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[ ABSTRACT] Aim To measure left atrial (LA) phase function and heart rate variability (HRV) in patients with
asymptomatic diabetes by tissue Doppler echocardiography.  The correlation between LA phase function and HRV was e-
valuated. Methods 158 patients with type 2 diabetes mellitus ( diabetes mellitus group, n=158) with normal blood
pressure and without clinical symptoms and 120 healthy persons with normal blood and pressure and without cardiovascular
diseases (control group, n=120) were selected. Left atrial total emptying fraction ( LATEF) , left atrial passive empty-

ingvolum (LAPEF), left atrial active emptying fraction (LAAEF) , global longitudinal strain ( GLS) , early diastolic veloc-
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ity of left atrial strain rate and late diastolic velocity of left atrial strainrate were measured by tissue Doppler echocardio-
graphy.  Standard diviation of NN intervals (SDNN), root mean square successive difference (rMSSD), percentage of
adjacent R-R intervals that varied by more than 50 ms (pSONN) , time domain HRV index and low frequency domain 24 h
(LF), high frequency domain ( HF) and total power (TP) were measured by multifunctional electrocardiograph.  The
Univariate and multivariate Logistic
were used to evaluate the correlation between HRV and LATEF, GLS and other LA temporal functional indicators. Re-
LATEF (¢=5.167, P<0.001) and LAPEF (:=21.486, P<0.001) were significantly lower in the diabetic group
than in the control group. LAAEF (¢=8.467, P<0.001) was significantly higher than in the control group. The
SDNN, rMSSD, p50NN, LF, HF and TP in the diabetic group were significantly lower than in the control group (all P<
0.001).
0.382, 95%CI: 0.239 ~0.633, P=0.007), LVMI (OR=0.320, 95% CI. 0.195 ~0.608, P=0.003) and 24h LF
(OR=0.627, 95%CI 1.486 ~3.812, P<0.001). GLS was independently correlated with HbAlec (OR=0. 547, 95%
CI: 0.380 ~0.782, P=0.023), LVMI (OR=0.982, 95% CI: 0.971 ~0.999, P=0.003), E/e¢'(OR=0.344, 95%

CI: 0.255~0.486, P=0.039) and 24h LF (OR=6.611, 95% CI. 4.330 ~10.097, P<0.001).

difference of above indexes between diabetic group and control group were compared.

sults

Multivariate Logistic regression analysis showed that LATEF was independently correlated with HbAle (OR =

Conclusions LA
phase function and autonomic function are significantly impaired in asymptomatic diabetic patients.  The LA storage func-
tion, catheter function, and auxiliary pump function as assessed by volume and strain methods are significantly affected by

diabetes.  These findings may partially explain the increased cardiovascular morbidity and mortality in atrial fibrillation in

diabetic patients.
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FeR > AR R SE R AR F EE, A E 0T AE S b
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WA 2018 451 A £ 12 A& & & ARG T 1
158 4 ik T % Bl R B 6 4 R R o 2 AL R
R 2 BB R Y W AT AR TE 1999 FHE R
Tk A E Y B AR AT DU, B R R b =
7.0 mmol/L 71 () ¥ M 77 /& 2 h M AEF =11.1
mmol/L, WA (1) B#F A& LR Wrir ik,
(2)EH 18 ~60 % (3) M EIE % A s K B A 4
FRER, HBRAFE. (1) BEZEELT O F
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TR 104 ] (65.8% ) B & A XK ik £ 31 4
(19.6% ) HFE (LKA AR5 REH) %D
23 7 (14. 6% ) , 7w 41 158 1] % 5 # 26 ~ 60
% FH(50.25£7.74) % A B M 74 ], 41 84
], & Fit 48 L ( body mass index, BMI) % (28.47 +
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3.09) kg/m*  ¥E & 6 A2 (4. 47+2.03) £ xR 4
120 ] 444 31 ~58 % | F34(48.93+8.26) ¥, H #
B 55 6], 4 M 65 ], BMI % (24.56+2.43) kg/
m’, WHAAHFH MR, ZRLHITFEX
(¥ P>0.05) , AATIME(KL),
1.2 fEkrEE

