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Abstract
Background: Left	ventricular	hypertrophy	(LVH)	is	a	well-	known	risk	factor	for	cardio-
vascular events. Even though there are many electrocardiographic (ECG) criteria for 
LVH, they still provide poor performance, especially among obese patients. The aim 
of this study was to examine whether adding visceral fat to ECG LVH criteria improves 
accuracy in the diagnosis.
Methods: One thousand seven hundred twenty two patients were included in the 
study. All patients underwent a complete physical examination, office blood pres-
sure	measurement,	 analysis	 of	 body	 composition,	 12-	lead	ECG,	 and	M-	mode	 two-	
dimensional	 echocardiography.	 Four	 standard	ECG	 criteria	 for	 LVH	were	 analyzed,	
including	 Cornell	 voltage	 criteria,	 Cornell	 duration	 criteria,	 Sokolow–	Lyon	 voltage	
criteria,	and	Sokolow–	Lyon	product	criteria.	Adjustments	of	ECG	LVH	criteria	were	
performed	using	visceral	fat	level	(VFATL)	and	BMI.	Transthoracic	echocardiography	
was used as a reference method to compare the quality of ECG LVH criteria.
Results: Multivariate	 logistic	 regression	 models	 were	 created	 and	 revealed	 a	 sig-
nificant	 increase	of	 area	under	 curve	 (AUC)	after	VFATL	and	BMI	addition	 to	ECG	
LVH criteria. Improvement of sensitivity at 90% specificity was observed in all cre-
ated	models.	The	odds	ratio	(OR)	of	the	analyzed	ECG	criteria	increased	after	adding	
VFATL	 and	BMI	 to	 the	models.	 Furthermore,	 ROC	 curves	 analysis	 exposed	 better	
characteristics	 in	 detecting	 LVH	of	VFATL-	adjusted	 criteria	 than	BMI-	adjusted	 and	
unadjusted criteria.
Conclusions: Adjusting	ECG	indexes	to	BMI	or	VFATL	improves	the	sensitivity	of	LVH	
detection.	VFATL-	corrected	indexes	are	more	sufficiently	than	BMI-	corrected.	After	
advancements in indexes, both lean and morbidly obese individuals outcomes show a 
greater prevalence of correct LVH diagnosis.
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1  |  INTRODUC TION

Left ventricular hypertrophy (LVH) is an essential factor for adverse 
cardiovascular	outcomes	and	an	independent	predictor	of	all-	cause	
death	(Kannel	et	al.,	1969;	Stewart	et	al.,	2018).	It	is	important	to	
find	a	cost-	effective	and	efficient	method	to	diagnose	LVH.	There	
are many ways we can assess the structure of the heart muscle. 
The most accurate performance with high specificity and sensitiv-
ity concerning heart hypertrophy can be obtained using echocar-
diography	 (ECHO)	 or	 cardiac	 magnetic	 resonance	 imaging	 (MRI).	
MRI	is	the	so-	called	"gold	standard"	in	LVH	diagnosis	(Bottini	et	al.,	
1995).	 Unfortunately,	 both	 methods	 require	 experienced,	 well-	
trained staff and expensive devices, hence are poorly available and 
costly.	Another	commonly	used,	cheap,	and	non-	invasive	method	
to detect LVH is electrocardiography (ECG). However, results ob-
tained by ECG are not 100% consistent with the results of ECHO. 
There	are	various	electrocardiographic	criteria	for	LVH,	which	lack	
specificity and sensitivity compared to methods mentioned before 
(Nomsawadi	&	Krittayaphong,	2019).	For	example,	 the	sensitivity	
of	 8%–	40%	 for	 Sokolow–	Lyon	 voltage	 and	 2%–	41%	 for	 Cornell	
voltage	criterion	(Pewsner	et	al.,	2007).	The	specificity	is	relatively	
decent	and	ranges	53%–	100%	and	89%–	100%,	respectively,	for	cri-
terion	mentioned	before	(Pewsner	et	al.,	2007).

