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Abstract

Purpose The study was designed to assess the effect of co-occurrence of diabetes mellitus (DM) and hypertension
on the deterioration of left atrioventricular coupling index (LACI) and left atrial (LA) function in comparison to
individuals suffering from DM only.

Methods From December 2015 to June 2022, we consecutively recruited patients with clinically diagnosed DM who
underwent cardiac magnetic resonance (CMR) at our hospital. The study comprised a total of 176 patients with DM,
who were divided into two groups based on their blood pressure status: 103 with hypertension (DM +HP) and 73
without hypertension (DM-HP). LA reservoir function (reservoir strain (g,), total LA ejection fraction (LAEF)), conduit
function (conduit strain (g,), passive LAEF), booster-pump function (booster strain (g,) and active LAEF), LA volume
index (LAVI), LV global longitudinal strain (LVGLS), and LACI were evaluated and compared between the two groups.

Results After adjusting for age, sex, body surface area (BSA), and history of current smoking, total LAEF (61.16+ 14.04
vs.56.054+12.72, p=0.013) and active LAEF (43.98+14.33 vs.38.72+13.51, p=0.017) were lower, while passive LAEF
(33.22+£14.11 vs.31.284+15.01, p=0.807) remained unchanged in the DM +HP group compared to the DM-HP group.
The DM +HP group had decreased €, (41.27£18.89 vs.33.41 £13.94, p=0.006), &, (23.69+ 12.96 vs. 18.90 +9.90,
p=0.037), ¢, (17.83+8.09 vs. 14.93+£6.63, p=0.019), and increased LACI (17.40£10.28 vs. 22.72+15.01, p=0.049)

when compared to the DM-HP group. In patients with DM, multivariate analysis revealed significant independent
associations between LV GLS and €s (3=-1.286, p<0.001), ee (3=-0.919, p<0.001), and €a (3=-0.324, p=0.036).
However, there was no significant association observed between LV GLS and LACI (3=-0.003, p=0.075). Additionally,
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hypertension was found to independently contribute to decreased €a (=-2.508, p=0.027) and increased LACI in

individuals with DM (3=0.05, p=0.011).

Conclusions In DM patients, LV GLS showed a significant association with LA phasic strain. Hypertension was found
to exacerbate the decline in LA booster strain and increase LACI in DM patients, indicating potential atrioventricular

coupling index alterations.

Keywords Diabetes mellitus, Hypertension, Left atrial dysfunction, Cardiomyopathy, Cardiac MRl

Introduction

Cardiovascular disease is the most common cause of
mortality of diabetes mellitus (DM) patients. Due to
overlapping pathophysiological factors, hypertension and
DM often coexist as lifestyle diseases. Approximately 50%
of individuals with type 2 DM also suffer from hyperten-
sion, with even higher rates observed among hospital-
ized patients [1]. These conditions can induce structural
remodeling and cardiac dysfunction. The DM and hyper-
tension-related cardiomyopathy is defined as the patho-
logical changes in the left ventricular (LV) myocardium,
beginning with diastolic dysfunction with normal systolic
function [2, 3]. As the condition progresses, there may
be a potential for the development of LV systolic dys-
function, which can be associated with heart failure with
reduced ejection fraction and, in severe cases, could have
serious outcomes, including mortality [4]. However, the
left atrial (LA) is vital in regulating LV function [5]. LA’s
function has three phases: reservoir, conduit, and pump
[6]. LA dysfunction can result in diminished cardiac per-
formance, even in the presence of preserved LV systolic
function in DM patients [7, 8]. The left atrioventricular
coupling index (LACI) is a newly identified marker with
a strong association to adverse cardiovascular outcomes
[9, 10].

The noninvasive imaging techniques have sparked
interest in studying functional changes in the LA across
various diseases. Echocardiography, being the most con-
venient method to evaluate LA size and function, faces
limitations such as the acoustic window, complex LA
structure, and thin atrial wall [11]. One of the significant
benefits of CMR is its scanning window, which remains
largely unaffected by air-filled pulmonary tissue. CMR
can provide more consistent and reliable images of car-
diac structures and function, particularly in patients with
suboptimal acoustic windows due to pulmonary condi-
tions or other anatomical factors [12, 13].

