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Early atrial remodeling predicts
the risk of cardiovascular events in
patients with metabolic syndrome:
a retrospective cohort study
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Xiaolei Yang'™ and Yunlong Xia™*

'Department of Cardiology, First Affiliated Hospital of Dalian Medical University, Dalian, China, ?Yidu Cloud
Technology, Ltd., Beijing, China, *Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong,
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Background: This study aims to assess the prevalence of atrial cardiomyopathy
(ACM) in patients with new-onset metabolic syndrome (MetS) and investigate
whether ACM could be a predictor of hospital admission for cardiovascular (CV)
events.

Methods: Patients with MetS who were free of clinically proven atrial fibrillation
and other CV diseases (CVDs) at baseline were included in the present study.
The prevalence of ACM was compared between MetS patients with and without
left ventricular hypertrophy (LVH). The time to first hospital admission for a CV
event between subgroups was assessed using the Cox proportional hazard model.
Results: A total of 15,528 MetS patients were included in the final analysis. Overall,
LVH patients accounted for 25.6% of all newly diagnosed MetS patients. ACM
occurred in 52.9% of the cohort and involved 74.8% of LVH patients.
Interestingly, a significant percentage of ACM patients (45.4%) experienced MetS
without LVH. After 33.2 + 20.6 months of follow-up, 7,468 (48.1%) patients had
a history of readmission due to CV events. Multivariable Cox regression analysis
revealed that ACM was associated with an increased risk of admission for CVDs
in the MetS patients with LVH [hazard ratio (HR), 1.29; 95% confidence interval
(Cl), 1.142-1.458; P<0.001]. Likewise, ACM was found to be independently
associated with hospital readmission due to CVD-related events in MetS patients
without LVH (HR, 1.175; 95% ClI, 1.105-1.250; P < 0.001).

Conclusion: ACM is a marker of early myocardial remodeling and predicts
hospitalization for CV events in patients with MetS.
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MetS, metabolic syndrome; LVH, left ventricular hypertrophy; BMI, body mass index; HTN, hypertension;
SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; TC, total cholesterol; TG,
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
ACM, atrial myopathy; LA, left atrium; PTFV1, P-wave terminal force in V1; CV, cardiovascular; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel
blocker; LVEF, left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval.

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1162886&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1162886
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1162886/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1162886/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1162886/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1162886/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1162886
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wali et al.

Introduction

The burden of cardiovascular disease (CVD) is expected to
more than double in the next three decades because of the
increased average global life expectancy (1). Consequently, the
rate of hospitalization due to CVD in healthcare facilities is
equally expected to increase. This demands intensive efforts from
the scientific community to identify predictors or indicators of
the risk of hospitalization due to CVD.

Metabolic syndrome (MetS) is a cluster of metabolic disorders
including glucose intolerance, low levels of high-density lipoprotein
cholesterol (HDL-C), high levels of triglycerides (TG), obesity, and
hypertension (HTN) (2, 3). MetS, frequently combined with other
cardiovascular (CV) risk factors, increases CV morbidity and
mortality (4). There is emerging evidence that MetS is associated
with left ventricular hypertrophy (LVH), a hallmark of preclinical
CV diseases (CVDs) (5). However, LVH is not a sensitive marker
for myocardial damage.

Atrial  cardiomyopathy (ACM), the
pathophysiologic changes in the atria, can lead to sustained

structural and

cardiac arrhythmia. Such dysrhythmia is denoted as atrial
fibrillation (AF) (6). The underlying mechanisms involving ACM
are atrial dilation (7), fibrosis (8), endothelial cell dysfunction
(9), and myocyte (10).

electrocardiographic (ECG), echocardiographic, and
markers have been found to be associated with ACM, such as

impaired function Various

serum

increased P-wave terminal force in V1 (PTFV1) (11), paroxysmal
supraventricular tachycardia (12), premature atrial contraction
(13), increased PR interval (14), increased left atrial (LA) size
(15) or volume (16), and elevated N-terminal pro-B-type
natriuretic peptide (16).

