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Association of Hypertension and Obesity with Echocardiographic Left Ventricular
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I ABSTRACT |

Background: Both left ventricular hypertrophy (LVH) and microalbuminuria (MA) are well described markers or surrogate
for cardiovascular outcome. Many factors are known to be related to the two markers which are encountered together in some
patients. But the epidemiological backgrounds for the two markers are not clearly demonstrated so far. Methods:
Measurements of echocardiographic left ventricular mass index (LVMI) and MA were introduced to the population survey in
Yangpyeong County, Korea in 2005 and 2006 for 1,767 among 2,028 subjects. The criteria for MA were 17-250 mg/g of
albumin creatinine ratio (ACR) in male and 25-355 mg/g in female. 1,636 data were analyzed. Results: Age was 60.9 + 10.4
years and the proportion of female was 59.4% (972). Body mass index (BMI) was 24.7 + 3.21 kg/m’ and blood pressure were
124.1 £ 17.3 mm Hg/80.0 £ 10.5 mm Hg. LVMI was 45.3 + 11.6 g/rnz‘7 and ACR was 23.9 £ 150.9 mg/g. Prevalence of LVH
and MA were 23.5% and 12.2%, respectively. In male/female, odds ratios for MA were 1.035 (range, 1.010-1.061)/1.01
(range, 0.988-1.032) for age, 0.962 (range, 0.882-1.049)/0.941 (range, 0.881-1.006) for BMI, 1.754 (range, 1.097-2.804)/
2.158 (range, 1.413-3.298) for hypertension (HTN), 4.87 (range, 2.883-8.226)/2.154 (range, 1.311-3.539) for diabetes, 1.005
(range, 0.999-1.012)/1.007 (range, 1.002-1.012) for cholesterol, and 1.011 (range, 0.987-1.035)/1.011 (range, 0.994-1.029)
for LVH. Conclusions: In a population level, even if diabetes was strongest factor for MA, HTN is also independent factor for
MA in both genders. (J Korean Soc Hypertens 2011;17(4):156-165)
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T A @ o2 dF EEI(glucose, mg/dL) H F

=d|~H|E(total cholesterol, mg/dL), /34| Hol(triglyceride,
mg/dL), U =R Z8| A~ E|E(high density lipoprotein
cholesterol, mg/dL)< #2313t} A5 7|(Hitachi 747
automatic analyzer, Hitachi, Tokyo, Japan)E ©]&3% &

Z2:%(enzymatic method)S &3l & FHXAE Y T34

e SO TREARNS 47 SPUS ol
sjo] Zgasich

i < F2EEA ﬁ](baumanometer) —i—
oA 58, FA F 57 HACR
G oHAE H&skAY AX D‘f\l 49 757 1‘
3to] 140 mm Hg ool Ay = &7|8¢to] 90 mm
Hg oldd w2 ZoJ3ilnt S ks Fokskal Q)

A FEETHAME 126 mg/dL o131 A2 Sict.

£

l\)
tol,
A
_>4_
:L
ki
“%
mBL r1o s,

0 }\]?g—q]J,}. Z‘l'r‘.47}‘ M-Y & U]
= -mode 2-dimensional echocardiogram)
£ 85l 57 71712 HP sonos 2500 7]7|(Hewlett-
Packard Co., Andover, MA, USA)E ©]&38}% 1, M-E
T GAe vlm A ES9ES](American  Society of
Echocardiography) ] #|3el whg} 2414 smatate] 1
3to], 712 £5E5 50 mm/secE FAS

AUt AFZA o] % i ghAtel] gk AR AR ¢l
ZgHiel A A b gdglo] vt e Eo]Z
of 71Z5% 03%]'% Digital Imaging and Communications
O & Wgksto] SR A5t 5 off-line
© % Infinity PACS software (Infinity Technology, Seoul,
2310} 57 9 BES ABAAE QRS 7
2 9] Wiz Bolsigion Bl 3
7w 3 A SAT ol T lead-

o7 Sk

HA A -2 Devereux?] 212" o] gato] 1.04x
(EAE AR A AT B
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AT o)1= BT FA A A S ((left ventricular
mass index, g/m”)AT-9} FAT A At} HPES

