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Left Ventricular Mass Increases with the Progression of Chronic Kidney Disease in Type 2 Diabetic Patients

Keiko SAKAI', Asako SATO"* and Yasuhiko IWAMOTO'
'Department of Medicine III, Tokyo Women's Medical University School of Medicine
?Department of Clinical Laboratory, Tokyo Women's Medical University

Background and Aim: Left ventricular (LV) hypertrophy is an independent risk factor of morbidity and
mortality in cardiovascular disease (CVD). Advanced stage of chronic kidney disease (CKD) also substantially in-
creases the risk of CVD. The aim of this study is to evaluate LV mass at various stages of CKD in type 2 diabetic
patients. Methods: In 2005, echocardiography was performed in 296 consecutive Type 2 diabetic patients (men,
172; age, 61 =13 years [mean = SD]). We measured the LV mass in each patient and calculated the LV mass index
(LVMI) by dividing this value with the body surface area (BSA). CKD was classified into 5 stages (S) by using the
eGFR formula that was modified for Japanese patients. Result: The average LVMI were 105+ 24, 111 £26, 120+
31, 133 +26, and 152 = 36 g/m” in S1, S2, S3, S4, and S5 of CKD, respectively. One-way analysis of variance re-
vealed a significant difference among the LVMI of the 5 CKD stages (p<0.001). Additionally, all LV parameters
increased with progression of the CKD stages (p<<0.001). Multiple regression analysis indicated that hyperten-
sion (p< 0.05) was independent risk factor for increased LVMI in S, 2. Conclusions: LV mass increases with the
progression of CKD in diabetic patients. The results suggest that, in diabetic patients with CKD, increased LV
mass may play an important role in left ventricular hypertrophy.
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TH5". ZORERL LT, BIENEHESN
TWaD, HRHES ZhBEEZEERORBREF T
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T/, KEBEREREIIBYT, EEBKIE 70%
PDEEERIIBDLN, EZERROBFLEVEBES
ERFIIBTLZONEREOFRARLHEE T H1E
BB IBEDRESN TN 2070, K
EAEIZE S DRI OEMEERRE (chronic kidney dis-
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Table 1 Clinical characteristics

Sex (male/female: %) 57/43
Age (years) 61 (12)
BMI (kg/m?) 25 @
Known diabetic duration {years) 14 9
HbAlc (%) 85 (2.1)
Presence of retinopathy (%) 66
ACR (mg/gCr) 49,0 (0-12.060) *
Hb (g/dI) 124 (24)
Presence of hypertension (%) 70
systric BP 129 (19)
diastric BP 73 (12
Antihypertensive treatment (%) 68

RAS (%) 59

Ca blocker (%) 44

B blocker (%) 7

o blocker (%) 8

Diuretic (%) 19

BMI body mass index. ACR: albumin creatinine
ratio, Hb: hemoglobin, BP: Blood Pressure, RAS:
renin angiotensin system.

Mean (SD), *Median (min-max).

B & HRERE LT, BEMAEBED % [
EAD] &L

2. LRBEH

Lo 4B & Uk R AR 13 PHILIPS SONOS7500 % 1 H
L7z EZERZEGNIE, M-mode iIZ B L, L8
MIE (septal ventricular wall thickness in diastole :
SVTd), EE#%EBEE (posterior wall thickness in di-
astole : PWTd), EEIERALE (left ventricular
end-diastolic diameter : LVDd), /£ % I K 1 %
(left ventricular end-systolic diameter : LVDs) % il
‘L7 7, EREEA v 7 v 7 X (left ventricu-
lar mass index : LVMI) i& Penn ®a4% (1.04
((SVTd+LVDd+PWTd)*- (LVDd)®] —136) IZ &
WEREBELZFAL, REREETHIEL TKRD.

