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[ZE] B8 - W RN BA 2 BEIR B (type 2 diabetes mellitus, T2DM), & it He FrC B 8 8 & b, AR MR, 1 B4 0k
e o0 i U 230 4 i) 5% s o T 397 R S i 43 B AR 65 0 J1 3% 3% (heart failure with preserved ejection fraction, HFpEF) W& R m, ik - ik
£ 2008 4F 1 A—2012 4F 12 A4E R#ASH K BR 22 BB 8 58 U\ B e O i % PRk 2110 418 FIFIIN BB T2DM, & ifin FE 0L 5 8
B, HIC0 T R AR KRR . W8 T AR TP, AR RIR R iRzl & A . <7.0%, 7.0% ~ 8.0%, >8.0%)., A~
[ e & 428 %1l K F- [24 h Ui 44 % : <120 mmHg (1 mmHg=0.133 kPa), 120 ~ 140 mmHg, >140 mmHg] DL K L 3 85 & 5 1 428 o) g oL %
PN iZ% N\ BE# & HFpEF XS RO m, % AR 22 B3 Cox [0 IRIRI R % 1 & HFpEF RUAHE BRI E, S3R - 7ER BN,
418 BB F A 67 Bk A HFpEF s XFLLBERRR . w5 LA Fi O 55 8 3 B AS R P 7K - iR 97 Slemes, SALRRBE OBifimer & 1 <7.0%) .
MR AE (24 h i B >140 mmHg) FC 55 8300 % da il 1 38 %97 & HFpEF RS & (37.9%), WibRiERess Obffbifi2r & 15
7.0% ~ 8.0%)., SRALBEFE (24 h ik <120 mmHg) FiuL f 80 sl i fe4a il it 55 3% 97 & HFpEF RS IR AL (4.8%), £ M3 Cox A4
s, LEEsOFEEGIRMe (HR=1.727, 95%CI 1.079 ~ 2.997, P=0.036) #¥i%& HFpEF M faf R, it - W F R ER
T2DM, &l EFLC FEE N B, SRBURHERRE . SR AL R 00 B B 2l i A ) T E 2 5% HFpEF JEE R E R E,

[ R ] Sl R RO R s BEiRF s WIE; LEEis); R
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Effects of different treatment regiments for diabetes mellitus, hypertension and atrial fibrillation on the
risk of heart failure with preserved ejection fraction

LIN Hao, PAN Jian-an, ZHANG Jun-feng, GU Jun, WANG Chang-gian
Department of Cardiology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China

[Abstract] Objective - To investigate the effects of different blood glucose (BG), blood pressure (BP) control levels and atrial fibrillation (AF)
control strategies on the risk of the new-onset heart failure with preserved ejection fraction (HFpEF) in patients with type 2 diabetes mellitus (T2DM),
hypertension and AF. Methods - A total of 418 patients with T2DM, hypertension and AF, but without clinical signs or symptoms of heart failure,
admitted to the Department of Cardiology, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine from January 2008 to
December 2012 were enrolled. The participants were followed up for 7 years to examine the effects of BG control [glycosylated hemoglobin (HbAlc):
<7.0%, 7.0%-8.0% and >8.0%), BP control [24 h systolic BP (SBP): <120 mmHg (1 mmHg=0.133 kPa), 120-140 mmHg and >140 mmHg] and rhythm
or rate control for AF on new-onset HFpEF. Univariate and multivariate Cox regression models were used to estimate the related risk factors of new-onset
HFpEF. Results - With a 7-year follow-up, the new-onset HFpEF occurred in 67 of 418 enrolled patients. In different control levels for diabetes mellitus,
hypertension and AF, the intensive control of BG (HbA1¢<7.0%), poor control of BP (24 h SBP>140 mmHg) and rate control of AF had the highest risk
(37.9%), and the conservative control of BG (HbAlc 7.0%-8.0%), intensive control of BP (24 h SBP<120 mmHg) and rhythm control of AF had the
lowest risk of new-onset HFpEF (4.8%). Multivariable Cox regression analysis showed that rate control for AF (HR=1.727, 95%CI 1.079-2.997, P=0.036)
was independently associated with the presence of new-onset HFpEF. Conclusion - Conservative control of BG, besides intensive control of BP and
rhythm control of AF, is found to be a crucial factor to delay the progression of HFpEF among patients with T2DM, hypertension and AF.

