@® RESEARCH PAPER
elSSN 2093 - 758X
J Korean Acad Nurs Vol54 No.1, 18

heck f dat
\'l) Check for updates https://doi.org/10.4040/jkan 23067

QP HEHA Q1| B2 QXS YAt Y S/ 2 &of| 0|2 =
o
o

Impact of Anthropometric Indices of Obesity on the Risk of Incident Hypertension in Adults with
Prehypertension: A Secondary Analysis of a Cohort Study
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Purpose: This study aimed to investigate the impact of anthropometric indices of obesity (body mass index [BMI], waist circumference,
waist hip ratio, and body fat percentage) on the incidence of hypertension in adults with prehypertension, Methods: A longitudinal study
design using secondary data form the Korean Genome and Epidemiology Study was employed. The study included 1,838 adults with prehy-
pertension tracked every two years from 2001 to 2018, Statistical analyses, including frequency assessments, number of cases per 1,000
person-years, log-rank tests, Kaplan-Meier curves, and Cox's proportional hazards regression, were conducted using SPSS version 25, Re-
sults: Over the observation period (15,783.6 person-years), 1,136 individuals developed hypertension, The incidence of hypertension was
significantly higher in the obesity groups defined by BMI (hazard ratio [HR] = 1.33), waist circumference (HR = 1.34), waist hip ratio (HR =
1.29), and body fat percentage (HR = 1.31) compared to the non-obese group. These findings indicate an increased risk of hypertension
associated with obesity as measured by these indices. Conclusion: The study underscores the importance of avoiding obesity to prevent
hypertension in individuals with prehypertension, Specifically, BMI, waist circumference, waist hip circumference, and body fat percentage
were identified as significant risk factors for hypertension. The results suggest the need for individualized weight control interventions, em-
phasizing the role of health professionals in addressing the heightened hypertension risk in this population.
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1. 67 A7
B ATE 491 40-604 thE FREES oho] $U o

ARFE 2001~2002¢ 7IREEAMRE 2018W7HA] 18o]l Z2A 2
| HHo 2 FH R S A ARG E=AMEY (Korean
Genome and Epidemiology Study [KoGES]) Al&& &85}
TG HYA Q) e 2 BTk QJINEAR| S whE -
Y FE ksl A%k ol AREREA] Atott

$&l G'Power 3.1.97 Z=234[39]
= el ol gs ¥ 27

AR 2001~2002 ]HPXA}Oﬂ Fhofgt %ﬁiEJ\l
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9 5 ]J Akel 187t 8F & ZAMAA] wbdl o g At
6,157 (QH:F 2,9519, M3 3,206%) F 1B AGAL A
ot 7l'='P7</%E 71E0 2 QM3 5,018, Mt 5,012% F
10,0309, 1x+ F%] 8,603%, 2&t 5 7,515%, 3xF 7 6,688
3, 43} F3 6,665%, 53} £ 6,238%, 6&F & 5,906, 7
At F73 6,318%, 8+ F& 6,157H0] ZAHE|SIT) 7]8EEA oA
OIF ALBISHE EA] AEST 7A7AH EA So A4 FrUT
FSHOIAY thdxt 5 3 HE 35 ZAto] Fofsir] &2 At
© E9RE AR AQdsigich TRIA A ald AR7IE
Ae71E-2 ohat 2k

ARB71EL 7I9kzAe] Zofdt ot B QHel AFste
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3. 7ol HL

B A7olq PAHo TR Wet Aol 2ol
%7 Bl s ZEsiglon], mEek HukA Aole] ugt ol
ARG (EEER), TEL PAGESAS), JdpAkslebs =

v
3 AEsd 8 A3 BEHRe=

opi

H =

FAER Abge o

H|T AN EZR| = AZZAI4(body mass index), S2E

|(waist circumference), 5]2]9Fo]H]E& (waist hip ratio), X

Korean Genome and Epidemiology Study (KoGES) population-based studies:
age 40~69 years (KoGES-Ansan and Ansung study, N = 10,030)

