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Abstract

Objective: To evaluate the left ventricular global longitudinal strain (LVGLS) in patients with primary
hypertension using two-dimensional echocardiography speckle tracking imaging (2D-STI), aiming to
explore the characteristics of changes in systolic function among patients with different left ventricu-
lar geometries. Methods: This study selected 148 patients with primary hypertension who were hos-
pitalized in the Department of Cardiology at the Second Affiliated Hospital of Kunming Medical Uni-
versity between May 2023 and December 2024 and had normal left ventricular ejection fraction
(LVEF). Additionally, 19 healthy adults matched for age and gender without cardiovascular or cere-
brovascular diseases were selected as the control group. Based on the left ventricular mass index
(LVMI) and relative wall thickness (RWT), the hypertensive patients were divided into four sub-
groups: normal geometry group (NG), concentric remodeling group (CR), concentric hypertrophy
group (CH), and eccentric hypertrophy group (EH). All participants underwent echocardiography, and
multiple parameters including left atrial diameter (LAD), left ventricular septal end-diastolic thick-
ness (IVST), left ventricular posterior wall end-diastolic thickness (LVPWT), LVGLS, left ventricular
end-diastolic diameter (LVDd), and LVEF were recorded. Further analysis was conducted to assess the
differences in LVGLS among the groups. Results: Compared with the other four groups, the CH group
had the highest IVST, LVPWT, and LVMI; the EH group had higher LVDd than the other four groups;
the CR group had greater LVDd, LVPWT, IVST, and RWT than the NG group and the control group; the
LVGLS values of the hypertensive left ventricular geometry subgroups were all lower than those of the
control group, with the EH group having lower LVGLS than the NG group and the control group; all
these differences were statistically significant (all P < 0.05). Conclusion: LVGLS can effectively reflect
the impact of different left ventricular structural changes on systolic performance, even in patients
with primary hypertension who have a normal LVEF range.
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RV O E A R ECC IS S DR 8 . IRSIIKIE ARG . RN B OR AR AR Ak 120 s S
O TEI A OIS FAT I GG K R — (1] [2], HFH2 WS KA 20 258+ P00 B -0 ) 52
iy S HAMAR R I AOE BT 22 . BB R IOHF 2R, 45O Ik A5 5 RUE % (Two-Dimensional
Echocardiography Speckle Tracking Imaging, 2D-STI) T i A —Ff g 0 ff I 0o LIS A% K32 3y 4 T vEAS
O SR AR AR D) RE I A 20 TR B E RS2, 7/ 4 15> 2 (Left Ventricular Ejection Fraction, LVEF)
AP Ak T TR YO, i A A 5 B ARG [R] )% AR (Left Ventricular Global Longitudinal Strain, LVGLS), ]
PABBUR R IO LW A D RE 4B R R AL . ASHIFF8 B R LVGLS SRR Jt LVEF 1E% i J & 14 e I e 265
FEANE e A B WCAR DI Re 22 7, FFRPT LVGLS 7EIX 2K i R 1 e I He A6 B AR P AS 5] 7 25 4 AL
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2. AMREFHE
2.1. HRMKR

ABEFTHEI T 2023 4 5 & 2024 4 12 JIERYIERR A5 s B B0 WRMERTIR TR 148 44
o YT IL53 B(LVEF) 1E 5 0 B R Ve i BB AR R i &R, PR 56.52 £ 12.70 % . 4% Ganau
A3 A3 i s B 43 N DUAN 4 s ) 0o ME IR JE (Concentric Hypertrophy, CH)ZH 69 5], 550014 I J5 (Ec-
centric Hypertrophy, EH)#H 20 1. 1E % J L7 £ 45 (Normal Geometry, NG)4H. 19 51| DA & [ .04 55 #4)(Concentric
Remodeling, CR)41 40 . 54, WFFEIEE 19 4@ RS AAE Nt BRAL, X £650) HE 5 15 S50 20 45 47 8
PRSI EAHUCED, I H A o LA 5

IANIRUE: (1) FFEHEo (2024 fR) RS IUETER . (2) 20 75 03 K H XCE T Simpson’s
J7EIE ) LVEF {8 i B8k 50%. (3) B szl A se B i m RS Badsk, It 28108k
TSGR . (4) AWFRIRIFEERBAC IR R flbitE, P B SR8 B A A A

HeBRbriE: M8 H SR th . AT R SRR BB IE A RE, RIS &0 0%
v WK B . ODIUR . e RYE O IER O IEIRIR . R BE R .

