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BACKGROUND: We investigated the presence of low QRS voltage (LQRSV) in a large sample population

presenting for cardiovascular diseases. Further studies on LQRSV prevalence and clinical implications are

warranted.

METHODS: We conducted a cross-sectional study using ECG data from the National Center for Cardiovas-

cular Diseases of China, collected from January 2015 to December 2023. LQRSV was defined as QRS

amplitude <0.5 mV in limb leads (L-LQRSV), <1.0 mV in precordial leads (P-LQRSV), or both (C-

LQRSV). The primary endpoint was a composite of in-hospital death or discharge against medical advice.

RESULTS: We analyzed ECG data from 712,362 patients, with echocardiographic data from 454,717, car-

diac magnetic resonance (CMR) results from 17,712, and hospitalization data from 187,125 patients.

LQRSV prevalence was 2.0%, with 81.4% L-LQRSV, 12.3% P-LQRSV, and 6.4% C-LQRSV. The most

common cardiomyopathies associated with LQRSV were cardiac amyloidosis (49.4%), arrhythmogenic

cardiomyopathy (31.2%), and Takotsubo syndrome (25.7%). C-LQRSV patients exhibited worse echocar-

diographic parameters and higher prevalence of myocardial fibrosis on CMR compared to those with L-

LQRSV or P-LQRSV or normal QRS voltage (NQRSV). LQRSV was an independent predictor of in-hos-

pital death or discharge against medical advice (OR 3.27, 95% CI 2.94-3.64, P < .001), and C-LQRSV

conferred the highest risk of primary endpoint (12.41%, OR 8.63, 95% CI 6.72-11.07, P < .001).

CONCLUSIONS: LQRSV is an uncommon ECG pattern associated with severe cardiac dysfunction and the

majority presents in limb leads, few in precordial leads, a tiny minority in both. C-LQRSV might be an

ominous marker indicating the highest risk of adverse clinical outcomes.
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INTRODUCTION
Low QRS voltages (LQRSV), mostly defined as a nadir-to-

peak QRS amplitude < 0.5mV in all the limb leads and/or

<1.0 mV in all precordial leads, are associated with a vari-

ety of pathologic cardiac and noncardiac conditions.1,2 Car-

diac conditions such as myocardial infarction, common

cardiomyopathies (dilated cardiomyopathy, arrhythmo-

genic cardiomyopathy, et al), pericardial effusion and infil-
CLINICAL SIGNIFICANCE

� Low QRS voltage is rare in patients
presenting for cardiovascular diseases
(2.0% prevalence), and mostly iso-
lated in limb leads.

� Low QRS voltage is associated with
higher rates of arrhythmia, ECG abnor-
malities, myocardial infarction or car-
diomyopathies, and it predicts
myocardial scar or diffuse scar inde-
pendently.

� Low QRS voltage linked to higher risk
of in-hospital death or discharge
against medical advice, especially
when involving both limb and precor-
dial leads.
trative cardiomyopathies including

amyloidosis and myocarditis were

common causes of LQRSV.3 Non-

cardiac conditions can also cause

LQRSV, such as emphysema, obe-

sity, and severe tissue edema.4

LQRSV can also be presented in

healthy individuals and athletes.3

Due to the nonspecific presentation,

LQRSV is usually presented as an

under-used diagnostic finding on

the electrocardiogram (ECG). Epi-

demiologic data on LQRSV in the

context of cardiovascular disease

are rare, and there is a paucity of

large-sample data to demonstrate

the prevalence and clinical signifi-

cance of LQRSV and subtypes.

Accordingly, this study was

designed to evaluate LQRSV in a

large population presenting for car-
diovascular or related diseases to clinic or hospitalization in

the National Center for Cardiovascular Diseases of China.
METHODS

Data Sources and Study Population
This study included consecutive patients with cardiovascu-

lar diseases at Fuwai Hospital from January 2015 to

December 2023 who underwent at least a standard, 10-sec-

ond, digital 12-lead ECG in the supine position. Patients

with poor signal quality or missing basic data on ECG, or

dextrocardia were excluded. For those with multiple ECGs,

the most recent recording was used for analysis. Since the

ECG screening as the main enrollment criteria, not all

patients had complete ICD-10 (International Classification

of Diseases-10th Revision) diagnosis, echocardiography, or

cardiac magnetic resonance (CMR) data (Figure 1). For

patients with available CMR or echocardiography, the

results closest to the ECG (within 90 days) were selected

for analysis. The diagnosis and comorbidities were deter-

mined by ICD-10 codes (see supplementary file, online).

Quantitative echocardiographic data and CMR late gadolin-

ium enhancement (LGE)-related data were documented at

the time of the acquisition and obtained from the electronic

medical record system (EMRS). The previous protocol of

CMR procedure and LGE analysis5 was used in this study.

