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Effect of Left Ventricular Diastolic Function on Exercise Capacity in
Hypertensive Patients with Obesity
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Abstract The purpose of this study was to investigate the effect of left ventricular diastolic function
on exercise capacity in hypertensive patients with obesity compared to the obese group. Adults who
visited a general hospital in Gyeonggi-do from 2016 to 2019(man: 308, women: 192) were divided into
4 groups according to hypertension and obesity. In the hypertensive obesity group(IV), the A wave and
E/E’ wave were significantly higher than the normotensive obesity group(ll), and the E wave was
significantly lower(respectively p<0.001). The group IV had significantly lower METS(metabolic
equivalents) and exercise duration than the group Il(respectively p<0.001). In group IV, E/A ratio was
positively correlated with METS(p=0.025) and exercise duration(p=0.026). In contrast, E/E’ wave in these
groups showed a negative correlation with the exercise duration(p=0.046).
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to] | o] 3}o] L==82 gy

ol gtol FolA = AS Al 255HS Bt with HTN, Obesity and Obesity with HTN groups
ol A HEQA oAREER11.31+£2.01 vs. 9.98+2.70, V2 Significantly different from Normal weight at p¢0.05.

Db . ; ]
Significantly different from Normal weight with HTN at p<0.05.

[ R= I
p<0-001)3q' U oﬂ‘%‘*]ﬂ(9-34i1-84 vs. 8.32%2.30 ¥ Abbreviations: HTN, hypertension; METS, metabolic equivalents.
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Table 1. Clinical characteristics, echocardiographic measurements and treadmill test indices of the study participants

. Normal weight Obesit Normal weight with Obesity with HTN

Variables Group 1. N-238) | (Group II. N=179) (Groum 1, N=29) Grow IV, N=61) | P value
Male (%) 142 (60.2) 110 (61.5) 18 (62.1) 38 (62.2) 0.252
Age (years) 48.38+8.89 48.96+8.47 57.598.10® 55.9247.74% ©.001
(range) (31.0-76.0) (31.0-73.0) (42.0-71.0) (38.0-72.0) i
Body mass index (kg/m?) 22.1141.60 26.95+2.14° 22.86£1.35° 27.78+2.60°* {0.001
WC (cm) 75.876.13 87.00+8.27° 79.86+7.02% 87.59+6.84% <0.001
BSA (m?) 1.650.14 1.88:0.18° 1.71£0.14° 1.82+0.17% {0.001
SBP (mmHg) 110.30£15.38 117.15¢14.74° 122.41413.92° 123.44+16.34° <0.001
DBP (mmHg) 70.93+10.31 76.03+10.24° 76.38+9.24° 78.03+11.98° <0.001
Heart rate (beats/min) 61.58+10.31 62.5418.48 63.459.19 63.4819.70 0.431
Total cholesterol (mg/dL) 197.27431.84 203.1133.68 204.90+31.03 195.70433.82 0.182
Triglyceride (mg/dL) 109.31472.06 151.44+87 58 156.76£106.58° 166.21492.26° <0.001
HDL-cholesterol (mg/dL) 57.49+14.15 50.24£11.70° 52.72+13.30 48.97+12.13° 0.001
LDL- cholesterol (mg/dL) 122.46429.11 130.51431.28 127.45426.66 123.96432.04 0.056
Fasting glucose (mg/dL) 91.89+22.37 93.90+14.18 95.45+8.30 100.38+15.59" 0.015
LV mass (g) 174.18+44.94 206.62+36.02° 200.6149.17 201.12451.38° <0.001
LV mass index (g/m?) 103.67+27.70 109.72418.16 112.87£38.03° 109.05+23.50 0.004
LVEF (%) 70.58+6.38 72114613 72.3146.63 74.2046.01° <0.001
Peak E velocity (cm/sec) 66.76£15.12 65.3313.77 61.54+16.06 65.17+15.19 0.308
peak A velocity (cm/sec) 54.09+16.08 60.75+14.39° 66.07£17.22° 69.58+16.27% 0.001
E/A ratio 1.3240.45 1.13£0.37° 0.97+0.30° 0.97+0.31° <0.001
E" velocity (cm/sec) 13.57+5.40 11.62+2.58° 10.63+2.80° 9.81+1.79° 0.001
E/E’ ratio 5.20+1.31 5.81+1.37° 5.94+1.64° 6.60+1.78" <0.001
Deceleration time (m/sec) 192.67+49.05 206.46157.41 228.39+70.94° 219.15+62.94° 0.002

V2 Significantly different from Normal weight at P<0.05.