22. /&

22.1. @ELTERE

AW A T ERBE LA AR 7 R 40 KA Philips EPIQ 7C B0 £ ¥ 75 12 K11%), ik T S5-1
ek, HITAEPRTEEDN 1 £ 5 MHz. 872 5FERE 7 OB BT, CIHIREENE JA5TH W HADE 1)
OHAES, IWImaER g 0l Y. it ied, ZRPE 2 E RBEMEML, FFORFF 2R
JEI R S A KA DI AT I &, SRE TS AL 5 W42 (Left Atrial Diameter, LAD). /2 % [W] F@ &7 5K AR 3
J5 J& (Thickness of Interventricular Septal at End Diastole, IVST). /% J& B &7 5K AR W] JZ [ (Left Ventricular
Posterior Wall Thickness at End Diastole, LVPWT) LA J 7t & &7 5k K ] P /2 (Left Ventricular Diastolic Diameter,
LVDAEN I Z NS4, 14k, FIHXCEH Simpson V2Kl & LVEF. X T FRRE— IR, #5HE S
3, THEAFBMEIE T N TR RIS B0 EHG BTEAI ERS R, ERAESN S KB, RS 8
B ERFFT T, RN A RS R e B R > = A e B LB R AR

FORZ R H AL AP B OL T, RBGR BT A ORI . ORI SR = 4 KB sl 2 1K
B HT M 70 2 BAR YN ] A (LVGLS), I B2/ TR Z g =N w803l A, DU iR i g
40 /b, (A IS ORAEBEAN 2200 ZE BE DL RO N B FHE T AT I o K H] Auto Strain BAF#EAT 4k H 3l 848 €
BT, SRR R H B E BOGER X B B O NZE), AR 0 E 18 AT B I i AN [ AR
FHAE M2, IFrHE tH LVGLS WEE, DUFIREIERES R A A 72 v ) DL 2l 8 50O R X 35
PASE e R 1
22.2. GiitEsE

AW SPSS 20.0 Gk HERHI B BARAT T A HTAIE. X T EAAMEIIHRYER, {8
% £ ARAEZ R RGEAT A moxd T B S A s, Wb 08 DY 7 ol pE ik . 702K
AR MRIHE, R 2 R, 24 e S8 5 K 3K 07 2 70 Mok vRAG SR 2Z =%, FIA] Bonferroni
BAEFEPATH IR B LE . P <0.05 WNZERBA G55 L.

2.23. RHEFERR
AWK BHERNKFSE B ERC TS AR R SRS #-PI-R}-2024-183).
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3. &%
3.1. —fRFIRIELE

BT o 0L AN 5] 7 = A R A AL 4 s 380 v T 5 R AL, 22 R 30 B 4 L (38 P<0.05) . - 41IRI4E RS
P, A EFEE(Body Mass Index, BMI)., 03 &EZEZ I LS0H R X () P> 0.05). W 1.

Table 1. Comparison of general data among groups

= 1. BHE—REREEE

HHl n (ggi) RS BMI (kg/m?) L Z(IRIGT) BSA (m?)

g FokIE
(mmHg) (mmHg)

XA 19 10/9  58.84+9.62 24.24(21.71,25.88) 72.00(65.50, 81.00) 1.71+0.19 123.79 +16.59 79.05 +11.22
NG 19 10/9 50.5+13.20 25.76(22.75,26.89) 75.00 (70.50,90.00) 1.76 +0.21 131.79 + 14.51* 85.53 + 14.83
CR 40 2020 5525+1.73 25.03(22.38,28.21) 79.00 (72.25, 86.25) 1.74 +£0.16 135.70 + 17.85* 85.45+ 14.28
CH 69 34/35 57.5+12.92 24.98(23.41,26.99) 77.00 (68.00, 86.00) 1.75+0.17 144.54 +=20.66* 88.26 + 16.54
EH 20 11/9 61.15+11.70 25.60 (24.46,26.99) 77.00 (68.75,84.00) 1.76 £0.17 132.0+17.64* 82.00 + 14.09
F/X? 0.27 2.25 4.14 4.50 0.28 6.00 1.73

P 0.992 0.066 0.387 0.342 0.890 <0.001" 0.146

e "P<0.05. * 5XTIEA AL P<0.05; BMI: fAHETE%, 1 mmHg=0.133 kPa.