The deterioration of LV function by DM and/or hyper-
tension has been demonstrated [14—16], but it is uncer-
tain whether DM with hypertension leads to further
deterioration of LA function and LACI. The purpose of
this study was to determine the effect of hypertension on
LA structural and functional changes in individuals with
DM, utilizing MRI-based feature tracking, and to study

the interaction between atrial and ventricular volumes
and function using LACI as measure in these individuals.

Methods and materials
Study population
This study received institutional review board approval
and informed consent was waived due to its retrospec-
tive design. From December 2015 to June 2022, we
consecutively recruited 607 patients with clinically diag-
nosed T2DM who underwent cardiac MR at our hospital.
T2DM diagnosis based on American Diabetes Associa-
tion guidelines or treatment with glucose-lowering phar-
macotherapy [17]. Exclusion criteria were: primary
cardiomyopathies (hypertrophic cardiomyopathy (n=27),
restrictive cardiomyopathy (n=19), and dilated cardio-
myopathy (n=62)), individuals with ischemic cardio-
myopathy (n=97), severe valvular heart disease (n=32),
congenital heart disease (n=17), Incomplete clinical
data (n=25), severe cardiac arrhythmia (n=43), inade-
quate image quality (n=27), incomplete imaging analysis
results(n=11), and CMR derived LVEF<50% (n=71).
Finally, 176 consecutive DM patients were enrolled and
divided into two groups: DM-HP (n=73) and DM+HP
(n=103), based on the presence or absence of concomi-
tant hypertension. Hypertension was diagnosed based on
either antihypertensive treatment use or clinically diag-
nosed hypertension (systolic BP>140 mmHg and/or dia-
stolic BP>90 mmHg, taking on at least two occasions).
Patient data on clinical variables, family history, medi-
cation use, and other risk factors was collected through
medical records.

MR protocols

Cardiac MR scans were performed using 3.0 T Siemens
MAGNETOM Trio Tim or Skyra scanners (Siemens
Medical Solutions, Germany). Cine images were acquired
using balanced steady-state free precession in stan-
dard short- and long-axis views during end-expiratory
breath-hold. Parameters for the Trio Tim system were:
TR=40.35ms, TE/TR=3.4/1.3ms, matrix=208x139, flip
angle=50°, FOV=250x300 mm, slice thickness=8 mm
(with a 2 mm gap between the slices), 25 frames per cycle.
Parameters for the Skyra system were: TR=39.34ms, TE/
TR=2.81/1.22ms, segment=14, flip angle=38°, slice
thickness=8 mm (with a 2 mm gap between the slices),
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FOV=360%x300 mm, matrix=256x166, 25 frames per
cycle.

MR analysis

LA and LV structural and functional analysis

Two experienced radiologists (S.R and Q.W.L with 3-4
years of experience in cardiac MR analysis) quantified LA
and LV myocardial deformation using the commercial
software cvi42 (Circle Cardiovascular Imaging, Calgary,
Canada). LV function parameters, including myocar-
dial mass (LVM), LV end-diastolic volume (LVEDV), LV
end-systolic volume (LVESV), and LV ejection fraction
(LVEF), were calculated by tracing contiguous short-axis
cine images from the apex to the mitral valve plane. Pap-
illary muscles were included within the LV volume. The
LVM index (LVMI), LVEDV index (LVEDVI), and LVESV
index (LVESVI) were standardized using body surface
area (BSA). The LV remodeling index (LVRI) was deter-
mined by calculating the ratio of LVM to LVEDV. LA
myocardial strain was analyzed by outlining the LA bor-
ders excluding the LA appendage and pulmonary veins in
apical 2- and 4-chamber views. LV myocardial strain was
traced in the same manner in short axis, 2- and 4-cham-
ber views. The LV end-diastole was used as the reference
point. An automated tracking algorithm was applied with
manual adjustments for optimal wall tracking. The soft-
ware automatically derived LV global longitudinal strain
(LV GLS) and LA reservoir (g,), conduit (g,), and booster
(e,) strains (Fig. 1).
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LA volumetric function analysis was performed with
the same commercially available software (cvi42, Circle
Cardiovascular Imaging, Calgary, Canada). The sche-
matic representation for LA and ventricular volumes,
along with associated formulas is shown in Fig. 2. The
LA volume (LAV) was computed using the previously
described formula [18]. The assessment of LAV was car-
ried out at three crucial phases: end-systole (LAVmax),
pre-contraction diastole (LAVpre), and late end-diastole
post-contraction (LAVmin). Phasic LAV was normalized
based on body surface area (BSA) resulting in LAVmax
index (LAVImax), LAVpre index (LAVIpre), and LAVmin
index (LAVImin). The calculation of LA total ejection
fraction (total LAEF), passive ejection fraction (passive
LAEF) was based on these phases. The LACI was deter-
mined by computing the ratio of LAVmin to LVEDV.