_n = 3,683 excluded

Reasons for exclusion:
At baseline, hypertension (n = 3,094)
(If one or more of the three below)

1) Diagnosed hypertension by doctor (n = 1,553)

2) Intake antihypertensive agent (n = 1,189)

3) SBP > 140 mmHg or DBP > 90 mmHg (n = 2,626)
Missing data (n = 589)

Included in this study (n = 6,347)

n = 4,129 excluded

Reasons for exclusion:
Non prehypertension (n = 4,129)

hl

1) SBP < 130 mmHg or SBP > 140 mmHg
2) DBP < 80 mmHg or DBP > 90 mmHg

Included in this study (n = 2,218)

n = 380 excluded

Reasons for exclusion:

<

1) Missing value in baseline (n = 187)
2) Never participated in follow-up survey (n = 193)

Included in this study (n = 1,838)

SBP = Systolic blood pressure; DBP = Diastolic blood pressure.

Figure 1. Selection process of participants in this study.

https://doi.org/10.4040/jkan.23067

https://jkan.or.kr



22

& (body fat percentage) 4712] @910 2 sl9ict A=A
£ A% (ke)/A}(m*) & o183l Falglon, At HFe
A RAFAE AR 7P AP R AES Bl 7]
S XM= ERSHRATE g B 71EL ofAlolQle] HIgE 7o
2 25 kg/m’ old-& wigto 2 RFolstm[29], MAFAIF7} 2
kg/m’ n]k} 25 kg/m’ oo 2 TR sElEE 5F
(Zulm) 3} FEsA Abole] B EE e /AR
A2 33 SA% o] HFo g2 AAtstitH29]. 943 90
cm o1, 92 85 cm oS vtk 2 AJolat[40], vkt
H|gho] opdo 2 JLEsIIt ol Edle tdxbt AolA
§3Y KpAelA FEole] FHES AU 7P H 9l 43
HE O|REE EXE E2iA 33] S ghe] o2 Altst
RcH29]. slElgEoMIES WS 090 o, 42 085 o1
& HRko 2 AJoJetm[34], v|vt} v]gto] opdo 2 LRSIt
AXL-EL Inbody 30 (Biospace Co.) SAXZ Aol
25% oI, AolME 35% old& vRte g2 Rgolstm[41], v
Tk} vigko] opd o & E5Igk

TEY AHAE i de 39 71E6lol weEt 571 2
¢to] 130~139 mmHgo]|AY o]¢7] &¢to] 80~89 mmHge!
Krolct. kel 79 KoGESollA SHFE el= gk AdeiolA
$57] YTt ol B 3 950 R ISt FH5I
ok B dFolME 5 18], 5 13 S 3] Fdd
= o|8s3ich

o & o > 4

-—

o
kJ
gk
o2

Fgretele] wY Ae|E(6le.
A Hske otz Thet 2o 7l
o o] ggui7el Aol oekn Sy 18
& %83t £%7] 8¢ 140 mmHg o1 EE ol
0 mmHg o491 9= 474 7| FoM & 7l
Fe %S Ege] WAR Roz Aot Bge
KoGESeIM SPgl el ke Aelold $57] et olgh
7] ¥ $B0R TRsel HST 18], $5F 13 HH 3

o] & o853t

N
T
5o
>
R
M e
2o
1-3 e
> &

rol

£

& L
19 ﬂ]lo
o
lo
>,
o

T
Wt

N

=T )
O

0,

[{e)

_,d
Iy o
ol

L=y
i =

3) QITALEISHY S, MEST U ABBA S

QATARBISHE B4 P, I, WiSALG R, A, TGS,
REAS BRI B o, ol FEelgl, I
40TH(40~49A1), 50TH(E0~59A), 60TH(E0~644) 2 W3kt
o WS S5 HAske] Bxle] AE AR olushyuY
£F0) ool wet G tRICIB)eH T RELE, b,

https://jkan.or.kr

A, o, 7IEpE Bk Y
Ul 2o Bl wet AEae ARRos
wx), 59, ARG, Wi, PR nERaoR TS
o, YBF4YL sk VIS @ B YL ol B By
77 Eatol] wrek 2008K) I 2009k o]4t-400eke) wig,