Nevertheless,	 there	are	some	ways	 to	 improve	 the	diagnostic	
value of ECG LVH criteria (Cuspidi et al., 2016; Robinson et al., 
2016). One of the reasons behind the poor performance of ECG in 
LVH diagnosis is excess fat tissue covering the heart and subcuta-
neous	tissue	that	thickens	the	chest	wall	in	obese	patients.	It	is	al-
ready	known	that	obese	patients’	ECG	results	present	lower	voltage	
amplitude hence decreased sensitivity considering LVH detection 
compared	to	non-	obese	patients	(Cuspidi	et	al.,	2016;	Nomsawadi	
&	Krittayaphong,	2019;	Robinson	et	al.,	2016).	The	importance	of	
this is because obese people more often suffer from cardiovascular 
diseases,	as	obesity	is	a	crucial	risk	factor	for	CVD.	There	are	pub-
lications where different ECG LVH criteria achieved much higher 
specificity	and	sensitivity	in	detecting	LVH	when	corrected	by	BMI	
or	WHR	 (Angeli	 et	 al.,	 2014;	Elffers	 et	 al.,	 2019;	Robinson	et	 al.,	
2016). Our study aims to examine whether adding visceral fat to 
ECG LVH criteria improves accuracy in the diagnosis of LVH.

2  |  MATERIAL S AND METHODS

The	 cross-	sectional	 study	 evaluated	 data	 from	 1722	 consecutive	
adults,	aged	between	40	and	70.	The	data	have	been	collected	from	
2011 to 2020. All of the patients were informed about the aim of the 
study and gave their written consent.

The patients underwent a complete physical examination, office 
blood	pressure	measurement,	analysis	of	body	composition,	12-	lead	
electrocardiography	 (ECG),	 and	 M-	mode	 two-	dimensional	 echo-
cardiography.	Patients	with	 left	bundle	branch	block,	 right	bundle	
branch	block,	Wolf–	Parkinson–	White	 syndrome,	 and	atrial	 fibrilla-
tion were excluded from the study.

2.1  |  Electrocardiography

Standard	12-	lead	ECG	was	recorded	at	25	mm/s	and	1.0	mV/cm.	We	
investigated the four most widely used ECG criteria for left ventricu-
lar	hypertrophy	(LVH).	The	analyzed	criteria	are	listed	in	Table	1.

2.2  |  Echocardiography

The	transthoracic	two-	dimensional	M-	mode	echocardiography	was	
performed	 to	 evaluate	 left	 ventricular	 mass	 (LVM).	 LVM	 was	 as-
sessed	using	ASE	(American	Society	of	Echocardiography)	formula:	
LVM	(g)	=	0.8	×	{1.04	×	[(LVIDd	+	PW	+	IVSd)3	−	(LVIDd)3]}	+	0.6	and	
indexed	to	body	surface	area	(Marwick	et	al.,	2015);	where	LVIDd—	
Left	ventricle	internal	dimension	diastole,	PW—	posterior	wall	thick-
ness,	IVSd—	inter-	ventricular	septum	diastole.

According	to	ASE/EACVI	2015	guidelines,	LVH	was	diagnosed	in	
individuals	with	left	ventricular	mass	index	(LVMI)	>	115	g/m2 in men 
and	>95	g/m2	 in	women	(Marwick	et	al.,	2015).	Echocardiographic	
LVH was used as a reference standard to compare the quality of ECG 
LVH criteria.

2.3  |  Analysis of body composition

The	 body	 composition	 analysis	 was	 performed	 using	 a	 Multi-	
Frequency	 Body	 Composition	 Analyzer	 (MC-	180MA;	 Tanita).	 The	
body composition was estimated by measuring the body's bioelec-
trical impedance using 8 points of tactile electrodes (two thumbs, 
two	palms,	two	fronts	soles,	two	heels).	Participants	were	standing	
barefoot on the device with electrodes placed in both hands. All 
testing was performed according to the instruction of the manu-
facturer.	 Patients	 were	 instructed	 to	 avoid	 strenuous	 exercise	 or	
excessive consumption directly before the test. The evaluated data 
include	BMI,	fat	%,	fat	mass,	visceral	fat	level,	muscle	mass,	non-	fat	
components, bone mass, and total body water weight. Visceral fat 
level	(VFATL)	is	an	index	of	fat	level	in	the	internal	abdominal	cavity.	
VFATL,	which	was	estimated	by	bioelectrical	impedance	analysis,	is	
rating from 1 to 59. The calculating equation was derived from mul-
tiple regression analysis.