8l AFEE 95 AlERY V1N E i F8] 52.0 g/m2‘7§
Agsto] s Adksiick”

20C WEael Byt Fojdd
(Siemens Healthcare Diagnostics, Tokyo, Japan)E ©]-&

slo] o] S e (turbidimetric immunoassay)¥} HHAFH ]

2 AAE ADVIAY]Y)

=7 ¥ (radioimrnunoassay) < &3l <511 =
Ak Fd AR FdotEd sEE F8 &l Aw
o}E]d H](albumine creatinine ration)
mg/gO = $Htste] o] & QF WA
O vl 0] A 9= EARE 17-250 mg/ge] Al o1 At
= 25-355 mg/g O & EFIct'”
A= Al A AR A" T4 2 FAE
o°

S Aereishyel QAT Asle S

=

A 7= AlE
t-test, chi-square test=
T A o Wt &
#1412 Pearson's correlation coefficient® 3 7}sF3it) &=
S AR S] el whet AR TE 7
W0 ALY v s mdependent t-test= 737533
i, 71 ERae] 913 edl

o
o7 dHA Qe HTE ﬂ\’:’%ﬁp | $13l multiple logistic

A3l A= B4l mE} independent
“}Fﬁﬁé}‘?ﬁ‘:}. g, A=A, 8

vk, A B

(nd

—

o

regression modelS 42310, QF AdFNlzef st 7}

W4=9] wxH](odds ratio)E AFHESFITH
o2 0.05% 31l oH FAEAS 93] SAS ver.
9.2 (SAS Institute Inc., Cary, NC, USA)S o|-&3}ich

A o 1,636782] AF 60.9+ 104413 0782



Table 1. Characteristics of the study population
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Total (n=1,635) Male (n=665) Female (n=971) p-value
General characteristics and anthropometrics
Age (yr) 60,94 +10.40 61,53 +10.27 60.53 +10.48 0.0574
Body mass index (kg/m’) 2471 + 321 2423 +3.06 25,04 £ 327 < 0.000f
Waist circumference (cm) 8777 £827 8821 £ 791 87.46 £ 850 0.0677
Systolic blood pressure (mm Hg) 12413 +17.39 125,69 £ 17.03 123.06 * 17,56 0.0026
Diastolic blood pressure (mm Hg) 80.01 £ 10,52 816 1091 7893 £10.10 < 0,0001
Clinical examination
Cholesterol (mg/dL) 197.67 + 37.24 189.23 + 34,86 20345 + 3773 < 0,000t
Triglyceride (mg/dL) 15599 £+ 97.21 168,22 + 108,94 147,62 + 87.37 < 0.0001
HDL (mg/dL) 46,06 +10.88 4483 +11.32 46,91 £10.49 0.0002
Creatinine (mg/dL) 0,94 £ 017 1.05 £ 0.15 087 £0.13 < 0,0001
Fasting blood glucose (mg/dL) 102.8 =+ 24.01 104,62 + 2399 101,55 + 2396 0.0109
Echocardiographic indices
Heart rate (beats per minute) 65,21 + 967 64,95 £ 1013 6539 + 934 0.3652
IVSd (cm) 093 £0.13 097 £0.12 091 £0.13 < 0,000t
LVDd (cm) 489 + 0,46 5,03 +£0.45 479 £044 < 0,000t
PWTd (cm) 0.87 £ 0.1 09 +0.10 0.84 +0.11 < 0,000t
LV mass (g) 154,74 + 39,61 170,49 + 3925 143,95 + 36,11 < 0,000t
LV mass index (g/m™) 4532 +11.64 4392 £10,19 46,27 +12.44 < 0,000
Spot urine examination
Urine albumin (mg/dL) 173 £ 797 2.06 £1034 15 £581 0.2063
Urine creatine (mg/dL) 103.8 + 60.39 123.33 =+ 64.61 90.43 + 5338 < 0.0001
Albumin creatinine ratio (mg/g) 2392 +150.86 2322 +152.15 24,4 +150.05 0.8765