4002 ojFe = WHFSSIGIE ws+ELS Hshs otz

BEE WORSUIY BYY wrlel whet wEetw FY o]

SAE SEAREREE E5)9 2T
up2l 308 gkt 308 oFe R RSO FASEHE F
A &4 Dl (pack-years [PYDOE Sxf7HA] SAT £ &
ro 2 Jehjj= Ao 2 ud gl 1 pack (2074
H)& 19 59t FU3 A9 1 pack-year 2HEA] = (Y BF
7HH1/20) x F FAEFE AR A& 30 PYR o] H]
A, 30 PY |5k 30 PY o)do g2 JE5Ha, S5/3eE o
£ HF 0799 FHE LIEEF (D) E olg3to] 713 F A
2 ol FAE 40 g/dayE 7R R HISF, FF
SF, I1E SFE, 9xh= 20 g/days 71EL2 ot] H[S
= S
A738E 54 ARl A7, 12, gEs g
e 7158 S RALSIGITE ARl A/ eE Fvks
Mo A FeE olEria Bz st uUrte] 3l ot
oo (- AR Estdt, 17 skx] Zsidh),
sl ol AZsith oz AMEFoIA, I=
R L duyrtre] Bl ahet of, op ez

=
o
flo
4
2
it
g‘:\(

B
B

k

= o= o=
TTE T A1 a2
b [e]

Jo

ol ‘1-_]
o

&

N, Rt dd

oyl
o
Ra)
o
o
[o
[
ol

)

(=

)
o
ol
o8
juy
)

o
s

froofe ok

rd
o
i

i

ol
ok
¥
)
=R

=) o
2,
rlot
1o
™
g0

B
Pal
m-?ll-:
o4

dZ o pd
s
C
g
lo
0.

rlo

e
0_); .
O

o
ol
T ol

o2 ok

b
2a)
rlo
2
o
¥ T
e

r
flo

kl
el
i
N
I
18
o
N
I
18
%0,
oo
i)
=
o
o
il
e
M
_0|L
38
i)

B Aro] A5 EA2 IBM SPSS Statistics 250 4] 271
W(BM Co)& AHg o] BAskic
A, thdrte] ATARISE B4, ABST U AZBY 5

g et MEES AHESIIT

Ex, 2d¢ AGA Ao rHte g 1,000 (per-
son-yean)d 913 A 2 189 1EY & HHES AL

ek tdRES] Az tel] whg Wstol] thgh Y A 2

https://doi.org/10.4040/jkan.23067



HIBHIRSHAI47L DEet T Aolo] DEY S| DRl 23

Table 1. Descriptive and Hazard Ratios of Hypertension according to Participant's Characteristics (V=1,838)

Hypertension

Characteristics n (%) lncidenee @se ool HR 95% Cl p-value
Person-year rate per 1,000
n (%)
person-years

Gender

Man 1,026 (55.8) 603 (58.8) 8,863.0 68.04 1

Woman 812 (44.2) 555 (68.3) 6,930.6 80.08 1.17 1.04~1.31 .008
Age (y1)

40~49 906 (49.3) 523 (57.7) 8,516.7 61.41 1

50~59 484 (26.3) 316 (65.3) 4,401.0 71.80 1.26 1.10~1.45 .001

60~64 448 (24.4) 319 (71.2) 3,174.9 100.48 1.66 1.44~1.91 <.001
Spouse

Yes 1,692 (92.1) 1,066 (63.0) 14,629.4 72.87 1

No 146 (7.9) 92 (63.0) 1,164.2 79.02 0.92 0.74~1.14 464
Education level

< High school 1,592 (86.6) 1,032 (64.8) 13,528.9 76.28 1

> College 246 (13.4) 126 (51.2) 2,264.7 55.64 0.72 0.60~0.87 .001
Occupation

Profession 87 (4.7) 54 (62.1) 734.7 73.50 1

Non-professional 1,751 (95.3) 1,104 (63.0) 15,058.9 73.31 0.96 0.73~1.27 .789
Income (10,000 won)