Recently, there has been an increased interest in the diagnostic
value of LA remodeling in myocardial injury. This may be
attributed to the fact that LA enlargement (LAE) occurs earlier
than LVH and is regarded as an independent risk factor for CV
events (17). Understanding the prevalence and impact of ACM
in MetS may shed light on the risk of hospitalization due to
CVDs. Thus, here, we aimed to determine the prevalence of
ACM and its effect on the risk of hospitalization for CV events
in patients with MetS.

Methods
Study design and participants

This retrospective cohort study was conducted on the basis of
data obtained from the Electronic Medical Record Research
Database (EMRRD) of the First Affiliated Hospital of Dalian
Medical University (FAHDM). The EMRRD was developed to
establish a computerized clinical database, and the clinical
records are continuously updated (18). A total of 37,764 patients
who experienced MetS and were hospitalized at the FAHDM
between 1 January 2011 and 31 June 2021 were initially
recruited. Patients with a history of AF, secondary HTN,
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coronary heart disease (including a history of angina pectoris,
myocardial infarction, coronary revascularization, or more than
50% narrowing of one of the epicardial coronary arteries on
coronary computed angiography), heart failure, cardiac valvular
stenosis, ~moderate or  severe  valvular  regurgitation,
cardiomyopathy, severe hepatic and renal dysfunction, and
malignant tumor, and/or whose data were missing or contained
errors were excluded from the study. After excluding patients
who fulfilled the exclusion criteria, a total of 15,528 patients were

included in the analysis (Figure 1).

Evaluation of the metabolic syndrome

Using the National Cholesterol Education Program Third
Adult Treatment Panel (NCEP-ATP III) guidelines, MetS was
defined on the basis of the presence of three or more of the
following: increased waist circumference [>90 cm in men or
>85cm in women], elevated TG [>150 mg/dL (1.7 mmol/L) or
drug treatment for elevated TG], low HDL-C [<40 mg/dL
(1 mmol/L) in men and <50 mg/dL (1.3 mmol/L) in women or
medical treatment for low HDL-C], elevated blood pressure
[systolic blood pressure (SBP) >130 mmHg or diastolic blood
pressure (DBP) >85 mmHg or current use of antihypertensive
medication], and impaired fasting glucose [fasting plasma glucose
>100 mg/dL (5.6 mmol/L) or
medication] (19).

current use of antidiabetic

Echocardiographic assessment

All subjects underwent transthoracic echocardiography at rest
in the left lateral decubitus position using the Vivid 7 ultrasound
system (GE Vingmed Ultrasound, Horten, Norway). Standard
two-dimensional echocardiography with Doppler examination
was performed, and measurements were obtained according to
the guidelines of the American Society of Echocardiography (20).
The left atrium diameter was obtained as previously reported
(21), and LAE was defined on the basis of a posteroanterior
dimension >35 mm. The left ventricular mass was measured by
echocardiography, and the left ventricular mass index was
calculated (22). LVH was defined on the basis of the following
parameters: LVMI >115 g/m” for men and >95 g/m* for women
(23). Experienced ultrasound experts who were blinded to the
clinical data reviewed the echocardiography results.

Covariates, follow-up, and clinical
outcomes

PTFV1 was calculated for all patients using standard digital
12-lead ECGs on admission and was obtained using digital
calipers, measuring the absolute value of the depth (uV) times
the duration (ms) of the downward deflection (terminal portion)
of the P-wave in lead V,. ACM was defined as PTFV1
>4,000 uV-ms or severe LAE (24, 25). A patient was considered
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A brief overview of the selection of study participants. MetS, metabolism syndrome; LVH, left ventricular hypertrophy.

to have HTN if a systolic SBP >140 mmHg, a mean DBP
>90 mmHg, and/or current use of an antihypertensive drug were
shown in their medical history (26). According to the 2016
Chinese guidelines for the management of dyslipidemia in adults,
dyslipidemia was defined on the basis of the following
total >6.22 mmol/L, low-density
lipoprotein  cholesterol ~ (LDL-C) >4.14 mmol/L, HDL-C
<1.04 mmol/L, TG >2.26 mmol/L, or an indication of the use of
lipid-lowering drugs (27). Diabetes mellitus (DM) was defined in

parameters: cholesterol

terms of fasting plasma glucose >126 mg/dL or treatment with
insulin or oral hypoglycemic medication (28). Smoking was
defined in terms of current smoking status or a lifetime
consumption of >100 cigarettes.