Values are presented as mean = standard deviation,
p—value for sex comparison by independent t—test,

HDL, high density lipoprotein; IVSd, end—diastolic interventricular septal thickness; LV, left ventricular; LVDd, end—diastolic left ventricular

dimension; PWTd, end—diastolic posterior wall thickness,

9718 2.2 59.4%%It}. AAFA G 24.7+3.21 kg/m’©)]
ATk FE571DY-S 124.1+17.3 mm HgQl ol 24719t
2 80.0+ 10.5 mm Hgith 243 453 £11.6 gm™’
ollal 2% wALHELE 239+ 150.9 mg/goldtt 65
Al o) de] IR AFE 42.2%% a1 AF Aol gk nint
& 43.9%ATF YL 43.7%% 3 D= 92%3AT)
Aol i Atol= Table 104 B whel o] AF o
5k Aol glovt AFWFAG(24.2 3.1 kg/m® vs.
254+33kgm’, p<0.0001) D FdAABEAG43.9 +
10.1 g/m™” vs. 46.3 + 12.4 g/m™’, p<0.0001)7} o4o]

o g

iy A W

of|

B Re FAJo] =9k11(104.6 + 24.0 mg/dL
vs. 101.6+24.0 mg/dL, p=0.011) &9 F#ofe]d H]
> A e Apol= fISITh23.2 £ 152.1 mg/g vs.
24.4+150.0 mg/g, p=0.876). A= 23.5%004]
e gl o v A y= 12.2%% 11 macroalbuminuria
© L1%$ITHTable 2). #An|de} vjAdel: £
macroalbuminurias FA]ol] HQl Al Y 217} 3.0%
4 3.9%3ich

A B4 Ay AAAARA T E A A=

B

AH(r=0.050, p=0.19) At A=A A 41 =0.359,
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Table 2, Distribution of metabolic abnormality, echocardiographic LVH and albuminuria in the study population

Total Male Female p—value
HTN medication 438 (26.8) 137 (20.6) 301 (31.0) < 0.0001
HTN 684 (41.8) 265 (39.9) 419 (43.2) 0,1836
DM medication 2 (8.1) 0 (7.5) 82 (8.4) 0.4993
DM 207 (12.7) 0 (13,5) 17 (12.1) 0.375
LVH 384 (23.5) 6 (19.0) 258 (26.6) 0.0004
Microalbumiuria 200 (12.2) 6 (12,9) 114 (117) 0,5405
Macroalbumiuria 8 (1.1) 9 (1.4 9 (0.9 -
LVH with albuminuria 3 (3.5) 0 (3.0) 38 (3.9) 0.3304

Values are presented as number (%).

p—value by chi—square test. HTN defined by systolic blood pressure = 140 mm Hg, diastolic blood pressure =90 mmHg, or taking
antihypertensive medication, DM defined by fasting serum glucose =126 mg/dL or taking antihypertensive medication,

LVH, left ventricular hypertrophy; HTN, hypertension; DM, diabetes,

Table 3, Correlation coefficients of age, obesity and blood pressure with left ventricular mass index and albumin creatinine ratio

Male Female
LVMI ACR LVMI ACR
r p r p r p r p
Age (yr) 0.05077 0.191 0.04946  0.2028 0.35465 < 0,0001 0.08462  0.0083
Body mass index (kg/m’) 0.35994 < 0.0001 -0.02081 05921 0.37471 <0000t -0.03064  0.3402
Waist circumference (cm) 0.2797 < 0.0001 0.00738  0.8495 0.33609 < 00001 —0.00276 09315
Systolic blood pressure (mm Hg) 0.19302 < 0.0001 0.11342  0.0034 0.28867 < 0.0001 0.09955  0.0019
Diastolic blood pressure (mm Hg) 0.10664 0.0059 0.02656  0.4942 013731 < 0.0001 0.05074 014
LVMI 0.03465 03724 0.01076 0,7378

r means Pearson’ s correlation coefficient,

LVMI, left ventricular mass index; ACR, albumin creatinine ratio (mg/g).