[Key words] heart failure with preserved ejection fraction (HFpEF); diabetes mellitus; hypertension; atrial fibrillation (AF); optimal management
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Bt I 4 B R B0 3E vl (heart failure with preserved
ejection fraction, HFpEF) & —A~™ 5 {4 Bk 2y 3k T A )
W, R BN O DR B S 50%", I HL
RIREAEAR 10 4R N A O D Ry 2R, BT G
ARAETT F BRI/ HFpEF B RIA RO ik & A3
SIET R, T, otk ERE, 2 BUBEIRAE (type 2 diabetes
mellitus, T2DM) . =5 Ifil & 1.0 52 86 55 (atrial fibrillation,
AF) & HFpEF Y@ falfl . Hd, B4 AN RN BA
BRI, TR AR, H AT, S AL B SR W O i
PRI SRBEA BV s 1 SR B S A (AT LA
& HFpEF JBE TG, 18 UAIREE oD = EF A O = &
SKIIREA 4t & ", AF i HFpEF ik & 1y 4 37 £
K", ik, et AR, I F AF [
#, FHIfpE (blood glucose, BG), MM (blood pressure,
BP) Fil AF WAL B T e B T-Hillbhi#i’k HFpEF, AWF
Zi, AR T BG, BP Fil AF i inAs [a] i il k ~F
BIRTT W% B E Wk HFpEF WU R2

1 HBRERE

L1 B4

AT R P BA 1B 1 8 A B T 2008 4 1 1 —2012
A 12 JAE Ll 28l R 24 B 22 B MR 58 LN R B e 0 I
EARERIZER. MASRME: ORKEA T2DM, &
il EF1TAF, @4k > 50 %, O .Gl & (left
ventricular ejection fraction, LVEF)
© &% A= HFpEF 4% I 75 £ P A0 Jy 538 (heart failure
with reduced ejection fraction, HFrEF), @Zk% M il %.,
@& FPOIER GRS cAEREAL PR OIS . FREEEO
S . DL FISE R OIER ) . @ AT 5 ZhREA 2

1.2 IR BRI A

I IR PR IA e BE YN HSE 25 B, 12
W, AbERANAL 5k Y, B I PR TR L R R4
% (body mass index, BMI), 24 h Ift45 % (systolic blood
pressure, SBP) 24 h £75KkJ% (diastolic blood pressure, DBP) |
fiti B /N ER 38 i 2 (estimated glomerular filtration rate,
eGFR) F0 ## fb 1M [ & A (glycosylated hemoglobin,
HbAlc) %, 24 h SBP/DBP 2 1§ z) & ifi /& U M
(ambulatory blood pressure monitoring, ABPM) 7 24 h N
=1y SBP/DBP [J-F- ) {E . #4415 .34 1Y BG #2517k
-, BP = Hill7K - F AF {697 S Rg 3k — 5 5y H, MR HE BG
PR, $5BE 0 AR IS (HbALc<T%). Frif:
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> 50%. HE B A A

B | R0 L Lo 5 B AR [ 77 77 58 % 55 i 4 B £ B8 0 0 8 5 P R R | 1403

FepEzH (HbAlc 7% ~ 8%) F1 BG 2l A 40 (HbAlc>
8%); R A BP 5 il Ak F 45 B 3& o A sB L BE R4 (24 h
SBP<120 mmHg, 1 mmHg=0.133 kPa), #r i % & 41
(24 h SBP 120 ~ 140 mmHg) #1 BP % il < f: 40 (24 h
SBP>140 mmHg) ; #4i AF {877 S ME K B 53 0 345
LA A R, O AR HIL B E 2 B S R BEL 771
5 368 EL S 700 R/ S8 o S IR T IH R 4 52 6 AT R B
o/ MAEHrOAEk w254 (anti-arrthythmic drug, AAD)
BT, MR, THEHIEEE R IR A T e/ 1
2 AAD AT, BE D731 IR] A7 16 T AL RLO 384 SRR e 4fe iy
BETUHER, BFCT £ 5 Rilg 28l K% e e IR 2
JTUNREREEZ RS (45 2016-118-T67), Frf
NI E % B A R A,