All of the data were extracted from manually interpreted
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
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and reviewed reports of ECG, echocardiography, and CMR

obtained from the EMRS. This study has approved by the

Ethic Committee of Fuwai Hospital.
Definitions
LQRSV was defined as a QRS amplitude from peak to nadir

< 0.5 mV in all limb leads or <1.0 mV in all precordial
f Health and Social Security de C
zación. Copyright ©2025. Elsevie
leads.6 To quantify the distribution

of the low voltage phenomenon on

different leads, LQRSV was catego-

rized as limb-lead LQRSV alone

(L-LQRSV), precordial-lead

LQRSV alone (P-LQRSV), and

combined-lead (C-LQRSV, present-

ing with characteristics of both L-

LQRSV and P-LQRSV). Obesity

was defined as body mass index

(BMI) >30.0 kg/m2. Discharge

against medical advice was defined

as discharged to palliative care or

hospice.
Statistical Analysis
The data analysis focused on four

aspects: 1) Prevalence of LQRSV

and its subtypes and combined ECG

features; 2) Echocardiographic

measures and LGE prevalence and
association with QRS voltages; 3) Disparity in cardiovascu-

lar disease and comorbidities between LQRSV and NQRSV

patients according to ICD-10 codes; 4) Predictive role of

LQRSV on in-hospital mortality or discharge against medi-

cal advice were analyzed via Logistic regression. Signifi-

cance level was P < .05. Continuous variables were

compared using t-test or Mann-Whitney U test based on data

normality, and categorical variables using Chi-squared test.

Results are presented as mean§ SD for continuous variables

and frequencies/percentages for categorical variables. Logis-

tic regression results include odd ratio and 95% CI. Python

(version 3.8) was used for statistical analyses.
RESULTS

ECG Characteristics
There were 1,633,833 ECGs from 745,316 patients consec-

utively enrolled in the study from 2015 to 2023. A total of

712,362 patients’ ECG data were included in the analysis

after excluding ECG with poor signals, missing essential

fields, and duplicated ECG data from the same patient.

There were 14,251 ECGs identified as LQRSV with a prev-

alence of 2.0%, of which 81.4% were L-LQRSV alone,

12.3% were P-LQRSV alone, and 6.4% were C-LQRSV

(Figure 2A). Overall, the proportion of LQRSV was higher

in male patients than in female patients (2.19% vs 1.77%, P

< .001), and the trend of this difference was mainly

observed in the L-LQRSV population (1.87% vs 1.33%, P
linicalKey.es por Elsevier en junio 19, 
r Inc. Todos los derechos reservados.



Figure 1 Flowchart of the study. ECG = electrocardiogram; ECHO = echocardiography; CMR = cardiovascular

magnetic resonance; ICD-10 = international classification of diseases -10.
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< .001). Compared with NQRSV patients, LQRSV patients

were older (59.7 § 14.0 vs 50.6 § 19.1 years, P < .001).

The prevalence tended to increase with age (0.85%, <45
years; 1.95%, 45-59 years, and 2.98%, ≥60 years).

A comparison of ECG characteristics for LQRSV and

NQRSV is presented in Table S1. Compared with NQRSV

patients, LQRSV patients had a higher proportion of com-

bined arrhythmias (all P < .001 except right bundle branch
Figure 2 Distribution of LQRSV. (A) Prevalence of LQRS

subtypes across different cardiovascular or related diseases. L

in limb leads only/LQRSV in precordial leads only/LQRSV i

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
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block), as evidenced by higher proportions of atrial fibrilla-

tion/atrial flutter (16.10% vs 6.47%), premature ventricular

beats (6.65% vs 4.19%), atrioventricular block (7.00% vs

3.94%), and nonspecific intraventricular conduction delay

(2.72% vs 1.44%). There was also a higher proportion of

combined ECG abnormalities (all P < .001).

In the subgroup analysis of LQRSV, C-LQRSV pre-

sented with a higher proportion of P wave abnormalities
V and its subtypes. (B) Prevalence of LQRSV and its

QRSV = low QRS voltage; L/P/C- LQRSV = LQRSV

n both limb and precordial leads.

f Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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(6.62% vs 4.36% vs 3.03%), abnormal Q-wave (49.67% vs

27.85% vs 42.40%), ST-T abnormalities (38.96% vs

30.12% vs 32.23%,), QT prolongation (11.15% vs 6.96%

vs 7.31%), and premature ventricular beats (8.72% vs

6.90% vs 3.89%), as compared with L-LQRSV (all P <
.05) or P-LQRSV alone (all P < .01), respectively.
Echocardiographic Features and Cardiac
Magnetic Resonance
Echocardiographic parameters were compared between

11,722 patients with LQRSV and 442,995 patients with

NQRSV. Patients with LQRSV, particularly those with C-

LQRSV, exhibited larger left atrial and ventricular chamber

dimensions, as well as a higher prevalence of structural

abnormalities (Table S2).