BCEA R AR A B G TR I R R AE
S e E A5 bR B F 0 5 F A8 AR X HRV #6845, A0S
THE R EEFER A BMI 5 RKREMR, &K%
TR W 4 AT KR A RO R AR JUHE R R A Y
WO RMAT R G4 MR R, Lo %R
1121 & @& (glycosylated hemoglobin, HbAlc) . L 3%
ALEF H =B REEBERACREES, BFQ
o 35 A7, 35 200 F (left ventricle, LV) § LA 444
A e G AT, R AR Lk
FAAR A0 B B AR HRY #6847, R A £ W &
% B & Logistic [ )3 24T 7 i 4 & 5 & & HRV 45
5 LA # % 2 # (left atrial total emptying fraction,
LATEF) . LV & % # % K 4 & [ & ( global
longitudinal strain, GLS) 4 % M |
1.3 BEOIEKRE

 Fl GE vividE95 # & ¥ W 0, 4% 3k M5Sc, # %
1.4 ~4.6 MHz, # 8 3 F# "%, WA WEML, F
FMECEE, M F G EEERA M5Se %
KHAT, R F LV 47K R W42 (LV end-diastolic di-
ameter, LVEDD) LV 4% 45 #1 K W 42 (LV end-systolic
diameter, LVESD) , 7 4 1%, 20 3 & 3£ %, L&
HAERFELETACEFRBERER AL ER
Y5 MK B, K A Teichholtz 2 R % M E# A # LV
St 2% (LV ejection fraction, LVEF) | = 4k ## 47 7k
R HH#E E 14 (early velocity of mitral valve, E) | 47
KB E A £ (atrial contractile velocity of mitral
valve,A) | = R M I 47 7K 7 3 £ (early diastole ve-
locity of mitral valve annulus,e’) ,1T & E/A 5§ E/e’,
M & 47 5K H R £ 15 1§ B & (interventricular septal
thickness, IVST) LV 47 7 1 K & % )& /Z (left ventric-
ular posterior wall thicken, LVPWT) , #% A X 1t & LV
2 AL & (left ventricular mass, LVM) = 0. 8 X 1. 04
[ (PWT+LVEDD+IVST)’ - (LVEDD)’ ] +0.6,LV Jf
45 % (left ventricular mass index, LVMI) = LVM/{&
KERU KLV M £ EE E (relative wall
thickness, RWT ) = ( PWT + IVST )/LVEDD, %
M5Se # 3k & & 3 AN 2 B 1 30 45 3D-STI A f BA st

FTBALAT . 4T FF 3D-STL 247 3 2, & LA & &
AR (maximal left atrial volume, LAV )5 & /N 4R
(minimal left atrial volume, LAV . ), K& Z& & F-%&
o 4% F 3 R B LA 48 BT & AR (left atrial volume

before atrial contraction, LAVpre-a) , 15 LA & H %
AA(LATEV) = LAV, -LAV, ., LATEF = LATEV/
LAV, Xx100% , LA # 38 # = & # ( LAPEV) =
LAV, - LAVpre-a, LA # 21 #f & 2 %t (left atrial
passive emptying volum, LAPEF ) = LAPEV/LAV X
100% ,LA % 3 # = & R (LAAEV) = LAVpre-a —
LAV, . ,LA £ 3/ #F = 2 % (left atrial active emptying
fraction, LAAEF) = LAAEV/ LAVpre-ax100% , * #
LAV, LAV . & LAVpre-a 3 & J 53k T AT b 4
MR HG AR, B R LV R ED ol R E AL HEN B
M, IKAF GLS LA K 2 B K 47 K B M g {E 1 &
(S,) K LA K # B ARG K B 01818 5 & £(S,),
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B EHEA R,
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ARG R BHAT N, LKW REFS A
18 h, MFEMXIE, HRFEZW A G, RE
24 h B AR A0 AT HRVY ) 8 B E
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R E 2 2 K F 50 ms 94 289 R-R R BT 2
Y B 2t ( percentage of adjacent R-R intervals that
varied by more than 50 ms,pSONN) , 7& £ 3 & i %
Bkt fe ,1H 5 24 h B 8 7 IE B9 Ao 0 48 HRV
T8 HF , B3 EH A (low frequency domain24h,LF) |
& # I 18 ( high frequency domain, HF) | F7T 4 [4] g )
3 2 (total power, TP) KA T % 5 & 5 oh % L E
(LF/HF)
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2.1 FWABREERIGEKRER LR