1.3 HFpEF R4z W

#i & HFpEF (1)1 Wi b fE W 45: O HBL.O =il
G R B (4Annpe W R XE, BROC TR MFnZ o)) sk
fIE (s i 7t . RS & Ao R 8h SRS 4L) .
@ LVEF>50%, QFIkAT-TrE, A 7.0EaFkIEE
HE L OEIRER /S0 BRI Y. A A XA
WBHAT 1 A SBET), FFEERESH Efl HFpEF
IR FIARAE . Zn R B3 HBLO DIl P R SR AE, F
—HEEE BRI . A, OmE, Flkok
L R #8750 B B K 0T HFpEF F Al RE k45 05 A6 58
B I T AR T . ARYE BE R A K Ak HFpEF, 4y
4 HFpEF 410Kk £ HFpEF 4,

L4 il )ik

{ifi i SPSS 22.0 #K AT itk o0 Hr. & B R
xts For, M RBRRINE D 2o ML, E TR
n (%) Fox, B/ ARACEE, SRR E %L K #E Cox
Il U B AL 4R 225 & HFpEF [1IAH e fa b 25, JE R FH A
2 Cox 4, FREEATA P<0.10 1y | 4% & f (L Gl < 3
PIANZ I Cox R 53475 RIS A Cox [l 443 Hr LLAR
AS[A] BG, BP F1 AF $5 il 7k ~F 85 3% W 4 - %7 & HFpEF [y
RN, P<0.05 (CRUMI) #NAZE A8,

2 ER

2.1 IR SR

LA 20 A R0 HE B A o, 36 g0 A 418 Bl [ IF A
T2DM, @& Ifil = F1 AF (B35, FBERRA (67.9+£72)
%, T2DM. & Ifil & F1 AF 95 F2 4> 5l 24 (8.0+2.6) 4F,
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(11.6£3.7) 4EF1 (7.9+28) 4E (F 1), & 74HEEREK
bt 5, HhA 16.0% [ B (67/418) H B ¥ & HFpEF,
BP 5 il A {40 ) HFpEF & A= S B B & T 98 (L P R 4
(P=0.044) 5y of 3 Bl 2 HFpEF J A= 3 B B A T 98 1L P
B 2H (P=0.028); AF 5 4% il 4 1) HFpEF % A= £ W] B,
ik oo Hl4 (P=0.007), B4, HFpEF £ # %
5% AF SEATHAAR B L B Fn4E52 1 o/ T 2% AAD 2549677
I LL GBI T & & A= HFpEF 21, 1 H 8 12 e BH 2 P il 7
COPD) Y Lk
il & F & % £ HFpEF 41, HFpEF éﬂ@%fﬁ[wm?ﬂ%ké
HFpEF 24 (P=0.034), it —PEkEE s h>65%
(n=324) F1<65% (n=94) 241, & RiER=>65% &
HHIH K HFpEF JAEG A 3 @it %y, HERTLSGIFE X
(17.9% vs 9.6%, P=0.053) ,

955 (chronic obstructive pulmonary disease,

* 1 BHIELRFEIRIT TR

Tab 1 Baseline characteristics and therapeutic regimens of patients

Index Total Non-HFpEF ~ HFpEF P
(n=418)  (n=351) (n=67)  value

Sociodemographics
Age/year 679+72 67.6+73 69.6+6.5 0.034
Female/n (%) 188 (45.0) 151 (43.0) 37 (55.2) 0.066