3.2. HALHBAREIMEEIRLCE

EH 211 LVDd ¥J R T HR A, Z7E 575 L3 P<0.05). CH A1) IVST. LVPWT. LVMI
PIRTHENA, ZRHEGHFE LA P <0.05). CR 4K LVDd. LVPWT. IVST. RWT ¥ KX}
A K& NG H, ZRIAGFE X P<0.05). WE2.

Table 2. Comparison of conventional echocardiographic parameters among groups

2. B HEEBE SN E IEAREL

A HE Xt (n=19) NG (n=19) CR (n = 40) CH (n = 69) EH (n = 20) F P
LAD (mm)  29.95+4.88 33.00£4.51° 31.93+4.10° 34.57+4.48°c  3410+4.04* 533 <0.001"

IVST (mm) 9.49+£1.27 9.47 + 0.96% 0.04 +1.03%¢  11.78 + 1.00%¢  10.57 £0.812¢ 3723 <0.001"
LVDd (mm) 38.84+£2.09  44.16£2.73%d 41,08 £3.07%d 4581 +£3.73%° 4910 +2.40%¢ 3939 <0.001"
LVPWT (mm) 9.07+0.53 8.74+£0.60°  10.19+0.88%%4  1.48 £0.89%  9.83+£0.68 67.60 <0.001"
RWT 0.47 £0.04 0.40 £ 0.02%¢ 0.50 + 0.082¢ 0.50 £ 0.05%¢ 0.40 £0.02*¢  26.18 <0.001"
LVMI (gm™) 89.12£12.36 105.54 + 12.55%° 106.95 + 11.63%% 153.48 & 19.85%* 146.14 + 16.82%¢ 101.03 <0.001"
LVEF 67.47+2.84 65.74+2.40 66.75 +3.42 65.43 £ 4.65 66.05 +4.38 1.37  0.247

VE: "P<0.05. 2 5XfHERAHE P<0.05; P SIEEMMAE P<0.05; < S5O MEEMHLE P<0.05; 4 5E0PER
JE LR P<0.05; < 550 R EAH HE P<0.05. LVPWT: 7225 5 BEEFIK R AR, TVST: 5 [AIRE 4T Ik AR S 5 s
LVDd: ZE=EEFHRARWNGE; LVMIL: AEFEIES; RWT: XS EBEER; LVEF: &= 454,

3.3. £4A18 LVGLS HB:

LR S A A BRBLH ) LVGLS 2)/NFXHR4H, EH 41 LVGLS /NFXHRA K& NG H, =7
BHYi2EE L3 P<0.05). W% 3.
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Table 3. Comparison of LVGLS parameter rates among groups

= 3. B4AI8 LVGLS ¥ ELLE

A5 StH(Mm=19) NG(®m=19) CR (n=40) CH (n = 69) EH (n = 20) F P

LVGLS (%) —24.19+3.64 —20.06+2.78" —19.92+2.63% —20.13+2.58° —19.86+2.73®® 9.60  <0.001"
VE: "P<0.05, * 5XHRALLE P<0.05; P SIEWMIALLE P<0.05; LVGLS: A BRI AN,

3.4. ZELKMOVEAS

PLGLS AHNA &, PAMER). FRFERA . SBP. LVMI. LVPWT. LVDd. IVST. FS NHA &, 3T
Z BRI SRR R B AR EE AR N AL 5 2 UL PE [ AR A

Z BRI 45 R &K B LVPWT. LVDd. SBP 5 GLS A ¥ EWKER R P<0.05), LVPWT X}
GLS Wi K(FriElL f=-0.348, t=-2.508, P<0.05), LVDd fii /&% —(brEfk f=-0.345, t=-2.168,
P<0.05), SBP fH/MiniEfL p=-0.0154, t=-2.000, P <0.05) (& 4).