< 200 1,150 (62.6) 760 (66.1) 9,578.2 79.35 1

200 ~< 400 527 (28.7) 308 (58.4) 4,726.0 65.17 0.82 0.72~0.93 .003

> 400 161 (8.8) 90 (55.9) 1,489.4 60.43 0.77 0.62~0.96 .018
Physical activity medium

Yes 904 (49.2) 567 (62.7) 7,652.9 74.10 1

No 934 (50.8) 591 (63.3) 8,140.7 72.59 0.96 0.86~1.08 .528
Subjective health status

Good 635 (34.5) 388 (61.1) 5,5635.6 70.09 1

Fair 651 (35.4) 403 (61.9) 5,725.4 70.39 1.16 1.00~1.34 .046

Poor 552 (30.0) 367 (66.5) 4,532.6 80.97 1.01 0.88~1.16 921
Fatigue

Yes 1,045 (56.9) 664 (63.5) 8,898.0 74.62 1

No 793 (43.1) 494 (62.3) 6,895.6 71.64 1.03 0.92~1.16 .582
Family history of HTN

Yes 318 (17.3) 216 (67.9) 2,606.0 82.89 1

No 1,520 (82.7) 942 (62.0) 13,187.6 71.43 0.84 0.72~0.97 .018
Chronic disease

Yes 240 (13.1) 156 (65.0) 2,057.3 75.83 1

No 1,598 (86.9) 1,002 (62.7) 13,736.3 72.95 0.97 0.82~1.15 .696
Cigarette smoking

Never smoker 980 (53.3) 649 (66.2) 8,472.4 76.60 1

< 30 pack-year 579 (31.5) 341 (58.9) 5,078.3 67.15 0.88 0.77~1.01 .064

> 30 pack-year 279 (15.2) 168 (60.2) 2,2429 74.90 0.98 0.83~1.17 .855
Alcohol consumption

Never drinker 855 (46.5) 570 (66.7) 7,150.2 79.72 1

Moderate drinker 814 (44.3) 490 (60.2) 7,297.1 67.15 0.93 0.72~1.21 .583

Heavy drinker 169 (9.2) 98 (58.0) 1,346.3 72.79 0.85 0.75~0.96 .007

HTN = Hypertension; HR = Hazard ratio; Cl = Confidence interval.
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& 51.864], IE ol4to] 866%°IH, 25L& 200%Hd ulTto]
62.6%= UEIGTE F559 A5 S MK & HeUt
508%, FBE ARAEHNE B8 A9 354%, HR2E Uit
56.9%, 18 715 L ittt 827%= LR
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AT gk 1,838 184 B9 F
son—year)< 15,783.6E 22 1,00091d
733770}, gt QJINESPX| S F AAFA| = v
AR} 54.3% 2 UERE L H|gk@83.10)0] BTt
o] ol HIARHG58) T BAIR O 2 KolsiA EA UehgTh
Y EY L vgto] obd AR} 69.8% 2 UENGAL, H|T
(92.91)0] wlgto] opd tiAFRH66.06) et TEY WAYo| A=
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Table 2. The Cumulative Incidence of Hypertension according to Anthropometric Incidices (N =1,838)
Hypertension
Characteristics n (%) R G Incidence rate g 959 Cl p-value
Person-year per 1,000
n (%)
person-years

Total 1,838 (100.0) 1,158 (63.0) 15,783.6 73.37
Body mass index

Non-obese (< 25 kg/m?) 998 (54.3) 588 (58.9) 8,934.6 65.81 1

Obesity (= 25 kg/m?) 840 (45.7) 570 (67.9) 6,859.0 83.10 1.28 1.14~1.44 <.001
Waist circumference (cm)?

