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ABSTRACT

Background: Current guidelines recommend indexing left atrial volume (LAV) by body surface area
(BSA). However, in overweight and obese individuals this may result in the underestimation of left atrial
enlargement (LAE). The aim of our study was to assess whether alternative LAV indexing to height and/
or height-squared better identifies individuals with LAE among those who are overweight and/or obese.

Methods: LAV was indexed to BSA (LAVI), height (LAVh), and height-squared (LAVh2) in 127 indi-
viduals with a mean age of 45.7 years and a mean body mass index (BMI) of 34.9 kg/m2 who underwent
outpatient echocardiography at the University clinic of cardiology in Skopje.

Results: LAVI, LAVh, and LAVh2 showed a progressive increase of respective values with the extent of
BMI showing the most enlarged LA size in individuals with Class III obesity. There was a progressive
significant increase in the prevalence of LAEh and LAEh2 in obese groups with the highest prevalence
among those with class III obesity (p=0.002, p=0.002, respectively), on the contrary of LAEBSA where
we could not find any significance in its distribution among obese classes. The greatest degree of reclassi-
fication occurred when indexing for height-squared, having relatively less reclassification when indexing
for height (p=0.0001). The degree of reclassification varied depending on BMI with the greatest impact
among the Class III obese patients, where as many as 76.5% and 88.2% of individuals were reclassified
according to height or height-squared, respectively.

Conclusions: The use of height, and especially height-squared, in comparison to BSA-based indexing
methods are more successful in identifying the LAE prevalence in each class of obesity. Using allometric
indexation leads to the significant reclassification of LA size from normal to dilated, especially in women
and those with severe obesity, thereby providing an opportunity to identify more individuals at increased
risk of adverse events.

Keywords: left atrial enlargement, alternative method of indexing, obesity

INTRODUCTION

Left atrial enlargement (LAE) is usually a  echocardiography is the most widely used method

consequence of pressure and/or volume overload
of atrial, ventricular, or valvular origin as well
as in body size [1-3]. Thus, LAE is commonly
found in obese individuals [4—6]. Transthoracic

available to identify LAE, done by measuring left
atrial volume (LAV) as the preferred method over
left atrial diameter, according to the current guide-
lines of professional societies [7, 8]. Furthermore,



98

Cvetanka Volkanovska Ilijevska et al.

their recommendation states that assessment of
LAYV should be done via indexing it to BSA as it
performs better than the left atrial (LA) dimension
in predicting adverse cardiovascular events [9].
However, in overweight and obese individuals,
indexing LAV for BSA may underestimate the
presence and degree of LAE [8, 10, 11] which is
why recent hypertension guidelines [12] and data
of various studies have suggested height-based
indexing of LAV [5, 10-13].

Considering the current levels of obesity in
the world and the potential of LAE for adverse
cardiovascular (CV) outcomes, we investigated
the frequency of LAE using various methods of
indexing across the range of BMI categories

METHODS

Study population

127 otherwise healthy individuals (45.7 £
10.2y; 61.4% women) witha BMI 0f34.90 +£4.94
kg/m2 underwent outpatient echocardiography
at the University Clinic of Cardiology in Skopje.
Demographic data, risk factors, and clinical condi-
tions were obtained through detailed history-tak-
ing and physical examination. Patients with poor
sonographic signal, acute medical illness, ejec-
tion fraction < 50%, a history of coronary artery
disease, acquired valve and/or congenital heart
disease with rhythm and/or conduction abnormal-
ities were excluded from the study. Using BMI,
individuals were defined as overweight (BMI>25
and <30 kg/m2), obese in class I (BMI >30 and
<35 kg/m2), class II (BMI >35 and <40 kg/m2)
and class III severely obese (BMI >40 kg/m?2).
Written informed consent was obtained from all
study participants and the Institutional Ethical and
Research Board approved the study.