B PRI 21 5 %F HE 2H A 4 e RN T 5 T LA 22
TG E L (P>0.05) , 5% BALLLE, Bl PR S 20
BMI &K AL B HbAle C ROV EM H M =T
FUB R E DK B & m, Z R AR E L (P<
0.05), {HPLH B M NN LK 22 5 B Gt # &
X (P>0.05;% 1),

xR 1. HERFHASREAERIGERZEILE
Table 1. Comparison of basic clinical data between the dia-

betic group and the control group

WA W

T H (n=120) (n=158) X/t P1H
EIY (%) 48.93+8.26 50.25+7.74 1.368 0.172
BHEH1(% ) ] 55 (45.8) 74 (46.8)  0.028 0.868
BMI(kg/m?) 24.56+2.43  28.47+3.09 11.433 <0.001
PAFHR (m?) 1.83+0.21  1.96+0.23  4.845 <0.001
W4 (mmHg) 127.91£9.02 129.66+8.81 1.624 0.106
#75KHE (mmHg) 78.37+8.57 79.82+8.69 1.386 0.167
WEIR TR (4F) 4. 47+2.03

s

?ﬁ”jﬁj”ﬁ 126 (79.7)

D 55 (34,5

1A% ( mmol/ L) 4.92+0.69  7.91x1.66 18.546 <0.001
HbAlc( %) 5.13+0.55  7.51+1.47 16.856 <0.001

I35 UEF (mmol /L) 67. 64+15.20 70.78+14.21 1.771  0.078
Hih=FE (mmol/L) 1.83+0.55
JVH E EE (mmol /L) 5. 35+0. 95
C R H (mg/L)  2.45x1.20

2.42+0.63  8.164 <0.001
5.73£1.04  3.131  0.002

4.41+2.37  8.286 <0.001

2.2 WHEBEEALEOHENEIER

W% BMI 24hHR $8 b5 )5 , B PR 9 415 % B 41
B LV 9K 42 (LVEDD) Fl LV W46 8 K
2 (LVESD) W2 5 LGt 2 L (P>0.05) . B
PRIGLH B RWT F LVMI 50t R 4H i v, 25 5
A #E L (P<0.05), W LVEF A2
SIGEE L (P>0.05) , BRI BE R
E/A FOfHAEO0 B 0 35 FRAR, T E/e” 35 4 i, 22
FAGIFE X (P<0.05;3£2)
2.3 LA BHEIhEELLER

WEIR 6 40 f8 & LAV, LAV . S LAVpre-a {H
R TR IR, 2 A SRR L (P<0.05) , Xt
N LAV $5 55052 BUAH R 1) A8 b, B8 PR 4 5 ) i

B LATEV 225 8015 L (P>0.05) . BEIK
il LATEF } LAPEF i E KT X B4 (P<0.05) ,
LAAEF B0 B0 B 48, 2 R A St L (P<
0.001;%2), X —Z5RILmbERIE B LA 452
REFE BTN REZ 0L, M LA 2D RBICA 3 &