Table 4. Analysis of multiple linear regression

4. ZELMEEAD

AR JebrdEfl g brdEiRZE AL B t P 95% CI VIF

S PRI H] (4F) —0.055 0.032 -0.127 -1.687  0.094 —0.118~0.009 1.076
SBP (mmHg) -0.024 0.012 —0.154 -2.000  0.047" —0.047~-0.000 1.134
LVM I (g/m) 0.030 0.022 0.293 1322 0.188 —0.014~0.073 9.354
IVST (mm) 0.153 0.291 0.070 0.528  0.599 —0.417~0.723 3.383
LVPWT (mm) —0.816 0.325 —0.348 -2.507  0.013" —1.454~—0.178 3.683
LVDd (mm) —0.237 0.110 —0.345 -2.166  0.032° —0.452~-0.023 4.833
FS (%) 0.117 0.071 0.121 1.656  0.100 —0.021~0.255 1.021
5 0.513 0.503 0.084 1.021 0.309 —0.472~1.499 1.307

e *RREREG 2 L. VIF: FTEGKET . LVPWT: /% 5 BEST IR AR IS TVST: 25 AR &7 Tk A 01 52
LVDd: ZEZEFFKABNGE, LVMIL: EEFEIEE, SBP: 4iE, FS: HiH4EHE K.

4. #ig

5 I o I 99 (Hypertensive Heart Disease, HHD)FE 152+ B 1L 3 =5 1) 8 2 O R 4544 _E 728 4k (n
T EYIK O EIE R ST KD e 1 SR (B S BRET TR AE 0 T ). ARECT O IESE R IE I
IR R, H B O EE S R 100 L AR R A O I A S 4D DR S 5 8 4 8 ok R 7
HMEFAR S 2D-STI MS5 A 17715, AR PASEIU O IE A A A DI BRARAS I A T VP, IEREA BOR M H
MARRIL L ORI IR, XX E HHD 38 AR 7 2 1 HErf e K ot i T e oA R
X[5] [6]. LVGLS DA s i AL AN R 4F () B 20— 8P, 7E LVEF 4T 155 6 i B G it
FHE RO NI E T REPEAR A IE DL, R OO 9 VPR 0 US4 RURE IR S8 b o

Je 2 JUARTAS B IR 43 8 Bl T AT T ffe e I HRES T e o S8 B B0 RS, IF HA AL A R 1
o JIFEXT 1o LS S ST S PR B AR BB . FEABE ST, CH 2RI IVST. LVPWT Al LVMI &3 51
HADE, ZrHEA%0H5E L. ok, 78 CR A WigEH| LVvDd. LVPWT. IVST LK RWT A T4
FRA & NG HA TN, Z5 AT E . g BRI & MK BHE A OEE T BE M RoM
FIHIERE, T RWT H8G AT G A4 s 1 I H 3 il AR . 1 Je IR 8 122 M Bk, s+
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P E R OFREN ) = (AL EES] < ORI x 0BT (7], AT XHAWE M &)
TR IR EF A O BER AT IE R, A OE S RAREEINR . BEE R RIHERS, O 2 IE B 1)
JEJE AR R B AR, B T R 2 3 i T3 S i A R sk B 4R Dh e i3 (8] AR LIt ah 15 R & 7
T, 0o LA B B L TR 5 P9 R A () an 40 B 12 2R 4L RNBIE A 207 ) 2 53 3500 LA PR AA R 38 K 5 0 ik
SERR AR R L . CERRIEVEAR B, oL IR A A AR AR WU I U kA AL £F
YE) I T REIR TS » RSO0 10 23 B0 2 98 SRS S A BAR AR AR (9] 73 MBS = /2, EH 4111 LVDd
K, ERZAAEHER L OET KNG, HESER TERIY . & Fs e 5 T ge 2 T EH
A R) 7 O 25 BT 5B BE N ) T i 3 00 WU JR 21438 22 DS O UL R BEHES . S ER, EM AR 4
JIEYL, AR Ak In R R I AR B e BB 101, B0a . MARCOET 4 Rk B I sh A E s, S8k
OV AR A R TR 55 2 I A ER ) [11]. [Rltk, HHD (2 M7 B A L B, X 4E 48 HHD
HRARSE N RO ETRES O SEIeBA th,  Salli 55 [ 12]4F B 15 5 /AR 0.5 (1
BB O a8, LA IR 15%7= 4 LVEF N 62%; TAEFRIR 15% CUEF4EUcds =, ek
HhLbEIT 1 (3KJE), LVEF FREE]40%LLF . X S5ATH 7+ EH 1A = BRSSO IR Dh Re 52
TAHTT o