Clinical index
T2DM duration/year 8.0+2.6 79+25 83+3.0 0.345
Hypertension duration/year 11.6+3.7 11.6+£3.7 11.8+3.6 0.674
AF duration/year 79+2.8 7.8+2.7 84+32 0.087
24 h SBP/mmHg 138.3+£15.1 138.1+14.9 139.2+16.2 0.570
24 h DBP/mmHg 88.6+9.3 88.1+£9.0 91.3+10.2 0.008
Heart rate/min ' 81.7+9.7 814+9.6 829+9.7 0.269
eGFR/[mL - (min - 1.73m*) ']  65.3+9.1  654+9.3 64.9+84 0.695
BMI/ (kg - m~) 25.0+£22 249+22 25.1+2.1 0.621
HbAlc/% 7.7+0.8 7.7+0.8 7.5+09 0.151
Smoking/n (%) 132 (31.6) 108 (31.6) 24 (35.8) 0415
COPD/n (%) 39 (9.3) 28 (8.0) 11 (16.4) 0.030
Dyslipidemia/n (%) 121 (28.9) 99 (28.2) 22 (32.8) 0.444

BG control /n (%) 0.087
Intensive 125 (29.9) 98 (27.9) 27 (40.3)
Conservative 152 (36.4) 134 (382) 18(26.9)“

Poor 141 (33.7) 119 (33.9) 22(32.8)

BP control /n (%) 0.111
Intensive 116 (27.8) 104 (29.6) 12 (17.9)
Conservative 135 (32.3) 112 (31.9) 23(34.3)°
Poor 167 (40.0) 135 (38.5) 32 (47.8)

AF control /n (%) 0.007
Rhythm control 181 (43.3) 162 (46.2) 19 (28.4)

Rate control 237 (56.7) 189 (53.8) 48 (71.6)
Catheter ablation for AF 95(22.7) 86(24.5) 9(13.4) 0.048
Medical treatment /n (%)

Calcium blocker 312 (74.6) 260 (74.1) 52 (77.6) 0.542

Statin 95 (22.7) 82 (23.4) 13(19.4) 0.479
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Continued Tab
Index Total Non-HFpEF ~ HFpEF P

(n=418) (n=351) (n=67)  value
ACEI/ARB 309 (73.9) 258 (73.5) 51(76.1) 0.655
B-blocker 175 (41.9) 147 (41.9) 28(41.8) 0.989
Oral anticoagulant (14.8) 53 (15.1) 9(13.4) 0.725
Ic/ T AAD 104 (24.9) 95 (27.1) 9(13.4) 0.018
Sulfonylurea 167 (40.0) 135(38.5) 22(32.8) 0.384
Glinides 25 (6.0) 8 (5.1) 7(10.4)  0.097
a-GI 42 (10.0) 6 (10.3) 6(9.0) 0.745
DPP-4 inhibitor 18 (4.3) 5(4.3) 3(4.5) 1.000
Insulin 85(20.3)  71(20.2) 14(20.9) 0.901

Echocardiographic variables

LVMV/ (g - m”) 139.0+13.0 138.8+12.5 140.0+£15.4 0.558
LVEF/% 614+50 61.6+50 60.8+£5.1 0.224
LAD/mm 424+34 423+33  43.0+3.7 0.098
Ele’ 11.0+22 108+22 11.6+2.1 0.005

Note: ” P=0.028, compared with intensive BG control group. © P=0.044, compared
with poor BP control group. ACEI/ARB—angiotensin-converting enzyme inhibitor/
angiotensin I receptor blocker; o-GI— a-glucosidase inhibitor; DPP-4— dipeptidyl
peptidase-4; LAD—Ileft atrium diameter; LVMI—left ventricular mass index; E/e’'—
ratio of peak value of early diastolic velocity of mitral valve (E) to peak value of
early diastolic velocity of mitral annulus interventricular septum (e’) .