The study endpoint was hospitalization for any CV event
(acute myocardial infarction, congestive heart failure, ischemic
stroke, or atrial fibrillation) during the follow-up period. Data
were analyzed according to the number of hospitalizations for
each CV event. The follow-up period was the time starting from
the index date to the occurrence of hospitalization for a CV
event or to the end of this period (31 October 2021), whichever
came first.

Statistical analysis
Continuous variables with a normal distribution pattern are

expressed as means * standard deviations, whereas variables with
a non-normal distribution pattern are presented as medians with
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25th and 75th percentiles. For categorical variables, the chi-
square test (y*) was used for comparison analysis, and data were
presented using frequency and percentage. A comparison
between continuous data for two independent groups was
conducted using the Mann-Whitney U-test or independent-
samples T-test. Cox proportional models were analyzed for
determining the predictors of hospitalization for CV events. The
findings were reported as a hazard ratio (HR) [95% confidence
interval (CI)]. Statistically significant predictors in the univariate
analysis were selected for multivariate analysis. Kaplan-Meier
analysis with a log-rank test was performed to determine the
effect of ACM related to the cumulative risk of hospitalization
for CV events. The restricted mean survival time was the
parameter used to estimate the expected value of time for
patients to be free from CV events.

Results

Clinical characteristics of the study
participants

A comparison of demographic and clinical variables between
MetS patients with and without LVH is presented in Table 1.
Overall, LVH accounted for 25.6% of patients hospitalized with
MetS. The rate of prevalence of ACM in hospitalized patients
who experienced MetS was 52.9%. The rates of ACM in
hospitalized patients who presented with a normal LV size and
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TABLE 1 Baseline characteristics.

10.3389/fcvm.2023.1162886

Variables All (15,528) With LVH (3,976) Without LVH
(11,552)

Age, years 64.4 (57.5, 71.8) 62.3 (53.6, 69.5) 59.8 (51.2, 66.5) <0.001

Male patients, n (%) 9,052 (58.3) 2,688 (67.6) 6,365 (55.1) <0.001

BMI, kg/m2 26.24 (25.39, 28.43) 26.47 (25.53, 28.43) 26.16 (25.36, 27.81) <0.001

Smokers, n (%) 4,281 (29.9) 1,272 (35.0) 3,009 (28.1) <0.001

Alcohol consumption, n (%) 2,862 (20.7) 867 (24.8) 1,995 (19.3) <0.001

HTN, n (%) 11,611 (74.8) 3,295 (82.9) 8,312 (72.0) <0.001
SBP, mmHg 140 (130, 156) 149 (133,165) 140 (129, 151) <0.001
DBP, mmHg 83 (76, 91) 86 (78, 97) 81 (75, 90) <0.001

DM, n (%) 5,353 (34.5) 1,605 (40.4) 3,748 (32.4) <0.001

Dyslipidemia, #n (%) 12,776 (82.3) 3,321 (83.5) 9,455 (81.8) 0.017
TC, mmol/L 4.87 (4.18, 5.62) 4.84 (4.14, 5.63) 4.88 (4.19, 5.62) 0.270
TG, mmol/L 1.76 (1.24, 2.42) 1.80 (1.29, 2.54) 1.75 (1.23, 2.38) <0.001
HDL, mmol/L 1.14 (0.96, 1.36) 1.11 (0.94, 1.35) 1.14 (0.96, 1.37) 0.001
LDL, mmol/L 2.82 (2.35, 3.34) 2.79 (2.34, 3.32) 2.83 (2.35, 3.35) 0.355

Atrial myopathy, n (%) 8,222 (52.9) 2,976 (74.8) 5,246 (45.4) <0.001
PTFV1 < —4,000 uV*ms, n (%) 3,735 (24.1) 1,324 (33.3) 2411 (20.9) <0.001
LA enlargement, 7 (%) 6,687 (43.1) 2,644 (66.5) 4,043 (35.0) <0.001