TA B L E  1 Analyzed	left	ventricular	hypertrophy	ECG	criteria

Left ventricular hypertrophy ECG criteria

Cornell voltage criteria: RaVL	+	SV3	≥	20	mm	for	women	and	
≥28	mm	for	men

Cornell duration criteria: (RaVL	+	SV3	+	for	women,	add	8	mm)	×	QRS	
duration	≥	2440	mm	×	ms

Sokolow–	Lyon	voltage	criteria:	SV1	+	RV5 or V6	≥	35	mm

Sokolow–	Lyon	product	criteria:	(SV1	+	RV5 or V6)	×	QRS	
duration	≥	3710	mm	×	ms
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2.4  |  Statistical analysis

Statistical	 analysis	 was	 conducted	 using	 Statsoft	 Statistica	 13.3	
software	 (TIBCO	 Software	 Inc.,	 2017).	 p-	Value	 <	 .05	was	 consid-
ered statistically significant. The expression of categorical variables 
was shown as numbers and percentages (presented in parentheses). 
Continuous variables were displayed as mean ± standard devia-
tion (SD).	Normal	distribution	of	the	continuous	variables	was	veri-
fied	using	Shapiro–	Wilk	 test.	Univariate	 logistic	 regression	models	
were	created	and	analyzed	with	LVH	as	the	dependent	variable	and	
electrocardiographic	LVH	criteria,	VFATL,	and	BMI	as	independent	
variables.	Using	backward	stepwise	regression	analysis,	multivariate	
logistic	 regression	 analysis	 was	 performed	with	 BMI,	 VFATL,	 and	
each	of	4	analyzed	electrocardiographic	criteria	for	LVH	(Sokolow–	
Lyon	voltage,	Sokolow–	Lyon	product,	Cornell	 voltage,	 and	Cornell	
product) in three groups: all patients, women, and men. Adjustments 
of	ECG	LVH	criteria	were	performed	using	VFATL	and	BMI.	Receiver	
operating	curves	(ROC)	were	assessed	and	compared	using	a	two-	
tailed	univariate	z	 test	of	 the	difference	between	 the	areas	under	
two	 performance	 curves.	 Sensitivities	 of	 electrocardiographic	 cri-
teria were determined at a specificity of 90% and were compared 
using	the	z	test	for	proportions.

3  |  RESULTS

One thousand seven hundred twenty two patients were included 
in	the	study,	and	352	patients	(20.4%)	had	LVH	diagnosis	based	on	
LVMI	measurement.	 The	main	 characteristics	 of	 the	 entire	 popu-
lation, population with LVH, and population without LVH are pre-
sented in Table 2.

Univariate	 model	 of	 logistic	 regression	 analysis	 revealed	 that	
Sokolow–	Lyon	duration	product	is	the	most	potent	index	from	an-
alyzed	 electrocardiographic	 left	 ventricular	 hypertrophy	 criteria,	
(OR	=	5,255;	95%	CI	=	3,190–	8,659).	Furthermore,	the	least	essen-
tial	indicator	for	LVH	between	analyzed	ECG	LVH	criteria	is	Cornell	
voltage	(OR	=	2,759;	95%	CI	=	1,753–	4,342).	The	remaining	results	
of univariate logistic regression are presented in the forest plot 
(Figure	1).

In	every	multivariate	logistic	regression	model,	BMI	was	removed	
by the software, because of decreasing accuracy of the model ex-
cept	 in	 the	group	of	women	 in	which	BMI	remained	 in	 the	model.	
In	 comparison	 with	 models	 without	 addition	 of	 BMI	 and	 VFATL,	
created	 models	 improved	 the	 AUC	 to	 0.738	 with	 Sokolow–	Lyon	
voltage;	 improved	 the	AUC	with	 Sokolow–	Lyon	product	 to	 0.743;	
improved	the	AUC	with	Cornell	voltage	to	0.735;	and	improved	the	
AUC	with	Cornell	duration	product	to	0.748.	Analogous	results	were	
achieved in women and men group. Results are shown in Table 3. 
Furthermore,	improvement	of	sensitivity	at	90%	specificity	was	ob-
served in all created models. Comparison of R2 of the multivariate 
regression models is also presented in Table 3, which is the highest 
in	Sokolow–	Lyon	duration	product	(0.19).	The	odds	ratio	(OR)	of	the	
analyzed	ECG	criteria	increased	after	adding	VFATL	and	BMI	to	the	
models. However, OR of Cornell duration product decreased from 
2,96	 (95%	CI	 =	2,15–	4,10)	 to	2,86	 (95%	CI	 =	2,02–	4,03).	 This	 de-
crease was not observed when group was divided according to sex.