3. CKDAF—U98E

CKDAF — V5B HERRAEER (esti-
mated glomerular filtration rate A F eGFR) # fii&
s V7 F = (Cr) (BERE) SHE#» 5 2009 F0
CKD Z# 7 A FUEUToRICE W BH L
(eGFR (ml/min/1.73m?) =194 x Cr "™ x Age ** (&
HiEx0739)). 72, ML CKD A4 FiZhew
S5ATF—VIIHaELL T4bb AF7F-V1:
eGFR=290 (ml/min/1.73m’ LAFR), 27— 2:
60~89, A 57— 3:30~59, AF— 4:15~29, A
T—=T5 <1 ITHELT.

4. BBERIRE

HbAlc (LA #% 9 X CTJIDS{HE) &, HPLC %
(HA8160, ARKRAY) THl & L 7= (3 # fH 43~
58%). 7z, REIB—RICTRAT VT I VikES
WEL s L7F = MIEE1Tv ACR (albumin/cre-
atinine ratio) #3K®7:. BEMOBEIINES O~
(Hb) (SLSNEZ 0¥ Vi) TEHfiL 7.

5. MM

HRETXTFEYME (Mean) = iZ#(FA (SD) &
L72.CKD A7 —2IZBT 5 5 BMOFHEDZED
WE, — REESEHOT AT, BERNICAEEED
& HAEIL, BonferroniEIZL DS EHE L2 3
512, LVMI Ofsba [l F O#ET i, R 5T (step-
wise ) 1TV, LVMILIZhh b 537 L 72 fEkR N
FORET % L7, #ET& SPSS statistics 17.0 &tV
7 NERAW pMEIE<005 AT ERICAEE L L
7z

#® %

1. ERPRR

B R D 2 FIFERIE 296 %6 D ERR KB % Table 1
WY, SRR R R R ISR 14 £ T, 66% (ZHBIE
FExX RO, 70% HEMEB L CREHREZIT-TH
D, PR MUT (3735 129 + 19mmHg, $LREAMTE X
¥ 73+12mmHg Td - 72 (Table 1).

CKD A7 — Y TEIBRRNERE D ETH L, B
HoEE (p<001), Fi#h (p<0.001), MERIFER
BME (p<0005), HbAlc (p<0.001), I M /£
(p<0.01), BIMLE O H A (p<0.001), ACR (p<
0.001), Hb (p<0.001) iZBWTC, CKDAT—Y5
HEOFHERELEDT. TobbAT— U
B A3 EBEHOFELE <, BRIENR ],
EEEFOEENE, -7/, F72, HbAlc, Hb
DFHEEX CKD A7 — VDR &2 513 LT M
\ZH o7z (Table2).

F7:, BEEEIZ68% IS 5L (Tablel), A
T UNEL IR EERICEERES TR
(p<0001), L=V - 7¥IV*7 ¥ R (RASH
HEATHRIEH STz (Table 3).

2. EERRE

CKD A7—UVmEIO LVMILIX, A7F—=V 1T
105+ 24g/m? A 7 — ¥ 2T it 111 £26g/m’, X
F— Y 3Tix120£31g/m* A5 — ¥ 4TIk 133+
26g/m? A5 — ¥ 5 Tik 152=36g/m* & A5 — I8
HEITTAIIELVMI L, A7 —VHTAEEE
(p<0.001) % Z2sH 7 (Figure, Table 4). Bonferroni
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Table 2 Clinical charactaristics at CKD stage

1 2 3 4 5

CKD (n="59) (n=107) {n=61) (=17 (n=52) p
Sex (male (%)) 29 7 60 (55) 35 (54) 12 (65 43 (77 <001
Age (years) 56 = 12 63 =11 66 +10 57 =15 59 =12 <0.001
BMI (kg/m? 25 = 2 25 =5 26 =5 25 = 3 24 =5 n.s
Known diabetic duration 11 =8 13 £ 9 16 =10 15 =9 18 =10 <0.005
(years)
HbAlc (%) 97+ 21 90+ 18 82+ 19 79 23 63+ 13 <0.001
Presense of retinopathy (%) 49 55 75 9 96 <0.001
ACR (mg/g - Cn) * 1299 218.8 7117 3.041 4,284 <0.001