Echocardiography

Transthoracic echocardiography using com-
mercially available echocardiographs (GE, Vivid
7) was performed by experienced operators fol-
lowing current guidelines [7] and a standardized
protocol. To reduce interobserver variability, all
tracings were analyzed by a single cardiologist.
The maximal value for LAV was estimated from
the left atrial (LA) area in 4-chamber and 2-cham-
ber views and from the shortest of the two LA
long axes measured in the apical 2- and 4-cham-
ber views by the area-length technique (ellipsoid

model). LAV was then indexed to BSA, height,
and height-squared. LAE was defined as follows:
1. > 34 ml/m2 LAV indexed to BSA (LAVI) ac-
cording to the current ASA/EACVI guidelines [5];
2. male >35.7 mL/m and female >33.7 mL/m LAV
indexed to height (LAVh) according to published
reference values [5, 11]; and 3. >18.5 ml/m2 in
males and >16.5 ml/m2 in females, LAV indexed
to height-squared (LAVh2) according to ESC/
ESH hypertension guidelines [12] and published
reference values [11]. Significant reclassification
was considered to have occurred in individuals
whose LAV was nondilated when indexed for BSA
and dilated when indexed for height, or height-
squared.

Statistical analysis

Categorical parameters were summarized as
percentages and continuous parameters as a mean
+ standard deviation. The difference between
groups was tested using Pearson’s Chi-square test
for categorical variables and Wilcoxon paired and
Mann-Whitney nonparametric tests or analysis of
variance (ANOVA) for continuous variables. We
performed a post hoc analysis for multiple com-
parisons using the Bonferroni test. Assessment of
correlation was done using Pearson’s correlation
analysis. All data analysis was performed using
SPSS version 25.0 (IBM SPSS, Inc., Chicago,
Ilinois, USA), and p < 0.05 was considered as
statistically significant.

RESULTS

Baseline characteristics

The baseline characteristics of the study
cohort are listed in Table 1. 61.4% of the cohort
was female and the average age was 45.7 years.
Individuals with obesity in Class II and Class III
were younger than those who were overweight
(p=0.023), thereby showing a significant negative
correlation with BMI (1=-0.244, p=0.006). The
mean BMI was 34.90 kg/m2. Out of all partic-
ipants 18(14.2%) were overweight, 51 (40.2%)
were obese in Class I, 41 (32.3%) were obese
in Class I and 17 (13.4%) in class III. The most
frequent mean duration of obesity was 5-10
years without any significant difference among
the groups. Baseline CV risk factors showed that
hypertension was present in 50%, dyslipidemia
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in 57.1%, and diabetes in 20.0% of individuals
without significant difference among the groups.

Baseline echocardiographic characteristics

Echocardiographic characteristics are pre-
sented in Table 1. The mean left ventricular (LV)
ejection fraction was 66.8 %. The mean LA dimen-
sion was 39.7 mm and LAV was 58.3 mL showing
a significant increase in size in Class II and/or
Class III obese individuals (p=0.008, p=0.003,
respectively). Multiple comparisons showed that
the LA dimension in individuals with Class II
and Class III obesity was significantly more in-
creased than in overweight ones while maximal
LAV was significantly increased in Class III obese
in comparison to overweight individuals. Indexing
LAV for BSA (LAVI), for height (LAVh), and for
height-squared (LAVh2) showed a progressive in-
crease of respective values with the extent of BMI,
showing the most enlarged LA size in individuals
with Class III obesity. However, there was a sig-
nificant difference among the groups of obesity
only for LAVh (p=0.002) and LAVh2 (p=0.002),
showing a significant difference between Class
II1 obesity vs. those who were overweight and/or
were classified with Class I obesity. Analysis of
correlations showed a significant positive associa-

tion of BMI with LA size (r=0.300, p=0.001), LAV
(r=0.299, p=0.001), LAVh (r=0.323, p=0.0001)
and LAVh2 (r=0.331, p=0.0001), but this associ-
ation was missing for LAVI.