Further	 analysis	 included	 comparing	 the	 ROC	 curves	 to	 com-
pare	 areas	 under	 the	 curve	 (AUC)	 of	 VFATL-	corrected	 and	 un-
corrected ECG LVH criteria for LVH. The results are presented in 
Figure	 2.	 The	 VFATL-	corrected	 Sokolow–	Lyon	 voltage,	 VFATL-	
corrected	Sokolow–	Lyon	duration	product,	VFATL-	corrected	Cornell	
voltage,	and	VFATL-	corrected	Cornell	duration	product	criteria	had	

TA B L E  2 Characteristics	of	the	population	study,	n =	1722	participants	of	the	study

Variable All LVH No LVH

Female	sex,	No.	(%) 832	(48.3) 105 (29.8) 727	(53.1)

Age, years 55.26 ± 15.05 60.48	±	12.6 53.92 ± 15.33

BMI	kg/m² 28.76	±	14.31 30.5	±	5.49 27.80	±	4.91

SBP,	mmHg 144.25	±	22.41 156.15	±	24.59 141.20	±	20.75

DBP,	mmHg 83.73	±	13.52 87.82	±	14.83 82.69 ± 12.66

VFATL 9.49	±	4.65 12.36	±	4.79 8.75	±	4.32

LVM	ASE,	g 192.06 ± 63.51 280.40	±	57.82 169.36	±	41.13

LVMI	ASE,	g/m² 97.43	±	26.72 136.76	±	23.09 87.32	±	16.15

BMI	≥	30	kg/m²,	No.	(%) 582 (33.8) 188	(53.4) 394	(28.8)

LVH,	No.	(%) 352	(20.4) 352 (100) 0 (0)

HTN,	No.	(%) 1533 (89.0) 342	(97.2) 1191 (86.9)

Cornell voltage, µV 16.86	±	6.24 19.92	±	7.05 16.07	±	5.76

Cornell product, µV ms 1670.39	±	737.89 2080.13	±	925.40 1563.90 ± 639.59

Sokolow–	Lyon	voltage,	µV 22.43	±	7.34 24.32	±	8.52 21.93 ± 6.92

Sokolow–	Lyon	product,	µV	ms 2196.33	±	789.44 2507.91	±	942.32 2115.36	±	723.39

Abbreviations:	DBP,	diastolic	blood	pressure;	HTN,	hypertension;	LVH,	left	ventricular	hypertrophy;	LVM,	left	ventricular	mass;	LVMI,	left	ventricular	
mass	index;	SBP,	systolic	blood	pressure;	VFATL,	visceral	fat	level.
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better characteristics in detecting LVH than unadjusted criteria, and 
BMI-	adjusted	criteria.	AUC	for	VFATL-	corrected	vs.	BMI-	corrected	
was,	respectively,	0.729	vs.	0.665;	0.746	vs.	0.700;	0.765	vs.	0.727;	
0.773	vs.	0.739.	All	differences	were	statistically	significant,	respec-
tively, p <	 .001;	p	 <	 .001;	p	 <	 .001;	p	 =	 .0015.	Results	 are	 shown	
in	Table	4.	AUC	for	uncorrected	ECG	criteria	for	detection	of	LVH	
was in all cases significantly lower (p	<	.05)	than	BMI-	corrected	and	
VFATL-	corrected	(results	not	displayed).	Analysis	of	the	ROC	curves	
revealed	improvement	of	sensitivity	at	90%	specificity	after	VFATL	
correction	 comparing	 to	 BMI	 correction	 of	 ECG	 criteria	 for	 LVH.	
Sensitivity	at	90%	specificity	was,	respectively,	26%	vs.	37%	(p	<	.05)	
for	Sokolow–	Lyon	voltage;	31%	vs.	36%	(p	<	.05)	for	Sokolow–	Lyon	
duration product; 30% vs. 35% (p	<	.05)	for	Cornell	voltage;	and	31%	
vs.	37%	(p	<	.05)	for	Cornell	duration	product.