2 gignificantly different from Normal weight with HTN at P{0.05.

9 ¢ gignificantly different from Obesity at P{0.05.

9 Abbreviations: HTN, hypertension; WC, waist circumference; BSA, body surface areas; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL, high density lipoprotein; LDL, low density lipoprotein; LV, left ventricular; LVEF, left ventricular ejection fraction; E, peak early diastolic
transmitral inflow velocity: A, late transmitral inflow velocity; E/A, left ventricular ejection fraction/late transmitral inflow velocity; E', early diastolic
mitral annulus motion velocity; peak E velocity/early diastolic mitral annulus motion velocity.
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Table 2. Partial correlation between systolic and diastolic blood pressure and left ventricular diastolic function
measured by echocardiography

Variables METS Exercise duration  (min)

r p value r p value
LVEF (%) -0.076 0.109 -0.047 0.319
Peak E velocity (cm/sec) 0.014 0.760 0.051 0.281
Peak A velocity (cm/sec) -0.091 0.054 -0.039 0.411
E/A ratio 0.087 0.066 0.069 0.141
E" velocity (cm/sec) 0.147 0.002 0.129 0.006
E/E’ ratio -0.157 0.001 -0.096 0.043

K Controlling for age and gender.
2 Abbreviations: METS, metabolic equivalents; HTN, hypertension; LVEF, left ventricular ejection fraction; E', early diastolic mitral annulus motion
velocity; E/E’, peak E velocity/early diastolic mitral annulus motion velocity.

Table 3. Correlation of METS with left ventricular diastolic function by multiple regression

Variables Ve SE 95% Cl p value
All patients
LVEF (%) -0.078 0.016 -0.088 to 0.004 0.085
Peak E velocity (cm/sec) 0.178 0.015 -0.005 to 0.195 0.106
Peak A velocity (cm/sec) -0.053 0.013 -0.073 to 0.019 0.610
E/A ratio -0.064 0.631 -1.555 to 0.925 0.617
E" velocity (cm/sec) 0.010 0.031 -0.057 to 0.065 0.890
E/E’ ratio -0.221 0.126 -0.556 to -0.061 0.015
Model A=0.383, adjusted A=0.355
Group |
LVEF (%) -0.108 0.022 -0.178 to 0.008 0.109
Peak E velocity (cm/sec) 0.348 0.020 0.002 to  0.381 0.038
Peak A velocity (cm/sec) -0.039 0.016 -0.047 to 0.027 0.769
E/A ratio -0.059 0.736 -1.700 to 1.208 0.738
E" velocity (cm/sec) -0.060 0.032 -0.084 to 0.045 0.550
E/E’ ratio -0.326 0.185 -0.824 to  -0.091 0.015
Model A=0.396, adjusted A=0.332
Group |l
LVEF (%) -0.114 0.027 -0.290 to 0.016 0.167
Peak E velocity (cm/sec) -0.206 0.041 -0.210 to 0.052 0.475
Peak A velocity (cm/sec) 0.011 0.030 -0.058 to 0.061 0.963
E/A ratio 0.018 1.430 -2.734 to 2.931 0.945
E" velocity (cm/sec) 0.393 0.198 -0.118 to 0.667 0.169
E/E ratio 0.254 0.428 -0.505 to 1.192 0.425
Model A=0.382, adjusted A'=0.295
Group IV
LVEF (%) 0.106 0.068 -0.087 to 0.188 0.463
Peak E velocity (cm/sec) -0.055 0.121 -0.256 to 0.235 0.930
Peak A velocity (cm/sec) -0.199 0.065 -0.252 to 0.013 0.076
E/A ratio 0.309 3.849 0.120 to 6.805 0.025
E" velocity (cm/sec) 0.510 0.737 -0.706 to 2.282 0.292
E/E’ ratio 0.585 1.131 -1.372 to 3.210 0.422
Model A=0.611, adjusted A=0.453

" Abbreviations: See Table 2; SE, standard error; Cl, confidence interval. Adjusted for age, gender, SBP, DBP, total cholesterol, triglyceride, HDL—
cholesterol, LDL- cholesterol, fasting glucose and LV mass index.