Reproducibility analysis

To evaluate intra- and inter-observer variability, LV GLS,
LA strain, and phasic LAV were measured in 60 sub-
jects (30 per group) by a radiologist (S.R, with 4 years
of experience in cardiac MRI diagnosis). The measure-
ments were repeated after a 2-week interval. Additional
investigators (Q.W.L, with 3 years of experience in car-
diac MRI diagnosis) independently reanalyzed the data,
without access to the initial contours and analysis results.
Intra-observer variability was assessed using the results
of the first investigator’s two measurements. The results

Fig. 1 Representative Images and Plot of MRI-Derived Left Atrial Longitudinal Strain. (a) Four-chamber view of left atrial longitudinal strain at end-
diastolic phase; (b) Four-chamber view of left atrial longitudinal strain at end-systolic phase; (c) Two-chamber view of left atrial longitudinal strain at
end-diastolic phase. (d) Two-chamber view of left atrial longitudinal strain at end-systolic phase; (e) Plot of left atrial phasic longitudinal strain, including
reservoir strain (g,), conduit strain (€,), and booster strain (g,)
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(LA area*h * LA area?°h) * 0.848

LA volume= LACI= LAVmin/LVEDV

([LA length*+ LA length2°h]/2)

Fig.2 A schematic representation of the left atrial volume and left atrioventricular coupling index (LACI). The left atrial area for the 2-chamber (a1) and
4-chamber (a2) views. The left atrial volume was calculated using the biplane formula mentioned above. The left atrial volume and left ventricular volume

at end-diastole are represented in (b). The LACI was obtained by calculating the ratio of end-diastolic left atrial volume to left ventricular volume

of all two investigators were used to assess inter-observer
variability.

Statistics

The presentation of categorical data in this study is given
as frequency (%). Group comparisons were conducted
utilizing the chi-squared test, except in cases where the
expected frequency was less than 5, where the Fisher’s
exact test was employed. Continuous variables were rep-
resented as meantstandard deviation (SD) for normally
distributed data or as median (interquartile range) for
non-normally distributed data. Group comparisons for
continuous variables were made using either an indepen-
dent t-test or the Mann-Whitney U test. Differences in
CMR-derived parameters between DM-HP and DM +HP
were compared by analysis of covariance after adjust-
ing for age, sex, BSA, and smoking history. The correla-
tion coefficient between CMR-derived parameters in
DM patients were evaluated using the spearman rank
correlation.

Multivariable linear regression was used to evaluate
the associations between clinical factors and LA pha-
sic strain and LACI, respectively. Clinical confounding
factors and variables that were significant (p<0.05) in
the univariate analysis were included in the multivari-
able model. To prevent multicollinearity among the
univariate variables, a variance inflation factor of 5 was
applied. The LA VImax, LA VlIpre, and LA VImin dem-
onstrated covariance, and LAVImax was added to the
model given its established impact on adverse prognosis.
Intra- and inter-observer variability of LA phasic strain,
LV GLS, and phasic LAV was evaluated using Interclass

Correlation Coefficients (ICCs). The statistical analysis
was carried out using IBM SPSS Statistics version 25.0
(IBMCorp., Armonk, NY, USA). A two-tailed P-value of
less than 0.05 was considered statistically significant.

Results

Clinical characteristics of the diabetic population included
in the study

The demographic characteristics, including age
(57£11 vs. 61£11, p=0.075) and sex (male, 53% vs.
58%, p=0.623), were similar between the DM-HP and
DM+HP groups. The DM +HP group had a larger BSA
(1.65+0.15 vs. 1.70+0.20, p=0.008) and higher systolic
blood pressure (SBP, 12514 vs. 134417, p<0.001) com-
pared to the DM-HP group. A higher proportion of cur-
rent smoking history were found in the DM+HP group
compared to DM-HP group (17.8% vs. 33.9%, p=0.022).
Total cholesterol levels were lower in the DM +HP group
compared to the DM-HP group (4.49+1.40 vs. 4.05+1.20,
p=0.027). A summary of the demographic and clinical
characteristics of these subjects can be found in Table 1.

