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Objective: To determine the effect on mortality of the left atrial 
volume index (LAVI) and left ventricular (LV) geometry (normal, 
concentric remodeling, eccentric hypertrophy, and concentric 
hypertrophy).

PATIENTS AND Methods: From January 1, 2004, through Decem-
ber 31, 2006, we evaluated 36,561 patients with preserved ejec-
tion fraction with an average follow-up of 1.7±1.0 years. The LAVI 
was categorized as normal (≤28 mL/m2) or increased (mild, 29-33 
mL/m2; moderate, 34-39 mL/m2; severe, ≥40 mL/m2). 

Results: Progressive increases in LAVI and mortality were noted 
with abnormal LV geometry. Similarly, abnormal LV geometry and 
mortality were significantly higher in patients with increased LAVI. 
In patients who died vs surviving patients, the LAVI ± SD was 
significantly higher (33.0±14.8 vs 28.1±10.8 mL/m2; P<.001) 
and abnormal LV geometry was significantly more prevalent (62% 
vs 44%; p<.001). Compared with those with a normal LAVI, pa-
tients with a severe LAVI had a 42% increased risk of mortality. 
In patients with normal LV geometry or concentric remodeling, a 
severe LAVI was a significant independent predictor of mortality, 
with an increased risk of 28% and 46%, respectively. Similarly, in 
patients with eccentric hypertrophy and concentric hypertrophy, 
the mortality risk in patients with a severe LAVI was twice that 
of patients with a normal LAVI. Comparison of area under the 
curve (0.565 [without LAVI] vs 0.596 [with LAVI]; p<.001] and 
predictive models with and without LAVI for mortality prediction 
were significant, indicating increased mortality prediction by the 
addition of LAVI to other independent predictors.  

Conclusion: The LAVI significantly predicts mortality risk, inde-
pendent of LV geometry, and adds to the overall mortality predic-
tion in a large cohort of patients with preserved systolic function.

Mayo Clin Proc. 2011;86(8):730-737

AUC = area under the curve; BMI = body mass index; BP = blood pres-
sure; CH = concentric hypertrophy; CI = confidence interval; CR = con-
centric remodeling; CV = cardiovascular; EH = eccentric hypertrophy; 
HR = hazard ratio; LA = left atrial; LAE = LA enlargement; LAVI = LA 
volume index; LV = left ventricular; LVEF = LV ejection fraction; LVH = LV 
hypertrophy; LVMI = LV mass index; RWT = relative wall thickness
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Left ventricular (LV) geometry, as an expression of the 
structural adaptation to an increased cardiovascular 

(CV) risk factor burden, is a well-known predictor of CV 
morbidity and mortality.1-5 These structural changes in the 
left ventricle also lead to functional impairment, notably 
impaired LV filling, thereby facilitating the develop-
ment of diastolic dysfunction6 and ultimately leading to 
left atrial (LA) enlargement (LAE).7 The left atrium is 
directly exposed to LV pressure during diastole through 
the open mitral valve, and therefore any morphologic 
changes in the left atrium are largely determined by the 
same factors that influence diastolic LV filling.8 Recent 

studies have shown that LA volume increases with the se-
verity of diastolic dysfunction and may express long-term 
exposure to abnormal LV filling pressures, providing a 
more sensitive and stable morphophysiologic expression 
of LV diastolic dysfunction.9

	 Current evidence strongly suggests that LA size, as as-
sessed by echocardiography, is strongly associated with 
mortality.7,10-12 However, it is still unknown whether LAE 
predicts mortality independent of LV geometry and also 
whether it provides additional prognostic information to 
that of other predictors of mortality in a large cohort of 
patients with preserved systolic function.
	 To address this gap in the literature, we conducted a study 
of a large clinical cohort of 36,561 patients with preserved 
LV ejection fraction (LVEF) to determine how the LA vol-
ume index (LAVI) affected all-cause mortality and whether 
LAVI predicted mortality independent of LV geometry.