4  |  DISCUSSION

Literature reports more than 30 ECG indexes for LVH diagnosis, 
and	the	most	prevalent	in	clinical	practice	is	based	on	QRS	voltage	
(Cuspidi	et	al.,	2013;	Hancock	et	al.,	2009).	Accuracy	of	ECG	indexes	
for	 detecting	 LVH	 is	 inefficient	 (Pewsner	 et	 al.,	 2007).	 Systematic	
review	reveals	the	sensitivity	of	Sokolow–	Lyon	voltage	criteria	var-
ies	 from	8%	 to	 40%	 at	 specificities	 53%–	100%,	 and	 sensitivity	 of	
Cornell	voltage	criteria	ranged	from	2%	to	19%	at	specificities	89%–	
100%	 (Pewsner	 et	 al.,	 2007).	As	 a	matter	 of	 fact,	 among	patients	
with	BMI	≥35	kg/m2 sensitivity tends to be even lower and reaches 
5.5%–	0%	for	most	commonly	used	criteria	for	the	diagnosis	of	left	
ventricular	 hypertrophy	 (Domienik-	Karłowicz	 et	 al.,	 2011,	 2018).	
Also numerously morbidities may decrease sensitivity and specific-
ity of the ECG criteria of LVH, for instance in patients with moderate 
and	severe	aortic	stenosis	(Bula	et	al.,	2019).	The	pioneering	study	
concerning sensitivity and specificity of 10 ECG criteria vs. ECHO 
alterations	for	LVH	(i.e.,	internal	dimension,	wall	thickness,	LV	mass)	
revealed	non-	satisfying	outcomes	0%–	13%,	0%–	20%,	and	0%–	12%,	
respectively	 (Nath	 et	 al.,	 1988).	 Sensitivity	 and	 specificity	 of	 ECG	

criteria	 for	diagnosis	LVH	with	ECHO,	MRI,	or	during	autopsy	had	
been described as circa 25% and up to 90%, respectively (Jain et al., 
2010;	Pewsner	et	al.,	2007).

Features	 of	 standard	 12-	lead	 ECG	 (little	 cost,	 extensive	 avail-
ability,	good	reproducibility,	non-	invasiveness)	find	it	as	the	first-	line	
examination	for	LVH	detection	(Cuspidi	et	al.,	2013;	Hancock	et	al.,	
2009).	Undoubtedly,	obesity	 is	closely	 linked	to	ECG	changes	 that	
may derange the correct diagnosis of cardiac disorders, including 
LVH	 (Poirier	et	al.,	2006).	The	 increased	amount	of	adipose	 tissue	
in	severe	obese	individuals	reduces	QRS	voltage	in	precordial	leads	
and	peripheral	limb	leads	(Abächerli	et	al.,	2009;	Shirani	et	al.,	1995).	
ECG also reveals abnormalities frequently associated with obesity, 
namely	alterations	of	the	P	wave,	QRS	and	T	wave,	prolongation	of	
QRS	and	QT	duration,	supraventricular	and	ventricular	arrhythmias,	
left-	axis	deviation,	left	atrial	abnormalities,	and	false-	positive	criteria	
for	inferior	myocardial	infarction	(Cuspidi	et	al.,	2013;	Fraley	et	al.,	
2005;	Poirier	et	al.,	2006).	Poor	sensitivity	and	variability	of	the	out-
comes depending on the level of fat tissue cause imperfection of 
that	method	(Hancock	et	al.,	2009;	Williams	et	al.,	2018).	In	view	of	
the	aspects	mentioned	above,	echocardiography	and	MRI	become	
"gold	 standard"	 in	 LVH	 diagnosis	 (Aro	 &	 Chugh,	 2016;	 Devereux	
et	al.,	1997;	Hancock	et	al.,	2009;	Levy	et	al.,	1990).

Framingham	 Heart	 Study	 presented	 outcomes	 that	 ECG	 ev-
idence	of	 LVH	 is	 associated	with	 three-		 to	 fourfold	 increased	 risk	
of	cardiovascular	and	all-	cause	mortality	(Kannel	et	al.,	1969,	1970).	
LVH in normotensive and hypertensive obese individuals occurs in 
echocardiography	in	20%–	85%	(Cuspidi	et	al.,	2014).	LVH	is	caused	
by an extensive left ventricular mass. However, the cardiac electrical 
voltage is not dependent on the mass of the myocardium. As the 
study suggests, it relies on the heart's active and passive attributes 
and the torsum. These factors are modified by the fetch between 
left ventricular and electrode, which are influenced by the location 
of the electrode lung movements, abnormalities, and myocardium 
fibrosis	(Peguero	et	al.,	2017).