p<0.0001) % 3= (r=0279, p<0.0001)$} F%7]
EHr=0.193, p<0.0001) 2 7|8 MHr=0.106, p=
0.0059)7} ko] AetAlE B om ool n]gt 1l
gk A% 8t ol g} A (r=0.354, p<0.0001)%= =}
Ao} ke AJHIAE BTKTable 3). VA
il BN E 757185 r=0.113, p=0.0034)
A3 el A=

4
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ol Aol e ) A ph e
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I e vl A e
o] ki 61.0+10.2
vs. 64.5£10.2, p=0.0018; ©I: 60.1+10.5 vs. 63.4+9.7,
p=0.001) 718 124.8+15.3 mm Hg vs. 130.8

+24.4mmHg, p=0.0228; ©]: 121.8+16.8 mm Hg vs.

=R

164.1 +106.5 mg/dL vs. 192.4 +120.2 mg/dL, p=0.019;
o]: 143.4+81.3 mg/dL vs. 1763+ 117.6 mg/dL, p=0.0032)
2 FEEGE 102.0+19.7 mg/dL vs. 119.8+37.7 mg/dL,
p<0.0001, ©: 100.1+20.8 mg/dL vs. 110.9 = 38.0 mg/dL,
p<0.0001)°] =gkeh wbdo] vlwky} 1 T ghEle- u)

131.5+ 19.9 mm Hg, p <0.0001)°] A
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Table 4, Sex stratified mean comparison of covariates across the microalbumiuria
Male Female
Normal Microalbumiuria  p—value Normal Microalbumiuria  p—value
Age (yr) 61.02 +10.20 64,56 +10.25 0.0018 60.11 = 1053 6342 =972 0.001
Body mass index (kg/m2) 24,22 301 2425 +334 0.9386 25,04 £ 327 2502 £328 0.9377
Waist circumference (cm) 88.07 +7.80 89.07 £859 0.2503 87.36 + 844 88.15 + 891 0.3338
Systolic blood pressure (mm Hg) 124,84 +1533 130,81 +24.40 0.0228 12183 +£ 1685 13156 + 1993 < 0.0001
Diastolic blood pressure (mm Hg)  81.36 +10.01 83.02 £1525 0.3086 7839 + 962 82,64 + 1239 0.0004
Cholesterol (mg/dL) 188.3 +35.17 194,81 +3254 0.092 20199 + 3756 2135 + 3753 0.0015
Triglyceride (mg/dL) 164,18 £106,51 192,46 +£120.26 0.019 14345 £ 8131 17634 £ 117.62 0.0032
HDL (mg/dL) 4484 £1128 4478 +11.63 0.9632 46,85 £ 1052 4729 £ 1037 0.6657
Fasting blood glucose (mg/dL) 102,09 £1978 119.83 £37.72 < 0.0001 100,18 £20.85 110,98 + 3801 < 0.0001
LV mass index (g/m2.7) 4371 £10.28 4516 961 0.2003 4589 + 1246 4891 + 12.07 0.0119
p—value by independent t—test,
HDL, high density lipoprotein; LV, left ventricular,
Table 5, Multiple logistic regression analysis regarding the covariates related to microalbumiuria
Crude model Age adjusted model Multiple model

Male Age (yr) 1,035 (1.012—-1.059) 1.035 (1.0 061)

BMI 0.962 (0.882-1 049)

HTN 1,754 (1,097-2.804)

DM 4,87 (2.883-8.226)

Cholesterol 1.005 (0,999-1.012)

LVH 1,014 (0,993-1,035) 1.012 (0.991-1.033) 11 (0.987-1.035)
Female Age (yr) 1.027 (1.007-1.048) 1 (0.988-1.032)

BMI 0.941 (0.881- 006)

HTN 2.158 (1.413-3.298)

DM 4 (1.311-3.539)

Cholesterol 1,007 (1.002-1.012)

LVH 1,018 (1,.004-1,033) 1,011 (0,996-1.027) 1 (0.994+1 029)

Values are presented as OR (95% Cl).