Ptfvl, 4,000 uV*ms —2,418 (—3,906, —1,015) —2,961 (—4,640, —1,368) —2,256 (—3,654, —936) <0.001

LA diameter, mm 37 (35, 39) 38 (36, 40) 36 (34, 38) <0.001

LVEF, % 60.59 +3.35 60.44 +3.54 60.64 +3.28 0.002

Lp(a), mg/L 124 (65, 237) 131 (67, 244) 123 (65, 233) 0.029

Creatinine, pmol/L 67 (56, 78) 71 (59, 84) 65 (55, 76) <0.001

Medications, n (%)

Antihypertension, n (%) 9,426 (60.7) 2,734 (68.8) 6,692 (57.9) <0.001
ACEIs/ARBs 2,068 (13.3) 666 (16.8) 1,402 (12.1) <0.001
B-blockers 6,117 (39.4) 1,788 (45.0) 4,329 (37.5) <0.001
Calcium antagonists 6,205 (40.0) 2,108 (53.0) 4,097 (35.5) <0.001
Diuretics 2,122 (13.7) 827 (20.8) 1,295 (11.2) <0.001

Antidiabetic drugs, n (%) 4,707 (30.3) 1,413 (35.6) 3,294 (28.5) <0.001

Lipid-lowering drugs, n (%) 9,892 (63.7) 2,726 (67.3) 7,216 (62.5) <0.001

LVH, left ventricular hypertrophy; BMI, body mass index; HTN, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; TC, total
cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACM, atrial myopathy; LA, left atrium; PTFV1, P-
wave terminal force in V1; LVEF, left ventricular ejection fraction; Lp(a), Lipoprotein(a); CV, cardiovascular; ACEIl, angiotensin-converting enzyme inhibitor; ARB,

angiotensin Il receptor blocker; CCB, calcium channel blocker.

LVH were 45.4% and 74.8%, respectively, suggesting that ACM was
also found in a large proportion of MetS patients without LVH.
Those with LVH had an increased burden of CVD-related risk
factors compared with their non-LVH counterparts. The median
age (62.3 vs. 59.8, P<0.001), body mass index (26.47 vs. 26.16,
P<0.001), SBP (149 vs. 140, P<0.001), DBP (86 vs. 81, P<
0.001), and creatinine (71 vs. 65, P <0.001) were higher in MetS
patients with LVH than in MetS patients with a normal left
ventricle (P <0.001). Likewise, the proportion of smokers (35.0%
vs. 28.1%, P<0.001) and alcohol consumers (24.8% vs. 19.3%, P
<0.001) was higher in MetS patients with LVH than in those
without LVH. In addition, the rates of HTN (82.9% vs. 72.0%, P
<0.001), DM (40.4% vs. 32.4%, P<0.001), and dyslipidemia
(83.5% vs. 81.8%, P =0.017) were significantly higher in the LVH
group than in the non-LVH group (P < 0.05).

As shown in Table 2, the incidence of admission for CV events
is slightly higher in the LVH group (49.3%) than in patients with a
normal left ventricle size (47.1%). Among the LVH group, hospital
admission due to CV events was more common among the older
patients (63.05 vs. 61.55, P <0.001). Admitted patients with LVH
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also had an increased likelihood of having ACM (79.2% vs.
70.6%, P <0.001). Moreover, the use of antihypertensive (57.0%
vs. 80.2%, P<0.001), antidiabetic (32.3% vs. 38.8%, P<0.001),
and lipid-lowering medications (58.9% vs. 75.7%, P <0.001) was
relatively less common in hospitalized patients with LVH.
Similarly, the prevalence of HIN (78.1% vs., 87.5%, P <0.001),
DM (38.2% vs. 42.4%, P<0.001), and dyslipidemia (80.4% vs.
86.5%, P <0.001) was significantly lower among the hospitalized
patients experiencing MetS with LVH.