Comparison of the characteristics of the cardiac MRI-
derived parameters between DM-HP and DM + HP group
Cardiac MRI parameters are presented in Table 2.
After adjusting for age, sex, body surface area (BSA),
and history of current smoking, no significant differ-
ences were observed in LVEDVI, LVESVI, and LVEF
between the DM-HP and DM +HP groups (all p>0.05).
The DM+HP group demonstrated increased LVMI
(45.40£13.74 vs. 53.951+14.63, p<0.001) and LVRI
(0.61£0.19 vs. 0.70+0.20, p=0.005) and decreased LV
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Table 1 Baseline Demographic and Clinical Features of the
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Table 2 Comparison of CMR-Derived Parameters in DM-HP and

Study Cohort DM+ HP Groups Using Analysis of Covariance

DM-HP DM+HP P DM-HP DM +HP p-val-

(n=73) (n=103) value (n=73) (n=103) ue#
Demographics LA parameters
sex, male, n(%) 39(53) 60(58) 0.623 LAVImax(ml/m?) 32.71£1232  39.02+15.99 0.005
Age, years 57£11 61£11 0.075 LAVIpre(ml/m?) 225311045  27.06+14.65 0.025
BSA, m? 1.65+0.15  1.70+£0.20 0.008 LAVImin(ml/m?) 13.05£8.57  1851+13.84 0.003
Dyslipidemia, n(%) 27(37.0) 42(40.8) 0.716 Total LAEF (%) 61.16£14.04  56.05+12.72 0.013
Current smoking, n(%) 13(17.8) 35(33.9) 0.022 Passive LAEF (%) 332241411 31.28+15.01 0.807
SBP, mmHg 12514 134£17 <0.001 Active LAEF (%) 43.98+1433 387241351 0.017
DBP, mmHg 78+12 80+12 0.356 g (%) 4127+1889  3341+13.94 0.006
Laboratory indices €. (%) 23.69+12.96 18.90+9.90 0.037
HbA1c (%) 7.34+170  7.00+1.22 0.179 g, (%) 17.83£8.09 14.931£6.63 0.019
TG, mmol/l 2004177  1.62+1.09  0.075 LV parameters
TC, mmol/I 4494140 4.05£1.20 0.027 LVEDVI(ml/m?) 7595+16.72  79.80+19.84 0.105
HDL-C, mmol/I 1214034 1.23+038 0.718 LVESVI(mI/m?) 29.66+£829  30.62+10.37 0.384
LDL-C, mmol/I 260+147  231+1.02 0.118 LVEF(%) 60.72+6.23 61.58+6.21 0.327
Medications, n (%) LVMI(g/mZ) 454041374  53.95+14.63 <0.001
ACEI/ARB 12(16.4) 87(84.5) <0.001 LVRI(g/ml) 0.61+0.19 0.70£0.20 0.005
Beta-blocker 4(5.5) 13(12.6) <0.001 LV GLS (%) -12.674£3.81 -11.31+3.68 0.026
Calcium channel blocker 3(4.1) 27(26.2) <0.001 LACI(%) 174041028  22.72+15.01 0.049
Diuretics 5(6.8) 25(24.3) 0.005 Note: Data are presented as the mean+SD. #: adjusted for age, sex, BSA, and
anti-diabetic treatment, n (%) smoking
insulin ST 1878 0671 dens LAVipres et sl volome mdex st before ef atri
metformin 12(16.4) 21(204) 0.508 contraction; LAEF: left atrial emptying fraction; ¢, reservoir strain; ¢,, conduit
sulfonylurea 18(24.7) 27(26.3) 0816 strain; ¢, bOOStte strain; LVEDVI, !eft ventric'ular end-diastolic voIL.Jme index;
o7 a3 osse WSl xdaoic e e WL il o
other 2(2.7) 4(3.9) 0479 global peak longitudinal strain. LACI: left atrioventricular coupling index
non-drug 13(17.8) 16(15.6) 0.689

Note: Data are presented as meanzSD or number (percentage)

Abbreviations: DM-HP: diabetes without hypertension; DM+HP: diabetes
with hypertension; BSA: body surface area; SBP: systolic blood pressure; DBP:
diastolic blood pressure; TG: triglycerides; TC: total cholesterol; HDL: high-
density lipoprotein; LDL: low-density lipoprotein; ACEI/ARB: Angiotensin
Converting Enzyme Inhibitor/ Angiotensin Receptor Blocker

GLS (-12.67%3.81 vs. -11.31£3.68, p=0.026) when com-
pared to the DM-HP group.