(4 ~2.082) (0~ 4,519) (4~ 7.704) (73 ~ 8410) (112 ~ 12.060)

Hb (g/dl) 141+ 1.3 136+ 16 120+ 19 105+ 1.8 91= 11 <0.001
Presense of hypertension (%) 49 66 70 88 98 <0.001
systric BP 126 =16 124 =18 127 =16 130 %22 146 =20 <0.01
diastric BP 75 *13 73 =11 71 =11 69 =13 74 =13 n.s

CKD: chronic kidney disease, BMIL: body mass index, ACR: albumin creatinine ratio Hb: hemoglobin. Mean (SD). BP:

Blood pressure. *Median (min-max).

Table 3 Antihypertensive drugs and erythropoietin at CKD stage

1 2

4

CKD 0=59 (=107 (njen (=17 (njsm P
Antihypertensive 47 63 67 82 98 <0.001
treatment (%)

RAS (%) 41 49 64 77 92 <0.001
ACE inhibitor (%) 15 16 18 35 39 <001
ARB (%) 25 39 53 53 75 <0.001

Ca blocker (%) 15 43 38 65 79 <0.001

B blocker (%) 5 5 8 6 12 ns

o blocker (%) 2 5 7 6 23 <0.001

Diuretic (%) 3 6 12 41 65 <0.001

Erythropoietin (%) 0 0 3 29 75 <0.001

CKD: chronic kidney disease, RAS: renin angiotensin system, ACE: angiotensin converting

enzyme, ARB: angiotensin II receptor blocker.

LVMI{g/m?)
160 ————
140
120
100 4
80 — —
HLVMI
60 — _
40

20

(4, 290)=23.222, p<0.001

Figure Left ventricular mass index at CKD stage
The average LVMI were 105+24, 111 +26, 120+ 31,
133%26, and 152+ 36 g/m?2 in S1, S2, S3, $4, and S5 of
CKD. respectively (p<0.001).

CKD: chronic kidney disease, LVMI: left ventricular
mass index, S: stage.

ECTHSEMEETLE, LVMIZCKD 27—V 1
W LTAT—J4L5BFEBIEBETH- /2
(p<0.05). AT—=V2BLIURAT—=I3II/HLTH
AF—=Y5 T LVMIRBEICHML Cwiz (p<
0.001).

EZEEBOBREXRCTHLLEENEICH L CTHRET
$5%&, LVDd, LVDs, SVTd, PWTd ®\W\§ i
BWTHCKD AT —VO#TEEIIIHEBIY
BEEAH AL TBY, AF—VMTENEFNEREE
%7z (p<0.001) (Table 4).

3. CKD AT —VHOEZERDREREF

FNEFNOCKD A5 —VC, EEEERHEKIIE
LEET LIRS ERAND 20, WY, E#, BMI
FERFRERAME, HbAle, BIUEDHLE, MWEED
HEEBLUHbIZOWT, EEBSFT 1T 72,
CKD 27 =¥ 1 Tl EF# (p<005), BH (p<
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Table 4 Left ventricular mass and structure

1 2

3
(n=61)

4 5
(n=17)

CKD (n="59) (n=107) (n=52) p
LVMI (g/m?3) 105 +24 111 =26 120 +31 133 +26 152 +36 <0001
LVDd (mm) 474+ 38 471+ 48 487+ 51  480% 43 520% 53 <000l
LVDs (mm) 305+ 37 306+ 50 317+ 46 315% 42 341+ 58 <000
SVTd (mm) 94+ 13 97+ 15  99% 15 110+ 19 107+ 20 <0001
PWTd (mm) 93+ 12 97+ 15 98% 12 108+ 15 108+ 12 <000l

LVML left ventricular mass index, LVDd: left ventricular end-diastolic dimension,
LVDs: left ventricular systolic dimension, SV Td: septal ventricular wall thickness in diastole.

