by controlling blood pressure, all healthcare providers should

pay attention to the lag-time on blood pressure measures and refer to the
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patient’s history of measured blood pressure which may indicate
prehypertension.

In conclusion, although antihypertensive therapy is not recommended for
prehypertension, this study shows that individuals with prehypertension need
to be monitored and managed in order to reduce the increased risk of
hypertension and ASCVD. This study indicates that if the measured average
blood pressures are within prehypertension range, healthcare providers should
make every effort to encourage their patients to control the risk factors that
lead to hypertension and ASCVD. An individual or community—based health
promotion program may also be effective in accomplishing this objective.
Additionally, to maintain and promote healthy lifestyles, the program should

include intermediate and long—term goals, as well as continued monitoring.

Key words: atherosclerotic cardiovascular disease, prevalence, mortality rate,

prehypertension, risk
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