HTN defined by systolic blood pressure = 140 mm Hg, diastolic blood pressure = 90 mm Hg, or taking antihypertensive medication, DM
defined by fasting serum glucose =126 mg/dL or taking antihypertensive medication,
OR, odds ratio; Cl, confidence interval; BMI, body mass index; HTN, hypertension; DM, diabetes; LVH, left ventricular hypertrophy,

Ao gt Zhel] ZFol 7k §llar o3 d oAl ut ) 23 o] 5 Bodrh WA T o] it thi
Alebelzgto] gadele] nlsl] 5718 9H(78.3 £ 9.6 mm 412 macroalbuminuria 2~75 K]l 1495 A 8]$F 5 A
Hg vs. 82.6+ 12.3 mm Hg, p=0.0015), 2 ~E]12(201.9 gatsict el AR =0.342, p<0.0
+37.5mg/dL vs. 213.5+37.5, p=0.0015) % A4 frdatal e Y54 QA o dellx

2458+ 12.4 g/m™’ vs. 48.9+12.0 g/m™’, p=

0.0119) MP=0.128, p=0.004),
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0.02)°] HHA1 A3}

Table 514 Hi= vlel vlAlchile el e @ =n]
Ao A] wlA ko] ist @ =H]= Z}7F Aol 1.035
(A%, 1.010-1.061), AEZAT= 0.962 (9], 0.882-1.049),
VEE 1754 (B9, 1.097-2.804), it 4.87 (B,
2.883-8.226)%ltt. FEIAElEY AN O] o =)=
717} 1.005 (£, 0.999-1.012)2} 1.011 ((H<], 0.987-1.035)
E SAXNCE fFskA otk ool AR o=
H)7} 1.01 (1), 0.988-1.032)F §-28kA] eFgkort #|4
A= 0,941 (B, 0.881-1.006), Y-S 2.158 (H
9, 1.413-3.298), W= 2.154 (W9, 1.311-3.539), =2
2SS 1.007 (M, 1.002-1.012)% fo)akict 24
Angle] @ =8 1.011 (HE, 0.994 -1.029)Z #-2]38F
A FeFtiTable 5).

m A O] SR ApRIAE (e =H]: 141 W
9], 1.03-1.93]), AN =H]: 1.79 [H<, 1.30-2.45)),

(@ FH]: 225 9, 1.48-3.44]) B IFAAES(L
ZH]: 1.49 [¥19],1.08-2.05])°]%1tk

n#

o

B AT Ay} Fo A=o] 6ot FE2 el Adsf <l
TGN HAEeutE Ay Z A8 = 23.5%%9 2

o3 BAgs Al
16-19% W&l tha =& FHES Holar ek 915e] 1
9 vl At o 2R Agko] Q7] sHAINE 712 2.7
2kl SJal BAgsk Pl n|oE A7t ok ATt AnE

A njnA Fe AH TS o= Al E Multinational

30 =

Monitoring of Trends and Determinants in Cardiovascular
Disease (MONICA) &3] 25%$} fAkeka1'” Atherosclerotic
Risk in Communities $17-2] 37-40%¢]'” B8] T whe-
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1l Fzlolel H|Z o] 8alo] YA 17-250 mgle, o1
25-355 mg/g 0.7 A 23Tk

A3} Y] ol 60.9 10441313 oJA-E 972
(59.4%)°19TE. ALGAF= 24.7 £3.21 kg/m™©|3 2L 5
Z7199H 124.1+17.3 mm Hg, SH87189R2 80.0+ 10.5
mm Hego 2tk 2421 453+ 11.6 gm> 0]
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