LAVImax (32.71£12.32 vs. 39.02+15.99, p=0.005),
LAVIpre (22.53£10.45 vs. 27.06114.65, p=0.025), and
LAVImin (13.05+8.57 vs. 18.51+13.84, p=0.003) were
increased in DM+HP group than DM-HP group. The
DM+HP group had decreased e, (41.27%£18.89 vs.
33.41+13.94, p=0.006), €, (23.69£12.96 vs. 18.90£9.90,
p=0.037), g, (17.83£8.09 vs. 14.9316.63, p=0.019) when
compared to the DM-HP group (Fig. 3). Total LAEF
(61.16+14.04 vs. 56.05+12.72, p=0.013) and active
LAEF (43.98+14.33 vs. 38.72+13.51, p=0.017) were
lower, while passive LAEF (33.22+14.11 vs. 31.28+15.01,
p=0.807) remained in the DM +HP group compared to
the DM-HP group. The DM+HP group had increased
LACI (17.40£10.28 vs. 22.72415.01, p=0.049) when com-
pared to the DM-HP group.

Correlation analysis of cardiac MRI parameters among DM
patients

Correlation analysis of cardiac MRI-derived LA and LV
parameters is presented as a heat map in Fig. 4. Signifi-
cant correlations were found between es, €e, and ea with
GLS (es: r=-0.383, ge: r=-0.360, ea: r=-0.258, all p<0.05),
LA VmaxI (es: r=-0.296, ge: r=-0.202, ea: r=-0.327, all
p<0.05), LA Vprel (es: r=-0.337, ge: r=-0.317, ea: r=-0.336,
all p<0.001), and LA VminlI (es: r=-0.460, ge: r=-0.354, €a:
r=-0.445, all p<0.001). es and ee were slightly associated
with LVMI (es: r=-0.170, p=0.024; ee: r=-0.148, p=0.049)
and LVRI (es: r=-0.177, p=0.019; €e: r=-0.189, p=0.012).

Univariate and multivariate regression analyses of LA
strain and LACI in patients with DM

Table 3 displays the outcomes of both univariate and
multivariate analyses conducted on LA phasic strain and
LACI in patients with DM. The univariate regression
analysis showed that hypertension was associated with &
(B=-9.357, p<0.001), €, (P=-5.286, p=0.002), ¢, (p=-3.642,
p=0.001), and LACI (3=0.065, p=0.001) in patients with
DM. Multivariate analysis showed that hypertension was
only associated with ¢, (p=-2.608, p=0.027) and LACI
(B=0.05, p<0.011) in these patients.
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Reproducibility analysis

The intra- and inter-observer variability of LA pha-
sic strain, LV GLS, and phasic LAV measurement using
MRI are presented in the Table 4. The intra-observer
ICCs for LA phasic strain range from 0.959 to 0.973,
while the inter-observer ICCs range from 0.804 to 0.899.
For LVGLS, the intra-observer ICCs was 0.958, and the
inter-observer ICCs was 0.875. The intra-observer ICCs
for phasic LAV range from 0.964 to 0.993, and the inter-
observer ICCs range from 0.904 to 0.980.

Discussion

The aim of our study was to evaluate the impact of hyper-
tension on LA structure, function, and LACI in patients
with DM using CMR-FT. The results showed that after
adjusting for age, sex, BSA, and smoking history, patients
with DM and hypertension had a reduced total LAEF
and active LAEF, as well as lower LA phasic strains,
compared to those without hypertension. Moreover,
LACI was found to be higher in the patients with DM
and hypertension group compared to the group without
hypertension. The results of multivariable analysis sug-
gest the potential for hypertension to exert an influence

on LA booster strain and LACI in patients with DM, all
the while recognizing the notable co-variation between
LACI and the LA volume index (LAVI) that warrants
thoughtful consideration.