Among patients who had MetS with LVH, CVD-related risk
factors were more common among the admission group. For
example, patients who were admitted were older (60.68 vs. 58.70,
P <0.001) and presented with ACM (49.9% vs. 41.3%, P <0.001).
Surprisingly, patients with admission for CV events were less
likely to have HTN (76.7% vs. 66.8%, P <0.001), DM (33.9% vs.
30.9%, P <0.001), and dyslipidemia (85.0% vs. 78.4%, P <0.001),
which may be attributed to the greater use of antihypertensive
(45.4% vs. 69.3%, P<0.001), antidiabetic (26.7% vs. 30.2%, P <
0.001), and lipid-lowering (53.0% vs. 71.1%, P <0.001) treatment
in the admission group than in their counterparts.
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Atrial cardiomyopathy for the prediction of
cardiovascular disease-related readmissions

After a follow-up period of 33.2 +20.6 months, 7,468 (48.1%)
patients were readmitted for CV events. The total duration of
follow-up accounted for 43,049 person-years. Table 3 shows the
results from the Cox proportional hazards model, revealing that
ACM (HR, 1.29; 95% CI, 1.142-1.458) was associated with an
increased risk of admission for CV events in patients with MetS
and LVH. Also, ACM was found to be independently associated
with the incidence of readmission due to CVD-related events in
patients with MetS but with a normal LV size (HR, 1.175; 95%
CI, 1.105-1.250). Moreover, factors such as older age, HTN,
dyslipidemia, increased creatine levels, and poor adherence to
antihypertensive drugs were associated with an increased
likelihood of hospital admission. Among these variables, HTN
accounted for the highest risk of admission in those patients
experiencing MetS with a normal left ventricle size (HR, 1.634;
95% CI, 1.499-1.778) and LVH (HR, 1.521; 95% CI, 1.29-1.784).

10.3389/fcvm.2023.1162886

In addition, non-compliance with lipid-lowering and antidiabetic
drugs significantly increased the risk of hospital admission due to
CV events among those with Mets but with a normal left
ventricle size.

Figures 2 shows the Kaplan-Meier curves for freedom for
hospital admission in MetS patients with and without ACM,
respectively. This result indicates that these individuals with
ACM were more often rehospitalized for CVD compared with
those without ACM. Also, the ACM group had a shorter free
duration from hospitalization due to CVD events. Over the 5-
year follow-up period, patients with MetS and LVH were
expected to be free from hospital admission for 33.93 months if
they suffered from ACM (95% CI, 33.26-34.60) and for 37.08
months (95% CI, 35.96-38.20) if they did not suffer from ACM
(Figures 3). Also, patients with MetS but no evidence of LVH
were expected to be free from hospital admission for 34.27
months (95% CI, 33.77-34.77) if they presented with ACM and
for 37.01 months (95% CI, 36.57-37.45) if they were free
from ACM.

TABLE 2 Baseline characteristics in patients with and without atrial myopathy grouped by those with and without LVH.

Variables With LVH
Readmission

(1,957)

No readmission

(2,019)

Without LVH
Readmission

(5,511)

No readmission

(6,041)

Age, years 61.55 (52.60, 68.49) 63.05 (54.59, 70.52) <0.001 58.70 (49.56, 65.89) 60.68 (52.87, 67.21) <0.001

Male patients, n (%) 1,390 (68.8) 1,298 (66.3) 0.090 3,411 (56.5) 2,954 (53.6) 0.002

Smoker, 1 (%) 666 (37.1) 606 (32.9) 0.007 1,569 (28.8) 1,440 (27.5) 0.127

Alcohol consumption, n (%) 447 (26.1) 420 (23.6) 0.095 1,033 (19.7) 962 (19.0) 0.385

BMI, kg/m’ 26.47 (25.52, 28.41) 26.47 (25.54, 28.46) 0.828 26.17 (25.37, 27.81) 26.16 (25.35, 27.81) 0390

HTN, n (%) 1,767 (87.5) 1,528 (78.1) <0.001 4,633 (76.7) 3,683 (66.8) <0.001
DBP, mmHg 89 (80, 99) 89 (80, 99) 0.078 82 (79, 90) 84 (78, 92) 0.001
SBP, mmHg 150 (138,165) 150 (139, 168) 0.017 140 (130, 152) 140 (130, 154) 0.005