BEPRI R 1Y GLS DAL LA KAl A&7 ik 14
WEE R AR R (S,) W BT X R4, 2R A 5=
(P $<0.001) (HBEIRAGL AT LA K HE AR ET K
WS DA B N AR 2R (S, ) Jb 35 T XTI, 22 R e it
3 X (P<0.001;2),

®2. MABREZEFOHERNE LV 545 LA BRI
LA MERLE
Table 2. Comparison of LV index, LA volume index and

LA strain rate of echocardiography in two groups

i HE 4 b R4
SiH Xt RE 2 BE PRI A P
(n=120) (n=158)

LVEDD( mm) 69.83+4.88 70.69+4.52 1.518  0.130
LVESD (mm) 27.82+3.97 28.57+3.94 1.602 0.110
RWT 0.38+0.04  0.40+0.05 3.594 <0.001
LVMI( mm) 40.47+6.93 47.60+8.21 7.663 <0.001
LVEF(% ) 64.08+4.52 63.87+5.61 0.336 0.738
E/A 1.14£0.35  0.84+0.22  8.740 <0.001
E/e’ 7.72+1.63 10.30£3.41 7.649 <0.001
LAV, (mL) 50.86+8.83 57.12£10.14 5.387 <0.001
LAV, /L HE

: 26.92+4.15 31.43%£5.28 7.719 <0.001
(mL/m?)
LAV, (mL) 18.62+4.74 25.72%5.69 11.060 <0.001
LAV, /RRTH

R 10.26+3.21 13.25+3.90 6.824  <0.001

(mL/m*)

LAVpre-a(mL)
LAVpre-a/ R HH

26.91+4.73 41.05+£5.86 21.617 <0.001

14.89+4.12 21.03+4.66 11.433 <0.001

(mL/m?)

LATEV (mL) 32.23£6.05 31.43+5.72  1.127  0.261
LATEF( % ) 62.47+6.62 58.43+6.33 5.167 <0.001
LAPEV(mL) 23.93+4.69 28.47+4.55 8.132 <0.001
LAPEF (% ) 45.97+5.34 33.26+4.51 21.486 <0.001
LAAEV(mL) 8.37+2.12  15.37+£3.49 19.414 <0.001
LAAEF(% ) 31.88+4.26 37.43 +5.97 8.647 <0.001
GLS(% ) 36.68+5.01 32.79+4.99  6.427 <0.001
S, (%) 23.02+4.67 15.61+3.97 14.278 <0.001
S.(%) 13.66+3.68 17.18+4.25 6.727 <0.001

2.4 HR TRMIERILE

BEIRM 5 24h HR & [H] HR 00T R ZH ) 25 42
15, HE] HR B0 20 B & FRAR, Z A Gt 22 L
(P<0.05); 5 XF B8 4 b4, W% JR 9% 41 SDNN,
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SDANN .rMSSD il pSONN g 3 %A%, 2 7 G it 2
B (P<0.05) ; BERIHLLH 24h LF | H [8] LF 7 [1]
LF W& T XA, 22 5 A G it22 2 L (P<0.05) .
[FAE MR 4H 24h HF | H [6] HF % [d] HF 24h TP
HIH TP M) TP B i E A TXF B4, 2 A 4t
SR (P<0.05), X —45 B4R, 0RO A Y
HRV I (RIS Z e s i 350K T B A, B I i
BEOHEAFEME RGN B2, WABRH
24h LF/HF  H 6] LF/HF 57 8] LF/HF L2250
Gt B L (P>0.05;%3),