There were 17,712 patients with CMR data who were

enrolled for the comparison of myocardial tissue characteri-

zation. Of these patients, 1200 (6.78%) presented with

LQRSV on ECG, with L-LQRSV making up the majority

(76.8%), which is similar to the trend in the overall popula-

tion (Table 1). As compared with patients with NQRSV,

LQRSV patients demonstrated a higher proportion of myo-

cardial fibrosis on cardiac magnetic resonance (80.50% vs

64.92%); populations with all subtypes of LQRSV showed

similar trends. However, the predominant populations of

LQRSV and NQRSV differed in terms of the degree of

myocardial fibrosis. A higher proportion of diffuse myocar-

dial fibrosis on CMR were noted in patients with LQRSV

compared with NQRSV patients (53.08% vs 25.47%, P <
.001).

In the subgroup analysis, the proportion of patients dem-

onstrating C-LQRSV or P-LQRSV with diffuse fibrosis

was higher than that of patients demonstrating L-LQRSV

alone (59.17% vs 51.25%, P = .070; 59.09% vs 51.25%,

P = .146). In Logistic analysis, after adjusting for age and

sex, LQRSV was independently associated with CMR

based measure of LGE (OR 2.19, 95% CI 1.89-2.54, P <
.001), as well as diffuse myocardial fibrosis (OR 3.27, 95%

CI 2.90-3.69, P < .001), respectively (Table S3). ROC anal-

ysis showed the independently predictive value of LQRSV

on CMR-suggestive of myocardial fibrosis (AUC 0.604,

95% CI 0.595-0.612) or CMR-suggestive of diffuse
Table 1 LQRSV and Late Gadolinium Enhancement Characteristics on C

CMR Parameters LQRS

Total, (N = 1200) P L-LQRSV,
(N = 921)

P P
(

LGE present, % 966 (80.50) <.001 742 (80.56) <.001 8
Focal LGE, % 329 (27.42) <.001 270 (29.32) <.001 1
Diffuse LGE, % 637 (53.08) <.001 472 (51.25) <.001 6

CMR = cardiovascular magnetic resonance = L/P/C- LQRSV = LQRSV in limb lea

leads; LGE = late gadolinium enhancement.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
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myocardial fibrosis (AUC 0.605, 95% CI 0.596-0.614) after

adjustment for age and sex (Figure S1).
Diagnosis of Diseases of the Cardiovascular
System and Characteristics of Comorbidities
Data from 187,125 patients with documented hospitaliza-

tion within 90 days of ECG examination were reviewed for

their cardiovascular diagnoses and comorbidities (based on

ICD-10 codes, Table 2). LQRSV accounted for 4.1% of this

population, with majority of L-LQRSV (75.9%). As com-

pared with NQRSV patients, LQRSV patients were older

(60.1 vs 52.8, years), higher proportion of cardiac dysfunc-

tion (both acute and chronic, 57.88% vs 35.66%), acute

(13.51% vs 4.86%) and prior myocardial infarction

(22.62% vs 10.88%), dilated cardiomyopathy (4.76% vs

1.38%), valvular heart diseases (24.91% vs 23.09%), car-

diac amyloidosis (1.50% vs 0.07%), arrhythmogenic car-

diomyopathy (1.19% vs 0.11%), myocarditis (0.93 % vs

0.15%), Takotsubo syndrome (0.13% vs 0.02%), and peri-

cardial diseases (6.22% vs 1.73%), with all P < .001. The

most frequent cardiomyopathies presenting with LQRSV

are cardiac amyloidosis (49.4%), arrhythmogenic cardio-

myopathy (31.2%), Takotsubo syndrome (25.7%), myocar-

ditis (20.7%), and dilated cardiomyopathy (12.9%). The

distribution of LQRSV subtypes varies across cardiomyop-

athies (Figure 2B). With regard to commodities, LQRSV

patients were also presented with higher proportion of

chronic obstructive pulmonary disease or emphysema

(4.16% vs 2.40%).