DM, n (%) 857 (42.4) 748 (38.2) 0.007 2,047 (33.9) 1,701 (30.9) 0.001

Dyslipidemia, n (%) 1,747 (86.5) 1,574 (80.4) <0.001 5,136 (85.0) 4,319 (78.4) <0.001
TC, mmol/L 4.81 (4.12, 5.64) 4.86 (4.17, 5.62) 0.493 4.87 (4.15, 5.59) 4.89 (4.21, 5.66) 0.087
TG, mmol/L 1.72 (1.23, 2.37) 1.85 (1.35, 2.67) 0.001 1.66 (1.19, 2.30) 1.83 (1.28, 2.46) <0.001
HDLC, mmol/L 1.16 (0.98, 1.38) 1.07 (0.91, 1.29) <0.001 1.19 (1.00, 1.40) 1.10 (0.93, 1.32) <0.001
LDLC, mmol/L 2.76 (2.28, 3.29) 2.81 (2.38, 3.35) 0.146 2.80 (2.33, 3.32) 2.85 (2.38, 3.37) 0.003

ACM, n (%) 1,426 (70.6) 1,550 (79.2) <0.001 2,497 (41.3) 2,749 (49.9) <0.001
LA enlargement, n (%) 1,280 (63.4) 1,364 (69.7) <0.001 1,984 (32.8) 2,059 (37.4) <0.001
PTFV1 < —4,000 uV*ms, #n (%) 730 (37.3) 1,324 (33.3) 0.001 1,114 (18.4) 1,297 (23.5) <0.001

LA diameter, mm 38 (36,40) 38 (36, 41) <0.001 36 (34, 38) 36 (34, 39) <0.001

PTFV1, 4,000 uV*ms —2,666 (—4,399,—1,014) —3,182 (—4,891, —1,833) <0.001 —2,006 (—3,408, —720) —2,535 (—3,886, —1,248) <0.001

LVEF, % 60.41 +3.55 60.48 + 3.53 0.523 60.67 +3.27 60.61 +3.29 0.356

Lp(a), mg/L 127 (66,244) 134 (68, 246) 0.530 121 (64,233) 127 (65, 235) 0.428

Creatinine, pmol/L 71 (60,83) 70 (59, 85) 0.832 65 (55,76) 65 (54, 75) 0.009

Medication, n (%)

Antihypertriton, 1 (%) 1,619 (80.2) 1,115 (57.0) <0.001 4,185 (69.3) 2,507 (45.5) <0.001
ACEI 396 (19.6) 270 (13.8) <0.001 857 (14.2) 545 (9.9) <0.001
B-blockers 1,129 (55.9) 659 (33.7) <0.001 2,796 (46.3) 1,533 (27.8) <0.001
CCB 1,233 (61.1) 875 (44.7) <0.001 2,505 (41.5) 1,592 (28.9) <0.001
Diuretics 453 (22.4) 374 (19.1) 0.010 743 (12.3%) 552 (10.0) <0.001

Antidiabetic drugs 783 (38.8) 630 (32.2) <0.001 1,824 (30.2) 1,470 (26.7) <0.001

Lipid-lowering drugs 1,524 (75.5) 1,152 (58.9) <0.001 4,297 (71.1) 2,919 (53.0) <0.001

LVH, left ventricular hypertrophy; BMI, body mass index; HTN, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; TC, total
cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACM, atrial myopathy; LA, left atrium; PTFV1, P-
wave terminal force in V1; LVEF, left ventricular ejection fraction; Lp(a), Lipoprotein(a); CV, cardiovascular; ACEIl, angiotensin-converting enzyme inhibitor; ARB,

angiotensin Il receptor blocker; CCB, calcium channel blocker.
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TABLE 3 Univariate and multivariate COX analysis predictors of admission for cardiovascular events.