N
~
D
rok
HI
0o
o
o
ﬂ
Hn
A
=
i
>
<]
foi

, E/E’Tﬂr(r=—0.157)% oAbt O%k ﬂﬂﬂs =
Wot 3 BFiHr=0.129)= 25532 J7I5k= 254
2274} AT BAE EHTHTable 2 31).

3.3 Ztd O|2Y| 7150| 2330 0jxl=
AP G, #5719 o] B, @S AL H &

oz A A 9 1ol ARl 9F=

ojt7]
-0.326(0.185)]9.2:
o] tArgwol JF= A=
Z). 1:,Loﬂk] LE=X&EA 70| AF JFRE v = o]
7] 71%52 EH0.369(0.018)1°1%
A& o)l 7se

e FHRt

7]

Ay e]

o

E/EWE[g (SB),

S B/E HlE

AEY A

A = vAe

—0.221(0.126) vs.
™, IVeelit= E/A W1210.309(3.849)]
R UERgTHTable 3

ow, B& JF2 v
[-0.314(0.17D)]°] At H]
IVZolAE E/A HE
[0.344(0.150)], E/E’ B-&[-0.377(1.003)]°] 5A|<&A]
7V AETAE Hol=

om, E/ETR: AT oR SEA5AZ] o B

Table 4. Correlation of exercise duration with left ventricular diastolic function by multiple regression

Variables Vi ‘ SE ‘ 95% Cl ‘ p value
All patients
LVEF (%) -0.062 0.015 -0.078 to 0.009 0.185
Peak E velocity (cm/sec) 0.168 0.014 -0.007 to 0.249 0.137
Peak A velocity (cm/sec) -0.034 0.012 -0.048 to 0.020 0.749
E/A ratio -0.082 0.575 -1.489 to 0.771 0.533
E" velocity (cm/sec) 0.034 0.028 -0.042 to 0.069 0.626
E/E’ ratio -0.136 0.115 -0.394 to 0.056 0.141
Model A=0.352, adjusted A=0.322
Group |
LVEF (%) -0.112 0.020 -0.172 to 0.007 0.103
Peak E velocity (cm/sec) 0.369 0.018 0.004 to 0.477 0.031
Peak A velocity (cm/sec) -0.060 0.015 -0.137 to 0.023 0.652
E/A ratio -0.094 0.681 -1.703 to 0.986 0.599
E" velocity (cm/sec) -0.061 0.030 -0.077 to 0.041 0.551
E/E’ ratio -0.314 0.171 -0.740 to -0.063 0.021
Model /=0.377, adjusted A=0.311
Group |l
LVEF (%) -0.132 0.024 -0.187 to 0.009 0.114
Peak E velocity (cm/sec) -0.200 0.037 -0.210 to 0.048 0.490
Peak A velocity (cm/sec) -0.031 0.028 -0.058 to 0.051 0.897
E/A ratio -0.022 1.307 -2.697 to 2.480 0.934
E" velocity (cm/sec) 0.414 0.181 -0.096 to 0.622 0.149
E/E’ ratio 0.329 0.392 -0.373 to 1.178 0.306
Model A=0.373, adjusted A=0.285
Group IV
LVEF (%) 0.216 0.048 -0.010 to 0.283 0.077
Peak E velocity (cm/sec) -0.888 0.084 -0.915 to 0.023 0.088
Peak A velocity (cm/sec) -0.325 0.039 -0.426 to 0.031 0.233
E/A ratio 0.344 0.150 0.010 to 1.614 0.026
E" velocity (cm/sec) 0.837 0.611 -0.120 to 2.365 0.075
E/E’ ratio -0.377 1.003 -4.125 to -0.041 0.046
Model A=0.682, adjusted A=0.529

! Abbreviations: See Table 2; SE, standard error; Cl, confidence interval. Adjusted for age,
HDL-cholesterol, LDL-cholesterol, fasting glucose and LV mass index.

gender, SBP, DBP, total cholesterol, triglyceride,
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(concentric remodeling)¥} o]¥7] 753l 55
B Ml folow xgathi W Erh4 19.20]
H|Tto & WhAgslk= ASAE 2 AR AEAE A
A% d(remodeling), A vt & 7|57l A
FE HPE dorl= A= FHHETH6,211. °17] 7]
7ol vt 9 1 EGT} Bo] glom, Hivtky I
A2 ol7] 715Nl = PIA Bl A=
op71g 4= UtH22].