PATIENTS AND Methods

We obtained clinical and echocardiographic data from 
a clinical echocardiographic report database (CVIS) 
of 86,147 studies that were recorded at Ochsner Clinic 
Foundation (New Orleans, LA) between January 1, 2004, 
and December 31, 2006. After excluding patients with 
missing clinical information (body mass index [BMI], 
n=10,682 [12.4%]; systolic blood pressure [BP], n=25,068 
[29.1%]; diastolic BP, n=25,068 [29.1%]; heart rate, 
n=25,241 [29.3%]) or echocardiographic findings (LV 
mass, n= 20,158 [23.4%]; relative wall thickness [RWT], 
n=20,072 [23.3%]; LAVI, n=36,855 [42.8%]), a subgroup 
of 36,561 patients (42.4%) was selected for the study who 
had preserved systolic function (defined as LVEF ≥50% 
and absence of moderate or severe valvular heart disease). 
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Survival status was obtained from the National Death In-
dex for the entire cohort during a mean ± SD follow-up of 
1.7±1.0 years. The end point was death due to all causes. 
This study was approved by the Institutional Review Board 
of the Ochsner Clinic Foundation.

General Examination

Height and weight were measured to calculate BMI (calcu-
lated as the weight in kilograms divided by height in meters 
squared). Single systolic and diastolic BP measurements as 
well as heart rate were obtained before echocardiographic 
examination. No other clinical information was available 
for the study.

Echocardiographic Methods

M-mode and 2-dimensional images were obtained with 
commercially available instruments that operated at 2.0 
to 3.5 MHz. Two-dimensional imaging was performed in 
the standard fashion in parasternal long- and short-axis 
views and apical 4- and 2-chamber views. The LV dimen-
sions and wall thickness were measured according to the 
guidelines of the American Society of Echocardiography.13 
Intraobserver variability in our laboratory for quantitation 
of LV dimensions was less than 10%. End-diastolic LV di-
mensions (ie, interventricular septal dimension, LV internal 
dimension, and posterior wall thickness) were used to cal-
culate LV mass by an anatomically validated formula, with 
good reproducibility.14 Left ventricular hypertrophy (LVH) 
was considered present when the LV mass index (LVMI) 
was greater than 116 g/m2 for men and greater than 96 g/m2 
for women, as previously described.13 Relative wall thick-
ness was calculated as twice the posterior wall thickness 
in diastole divided by the LV internal diameter. Increased 
RWT was present when this ratio was greater than 0.42.14 
Normal geometry was present when the LVMI and RWT 
were normal. Increased RWT and normal LVMI were 
classified as concentric remodeling (CR); increased LVMI 
but normal RWT as eccentric LVH (eccentric hypertrophy 
[EH]); and increases in the 2 variables as concentric LVH 
(concentric hypertrophy [CH]).15

Left Atrial Volume Assessment

Left atrial volume was measured using the modified bi-
plane area-length method and was corrected for body sur-
face area.16,17 The LAVI was categorized as either normal 
(≤28 mL/m2) or increased (mild, 29-33 mL/m2; moderate, 
34-39 mL/m2; severe, ≥40 mL/m2).13

Statistical Analyses

All statistical analyses were performed with SAS statisti-
cal software, version 9.1 (SAS Institute, Cary, NC). Two-
tailed P<.05 was considered statistically significant. Clini-

cal, echocardiographic, and mortality data were compared 
between groups with differing LV geometry, between pa-
tients who died and surviving patients, and between groups 
with differing LAVI categories. Mortality prevalence was 
compared by LAVI groups in the 4 LV geometric patterns 
and in the total cohort. Continuous variables are reported 
as mean ± SD, and the comparison was performed using 
the t test. Categorical variables are reported as percent-
ages, and the comparison was performed using the χ2 
test. Mortality prevalence was compared among multiple 
groups using Cox proportional hazards regression models. 
Comparison among multiple groups and trend assessment 
were performed using analysis of variance and Mantel-
Haenszel statistics.
	 Univariate and multivariate associations of all-cause 
mortality with clinical (age, sex, BMI, systolic and dia-
stolic BP, heart rate) and echocardiographic (LVEF, LVMI, 
RWT, LAVI) variables were assessed using Cox propor-
tional hazards regression models in the total population. 
Independent predictability of mortality by LAVI was also 
assessed in different LV geometric groups using a Cox 
proportional hazards regression model that also included 
age, sex, BMI, systolic and diastolic BP, heart rate, and 
LVEF. Independent variables  included in the multivariate 
regression analysis were selected using a stepwise method. 
Hazard ratios (HRs) and their associated 95% confidence 
intervals (CIs) were reported. A Kaplan-Meier survival 
curve was constructed to assess the survival over time for 
patients in different LAVI categories; comparisons were 
made using the log rank test. The incremental value of 
LAVI was assessed in 2 modeling steps. The first step con-
sisted of fitting a multivariate model of age, BMI, systolic 
and diastolic BP, heart rate, LVEF, and LVMI. Then, LAVI 
was included in the model in a second step. The change 
in overall log likelihood ratio χ2 was used to assess the 
increase in predictive power after the addition of LAVI. 
For each of these 2 regression models, individual hazard 
functions were generated and compared using receiving 
operating characteristic curves, and areas under the curve 
(AUCs) were calculated and compared using z statistics, 
as described by DeLong et al.18 Detection of a significant 
difference between AUCs indicates a significant difference 
in predictive ability, with a larger area representing a better 
predictive model.