2.2 Pi'% HFpEF fElH £

R LR 35 & % Rl 35 Cox Bl A AR 7Y 55 47 38t & HFpEF
MRERERZR, SRR 2, SRIEMER]. COPD, eGFR,
N (LAD), 0= R EIEL (LVMI) | B =2k
PR TR, B M 5k B A G M (ACEVARB), BP
k. BG k&L &5, k. 24 h DBP,
AR ok L I T 0 5 B S AR BT ok RS Bl
BELLIE (E/e’) FnAF .35 & HFpEF {5l fa b
K2, K, 5 AF YAEHIAHAMHE, AF O3 H4H 5
% HFpEF JAWa 5800 72.7%,

4 2 i % HFpEF 1% K% Cox 54

Tab 2 Multivariate Cox analyses of new-onset of HFpEF

Index P value HR (95%CI)
Age 0.022 1.044 (1.006-1.086)
Female 0.101 1.518 (0.921-2.500)
COPD 0.415 1.378 (0.637-2.980)
eGFR 0.998 1.000 (0.974-1.027)
24 h DBP 0.015 1.037 (1.007-1.068)
LAD 0.338 1.035 (0.965-1.111)
LVMI 0.846 1.002 (0.983-1.021)
E/e’ 0.032 1.130 (1.011-1.264)
B-blocker 0.191 0.715 (0.432-1.183)
ACEI/ARB 0.081 0.636 (0.383-1.058)
AF control 0.036 1.727 (1.079-2.997)
BP control 0.677 1.070 (0.723-1.379)
BG control 0.083 0.752 (0.544-1.038)
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2.3 Akl BG, BP Rl AF 3K F- gl sims x4 % HFpEF
ey

AL B R bl BP {5 HIA (A0 AF O 3R 45 il
0¥ % HFpEF WG i d (37.9%), idnifFats, 58It p

. F B | R0 L Lo 5 B AR [ 77 77 58 % 55 i 4 B £ B8 0 0 8 5 P R R | 1405

HrAS[a] BG, BP Fl AF 2 fill 7k *F 88 5 & 5t % HFpEF X
BRI RO, S5 R ftw, A5 6 (baikFEdE, 581 Em
AF efstl) . 517 (BRdefebl, sRitpeEmn AF O
PEM) FOALRI 8 (hrofl B, Arof B A0 AF 5 AL )

FEF AF 54 Hil2 0581 % HFpEF KBS B (4.8%), LA Bk HFpEF KEGHBART X IR (35 3),
SEALFERE . BP G R AF DR ESHIHAE A3, 5
# 3 BG. BP i AF H) [R5 B8 % HFpEF H 5%
Tab 3 Effect of synergistic management of BG, BP and AF on HFpEF progression
Group Total/n HFpEF/n (%) BG control BP control AF control Adjusted HR (95%CI) P value
Reference 29 11 (37.9) intensive poor rate - -
1 26 3 (11.5) intensive intensive rhythm 0.458 (0.141-1.487) 0.194
2 15 3(20.0) intensive intensive rate 0.453 (0.139-1.471) 0.188
3 14 2 (14.3) intensive conservative rhythm 0.244 (0.059-1.043) 0.059
4 20 6 (30.0) intensive conservative rate 0.520 (0.160-1.689) 0.276
5 21 2(9.5) intensive poor rhythm 0.363 (0.098-1.341) 0.129
6 21 1(4.8) conservative intensive thythm 0.187 (0.051-0.690) 0.012
7 20 1(5.0) conservative intensive rate 0.292 (0.098-1.872) 0.027
8 16 1(6.3) conservative conservative rhythm 0.208 (0.045-0.962) 0.044
9 39 7 (17.9) conservative conservative rate 0.402 (0.150-1.079) 0.071
10 25 3(12.0) conservative poor rhythm 0.489 (0.164-1.458) 0.199
11 31 5(16.1) conservative poor rate 0.380 (0.103-1.405) 0.147
12 13 1(7.7) poor intensive rhythm 0.261 (0.056-1.208) 0.086
13 21 3(14.3) poor intensive rate 1.359 (0.097-1.327) 0.125
14 20 3 (15.0) poor conservative thythm 0.201 (0.029-1.106) 0.062
15 26 4(15.4) poor conservative rate 0.398 (0.123-1.294) 0.126
16 25 3 (12.0) poor poor rhythm 0.456 (0.184-1.361) 0.272
17 36 8 (22.2) poor poor rate 0.562 (0.229-1.461) 0.355