Over the past few decades, due to the negative dietary and phys-
ical activity pattern, obesity prevalence has increased worldwide to 

F I G U R E  1 Forest	plot	of	potency	of	
ECG	LVH	criteria	[Color	figure	can	be	
viewed at wileyonlinelibrary.com]
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a	pandemic	dimension	 (Blüher,	2019;	Chooi	et	al.,	2019;	Swinburn	
et	al.,	2019).	Obesity	is	a	major	risk	factor	for	three	of	four	main	non-	
communicable	diseases:	cardiovascular	diseases,	DM2,	and	certain	
cancers	 responsible	 for	 greater	 than	 70%	of	 early	 deaths	 (Blüher,	
2019;	Swinburn	et	al.,	2019).	Obesity	could	lead	to	diminished	qual-
ity of life, depression, dementia, social problems, and unemployment 
(Blüher,	2019;	Chooi	et	al.,	2019).	Through	various	mechanisms	(in-
creased total blood volume, increased cardiac output, and metabolic 
and inflammatory alterations), epicardial and intramural fat accu-
mulation leads to LV enlargement and LVH, or either of them, and 
consequently to systolic and diastolic heart failure. The prevention 
and treatment of obesity strongly protect from incident heart fail-
ure	(Cuspidi	et	al.,	2014;	Poirier	et	al.,	2006).	Cuspidi	et	al.	(2014)	in	
meta-	analysis	revealed	that	LVH	prevalence	is	superior	in	the	obese	
group	than	in	non-	obese.

According	 to	 Muiesan	 et	 al.	 (2017),	 the	 BMI-	adjusted	 preva-
lence	 of	 ECG-	LVH	 could	 refine	 cardiovascular	 risk	 stratification	
independently	of	accompanying	factors	such	as	age,	sex,	smoking,	
hypertension, hypercholesterolemia, diabetes, income, education, 

and	physical	activity.	Many	studies	submitted	that	waist-	hip	ratio	or	
waist circumference, as indicators of central adiposity phenotypes, 
more	precisely	correlated	with	CVD	than	BMI	 (Canoy	et	al.,	2013;	
O’Donnell	et	al.,	2016;	Yusuf	et	al.,	2005).	The	supremacy	of	VFATL	
(measured	 using	 the	 electrical	 impedance)	 over	 BMI	 in	 detecting	
CVD was revealed in two Japanese studies (in these studies, LVH 
was	 not	 present)	 (Kobayashi	 et	 al.,	 2006;	 Yamashita	 et	 al.,	 2012).	
Feng	et	al	 revealed	that	VFATL	might	be	superior	 to	BMI	or	waist	
circumference	 in	predicting	LVH	 in	 the	population	aged	≥65	years	
(Feng	et	al.,	2018).

Comparison with the previous literature reveals that adjust-
ing to body fat measurement improves detecting LVH in ECG. Our 
study	also	confirms	these	outcomes.	Improved	Sokolow–	Lyon	volt-
age,	 Sokolow–	Lyon	 product,	 Cornell	 voltage,	 and	 Cornell	 product	
adjusted	 to	BMI	or	BMI	with	QRS	T	 angle	 are	more	 significant	 in	
detecting	LVH	than	conventional	indexes.	Sensitivity	at	90%	speci-
ficity	indexes	was	16%–	25%	before	correction,	32%–	38%	after	BMI	
correction,	 and	 41%–	44%	 after	 BMI	 and	 QRS	 T	 angle	 correction	
(Elffers et al., 2019). In the hypertension population, a combination 

TA B L E  3 Performance	of	univariate	logistic	regression	models	for	conventional	ECG	criteria	for	LVH	and	multivariate	logistic	regression	
performance	for	conventional	ECG	criteria	for	LVH,	with	BMI	and	VFATL	in	a)	all	patients,	b)	men,	and	c)	women

a) AUC R2
Sensitivity at 90% 
specificity, % OR of ECG criteria

Sokolow–	Lyon	voltage 0.571 20 2.87	(95%	CI	=	1.87–	4.40)

Sokolow–	Lyon	voltage	and	VFATL 0.738 0.17 34 3.98	(95%	CI	=	2.48–	6.39)

Sokolow–	Lyon	product 0.619 21 5.26	(95%	CI	=	3.19–	8.66)

Sokolow–	Lyon	product	and	VFATL 0.743 0.19 37 7.27	(95%	CI	=	4.18–	12.65)