In the subgroup analyses, higher proportions of cardiac

dysfunction (79.42% vs 56.17% vs 55.69%), myocardial

infarction (acute, 22.28% vs 12.53% vs 13.92%; prior,

30.10% vs 20.92% vs 26.97%), dilated cardiomyopathy

(7.65% vs 5.16% vs 1.59%), valvular heart diseases

(32.31% vs 25.11% vs 20.53%), arrhythmogenic cardiomy-

opathy (6.80% vs 0.64% vs 1.11%), myocarditis (2.38% vs

0.81% vs 0.80%), cardiac amyloidosis (2.04% vs 1.75% vs

0.08%), Takotsubo syndrome (0.51% vs 0.10% vs 0.08%)

and pericardial diseases (10.71% vs 6.26% vs 3.98%) were

presented in patient with C-LQRSV, as compared with

those presented with L-LQRSV or P-LQRSV. Patients with

chronic obstructive pulmonary disease or emphysema were
ardiovascular Magnetic Resonance Imaging

V Non-LQRSV
(N = 16512)

-LQRSV,
N = 110)

P C-LQRSV,
(N = 169)

P

3 (75.45) .304 141(83.43) <.001 10720 (64.92)
8 (16.36) <.001 41 (24.26) <.001 6514 (39.45)
5 (59.09) <.001 100 (59.17) <.001 4206 (25.47)

ds only/LQRSV in precordial leads only/LQRSV in both limb and precordial

f Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Table 2 ICD 10-Diagnosis of Diseases of the Cardiovascular System and Characterization of Comorbidities

Characteristics/Diagnosis LQRSV (N = 7663) Non-LQRSV
(N = 179462)

Total, (N = 7663)P* L-LQRSV,
(N = 5818)

P* P-LQRSV,
(N = 1257)

P* C-LQRSV, (N
=588)

P*

Age, years 60.1 § 13.7 <.001 61.3 § 12.2 <.001 55.4 § 17.6 <.001 58.3 § 15.4 <.001 52.8 § 19.7
Female 2623(34.23) .008 1802(30.97) <.001 570(45.35) <.001 251(42.69) <.001 64105(35.72)
Cardiac dysfunction, % 4435(57.88) <.001 3268(56.17) <.001 700(55.69) <.001 467(79.42) <.001 63996(35.66)
Myocardial infarction, % 2517(32.85) <.001 1772(30.46) <.001 475(37.79) <.001 270(45.92) <.001 26771(14.92)
Acute, % 1035(13.51) <.001 729(12.53) <.001 175(13.92) <.001 131(22.28) <.001 8724(4.86)
Prior, % 1733(22.62) <.001 1217(20.92) <.001 339(26.97) <.001 177(30.1) <.001 19529(10.88)

Dilated cardiomyopathy, % 365(4.76) <.001 300(5.16) <.001 20(1.59) .600 45(7.65) <.001 2473(1.38)
Valvular heart disease, % 1909(24.91) <.001 1461(25.11) <.001 258(20.53) .034 190(32.31) <.001 41436(23.09)
Arrhythmogenic ventricular car-
diomyopathy, %

91(1.19) <.001 37(0.64) <.001 14(1.11) <.001 40(6.8) <.001 201(0.11)

Hypertrophic cardiomyopathy, % 96(1.25) <.001 85(1.46) <.001 8(0.64) <.001 3(0.51) <.001 5287(2.95)
Myocarditis, % 71(0.93) <.001 47(0.81) <.001 10(0.8) <.001 14(2.38) <.001 273(0.15)
Cardiac amyloidosis, % 115(1.5) <.001 102(1.75) <.001 1(0.08) .849 12(2.04) <.001 118(0.07)
Takotsubo syndrome, % 10(0.13) <.001 6(0.1) <.001 1(0.08) .082 3(0.51) <.001 29(0.02)
Pericardial diseases, % 477(6.22) <.001 364(6.26) <.001 50(3.98) <.001 63(10.71) <.001 3109(1.73)
chronic obstructive pulmonary
disease or emphysema, %

319(4.16) <.001 264(4.54) <.001 29(2.31) .911 26(4.42) .002 4299(2.4)

Obesity, % 585(7.63) <.001 393(6.75) <.001 150(11.93) .003 42(7.14) .068 16930(9.43)

CMR = cardiovascular magnetic resonance = L/P/C- LQRSV = LQRSV in limb leads only/LQRSV in precordial leads only/LQRSV in both limb and precordial

leads; LGE = late gadolinium enhancement.

*Compared with NQRSV.
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more prevalent with L-LQRSV, however, obesity patients

were more prevalent with P-LQRSV.