The defining features of structural and functional cardiac
impairment in individuals with DM

DM is associated with a range of mechanisms that can
contribute to the deterioration of cardiac function. In
patients with DM, early onset cardiomyopathy typically
presents as diastolic dysfunction, despite preserved LVEF
[19]. The focus on LV strain has been a central theme in
diabetes-related cardiac research, as LV GLS is closely
linked to the interstitial fibrosis and activity characteris-
tics of the myocardium[20, 21]. DM is known to impair
both LA and LV function through similar pathophysi-
ological mechanisms [9]. In recent years, the assessment
of LA function has garnered significant attention among
researchers.

LA dysfunction may not always occur as a secondary
consequence of LV dysfunction. Research conducted in a
canine model suggest that LA dysfunction can be iden-
tified in the early stages of heart failure with preserved
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Fig. 4 Heat maps illustrating the relationships between LA and LV parameters derived from CMR in patients with DM. The color shading of each cell
corresponds to the magnitude and direction of the correlation coefficient, with red indicating a positive correlation and blue indicating a negative cor-
relation. The numerical values within the cells represent the bivariate correlation coefficient. The abbreviations are consistent with Table 2

ejection fraction development and, as a result, can impair
overall cardiac performance [22]. The results of recent
studies revealed a decrease in LA reservoir and con-
duit strain in patients with early-diagnosed DM, even in
the absence of any other comorbidities [23]. The effects
of booster pump strain on patients with DM have been
shown to be inconsistent in various studies, ranging
from reduction to preservation or even an increase [24—
27]. This variability may be attributed to the alternating
compensatory and decompensatory changes in the LA
pump function throughout the progression of the dis-
ease. Additionally, the Frank-Starling mechanism, which
has a known effect on the LA, cannot be disregarded as a
potential contributor to the observed results [28].

The structural and functional alterations of the LA in
individuals with co-occurring diabetes and hypertension
Around half of hypertension patients are insulin resis-
tant, and this disturbance in insulin metabolism has
been increasingly linked to the development of hyper-
tension and related cardiovascular diseases (CVD) [2]. A
recent examination of the Framingham data revealed that
people diagnosed with both hypertension and DM had
higher mortality rates and a greater risk of CVD events
compared to those with only DM who had normal blood
pressure [29]. Elevated pressures in the left atrium (LA)
have been documented in both human patients with
arterial hypertension and in animal models of the con-
dition. Upon the onset of arterial hypertension, the left
ventricle is subjected to increased afterload, leading to
elevated filling pressures in the left ventricle, which may
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Table 3 Univariate and Multivariate Analysis of Left Atrial Phasic Strain and LAC! in Patients with Diabetes

LACI

£a (%)

ge (%)

&s (%)

Univariable multivariable

multivariable

Univariable

multivariable

Univariable

multivariable

Univariable

0.002 <0.001

0.005 <0.001

-0.053
-0.088

0.086

-0.085

-0432  <0.001

-0463  <0.001

-3.332
-7.848
-5.286

-5.135

-0417  <0.001

-0.546  <0.001

-2.729
-7.533

Age
Sex

0.010

0.758

0.345
0.170
-3.642

0.053

0.267

0.122
0.001

0.957

0.100
0.002

0.269

BSA

HP
Smoking

0.

0.05

0.065
-0.020
-0.004

0.027

-2.508

0.001

-9.357 <0.001

-5.329
-4.651
-0.216

0.390
0.846

0.929

0.111

-1.864
-0.061
-0436

0.033

-3.812

0.007

0.051
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0.100
0.105
0.003

0.063

-3.275

0.064

Dyslipidemia

LVMI

0.806

0.000
0.006

0.009

0.151

0.009

0.003  0.075

0.030

0.036

-0.324

-0919 <0.001

-1.133  <0.001

-0.206 <0.001
Abbreviations: ¢, reservoir strain; €., conduit strain; €, booster strain; HP: hypertension; BSA: body surface area; LVMI, left ventricular mass index; LV GLS, left ventricular global peak longitudinal strain; LAVImax: maximum

-1286 <0.001

-1.608 <0.001
-0422  <0.001

LV GLS

0.007 <0.001

-0.194  <0.001 0.008 <0.001

-0.205 <0.001

-0.304 <0.001

LAVImax

left atrial volume index
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Table 4 Inter- and intra-observer variability of LA and LV strain
intra-observer