The LAE prevalence among the obese class-
es according to the recommended definitions (5,
11, 12) is presented in Table 2. LAE in individ-
uals with indexed LAV for BSA (LAEBSA) was
observed in 20/15.7%, among those with LAV
indexed by height (LAEh) in 56/44.1%, and
among those with LAV indexed by height-squared
(LAEh2) in 89/70.1% individuals. There was a
progressive significant increase in the prevalence
of LAE in obese groups with the highest preva-
lence among those with class III obesity. On the
contrary, when we assessed LAEBSA using LAV
indexed to BSA, we could not find any signifi-
cance in its distribution among the obese classes.
Multiple comparisons showed that the prevalence
of LAEh in class III was significantly higher in
comparison to all other groups while the preva-
lence of LAEh2 was significantly higher in class
III in comparison to overweight. The differences
between LAV alternative indexing among each
group presented in Table 3 shows that indexing
LAV to BSA caused LAE prevalence and that
indexing for height and/or height-squared to be

Table 1. Baseline clinical characteristic and echocardiographic parameters.

Wholecohort | Overweighe | Classtobesity | Gl | oty | puatae
(n=41) (n=17)
Age at echo (y) 45.7+10.2 50.6 +10.3 47.0+10.3 42.8+9.6 43.1 8.6 0.023
Female (n/%) 78/61.4% 14/77.8 29/56.9 24/58.5 11/64.7 0.440
BMI (kg/m2) 34.90 +4.94 28.31+1.29 3229+ 1.41 37.36+1.98 43.77+£2.27 0.0001
Height (cm) 170.93 £0.10 167.50 + 0.81 171.18 £ 0.10 172.44 £ 0.09 170.18 £ 0.10 0.372
Weight (kg) 102.50 + 18.83 80.61 +8.00 94.78 + 11.00 111.49 £ 1422 | 127.12 +16.17 0.0001
BSA (m2) 2.13+£0.25 1.90£0.14 2.07+0.18 2.23+0.20 2.35+0.23 0.0001
Risk factors
Hypertension (%) 50.0 50.0 51.4 429 61.5 0.731
Dyslipidemia (%) 57.1 57.1 69.4 39.3 61.5 0.113
Diabetes (%) 20.0 30.8 18.2 19.2 154 0.755
Echocardiographic characteristics
LA dimension (mm) 39.7+44 36.7+4.3 39.7+3.6 40.6 +4.6 41.0+4.6 0.008
LAV (ml) 58.36 +16.59 48.85+12.89 56.50 + 12.88 60.85 +20.88 67.97+12.43 0.003
LAVI (ml/m2) 27.22 £6.58 25.53+5.46 27.30 £ 5.65 27.06 + 8.34 29.17 £5.36 0.443
LAVh (ml/m) 34.02 + 8.88 29.01 £6.75 32.97+ 6.86 35.08+ 11.05 3991 +6.94 0.002
LAVh2 (ml/m2) 19.90+ 5.02 17.26 +3.61 19.31+ 4.08 20.29 +6.03 23.51+4.28 0.002
LVEF (%) 66.8+7.5 68.8 +6.9 66.7+6.9 65.7+8.0 67.3+9.1 0.537

BMI = body mass index; BSA = body surface area; h=height; h2=height-squared; LA = left atrial; LAV=Ileft

atrial volume; LVEF=left ventricular ejection fraction




100

Cvetanka Volkanovska Ilijevska et al.

Table 2. Prevalence of LAE based on LAV alternative indexing.