An analysis of adverse event endpoints (all-cause mor-

tality or discharge against medical advice) during hospitali-

zation, the composite adverse event rate (composite of in-

hospital mortality and discharge against medical advice,

5.34% vs 1.57%, P < .001), in-hospital mortality alone

(0.84% vs 0.11%, P < .001) and the proportion of discharge

against medical advice alone (4.50% vs 1.46%, P < .001)

were significantly higher in the LQRSV than in the NQRSV

population (Table 3). As noted in Table 3, in the Logistic

regression analysis, after adjusted age, sex, COPD/emphy-

sema and obesity, LQRSV independently predicted in-hos-

pital composite adverse outcomes (OR=3.27, 95% CI 2.94-

3.64, P < .001), and independently predicted in-hospital

deaths (OR=7.11, 95% CI 5.34-9.47, P < .001) or discharge

against medical advice (OR=2.95, 95% CI 2.62-3.31, P <
.001), respectively. ROC analysis showed the predictive

value of LQRSV on in-hospital composite adverse out-

comes (AUC 0.612, 95% CI 0.602-0.622) or in-hospital

deaths (AUC 0.691, 95% CI 0.660-0.726) or discharge

against medical advice (AUC 0.606, 95% CI 0.596-0.616),

respectively, after adjusted age, sex, chronic obstructive

pulmonary disease /emphysema and obesity (Figure S2). In

the subgroup analyses, all three types of LQRSV indepen-

dently predict different types of adverse events (Table S4,

Figure S3). Nevertheless, the adverse event rate was partic-

ularly high in patients with C-LQRSV, followed by L-

LQRSV and P-LQRSV when compare with NQRSV

(Figure 3).
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library o
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DISCUSSION
This study was designed to assess the prevalence and clini-

cal significance of different patterns of LQRSV in a large

Chinese population with cardiovascular diseases. The main

findings were as follows: 1) the ECG pattern of LQRSV

was uncommon among patients presenting for cardiovascu-

lar disease, with prevalence of 2.0%, in which majority

were isolated L-LQRSV. 2) LQRSV was associated with a

higher prevalence of arrhythmias and other ECG abnormal-

ities compared with NQRSV; this disparity was more pro-

nounced in the subgroup of C-LQRSVs. 3) LQRSV was

associated with a higher prevalence of myocardial infarc-

tion and nonischemic cardiomyopathies, and independently

predicted myocardial scar and diffuse scar on CMR as com-

pared with NQRSV; 4) LQRSV is independently associated

with higher composite in-hospital adverse events, in-hospi-

tal death events, or discharge against medical advice events,

especially in patients with C-LQRSV.
Prevalence of LQRSV
LQRSV presence indicates cardiovascular risk in both

healthy individuals and athletes. Diagnostic criteria for

LQRSV vary, affecting its reported prevalence across stud-

ies. Common criteria include the Sokolow-Lyon index (S-

wave amplitude in lead V1 + R-wave amplitude in lead V5/

V6 <1.5 mV)7 and combined limb lead QRS low voltage

(<0.5 mV) with the Sokolow-Lyon index.8 The most widely

used criteria are nadir-to-peak QRS amplitude <0.5 mV in

all limb leads and/or <1.0 mV in all precordial leads, is
f Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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used in this study. In the general population, LQRSV is rare

(0.13%-2.2%),1,4 but its prevalence is significantly higher

in patients with cardiomyopathies.1,9,10 In this study,

LQRSV prevalence was 2% in patients with cardiovascular

diseases, similar to athletes but higher than in general popu-

lations.1 The prevalence of LQRSV in cardiac amyloidosis

and arrhythmogenic cardiomyopathy were high and were

consistent with previous studies,11 but with higher preva-

lence of LQRSV in dilated cardiomyopathy (12.9% vs 3%-

7%),10 possibly due to data from hospitalized patients. In

addition, the prevalence of LQRSV in patients with myo-

carditis and Takotsubo syndrome was demonstrated for the

first time in this study. Previous studies have shown that

these two groups of patients may have reversible

LQRSV.12,13 However, changes of QRS voltages could not

be obtained since the lack of repeated measurements in our

study. The study also counted the prevalence of LQRSV in

hypertrophic cardiomyopathy (1.8%, within the range of

previous studies), in which the presence of LQRSV is asso-

ciated with a poor prognosis.14,15
Clinical Implications of LQRSV
In the background of cardiovascular disease, LQRSV most

commonly occurs in diseases characterized by loss of myo-

cytes with replacement fibrosis (such as cardiac amyloid-

osis, arrhythmogenic cardiomyopathy, etc.) and myocardial

edema (myocarditis, Takotsubo syndrome, etc.). In these

conditions, the mechanism involved in the attenuation of

QRS voltages may consist of a reduction in normal LV

myocardial mass, which is largely responsible for the gener-

ation of electrical activity, and its replacement by electri-

cally inert fibrotic tissue.