PWTd: posterior wall thickness in diastole.

mean = SD
Table 5 Multiple regression analysis
CKD coefficient b Standard error t distribution D

stage 1

age 0.658 0.245 2.687 0.010

presense of hypertension 14.032 5.747 2442 0.018
stage2

sex 10.812 4834 2.237 0027

presense of hypertension 13.022 5.108 2549 0012
stage3

BMI 2424 0.803 3017 0.004

HbAlc —-5058 2018 —-2.506 0.015
stageb

HbAlc —-8527 3.791 -2.249 0.029

Dependent variable: LVML

Independent variables: sex, age. BMI, known diabetic duration, HbAlc, presense of

hypertension, presense of retinopathy, Hb.

005), BIMEDELE (p<005) 25, AF—V 2 Tid
B (p<005), BMENHETE (p<0.05) 75 LVMI
DL L7fERE T THorz. AF—T 3 Tid BMI
AEWV I & (p<0.05), HbAlc A&V & & (p<0.05).,
25— 5 Tik HbAlc 2MEW 2 & (p<0.01) TH -
72, ATV ATRAELRGBRREAFZED LI o7
(Table 5).
% %

QRBERIFBEICB VT, EEERIZCKD 27—
VARSI EMLTW, $, ZFOAEREE
LBl T, EENE EEREELLIZCKD R
F—VHEITTHIE LML T/ CKD 27—
Lo, EEEERMOGKREF LR TS &,
CKD 27— 1 TidfEHs, Wil BMEDFIE, A
F=YV2TIERNEBNEDHELE, AF—Y 3Tk
BMI & HbAle, 25— Y 5T HbAlcTH v,
CKDDAT—VIZL D EREFFRL B 2 &
BHL 7.

1. BMERRELETER

Hoorn study"” T, E#8 68~69 5&, 70% & < H3F
M%7 L, 50% \CHERHE D L < IZHEREREE % 2
H5TRBENZELT, EXER L BEHEOBHK
FEHE L7 BETIE, BRESEMNTHI-T
EZEEROMNMZ RO, ik 2 oMEiiEaE
ohlehol:, BHICBIYE, EZEEEBOHINE
FREOBILOBRIL, HFEYIR—AEE)IR 88 R
THIET B EHE L. Paoletti 5, 244 £ D
ERFEBREZNRELTCCKD A7 —Y 3~57T, O
yhao—= Ve CKDAT—Y 1.2 LTAEILE
ZEBOWMMZAD, CKD2#0 A (A5—-7
3~5) TIESMESAEREREME MR L7 & &
LTw5h. Nardi 5713, BlIERZERE LT
CKD A5 — 2~5 O L AN EMTENEETH
BL, EEMAKLESHECOWTEEL . CKD
B (A7F—U2~5 » FAEUHEMEHCHLEER
WEAEZBRROFENEEL, CKDE (X7 —3 2~5) T
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X, EENE, BEE, BRI CKD A7 — ViR
EWAL T,

T4 OMETIE, EEEEDOFYIE, CKD A5 —
UL oS ETITEHMLCA, SEBFT T
CKD A7 — ¥ 1~3 & i LVMI i3 i m\ % /R
LB BERRL, AT -V 4LBETHL I
RKLTWBZ 2@ T FOMEEETH
LEENERREEB L HFIZEML T ZORR
i, TNETOMEL—HTHLIATHA. &6
2, BLAOWMRIITRC2RBERFEZTH Y, 2
ARERFICB VWO BRERENLCZER LN
LI EVRDONT-DEFHMRTH 5.

T/, BLYOBRFIBWTENETIE Ko
RIS, EBEREOFEIE, CKDAT—V%1
PO SANELIZEHEML, AT —V4UBETA 5 —
TI~3ICHLBAL2IZEARL T KTk
CKDAF—V1~3,A5F—TV 4,5 % 8T AL,
CKDAT— V4S5 THEBEAZEERIIHML T
7.