& 3. WMAEEE HRV IEIRLE

Table 3. Comparison of HRYV indicators between the two

groups
o ocizt)  (oni3n) Pt
24h HR(IR/41) 73.31+8.19  77.23+8.18 3.904 <0.001
H &) HR(K/43) 84.78+9.29 80.76+8.92 2.746 0.006
A HR (R/4) 66.43+7.22  72.68+7.82 6.821 <0.001
SDNN(ms) 158. 14£45. 67 130. 39£37.58 5.554  <0. 001
SDANN (ms) 139.97+53. 06 114.31£35.87 5.307 <0.001
In(rMSSD) (ms) 3.42+0.39  3.09+0.31  7.859 <0.001
In( pSONN) (% ) 2.0220.89  1.2720.74  7.665 <0.001
In(24h LF) (ms®) 6.7220.73  6.1120.72  6.955 <0.001
In(LF HIEE) (ms?) 6.89+0.66  6.36+0.74  6.194 <0.001
In(LF %MH{E) (ms?) 6.61+0.89  6.01+0.86  5.676 <0.001
24h HF (ms?) 5.67+0.74  5.11x0.82  5.880 <0.001
In( HE HF) (ms?)  5.0920.67  4.52+0.77  6.461 <0.001

5
6

In( 7Z[H] HF) (ms?) 5.79+0.75  5.23+0.85 2.656 0.008
0

In(24h LF/HF) 1.61+0. 42 1.56+0. 59 .781 0.436
In( HE] LE/HF) 1. 86+0. 52 1.76+0.57 1.504 0.134
In( &[] LF/HF) 1.23+0. 41 1.29+0. 68 .856 0.393

In(24h TP) (ms?) 8. 04+0. 69

7.05+0. 74 . 141 <0.001

0

7.35£0.55  9.276 <0.001
In( A TP) (ms?)  7.88+0.96 8
8

In( %0 TP) (ms?)  8.20+0.77  7.49:0.66  8.264 <0.001

2.5 tHEXMESH

BRI R Hr R LATEF 5 BMI(P=0.003) .
HbAlc(P<0.001)  LVMI(P<0.001) E/e’ (P =
0.009) & 24h LF(P<0.001) #15%, £ & Logistic
W43 47 260, LATEF 5 HbAlc(P=0.007) .LVMI
(P=0.003) F124h LF( P<0.001) S 7 A (% 4) .

HR E R, GLS 5 BMI(P=0.022)
HbAlc(P<0.001)  LVMI (P <0.001) E/e' (P =
0.003) K 24h LF(P<0.001) 413, Z[H & Logistic
B9 4347268, GLS 5 HbAlc(P=0.023) .LVMI( P

=0.003) \E/e’(P=0.039) fl 24h LF(P<0.001) 7k
AR (FRS) .

F4. HERBEE LATEF BXEARENBRRMEER S
Table 4. Univariate and multivariate analysis of factors as-
sociated with LA in diabetic patients

BN A

ZINE o

OR(95%CI)  Pfi  OR(95%CI)  Pfi
Bl (. 15% 5~201. gizy 00 100§ isf 206y 108
HbALe (0. 1703 %3:. 329y <0001 230§ 3~802. 633) 0007
LV (0. 42()2 5~407. 70s) <001 19()5 iZo? o8y 003
£e! (0. 2801' %906. o7y %99 872§ 9~677 s76) 019
(240 LF) 8729‘ fiz 23y 0001 4805 3237 s12) <0001
In(24h HE) 113é l~449. 602) "% 1526 1~137. ga3) 031

x5, BRFEE GLS HXEAENEEZRME ARSI
Table 5. Univariate and multivariate analysis of factors as-

sociated with GLS in diabetic patients

- AR R T EA v
AR
OR(95%CI)  P{5  OR(95%CI)  P{i
0.753 1.789
BMI 0.022 0.0
(0. 598 ~0.976) (0.870 ~3. 198) 59
0.374 0. 547
. . 023
HbATe (0.299 ~0.481) <%0 (0 350-0.782) 2
0.233 0.982
LYMI 001 .
(0.196 ~0.647) <2910 971 ~0.999) - 003
0.701 0. 344
' . .03
fze (0.533~0.920) 99 (0 255-0.486) %
3. 141 6.611
In(24h LF 001 001
n( ) (2268 ~4.365) <O (4 330 ~10.007) <O
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