Previous studies have shown that in patients with car-

diomyopathy, especially in the arrhythmogenic cardio-

myopathy, cardiac amyloidosis, and hypertrophic

cardiomyopathy, LQRSV is independently associated

with LGE on CMR and predicts malignant ventricular

arrhythmic events.9,16,17 In the present study, LQRSV

was independently associated with LGE, and the associ-

ation was greatest in patients with C-LQRSV. Thus, the

ECG patterns of LQRSV is correlated with the degree

of myocardial fibrosis, which in turn correlates with

arrhythmic events. In the present study, the electrical

abnormalities disparity between LQRSV and NQRSV

suggested by ECG also suggests a poor prognosis for

LQRSV. As expected, LQRSV patients showed a higher

proportion of arrhythmias (including tachyarrhythmias

such as ventricular premature, atrial fibrillation; and

bradyarrhythmia such as AVB) as well as other electro-

cardiographic abnormalities (including pathological

Q-waves, ST-T abnormalities, and prolongation of QT

intervals). Echocardiographic data in the study also sug-

gested that those patients with LQRSV had larger car-

diac chambers and a reduced LVEF, suggesting greater

cardiac involvement and poorer cardiac function in these

patients.
f Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
zación. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Figure 3 Subgroup analysis of LQRSV on prediction of composite adverse in-hospital outcomes

(A) in-hospital death (B) and discharge against medica advice (C). OR = odds ratio;

LQRSV = low QRS voltage; L/P/C- LQRSV = LQRSV in limb leads only/LQRSV in precordial

leads only/LQRSV in both limb and precordial leads.
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LQRSV and Adverse Cardiovascular Events
In previous enrolled subjects free of patent cardiovascular

disease with LQRSV had twice the all-cause mortality of

the NQRSV population.4 In patients with cardiomyopathy,

LQRSV was also independently related to worse clinical

course (sudden cardiac death, heart failure, etc.).9 In the

present study, in-hospital all-cause death and discharge

against medical advice were set as the adverse events. Pre-

vious studies have revealed that discharge against medical

advice was associated with higher risk for mortality and

other adverse outcomes within 30 days among patients with

cardiovascular diseases.18,19 As expected, after adjusted

age, sex, chronic obstructive pulmonary disease /emphy-

sema, and obesity, LQRSV was independently associated

with the in-hospital all cause death and/ or discharge against

medical advice, whether as a composite or secondary end-

point. LQRSV is associated with poor outcomes likely for

two possible reasons. First, LQRSV is strongly associated

with myocardial fibrosis, as suggested by previous studies

and the present study, which may contribute to the develop-

ment of arrhythmic events and heart failure; the analysis of

ECG-based data in the present study also showed a higher

rate of combined tachyarrhythmias or bradyarrhythmias

and QT prolongation in patients with LQRSV. At the same

time, myocardial fibrosis represents the loss of cardiomyo-

cytes and the decline of cardiac function. In this study,

based on the analysis of the echocardiographic data,

LQRSV was associated with the enlargement of the cardiac

chambers and the reduction of LVEF; at the same time,

based on the electrocardiographic data, it was observed that

a higher percentage of patients with LQRSV are present

with pathological Qs wave and ST-T abnormalities. There-

fore, it is closely associated with the progression of cardiac

impairment and heart failure events.
Study Limitations
This study has some limitations. Firstly, the large ECG

datasets in this cross-sectional study were from the Chinese

hospital of national center for cardiovascular disease, which

indicated a relatively high prevalence of cardiovascular dis-

eases and LQRSV. Second, long-term prognosis of LQRSV

couldn’t be evaluated due to lack of follow-up information.

Thirdly, analyzing LQRSV-cardiovascular disease associa-

tion based on inpatient data may introduce selection bias, as

hospitalized patients are usually sicker. Also, absence of

repeated ECG data hindered assessing LQRSV’s dynamic

changes for long-term prognosis. Lastly, the population

with CMR was relatively small and mostly comprised

patients suspected of cardiomyopathy, potentially biasing

the LQRSV-myocardial fibrosis relationship assessment.

However, the study’s strength lies in its large ECG popula-

tion and multidimensional analysis of inpatient diagnosis,

echocardiography, and cardiac magnetic resonance, filling

the research gap on using LQRSV to evaluate cardiovascu-

lar risks.
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CONCLUSION
LQRSV are relatively rare in the context of cardiovascular

diseases. However, it is a marker of cardiac dysfunction,

cardiomyopathies, and diffuse myocardial fibrosis. LQRSV

on ECG may be predictive high risk of adverse clinical out-

comes, including in hospital death and discharge against

medical advice. C-LQRSV is particularly ominous, confer-

ring the highest risk of adverse clinical outcomes.
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Table S1 ECG Abnormalities Distribution According to LQRSV Patterns

LQRSV(N = 14251)

Total,
(N = 14251)

P* L-LQRSV,
(N = 11595)

P* P-LQRSV,
(N = 1750)

P* C-LQRSV,
(N = 906)

P* NQRSV
(N = 698111)