Variables Univariate analysis Multivariate analysis
With LVH Without LVH With LVH Without LVH
HR 95% Cl | P-value | HR 95% Cl | P-value | HR 95% Cl | P-value = HR 95% Cl | P-value

Age 1.009 | 1.005-1.013 | <0.001 | 1013 | 1.011-1.015 | <0.001 | 1.009 | 1.005-1.014 | <0.001 | 1.016 | 1.013-1.019 | <0.001
Gender 0959 | 0.873-1.054 0384 0974 | 0.924-1.027 0332 1.010 | 1.005-1.014 0.873 1.006 | 0.933-1.086 0.871
Smoker 0.893 | 0.810-0.984 0.023 0965 | 0.909-1.026 0.256 0.959 | 0.830-1.108 0.569 1.039 | 0.945-1.142 0.427
Alcohol 0917 | 0.822-1.023 0.120 0971 | 0.905-1.041 0.405 0992 | 0.853-1.153 0917 1108 | 0.992-1.123 0.725
BMI 1.001 | 0.982-1.020 0.908 0.990 | 0.977-1.004 0.151 1.015 | 0.993-1.038 0.189 1.003 | 0.987-1.018 0.739
ACM 1374 | 1232-1.533 | <0001 | 1283 | 1217-1.352 | <0001 | 1290 | 1.142-1458 | <0.001 | 1175 | 1.105-1250 | <0.001
LVEF 0.996 | 0.984-1.009 0.566 0.994 | 0.986-1.003 0.176 1.007 | 0.992-1.021 0.355 0.993 | 0.984-1.002 0.150
HTN 0.789 | 0.709-0.878 | <0.001 | 0.806 | 0.752-0.853 | <0.001 | 1521 | 1297-1.784 | <0.001 | 1634 | 1499-1778 | <0.001
DM 0.879 | 0.803-0.963 | <0.001 | 0.872 | 0.824-0924 | <0.001 | 1.089 | 0.873-1.357 0.450 0.852 | 0.725-1.001 0.051
Dyslipidemia 0.850 | 0.760-0.950 0.004 0.797 | 0.748-0.850 | <0.001 | 1223 | 1.041-1438 0.015 1147 | 1.045-1.259 0.004
Creatine 1.001 | 1.000-1.001 0.001 1.002 | 1.001-1.003 | <0001 | 1001 | 1.001-1.002 | <0.001 | 1.002 | 1.001-1.003 0.003
Antihypertension | 0.595 | 0.544-0.650 | <0.001 | 0.578 | 0.548-0.609 | <0.001 | 0484 | 0.417-0.562 | <0.001 | 0453 | 0416-0.493 |  <0.001
Lipid-lowering 0.737 | 0.674-0.807 | <0.001 | 0.687 | 0.651-0.724 | <0.001 | 0.881 | 0.753-1.032 0.113 0.774 | 0.712-0.841 |  <0.001
Antidiabetics 0.824 | 0.750-0.906 | <0.001 | 0.856 | 0.807-0.909 | <0.001 | 0.889 | 0.713-1.135 0371 1242 | 1.049-1.470 0.012

LVH, left ventricular hypertrophy; BMI, body mass index; LVEF, left ventricular ejection fraction; ACM, atrial myopathy; LVH, left ventricular hypertrophy; HTN, hypertension;

DM, diabetes mellitus; HR, hazard ratio; Cl, confidence interval.
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Discussion

Our study demonstrates that the prevalence of ACM is high in
individuals with MetS. Notably, ACM was also significant in MetS
patients without LVH (45.4%), which implied that ACM may be a
marker of early myocardial remodeling in patients with MetS. In
particular, we found that patients with ACM and MetS had an
increased risk of hospitalization for CV events.