Overweight Class I obesity Class IT obesity | Class III obesity P val
(n=18) (=51) (n=41) m=17) value
LAE, (n/%) 2/11.1 7/13.7 9/22.0 2/11.8 0.606
LAE, (n/%) 3/16.7 20/39.2 18/43.9 15/88.2 0.0001
Class III vs overweight (p=0.0001), class I (p=0.001) and class II (p=0.008)
LAEh, (n/%) 10/55.6 35/68.6 27/65.9 17/100 0.024
Class III vs overweight (p=0.024)

LAE=left atrial enlargement; LAE, , =left atrial enlargement od LAV indexed by BSA; LAE = left atrial
enlargement indexed by height, LAE, =left atrial enlargement indexed by height-squared; LAV=left atrial

volume.

Table 3. Differences between LAV alternative indexing among each group.

Overweight Class I obesity Class II obesity Class III obesity
(n=18) (n=51) (n=41) (m=17)
LAE, vs LAE, 0.331 0.0001 0.002 0.0001
LAE, vs LAE, 0.002 0.0001 0.0001 0.0001
LAE, vs LAE 0.004 0.0001 0.002 0.163

LAE=left atrial enlargement; LAE, , =left atrial enlargement od LAV indexed by BSA; LAE = left atrial
enlargement indexed by height, LAE _=left atrial enlargement indexed by height-squared; LAV=left atrial

volume.

Table 4. Reclassification of LA size based on alternative indexing.

% Reclassified Height Height-squared p value
whole cohort (/%) 38/29.9 67/52.8 0.0001
men 17/34.7 21/42.9 0.356
women 21/26.9 46/59.0 0.078
Overweight (/%) 2/11.1 7/38.9 0.020
Class I (n/%) 13/25.5 27/52.9 0.0001
Class II (n/%) 10/24.4 18/43.9 0.003
Class III (n/%) 13/76.5 15/88.2 0.163
0.009*
0.0001*
p value Class 11 vs all others Class III vs Class I&
overweight
*significance depending on BMI; LA=left atria.
underestimated and it seemed thus to be more DISCUSSION

effective for this purpose. Indexing for height and
height-squared led to a significant reclassification
of LA size from normal to dilated especially in
women. Rates of reclassification from normal to
dilated by each indexing method are presented in
Table 4. The greatest degree of reclassification
occurred with indexing for height-squared with
relatively less reclassification with indexing for
height (p=0.0001). The degree of reclassification
varied depending on BMI with the greatest impact
in the Class III obese, where as many as 76.5% and
88.2% of individuals were reclassified according
to height or height-squared, respectively.

The results of our study have demonstrat-
ed that the use of height, and especially height-
squared, in comparison to BSA-based indexing
methods are more valid means to identify the
LAE prevalence in each class of overweight
and/or obesity. Indexing for height and height-
squared led to the significant reclassification of
LA size from normal to dilated. However, analy-
sis of our cohort showed that the greatest degree
of reclassification occurred with indexing for
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height-squared which suggests that BSA-based
indexing for LA dilation is a poor discriminator
in the obese and, therefore, diagnosing LA di-
lation using BSA-based indexing is suboptimal,
eventually leading to misidentification of individ-
uals at increased risk. Having in mind that LAE
has a potentially important clinical significance
concerning its ability to predict mortality and
CV events [9, 11, 14] along with the increased
prevalence of obesity around the world, it has
become of considerable importance to use the
correct method in indexing the LA size.