3 i#ig

AR5 EIEARTT BG, BP F1 AF [ A @ £ il 7k °F 80A
IT M ET & HEpEF KU 520 . A1k B AF O3l
5 HFpEF % A fharloe, [N, sEfbPEpE, BP fHlA(E
HTAF O P IIETT HEns W 54 g % HFpEF KUK

I 550 I AT 5K ThRE RS A5 22 1R] A9 5% 2 © 1k B I
gg B R B T 2 50% A HELO R AR K 2h
REREAT "7, T i AT S 200 L S £ i AR R 22 e 1
OUR) R f i FneEsfa e Je iy, EIRHLHIER vl REfE &7
SRIDREBAL ", Bbob, I e I R R A A
FEEAL th T S8 APk hRERE S % Y B HFpEF [y J5( A ™7,
TRMEIRI £ ok B A O T TR B RERY — A HEbR, BRI
Ifil = 8855 19 SBP Ge3E A " A MR Ry EF ok B, I H. SBP
e A, M PR Aok o kb M, 5K B SBP
Pl e 140 mmHg UL T A5 T AHEL, H4 3% SBP {2 il 7E
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120 mmHg DL T RER & PR 2P AR 2 MO D 3l & R
R peah, SRR AT LU 5 BRSO MR O
I8 S A SR LA R A PRI T 36 B, Sl s HR 2 R B
S L A SR T B B D EIRE Y, AP E, 5
BP ¥E AN ERRISHEEL, 9B 10 5 SR RG RE B DB &
HFpEF A% (P=0.044, % 1),

RUE SRAL P RE R P A B i M O R AU, (EE A BT
7R, SRIL BRI R BRI T2DM B0 ) 3R
R, BEAh, SR FEMe e W2 254 0 SR AL BRI T
ARSI SRS Y, SRR S 1 s Kk AR AR
MRS, M BTG % - ' R A%, S8& M BP
Thes, WM RO MR =, WA
o, AR B SRR RS LA, SRR s & 1 hn
%1% HFpEF X[ (P=0.028), BEAEWFZE “" %, fEHE
JR 7 B T SR BB A o T AN B AR VAT T SR R AR 2
BRA, [ I SR ERUSR A o s e R Pl 5 s - A e (i %
PRES, B ATRESE IO M A AN R F AR R A%, X PR

(@)
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PRI B SR A P S SR A bl Z A RS AR, AEA2
Bl BR o HR 3 O R KBS M4 T 8h P58 (Action to Control
Cardiovascular Risk in Diabetes, A-CCORD) w1, 58k [%
AR S 304 TR B T L0 L 48 26 T ARG 38 ™, e TF
7T KW, SARMERERN RS, SRR LR
Fr B S A ™ AR AR A XU 3 0, 3% W] e R HGR L
FE SRS ) B U TS A SR 2 — A A A g
A PRHLH A TE AR, AMFICAS R EARR I, SRR
A LB E F-ASREBRAR HFpEF 1) % R RS . Bboh, IT4E
ST TR IR RIRTT 294, An'el - A L s R
2 (sodium-glucose cotransporter 2, SGLT2) i, =
I pE K 1 (glucagon like peptide 1, GLP1) 2k z54fE
e O IME R B TS, I SGLT2 #I il I RE .00 b
BRI R, [HHTAVREBEMA LSRR, ANk
BH eIk 1 SGLT2 il 5], GLP1 2254 1) .3,
BEABFIEARE Al SGLT2 #iill7] . GLP1 2 254%t T8k
HFpEF F520

AF 5 HFpEF 3% iz )i T B, BRIk K CF- Tt
D b EAEEOIAE ", W, AF 5220 BEF4Eft,
FE0 oy S REAN 4 F0 B 35 PR F Aoy P E AT PR 2R MR = 2
R B I 720 5 B K DI RERE RS A5 2% ™, AAD fE.0
il BE AT A I AR KKK, £ CABANA
(Catheter Ablation versus Antiarrhythmic Drug Therapy for
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