Historically, AF has been observed under prolonged
hemodynamic stress, including HTN and valvular heart disease
(29). Conversely, a recent study proposed a different theory and
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stated that metabolic diseases such as obesity, DM, and systemic
inflammatory disorders associated with adipose tissue may be the
most prominent antecedents of AF. In addition, recent studies
have indicated that ACM may exist in the absence of AF and
may facilitate the development of AF (30). In addition, ACM
may be an underlying mechanism in the development of
systemic thromboembolism (31). The combination of these
contributing factors may explain the high prevalence of ACM in
patients with MetS. Interestingly, 45.4% of the ACM patients
with MetS were free of LVH, suggesting that ACM can be a
marker of early myocardial remodeling in patients with MetS.
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ACM is exclusively defined in terms of PTFV1 >4,000 uV-ms
and the presence of severe LAE. It has been well established that
abnormal PTFV1 is associated with LA abnormalities on the
ECG (32). In the past, the diagnosis of ACM depended on the
presence of structural or functional abnormalities of the LA on
cardiac imaging (33). Although increased PTFV1 is thought to
be a sign of LAE, it is more reliably a sign of delayed
interarterial conduction (34). In the present study, some patients
had an increase in PTFV1 without LAE, whereas some patients
had an enlarged LA without an increase in PTFV1. Since both
increased PTFV1 and LA diameter (LAD) have been correlated
with elevated LA pressure, systemic HTN, ischemic heart disease,
and prolonged interatrial conduction (31, 35), the interaction
between PTFV1 and LAD needs to be elucidated.

In the past, a large Asianpopulation-based cohort reported a
positive correlation between the components of MetS diagnostic
criteria and the risk of AF (36). The association between the
cumulative number of total MetS components and the risk of AF
may suggest that upgrading efforts to identify and correct
metabolic derangements even before the development of MetS
could be of crucial importance to preventing ACM and related
CVDs. However, in our study, we found that almost 26% of
hospitalized patients with HTN and MetS did not undergo any
antihypertensive therapy. Moreover, over 34% of individuals with
MetS did not meet the recommended target SBP of less than
140 mmHg and target DBP pressure of less than 90 mmHg. In
addition, the
dyslipidemia was also found to be limited. Low awareness of the

optimized management targeting DM and

importance of lipid control strategies among non-cardiac
departments may be a contributing factor. This finding highlights
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that there is still a need for optimizing blood pressure and lipid
control in the inpatient management of hospitalized populations
who are at risk for ACM.

The use of the early cardiac remodeling technique may be a
reasonable proposition in patients with ACM. However, the
association between increased instances of early cardiac
remodeling and CV events requires further elucidation. Although
it is beyond the scope of the present study to investigate the
underlying biological mechanisms, it can be hypothesized that
chronic inflammation may represent a triggering factor in the
development of MetS, and recently, ACM in ischemic stroke has
been demonstrated to correlate with the degree of chronic
inflammation (37), which represents a possible pathogenic factor.
It is well known that both obesity and diabetes promote a state of
systemic inflammation that can lead to the expansion of epicardial
adipose tissue, which becomes a source of proinflammatory
that
abnormalities in the underlying myocardium (38). The expansion
of epicardial fat in the LA, resulting in electroanatomic

remodeling, could lead to ACM (39), which further predisposes to

secretory  products cause structural and functional

blood stasis, spontaneous thrombus formation, and stroke (40).
Additionally, altered autonomic nervous system activity may be
involved in the development of both MetS and ACM. It has been
proven that there is a close link between the autonomic nervous
system (41) and MetS. The alterations in the autonomic nervous
system also play an important role in atrial cardiopathy (42). Last
but not least, other forms of adipose tissue inflammation and
insulin resistance in Mets are accompanied by an increased risk of
atrial remodeling (43). All in all, the relevant roles of many
factors contribute to the development of both ACM and MetS.
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Limitations

There are several limitations to this study. Firstly, this
retrospective study was carried out in a single center, and
therefore, collection and registration bias may be present.
Secondly, no implantable loop monitoring was performed in
MetS patients, which may lead to an underestimation of AF
occurrence. Lastly, only recorded indicators and variables are
included; unregistered significant variables may have been
omitted. Despite these limitations, our study was the first to our
knowledge to investigate the prevalence of ACM in hospitalized
patients with MetS and demonstrated that ACM is a common
condition that could predict hospital admissions for CV events.

Conclusion

To conclude, ACM may be a marker of early myocardial
remodeling in patients with MetS and predicts CV-related
hospital admissions. Therefore, there is a need for further
optimization in the management of ACM in a hospital setting.
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