Non-obese 1,283 (69.8) 761 (59.3) 11,520.7 66.06 1

Obesity 555 (30.2) 397 (71.5) 4,272.9 92.91 1.42 1.26~1.60 <.001
Waist hip ratio'*

Non-obese 1,132 (61.6) 652 (57.6) 10,161.0 64.17 1

Obesity 706 (38.4) 506 (71.7) 5,632.6 89.83 1.39 1.24~1.56 <.001
Body fat (%)°

Non-obese 1,338 (72.8) 810 (60.5) 11,869.2 68.24

Obesity 500 (27.2) 348 (69.6) 3.924.4 88.68 1.32 1.16~1.50 <.001

HR = Hazard ratio; Cl = Confidence interval.

*Men with waist circumference = 90 cm and women with waist circumference > 85 cm.

""Men with waist hip ratio > 0.95 and women with waist hip ratio > 0.85.

*Men with body fat > 25% and women with body fat > 35%.
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(64.17)Hrt aF} o] BAFZ [FolsiAl A YEsith
ARYEL vlgto] obd di/dRZt 72.8%= UrErsten, vt
(88.68)°] H]Tto] obd TiFRF(68.24) Hrt FY TAgo] FAIF
o2 FosHA #A YEtstth(Table 2).

3. AT TSR] HRt QLIS
R

Ao] h2 et

FHE vfolo] JERAH 02 EY HebA| 4o Wk olx
SR Aol Lgo] WT At 77 RS 7
sk olge] A WHES SABSITh w8 uIE RS

9% 28 9 YeRiel SUge 2w o

o
g HEZAC UGS eI A} vigto] opd Fat H]
ThFo] EZMo] aFE= Rlol7t ARTH(p< 001). F, vl

25
RS RI] B2 1WA Wigo| tarka & 4 gl

(Figure 2).
4, SAH[Y 2d 3|24 Z1t

F2ulE S SARMN 22| SYHSE TAT B4
o2 gelgh Azt g, A, SAE, A5SEE, 1Y 7S
R4, slElEd, sleEldgomle, Ax g wE 1
Y Yo v E S folgh xfol7} YIATH(Table 1). A8
oJx7} @RkRT} 1.1780(95% confidence interval [CI] = 1.04~1.31,
p =.008) Z7t5t9ix, 8L 40Tt 607t 1.6681(95%

Cl = 144~191, p< 001) Z7let= Aoz Uehyyth 78 Jx
o wEME hErEY ola 80l 07281(95% CI = 0.60~0.87,
p =.001) #&st= Ao 2 Yelgon, A54F aeke
4005k o]Ao] 0.7741(95% CI = 0.62~0.96, p = 018) ZHAas}

Eﬂ ]7:

A B
1.0 7 1 Non-obese 1.0 7 1 Non-obese
_77 Obesity -'77 Obesity

08 + Nonrobese-censoring 0.8 + Non obese-censoring
— 297 x  Obesity-censoring — 7% x  Obesity-censoring
g g 7
s s
7 0.6 7 0.6
(] ]
= =
S 04- 3 0.4
IS g
3 =}
(@] (@]

0.2 1 0.2 1

Log-rank 18.16 (p < .001) Log-rank 33.30 (p < .001)
0 T T T 1 O T T T 1
0 5 10 15 20 0 5 10 15 20
Time (yr) Time (yr)
Cc D
1.0 7 1 Non-obese 1.0 7 _I1 Non-obese
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2 2
2 2
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Log-rank 32.34 (p < .001) Log-rank 19.44 (p < .001)
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Figure 2. Cumulative survival curve of hypertension according to anthropometric indices of obesity in adults with prehypertension.
(A) Body mass index. (B) Waist circumference. (C) Waist hip ratio. (D) Body fat percentage.
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Table 3. The Hazard Ratios of Hypertension according to Anthropometric Indices of Obesity (V=1,838)
Characteristics HR 95% Cl p-value HR 95% Cl  p-value HR 95% Cl  p-value HR 95% Cl p-value