Cornell voltage 0.672 21 2.76	(95%	CI	=	1.75–	4.34)

Cornell	voltage	and	VFATL 0.735 0.16 31 3.31	(95%	CI	=	2.03–	5.38)

Cornell product 0.696 24 2.96	(95%	CI	=	2.15–	4.10)

Cornell	product	and	VFATL 0.748 0.18 33 2.86	(95%	CI	=	2.02–	4.03)

b)

Sokolow–	Lyon	voltage 0.527 19 2.14	(95%	CI	=	1.33–	3.44)

Sokolow–	Lyon	voltage	and	VFATL 0.702 0.14 32 3.45	(95%	CI	=	2.04–	5.82)

Sokolow–	Lyon	product 0.561 21 3.85	(95%	CI	=	2.25–	6.57)

Sokolow–	Lyon	product	and	VFATL 0.714 0.17 31 6.27	(95%	CI	=	3.46–	11.36)

Cornell voltage 0.625 17 2.21	(95%	CI	=	1.29–	3.77)

Cornell	voltage	and	VFATL 0.691 0.13 27 2.83	(95%	CI	=	1.61–	4.97)

Cornell product 0.636 19 2.04	(95%	CI	=	1.39–	2.98)

Cornell	product	and	VFATL 0.699 0.13 26 2.23	(95%	CI	=	1.49–	3.32)

c)

Sokolow–	Lyon	voltage 0.560 17 2.39	(95%	CI	=	0.75–	7.57)

Sokolow–	Lyon	voltage,	VFATL	and	BMI 0.723 0.13 33 3.47	(95%	CI	=	0.95–	12.62)

Sokolow–	Lyon	product 0.614 21 3.55	(95%	CI	=	0.64–	19.66)

Sokolow–	Lyon	product,	VFATL	and	BMI 0.717 0.13 31 7.58	(95%	CI	=	1.23–	46.80)

Cornell voltage 0.712 30 2.86	(95%	CI	=	1.17–	7.05)

Cornell	voltage,	VFATL	and	BMI 0.723 0.13 33 3.76	(95%	CI	=	1.43–	9.92)

Cornell product 0.735 34 4.19	(95%	CI	=	2.23–	7.89)

Cornell	product,	VFATL	and	BMI 0.738 0.16 40 4.50	(95%	CI	=	2.27–	8.91)
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of	Cornell	voltage	with	BMI	improved	LVH	detection	(Angeli	et	al.,	
2014).

Sokolow–	Lyon	 voltage	 and	 Sokolow–	Lyon	 product	 more	
than Cornell voltage and Cornell products depend on precordial 
leads; therefore, after adjusting, the more significant transition in 

sensitivity	at	90%	specificity	 is	observed	 in	Sokolow–	Lyon	voltage	
and	Sokolow–	Lyon	product,	respectively,	14,	16,	10,	and	9	percent-
age points. Elffers et al. (2019) created a similar hypothesis. Their 
outcomes also correspond to the findings in this study. However, 
ECG advocacy's convenience is in further improvement due to 

F I G U R E  2 Receiver	operating	characteristics	(ROC)	curves	of	electrocardiographic	criteria	with	and	without	VFATL	correction	for	
detection	of	LVH.	(a)	Cornell	voltage	and	VFATL-	corrected	Cornell	voltage	(b)	Sokolow–	Lyon	voltage	and	VFATL-	corrected	Sokolow–	Lyon	
voltage	(c)	Cornell	duration	product	and	VFATL-	corrected	Cornell	duration	product	(d)	Sokolow–	Lyon	duration	product	and	VFATL-	corrected	
Sokolow–	Lyon	duration	product	[Color	figure	can	be	viewed	at	wileyonlinelibrary.com]
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clinical	practice,	epidemiological	studies,	and	clinical	trials	(Hancock	
et	al.,	2009).	It	 is	essential	to	adjust	noted	patient-	dependent	vari-
ables (age, gender, race, body habitus, and temporal separation 
between	2	tests),	when	such	criteria	have	been	ascertained	(Aro	&	
Chugh,	2016;	Hancock	et	al.,	2009).