The use of alternative methods of indexing
LA size in obese individuals has been a subject
of several published studies [5, 10-16] that have
shown that when LA size was indexed based on
methods that were not weight dependent, a higher
prevalence of LAE was noted. Yao et al. [15]
examined 266 overweight and obese individuals
(divided into 3 classes) along with 46 controls
with normal BMI for different indexing methods
of LA dimension (LAD) and showed that LAD
was overcorrected by body weight, BMI, and/
or BSA, but indexing LAD to height showed a
significant and graded increase across the groups
of increased BMI; thus, authors concluded that
it should be the preferred method in indexing
LAD among the obese. Stritzke et al. [5] evalu-
ated the association of obesity and hypertension
with LAE in 1212 individuals and its prognosis
over 10 years. They assessed LA size indexed to
height and found that the prevalence of LAE was
significantly lower when it was assessed using
the indexing LA size to BSA, especially in obese
individuals, leading to the conclusion that the
indexing of LA volume by body height enhanced
the ability to detect LAE related to obesity. Airale
etal. (16) tested the difference in LAE prevalence
in 441 essential hypertensive patients by using
two different diagnostic criteria: LA indexed to
BSA (LAEBSA) and indexed to height-squared
(LAEh2). In line with our study, they found that
the prevalence of LAE was twice as high when
using LAEh2 indexation rather than BSA (50.6%
vs. 23.4%, p <0.001). They also found that LAE
was significantly more prevalent in female pa-
tients than in male when using height-squared.
Yejaprakash et al. [13] performed a structured
search of medical databases and identified 13
relevant articles discussing alternative methods
of LA indexation in echocardiography, of which
nine reported allometric indices. Compared with
isometric indexation to BSA, allometric index-
ation (specifically to height) improves the scal-

ing of LA volumes to avoid overcorrection for
body size. The European Society of Cardiology
(ESC) guidelines on the management of arterial
hypertension in adults [ 12] recommend using LA
volume indexed to height-squared to define nor-
mal LA size with sex difference (<18.5 mL/m2
for men; <16.5 mL/m2 for women). Furthermore,
Badano et al. [17] emphasized in their editorial
that in order to make a better difference between
normal and abnormal results, the use of allome-
tric equations that take into account body metrics
(but no BSA), age, and sex would be more wise
approach in the assessment of LAV especially
when the possible CV events are into account.

LIMITATION OF THE STUDY

Although according to ASE [7], the volu-
metric method in the assessment of LAV is rec-
ommended, we have used an alternative and an
acceptable area-length method which is standard
procedure at our institution. Considering that our
primary goal was to compare different methods
of indexing and the same method of assessing
LAV was used for all indexing techniques, we
think the comparison between indexing methods
is valid.

The limited number of participants in our
study emerges as a constraint, as this study was
conducted under limited Covid-induced circum-
stances.

CONCLUSION

Indexing LAV to BSA substantially under-
estimates the prevalence of LAE in individuals
with overweight and obesity which is why in-
dexation to height and for height-squared is pre-
ferred. Using allometric indexation leads to the
significant reclassification of LA size, especially
in women and those in Class III obesity which pro-
vides an opportunity to identify more individuals
at increased risk of adverse events.
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Pe3ume

®PEKBEHIIMJA HA 3I'OJIEMYBAIE HA JIEBATA IIPETKOMOPA
CHHOPEJ PA3JIMYHU HAYMHU HA UTHAEKCHUPAILE KAJ UHANBUAYU
CO INTIPEKYMEPHA TEJECHA TEXXUHA U JEBEJIWUHA

LiBeTanka BonkanoBcka MimjeBcka', BasenTuna Annosa’, Jbyonua I'eopruescka Uemana®

! VHuBep3uTeTCKa KIIMHUKA 32 HJOKPUHOJIOTH]a, AUjabeTec u MeTaboIMYKH HapyIlyBamba, MenIIMHCKH
¢axynret, Crorje, PC Makenonuja

2 VHHUBep3UTETCKa KIMHKKA 3a Kapauonoruja, Meauiacku dakynret, Cromnje, PC Makenonuja

BoBen: AxktyenHuTte BOAMYM MpenopadyBaaT MHIEKCUPAbE HAa BOIYMEHOT Ha JieBaTa MPeTKoMopa
(JIIIB) co moBpmmuaTa Ha Tenoto (body surface area-BSA). Ho, 0Boj BuI MHIEKCHpambe MOXKE Jia IO
notienu jgesonperkomopHoTo (JIIT) 3ronemyBame Kaj HHAMBHIYUTE CO IPEKyMEpHa TEXKHWHA U Ae0eIIHHA.
Ilenra Ha Hamara ctyauja Oere 1a MpoleHUME Jajiu aTepHaTiBHOTO JITI-uHIeKCHpame co BUCHHATA UM
KBaJpaToT Ha BUCHHA TI0100po ro uneHtudukysa JII1-3ronemMmyBameTo Kaj HHANBUAYUTE CO IPEKyMepHa
TeJecHa Te)XKUHA U nedelnHa.