F4A o] 75 Wtehe AREES 24 EEY
HRZZTHALE o83 Eufet AT}, E/A HIE, DT, E
i, E/E vl& 9 &% RE AU SEHE

o)
2

&L g F74oto] o] 715Z B7IeTH23,24]. E3]
E/EHEL HuAdy) ?J(pulmonary capillary
wedge pressure) & HFgsh= ATAQ1 A HZA
A4 ol ST AR AEwAs I a5
Sh=tl] f-&oitta HagEc25-27]. 3 Eohs 24
A o] 7159 AEY =2 AFolH, Bl A HFE5}t
(preload)ell E¥&olx A9 o|r] A4(time
constant of LV relaxation)e} ¥H[&] ZHAlo] JTH12].

o] A1Ay} vt GESAE T} H|TS FRIRE 1EY
SEAjoll A ATk} E/E Mo E9ton, B Roith
E3E HRE et T} H|RhS FEEE T Q) SRRl A
ATt &5 A&AITte] WA U, Hlgke] ofd A
A EAA 9 ovgh ThERkRke} vl we] vk FeEket 1
Y SAoIAM A7l 25589 AskE Bt

ol 7|5 ol+= Ext, E/A & 9 ETpo] At
e, Z44d ST HEAZHN7YY Ao
2 B/F Y& 45328 vueAls w2 Enet
o 2 A Aol 95f o|A7] 71577t vEhd 7t
540] Hrty Ry ErH22,29,30]. £ HRRS: FHlsH
19 SAk= E'mRe} E/A Blgo] TASkal E/E Ble2
%74 DT Ad< Uehfe, vt 9 7Eet =34 tE
o} H|RhS B ) SRpolA A5 Bk

A7t o Y& g2 BRITH22]. webi] Aot 2
AATE B o] 71 A} R 2552 H|
o 9 uEQt SRR HehE SEe 189t #Rt
oA YA 7heido] o & AoE YT

Fontes-Carvalho S{14]°] W=2H /4 444 &
ol 7= jﬁﬂ'ﬁ}b ARES L5 (exercise
tolerance)@t 733t AATLAE HolH, E/E H[ES 2
559 Ao tigt AR Barsteit). o] A4
Toj A= HIRES BRI 18 A4 E/A Hle2 o
APZgol FFE HA= 800l ew, E/AS} E/E &
= %%Z]‘}—‘T-/\]ZJ'W BFE ]7\]5 RO]O]‘“E} TS H[RE
-2 At}
= 8¢%loJH, E/E g2 &

FFe 1] 89108 eyt T2t
o|HA HAF EUANA FHA o] 752 &5
8912 oflglon, BE HthofA
d 715= B7koks A BEE2 255
ol JFE "Xz 8%l ofd A& YT HA
e HollA A =571 7159 Hile 558

o] girtal B [3]], o] 04%01]/(1 A v EE
50% "IREY] BIAA 571 71 7] dAAE A9
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AREA IS 422 3 Podolec 53219 A+
o 54| B/E H[E0] 56 TAE Sk ©
UL Hastylon, A tiidAte] Atol7} AR A3
Aot 2 AT2AE SUHH 5 tdRtolA #4A
ol 7152 FE 5ol FIFE FA= 8RICE AE
o EE SISk

Astae A AFE F2APP)AL 4739 ol
9 57| 7152 FIA7Ie AR HuE, Hgt 2]
= 47 29 5% E(myocardial velocity)2t
22 B34 ARE SAAE 4= UATH33,34]. wEbA A
S 18U 2 PP QaRle]l FEL AAo] o]
715 9 2559 ASHE AHotAY A A7t i
o] @ Aoz oigHrt.

o] Aol AFH-Z H|Rto] ofd &<t SRKIIIH)
At 47 Hol I HEA ] HotolA] ggkow, Hhiba
AHZFHVO: max)S HAIZE METS #o2 562
Brletitt. 3t AdgApTo g HvhE LRSS
w, ERH 9 JAE S5t HREEE H716HA|
Xtttk Aol ok I8y o] At vk 1
Y9 FHo] F44 o] 715 9 5 EWAEE &
W3} 4= glon, o]F Fof HiRk 1@YC] 2do] ¥
A AT 270 =go] 2 4 ltke Holl
A 588 Zog AZdrh

AEZH O vgiy 1dYO] FHRE A o] 7]
5 9 255E0] FAasHA =, FHHA o] 75
558 I Aokt IFE VA= [Rlolgith

Iu}

o]
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