Age, years 59.7 § 14.0 <.001 60.8 § 13.1 <.001 54.2 § 17.3 <.001 57.1+15.8 <.001 50.6 § 19.1
Female, % 5644(39.6) <.001 4258(36.72) <.001 948(54.17) <.001 438(48.34) <.001 313965(44.97)
Sinus bradycar-
dia, %

1667(11.70) <.001 1424(12.28) <.001 154(8.80) .014 89(9.82) .454 74325(10.65)

AF/AFL, % 2295(16.10) <.001 2105(18.15) <.001 86(4.91) .009 104(11.48) <.001 45194(6.47)
PVC, % 947(6.65) <.001 800(6.90) <.001 68(3.89) .562 79(8.72) <.001 29269(4.19)
RBBB, % 566(3.97) .921 349(3.01) <.001 143(8.17) <.001 74(8.17) <.001 27587(3.95)
LBBB, % 41(0.29) <.001 39(0.34) <.001 1(0.06) <.001 1(0.11) .009 6739(0.97)
IVCD, % 387(2.72) <.001 346(2.98) <.001 20(1.14) .348 21(2.32) .038 10044(1.44)
AVB, % 997(7.00) <.001 771(6.65) <.001 144(8.23) <.001 82(9.05) <.001 27482(3.94)
I˚AVB, % 929(6.52) <.001 721(6.22) <.001 129(7.37) <.001 79(8.72) <.001 23838(3.41)
P wave abnor-
mality, %

619(4.34) <.001 506(4.36) <.001 53(3.03) 1.000 60(6.62) <.001 21129(3.03)

Q wave, % 4421(31.02) <.001 3229(27.85) <.001 742(42.40) <.001 450(49.67) <.001 58774(8.42)
ST/ST-T, % 4409(30.94) <.001 3492(30.12) <.001 564(32.23) <.001 353(38.96) <.001 155553(22.28)
T wave abnor-
mality, %

3417(23.98) <.001 2734(23.58) <.001 431(24.63) <.001 252(27.81) <.001 90354(12.94)

QT prolonga-
tion, %

1036(7.27) <.001 807(6.96) <.001 128(7.31) <.001 101(11.15) <.001 13210(1.89)

AF/AFL = atrial fibrillation/flutter; PVC = premature ventricular beats; RBBB = right bundle branch block; LBBB = left bundle branch block;

IVCD = (nonspecific) intraventricular conduction delay; AVB = atrioventricular block. LQRSV = low QRS voltage; L/P/C- LQRSV = LQRSV in limb leads only/

LQRSV in precordial leads only/LQRSV in both limb and precordial leads.

*Compared with NQRSV.

Table S2 LQRSV and Echocardiographic Characteristics

Parameters LQRSV Non-LQRSV

Total P L-LQRSV P P-LQRSV P C-LQRSV P

Echocardiographic N = 11722 N = 9360 N = 1573 N = 789 N = 442995
LA, mm 38.4 § 7.9 <.001 39.0 § 8.0 <.001 35.5 § 6.6 .304 37.4 § 7.2 <.001 35.8 § 7.5
LVEDD, mm 49.2 § 8.2 <.001 49.7 § 8.2 <.001 46.1 § 7.4 <.001 48.9 § 8.5 <.001 47.0 § 7.5
LVEF, % 56.7 § 12.0 <.001 56.7 § 12.1 <.001 59.0 § 9.8 <.001 51.7 § 13.1 <.001 62.5 § 8.0
RV, mm 24.1 § 5.2 <.001 23.9 § 4.5 <.001 24.5 § 6.3 <.001 25.9 § 8.2 <.001 22.4 § 4.4
Prior MI, % 1121(9.56) <.001 948(10.13) <.001 46(2.92) .016 127(16.1) <.001 18906(4.27)
RWMA, % 3062(26.12) <.001 2241(23.94) <.001 512(32.55) <.001 309(39.16) <.001 38857(8.77)
LV aneurysm, % 848(7.23) <.001 578(6.18) <.001 141(8.96) <.001 129(16.35) <.001 5990(1.35)
Pericardial effusion, % 1237(10.55) <.001 973(10.4) <.001 115(7.31) <.001 149(18.88) <.001 10147(2.29)

LA = left atrium; LVEDD = left ventricular end-diastolic diameter; LVEF = left ventricular ejection fraction; RV = right ventricle; RWMA = regional wall

motion abnormalities; LV = left ventricular. L/P/C- LQRSV = LQRSV in limb leads only/LQRSV in precordial leads only/LQRSV in both limb and precordial

leads.
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Table S3 Predictive Effect of LQRSV on Late Gadolinium Enhancement Patterns According the Cardiac Magnetic Resonance

Cardiac Magnetic Resonance Outcomes N Event rate Model 1 Univariate analysis Model 2 Adjust for age, sex