2. BRHRCEEEE

ERZEREIBOERCE#HOBEZIZLEDLNS
ZEDPHEEINTVEY, CKDOEEEKICELT
b, CKDIZAHT 2EMEORBIZL S L ZANK
VO T BERAEITIE & BB & 3N Lo
FRKDOERETFTHEZ EIHFESRTNEY,
E 51T, Sato BV, BIMLEABD R 1 AUKRRKRR
FIBWT, BRRBELZO LD, ROt
WHLEZERMERTHZLEREL TS,

FKADHMBRTIITLNT I VRERNRD 47% 1238
®,CKD 25— 4,5 TXZIZEBIBT7T VT I VIR
ERDOTW - T, BEEDORER I EHRICHER
REETHLEMIBTHOCKD AF—VE# 2
LA, ZOLIBRNRIIBVWTLEEELEZE
BEHEMEBEIRD LGN

EZRAORRDO—DE LT, LAMRELZT >~
VAT v I RBERDPFELL, invitro OFE L
BRIl CIRT7T vV TF Y ITRIEIC L ) RNA &
BOWMR Y VX EEPTLET LI 00, 20
BEEEHIZIDLERPELBLEZ LR TY
B0 F 7, BERFBEETE, RREOEA - M
B AR O 5 AMLER L Ty B 2586 A MBIk o HL58 A 6
HHBIIRICHE R TR EWOIARRERNTED LR %
BIL, IhRBREELOERDERE 2o T
5. TvIFF Iy INIEEAMBIIRE D, A
BRICE DECIEEE AL, BRBEEEOERIZD

25

PboTwh, BRI TIE, RASHKIENERE
B2RBA &, BREOBIEDERZ IR 3 28
BELRBOONET? DL, BRFEREOE
EE L EESEROBMRICITSIMAESCH @B L
ES R ALt RS (W8

T, BRBRBEZBIBABREROE BRI
RASHIHIETH Y, MRFEFEEETIREH 1g
PLEoxig T 125/75mmHg Kz BEBRE L T 5
Btz 2y PO —VSHAOEMEEETA K5I 4
YOIRENTWAS, A DONRIE, CKD AT —3
4T8%, AT —T5TI8% (ZHEIME% R, CKD
AF—=V 4 TIETT%, A7—Y5Tid92% A RAS
HHELFDOBEEREZTIT TN 202 Lig,
AT =T DT V— T THEDFEN R h o7z
BERO--D LRSS,

F,CKD A7—¥ 1 ¢ 2 TEEMFEDHFEILE
FHEHEMMOGKRHEFTCH-722 05, CKDOR
BRI B I 2 BMEEROBEEENRE S NI

3. HAEDRR

F4OMFEOMBEE LT, IE 24 B ME it
Tali L T Z e abifons. FEREEEC
BTl BRFEEREIC L )RS HRINE % 32
HAHIENEL, FIZCKD A7 — Y 4,5 TRMME
DZEBYHS L < LB O MLE J 58 T3 5P AR 8 7 7
O, Gl [SIMECHFLE] LWI)EEIT-72. &
%, 24 BEMIMEFHC L D MERKOEBEZ AL X5
e ARET LR L Bbhi:.

%72, CKD A5 —7 3 & 5T HbAlc DIETAE
ZEEMINEEEL TV ZOERO—DIT,
CKDAF—V 1,228nWTi3, Mz tro—H
KOABREDZ {, MBEIEZELLHVEWVINAT
Ao TnbIERHITOND. T2, AT —
V5 TIEFHENLE A 5N D Hb DK T OEET,
HbAlc iZELCEFLTWR EEX T LERITT
Hb 23fabRA T2 b o/zDid, =) 20T
F VBB OEREZITTBYENIMBH SN TH5
R D S EE 2. BMIZAEEEREMOGER
HFTHH*, FAFETHLAZEROHEM~OME
BaF 3R S 7z, wWhiZe &, HbAlc A3IEE
2y Fa—=VDIE LWVEHIiC 7% o T Wil gEfE A
HYHEOBERO—DEEDLNS.

CKD A7 —Y 328175 BMI L EZERDOBR
KBTI, d& Ly, ~BAOCBWTRMEAE
FRKOfEBHATFE L THMLATNS. LaL, &
7Y 1,2 TIEBEIEZERROEKRRETF L L TR
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