Metonu: Borymenot Ha JIIT 6eme nnaexcupan co BSA (LAVI), co Bucunara (LAVh) u kBagparot
Ha BucuHara (LAVh2) kaj 127 auna co mpoceuna Bo3pacT oa 45,7 TOAMHYU U TPOCEUCH MHJCKC Ha TelecHa
maca (BMI) on 34,9 kg/m?, kou 6ea aMOyIaHTCKH eXOKapAHOrpad)cKu eBaTynpaHd Ha YHHBEP3UTETCKaTa
KIIMHHKA 32 Kapaunoordja Bo Ckorje.

Pesyaratu: Bpenoctute Ha LAVI, LAVh u LAVh2 nokakaa nporpecuBHO 3rojieMyBambe MoBp3a-
HO co creneHOT Ha BMI. IIputoa, Hajromemo 3ronemyBame Ha JIII nmarie kaj maanBuynte ox kiaca [11
nedenHa.

Kaj rpymuTe co nebGenvua nMaiie 3Ha4ajHO MPOTPECUBHO 3rojieMyBame Ha npeBasieHiara Ha LAEh
u LAEh2, co HajBucoka mpesanenna Bo kiaca Il gebemnna (p = 0,002, p = 0,002, coonBeTHO), mTO €
cupotuBHO o1 LAVI, 3a k0] HEe MOXKeBMe Ja HajaeMe HUKAaKBO 3HAYCH-€¢ BO HETOBaTa JUCTPUOYIHja BO
KJIacuTe JedennHa.

Hajronewm cremnen pexnacudukaiija ce CIIydu co HHISKCHPAHETO 32 BUCHHA-KBAIPAT, & PEJIATHBHO
roMasa pekiacrudurKaliija umaiie co nHaekcupameTo 3a BucuHata (p = 0,0001). Crenenot Ha pexnacugu-
Kallija Bapupaiie Bo 3aBUCHOCT o1 bMMU co Hajromemo Biujanne kaj kinaca Il neGenmna, kaae mrto 1ypu
76,5 % u 88,2 % ox nHAMBUAYHUTE Oea peKIacuPpUITNpaHn CTIOpE ] BUCHHATA FITA KBaPaTOT HA BUCHHATA,
COOJIBETHO.

3akay4yok: Crnopenoerno co BSA, BucuHara u, 0coOEHO, KBaJApaToT HA BUCHHATA CE MOBAJIUIHU
Metoau Ha uHIekcanuja Ha JIIT 3a uneHTHduKanMja Ha MpeBajeHIara Ha 3rojeMyBameto Ha JIIT kaj
WHJMBHIYUTE CO icOennHa. AJIoMeTpUCcKaTa MHICKCallMja OBO3MOXKYBa 3HauajHa peKjacu(uKaimja Ha
roniemuHara Ha JII1, ox HOpMmaliHa BO MPOIIKMPEHa, 0COOCHO Kaj )KEHUTE M Kaj U3pa3eHara jeOeiuHa, U
npecTaByBa MOXKHOCT JIa C€ HICHTH()UKYBaAaT MOBEKE JIUIIA CO 3rOJEMEH PU3HUK O] HECAaKaH!U CITyuyBarba.

Kay4unu 360poBH: JTEBONMPETKOMOPHO 3rOJEMYyBamE, ATTEPHATUBEH METOM HA HHCKCUPALE, JIC-
OennHa