OR (95% CI) P OR (95% CI) P

Late gadolinium enhancement
LQRSV-absent 16512 64.92% Reference - Reference -
LQRSV-present 1200 80.50% 2.23(1.93-2.58) <.001 2.19(1.89-2.54) <.001

Diffuse myocardial fibrosis
LQRSV-absent 16512 25.47% Reference - Reference -
LQRSV-present 1200 53.08% 3.31(2.94-3.73) <.001 3.27(2.90-3.69) <.001

OR = odds ratio; AF/AFL = atrial fibrillation/flutter; PVC = premature ventricular beats; RBBB = right bundle branch block; LBBB = left bundle branch

block; IVCD = (nonspecific) intraventricular conduction delay; AVB = atrioventricular block. LQRSV = low QRS voltage; L/P/C- LQRSV = LQRSV in limb leads

only/LQRSV in precordial leads only/LQRSV in both limb and precordial leads.

Table S4 Subtypes of LQRSVs and Adverse In-Hospital Outcome as Compared with Patients Presented with NQRSV

In-Hospital Outcomes N Event rate Model 1 Univariate analysis Model 2 Adjust for age, sex Model 3 Adjust for age,
sex, obesity and chronic
obstructive pulmonary
disease /emphysema

OR (95% CI) P OR (95% CI) P OR (95% CI) P

L-LQRSV vs NQRSV
Composite outcome
LQRSV-absent 179462 1.57% Reference - Reference - Reference -
L-LQRSV-present 5818 5.00% 3.30(2.92-3.74) <.001 3.02(2.67-3.42) <.001 2.99(2.64-3.38) <.001

In-hospital death
LQRSV-absent 179462 0.11% Reference - Reference - Reference -
L-LQRSV-present 5818 0.74% 6.85(4.92-9.53) <.001 6.31(4.51-8.82) <.001 6.18(4.41-8.64) <.001

Discharge AMA
LQRSV-absent 179462 1.46% Reference - Reference - Reference -
L-LQRSV-present 5818 4.26% 3.00(2.63-3.43) <.001 2.75(2.40-3.14) <.001 2.72(2.38-3.11) <.001

P-LQRSV vs NQRSV
Composite outcome
LQRSV-absent 179462 1.57% Reference - Reference - Reference -
P-LQRSV-present 1257 3.58% 2.33(1.73-3.14) <.001 2.35(1.74-3.17) <.001 2.34(1.73-3.16) <.001

In-hospital death
LQRSV-absent 179462 0.11% Reference - Reference - Reference -
P-LQRSV-present 1257 0.48% 4.41(1.95-9.95) <.001 4.25(1.88-9.60) <.001 4.31(1.91-9.75) <.001

Discharge AMA
LQRSV-absent 179462 1.46% Reference - Reference - Reference -
P-LQRSV-present 1257 3.10% 2.16(1.57-2.98) <.001 2.18(1.58-3.01) <.001 2.18(1.58-3.00) <.001

C-LQRSV vs NQRSV
Composite outcome
LQRSV-absent 179462 1.57% Reference - Reference - Reference -
C-LQRSV-present 588 12.41% 8.89(6.94-11.39) <.001 8.73(6.81-11.20) <.001 8.61(6.71-

11.06)
<.001

In-hospital death
LQRSV-absent 179462 0.11% Reference - Reference - Reference -
C-LQRSV-present 588 2.55% 24.07(14.14-

40.95)
<.001 22.52(13.21-

38.38)
<.001 22.06(12.93-

37.62)
<.001

Discharge AMA
LQRSV-absent 179462 1.46% Reference - Reference - Reference -
C-LQRSV-present 588 9.86% 7.38(5.61-9.71) <.001 7.27(5.52-9.57) <.001 7.17(5.44-9.44) <.001

AMA = against medical advice; OR = odds ratio; AF/AFL = atrial fibrillation/flutter; PVC = premature ventricular beats; RBBB = right bundle branch block;

LBBB = left bundle branch block; IVCD = (nonspecific) intraventricular conduction delay; AVB = atrioventricular block. LQRSV = low QRS voltage; L/P/C-

LQRSV = LQRSV in limb leads only/LQRSV in precordial leads only/LQRSV in both limb and precordial leads.
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Figure S1 ROC analysis of LQRSV on prediction of LGE in CMR.

Figure S2 ROC analysis of LQRSV on prediction of adverse in-hospital outcomes.
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Figure S3 ROC analysis of subtypes of LQRSV on prediction of adverse in-hospital outcomes after adjustment for

age, sex, BMI, obesity and CODP/emphysema. The predictive effect of L-LQRSV (A to C), P-LQRSV (D to F) and

C-LQRSV (G to I) on composite adverse outcome, in-hospital death, and discharge against medica advice, respec-

tively.
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