P value inter-observer P

ICC (95%Cl) ICC (95%Cl) value

LA strain

& 0.973(0.956,0983) <0.001 0.899(0.845,0935) <0.001
& 0.970(0.953,0981) <0.001 0.874(0.806,0918) <0.001
& 0.959(0.935,0974) <0.001 0.804(0.702,0.873) <0.001
LV GLS 0.958(0.935,0974) <0.001 0.875(0.809,0919) <0.001
LA volume

LAVmax 0.964(0.922,0982) <0.001 0.957(0.921,0977) <0.001

LAVpre 0.965(0.935,0.981) <0.001 0.904(0.826,0.948) <0.001
LAVmIn 0.993(0.987,0.996) <0.001 0.980(0.941,0.991) <0.001
Abbreviations: ¢, reservoir strain; €, conduit strain; ., booster strain; LV GLS,
left ventricular global peak longitudinal strain;LAVmax: maximum left atrial

volume index; LAVmin: minimum left atrial volume index; LAVpre: left atrial
volume index just before left atrial contraction

subsequently result in increased pressure within the LA
[30]. Increased LA pressure causes deterioration of LA
phasic strain.

The results of our study indicate that in individuals with
both DM and hypertension, the phasic volume of the left
atrium was increased. After adjusting for other risk fac-
tors, hypertension was found to be an independent con-
tributor to decreased LA booster strain in patients with
DM. Previous research has yielded inconsistent findings
regarding changes in LA booster strain in individuals
with DM. Our study provides new insight into the altered
LA strain patterns in this population. The worsening
of LA booster strain in individuals with hypertension
may be due to a combination of more severe metabolic
abnormalities, the influence of neurohumoral factors,
and higher LV load, which exacerbates the process of
LA pump dysfunction in individuals with both DM and
hypertension [31, 32].

Left atrioventricular coupling alterations in individuals
with coexisting DM and hypertension

While the independent prognostic values of LV and LA
parameters in predicting heart failure (HF) have been
recognized, it is noteworthy that the interconnected
physiological relationship between the LA and the LV
suggests that evaluating alterations in LACI potentially
offer a more comprehensive reflection of left heart dys-
function [33].

In our study involving patients with DM, elevated LACI
was observed in those with concurrent hypertension,
and hypertension was identified as an independent con-
tributor to LACI. This observation suggests a potential
association between elevated LACI and the presence of
hypertension in patients with DM. It is noteworthy that
LACI serves as a novel indicator for early identification
of cardiovascular disease risk in patients without existing
cardiovascular disease symptoms. The utility of LACI in
patients with cardiovascular disease who display both LA
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and LV enlargement has yet to be established. To solidify
its relevance and practical application in diverse disease
scenarios, comprehensive research endeavors, including
animal studies and clinical trials, are imperative.

Limitation

Our study has provided valuable insights, but certain
limitations should be acknowledged. Firstly, being a sin-
gle-center study, the presence of inherent selection bias
cannot be disregarded. Secondly, our observation of
LACI did not account for simultaneous enlargement of
the left atrium and left ventricle, however, its predictive
value for adverse cardiovascular events has been estab-
lished. Finally, as a retrospective study, it remains to be
seen through further large-scale, multicenter prospective
studies whether the decline in LA pump function and
LACI alteration in patients with DM and hypertension
has implications for their long-term prognosis.

Conclusions

In patients with DM combined with hypertension, there
is a reduction in LA phasic strain, with hypertension
being an independent factor contributing to the decrease
in LA booster strain. Furthermore, elevated LACI was
observed in the hypertensive population, indicating
potential atrioventricular coupling index alterations.
These findings provide imaging evidence for the clinical
management of this patient population.

Abbreviations

LAVImax  maximum left atrial volume index

LAVImin minimum left atrial volume index

LAVIpre left atrial volume index just before left atrial contraction
LAEF left atrial emptying fraction

& reservoir strain

€0 conduit strain

& booster strain

LVEDVI left ventricular end-diastolic volume index
LVESVI left ventricular end-systolic volume index
LVMI left ventricular mass index

LVRI left ventricular mass to end-diastolic ratio

LV GLS left ventricular global peak longitudinal strain
LACI left atrioventricular coupling index
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