Gender (ref. = man)

Woman 1.06  0.94~1.20 322 1.03
Age (yr) (ref. = 40~49)

50~59 1.25 1.08~1.45 .003 1.22

60~64 1.66  1.43~1.94 <.001 1.56
Education level (ref. university)

< High school 1.23 1.01~1.50 .039 1.23
Income (10,000 won) (ref. < 200)

200~< 400 1.09 0.86~1.37 488 1.05

> 400 1.09 0.86~1.37 497 1.06
Family history of HTN (ref. no)

Yes 1.29 1.11~1.50 .001 1.28
Body mass index (ref. non obese)

> 25 kg/m? 1.33 1.18~1.50 <.001
Waist circumference (cm)* 134

(ref. non obese)

0.91~1.16 .664 0.97

1.06~1.41 .007 1.20
1.34~1.82

1.01~1.50 .039 1.20

0.83~1.32 .696 1.02
0.84~1.34 .619 1.04

1.10~1.49 .001 1.30

1.18~1.51

0.85~1.11 973 1.07 0.95~1.21 .248

1.04~1.39 014 123
1.33~1.81 <.001 1.60

1.06~1.42 .006
<.001 1.55 1.37~1.87 <.001

0.99~1.46 071 1.23 1.01~1.50 .039

0.81~1.28 .893 1.08
0.83~1.32 721 1.08

0.86~1.37 499
0.85~1.37 517

1.12~1.51 .001 1.28 1.10~1.48 .001

<.001

Waist hip ratio™" (ref. non obese) 129  1.12~1.48 <.001
Body fat (%)° (ref. non obese) 1.31 1.15~1.49 < .001
- 2 log likelihood 15,837.197 < .001 15,840.163 < .001 15,846.715 <.001 15,842.798 < .001
Adjusted for gender, age, education level, income level, hypertension family history.
HTN = Hypertension; HR = Hazard ratio; Cl = Confidence interval.
*Men with waist circumference > 90 cm and women with waist circumference > 85 cm.
"Men with waist hip ratio > 0.95 and women with waist hip ratio > 0.85.
*Men with body fat > 25% and women with body fat > 35.
= Ao@ Uehgt 18 7t ltkrt 0.849(95% = 9
=072~097, p = .018) #Ast= Ao 2 YepGth
H|gk QJIAFZGA S 5 AAFR = vlTelA 1.2841(95% 2 ATs 183G AGA Q19 vjgt JAEFR] S0 w2 1
Cl = 114~144, p< 00D) Shte Aoz Uehgom, sjetge]  deh 2o xholE Blst] $isto] 78'5;,79. AFE AT Hole]

& HlgtollA 14281(95% CI = 1.26~1.60, p< 001) Z7Fsk= A
o2 et sggIgolul &S v|vtolA 1.39¥1(95%
ClI = 1.24~156, p< 001) Z7}st= Aoz epton x4
Fo] HlgtollA] 1.3241(95% CI = 1.16~1.50, p< .001) Z7}st=
Ao & YepgtH(Table 2).
oHHEF BAMollA fol3
F 18Y 7HEES Eﬂo}@l *AH]?—%]—‘H%* SAENE AFTH
23}, AEFR S, s, sgdomlE, ARl w2
et o] vl 9IEe folst mtolzt QUi MR
w2 TE Y v vleho] 1.3380(95% CI = 1.18~1.50,
p<O0DE F7kote Ao 2 Yeptal, slejEels vivto] 1.34#)
(95% CI = 1.18~151, p<.001) Z7}5t= Ao 2 Uepit 58
Jgolu] &2 Hlgto] 1.294H(95% CI = 1.12~148, p<.001) &
7Fote Ao yehgon, MAES Hlgko] 1.31¥1(95%
CI = 1.15~149, p<.001) Z7}5t= A0 2 VERgtH Table 3).
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