Fel B IR A B — /Nl ) T000 1 (e 21 S KR ERCIR G5 0 o 1450 i N IR E S5 /M Z R
NI ILEF 4 DL K i 8] J2 N B LT 3R R R Al . SR AR, ISR JULER4E 1R 5 Ta) M2 T 1A 7 e M e
B N R R Z R S, RAAEN IS TR BERRIE[13]. 2 0= D)Re B T1X = B LA 4E e
A i e B RAE 2 AT AT TR I, fE S RN A A E A, LVGLS [EHK T X, H
R EAAG R . S HAEEER, EH 4 LVGLS AMUK TXF AL G T 1IEH JUTH M H ., hikE
K, FEm MR B AR AR, B0 AR AR O LR B ) 2 i o ™ E . KRR 1 I
RS SO R IR B R E], TS R OB S, H 3 ERIUA O UL L B R
DX 340 M 710 B KR DUR . ORI R AR T DR A AR, S B4R AR EL .
O JUBRE DL A B, JRPEREAE AR BE S R L AR SRS LU0 O E R AR DI Re e[ 14] [15]. B
OV JE ) SR BEAFAE 2 O LA Ak, X5 T 2GRS R B BAE O O LAF 44 i T e 2 A s
I 3 3 ) HHD AN J5 0 g 38 38 (1) — P S B BN . Sl C 20080 R e 1 S itk 22 35 e 75 %« O
TE LR UG A UL B WO LT A A 46« O L SERE RN P B D e B s (B 0 0 A b 0 B% U BH « Tadic 1)
WFFL[16] CLAIF S LVGLS 0] LA AR I LVEF 1E & [ J5 R M i e 8 3 (0 2 s 4 ThRg Sz 481, AR I
PR L5 (AR A, . 1Ak, Rossi 251576 HHD AU TS 8825 (1K) 7 A g3 eI i 55 3F B, HHD B 11
Je0 % D RERRRG (RF K BRI AR DI et , B A7), IXAR AT AR IR T o LI B S 21 4 13 RAR I 51k i)
VARSI . B & R AR R R, OV ARRUE R B, FEERE A O =R EY K,
NT YRRV R AR YE, GO IEAEAE DR L7 I IR R 4 4 2, A B0 I AR AR B b 2
¥hn, BEMGSAYE R FE[17]. 7€ HHD F/N AR R, Brilla 251816 7045 H O ALEF 4L HO R 2 NP
I B (1) TEA SRR O WL R R IS G0, T8 I & I S A 1 1A 7 A I 5w (45 4 A 2
PR BPER R (2) MO NISERANTT a6 R0, T2 SORIR A S F AR LT 44 . Mizuguchi 2K H 2D-
STI M & HHD 3 A O = UG A J ) S AR A 24, FRERI TR e S 5 AN ) ey I R A B 2
FIE R AT T SE RRaR, AT 0 BR2H R At o 1 e & A S5 M YA, 9 O PR IR SR A R B
I JE ) B AR N AR . 346, Cuspidi Z5[ 1917 880 Bl 5E 2R A 42252 b4 i v 7 ELIE A2 0 S IR 1) 32 4k
B AT RE VIR T, A5 F R A0 AR R AR R AR ML TR e I RS AT R A s I A
DAL b = 5t e o 7K SO A T HE B 48 g 9 % T 240 [ 201

R, LVGLS X T-3PA5 J5 A 1 v i £ AN 5] A2 0o =5 ) L AT 44 L P A4 o R B g LA B 82 3, i
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