As	 in	 our	 study,	 EBM	 constantly	 endeavors	 to	 improve	 ECG	
indexes’	 accuracy	 in	 detecting	 LVH,	 including	obese	patients.	 The	
main finding of the presented report is as follows:

1.	 The	most	 potent	 index	 for	 the	 prevalence	 of	 LVH	 is	 Sokolow–	
Lyon	 duration	 product	 (OR	 =	 5,255;	 95%	 CI	 =	 3,190–	8,659),

2. All examined indexes sensitivity at 90% specificity is improved 
after	 VFATL	 correction	 compared	 to	 BMI	 correction	 or	 unad-
justed criteria.

3.	 AUC	of	VFATL-	adjusted	criteria,	compared	to	BMI	correction,	in	
detecting LVH is significantly higher.

4.	 Multivariate	logistic	regression,	for	conventional	ECG	criteria	for	
LVH,	with	BMI	and	VFATL,	expressed	higher	OR	of	the	ECG	cri-
teria	than	OR	of	the	ECG	criteria	without	BMI	and	VFATL	(except	
Cornell duration product, which revealed similar OR).

5. All results were observed also when group was divided according 
to sex.

Inseparable	issue	is	normalization	of	body	weight	among	LVH	pa-
tients	which	must	be	concerned	and	analyzed.	Studies	have	shown	
changes in ECG examination after restoring correct body weight 
composition. After substantial weight loss, alterations in ECG char-
acteristic	 to	severely	obese	patients	 (the	 leftward	shift	 in	P-	wave,	
QRS,	and	T-	wave	axes)	retreat	and	make	ECG	report	more	compa-
rable	 to	 lean	 individuals.	Crucial	 is	 the	 restoration	of	 correct	QRS	
voltage due to reduction of amount chest wall fat. Also, Alpert et al. 
(2001)	underline	the	importance	of	normalization	of	body	weight	on	
detecting LVH mainly because of underdiagnosing that pathology 
attributable	to	greater	frequency	of	low	QRS	voltage	(Alpert	et	al.,	
2001; Eisenstein et al., 1982).

In	healthy	 adults	with	 correct	BMI	 (18.5–	25.0	kg/m2), discrete 
ECG alterations (similar to obesity although significantly less in-
tense) are observed. These were related to altered atrial conduction, 
the	 leftward	 shift	 of	 the	heart	 axis,	 and	decreased	Sokolow–	Lyon	

voltage (Hassing et al., 2019). Even slight changes impact on detec-
tion	pathologies	of	heart	muscle	 like	LVH.	Our	study	showed	that	
independently	in	a	regular	BMI	group	adjusting	to	BMI	or	VFATL	also	
improved LVH detection more sufficiently.

Several	limitations	require	clarification.	The	study	was	performed	
in	a	population-	based	cohort	study	of	middle-	aged	Caucasian	indi-
viduals (55.26 ± 15.05 years old). These outcomes should not be ex-
trapolated	to	different	ethnic	races,	such	as	Asian	background	and	
pediatric patients, in the absence of deliberation. Our group was 
recruited mainly in hypertensive individuals; namely, 89.02% of the 
patients	diagnosed	with	arterial	hypertension.	Only	4	LVH	indexes	
were	analyzed	in	our	study.	It	is	not	possible	to	predict	the	correla-
tion	of	other	indexes.	Presumably,	indexes	based	on	precordial	leads	
are more adequate.

However, the study has multiple strengths. The whole group was 
tested	 with	 the	 gold-	standard	 transthoracic	 two-	dimensional	 M-	
mode	ECHO	to	control	the	accuracy	of	our	findings.	Sequentially,	we	
assessed	both	BMI	and	VFATL	and	compared	them	in	the	efficiency	
of detecting LVH. This study was performed on either normotensive 
and hypertensive population and correct and disturbed bodyweight 
composition.

5  |  CONCLUSIONS

Bodyweight	 composition	 significantly	 impacts	 on	 efficacy	 of	 ECG	
outcomes.	Adjusting	indexes	to	BMI	or	VFATL	improves	the	sensi-
tivity	of	LVH	detection	both	 in	women	and	men.	VFATL-	corrected	
indexes	 are	more	 sufficiently	 than	BMI-	corrected.	After	 advance-
ments	 in	 indexes,	 both	 lean	 and	 morbidly	 obese	 individuals’	 out-
comes show a greater prevalence of correct LVH diagnosis. Increased 
body	weight	 is	an	 independent	factor	of	LVH,	and	VFATL	elevates	
the	risk	of	occurrence	of	LVH	more	than	BMI.
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