Results

Clinical and echocardiographic characteristics of patients 
grouped by LV geometric patterns are shown in Table 1. 
Abnormal LV geometry was identified in 16,416 patients 
(45%) in the study cohort. Concentric remodeling, the most 
frequently observed abnormal LV geometric pattern, was 
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identified in 10,730 patients (29%). Abnormal LV geom-
etry was associated with older age, a higher BMI, a higher 
LAVI, and a greater prevalence of mortality.
	 Patients were also divided into normal, mild, moderate, 
and severe LAVI groups, and their clinical and echocar-
diographic characteristics were compared as shown in 
Table 2. Abnormal LAVI was identified in 15,812 patients 
(43%). An increased prevalence of abnormal LV geometry 
was noted with increasing LAVI (39% [normal], 46% 
[mild], 53% [moderate], 64% [severe]). Importantly, with 
increasing LAVI, the prevalence of frank LVH significantly 
increased. Increasing LAVI was also associated with lower 
LVEF, older age, LV end-diastolic diameter, RWT, LVMI, 
and mortality.
	 During the mean follow-up ± SD period of 1.7±1.0 
years, 2502  patients (6.8%) died. As shown in Table 3, 
patients who died vs surviving patients had a significantly 
higher LAVI ± SD (33.0±14.8 vs 28.1±10.8; P<.001) 
and prevalence of abnormal LV geometry (62% vs 44%; 
P<.001). In patients who died, BMI, systolic and diastolic 
BP, and LVEF were lower, whereas age, heart rate, RWT, 
and LVMI were higher. Univariate predictors of all-cause 
mortality were identified (Table 3). In univariate analysis, 
all 3 patterns of abnormal LV geometry predicted mor-
tality, with mortality risk increasing with changes from 
CR to EH and then to CH (CR: HR, 1.66; EH: HR, 1.83; 

CH: HR, 2.63; all P<.001]. Similarly, all categories of 
abnormal LAVI were significant predictors of mortality in 
comparison with normal LAVI category and also demon-
strated an increasing mortality risk with a higher level of 
LAVI (mild: HR, 1.10; moderate: HR, 1.46; severe: HR, 
2.47; all P<.001). Other parameters, including older age, 
lower BMI, lower systolic and diastolic BP, higher heart 
rate, lower LVEF, higher RWT, and higher LVMI, also in-
dependently predicted mortality. Because the current study 
lacks the information regarding antihypertensive medica-
tion use, the results regarding the association between BP 
and mortality are essentially uninterpretable. In multivari-
ate analysis, the independent association of LAVI, both as 
a continuous and a categorical variable, was assessed in 
the total study cohort. As shown in Table 4, patients with 
a severe LAVI had a 42% increased mortality compared 
with patients with a normal LAVI. Similarly, with every 
milliliter per meter squared increase in LAVI, mortality 
risk independently increased by 0.9% (P<.001). Of note, 
this independent association between LAVI and mortality 
was significant even after adjusting for LVMI (HR, 1.006; 
95% CI, 1.004-1.007; P<.001) and RWT (HR, 4.39; 95% 
CI, 2.88-6.70]; P<.001). Kaplan-Meier survival analysis in 
the study cohort by LAVI categories showed a statistically 
significant gradation, with worse survival for those with a 
severely elevated LAVI (Figure 1).

TABLE 1.  Clinical and Echocardiographic Characteristics in the 4 LV Geometric Patterns in 36,561 Patients With Preserved Ejection Fractiona 

	 Normal	 Concentric	 Eccentric 	 Concentric	 P valueb

Characteristic 	 (N)	 remodeling (CR)	 hypertrophy (EH)	 hypertrophy (CH)		
		  (n=20,145)	 (n=10,730)	 (n=2655)	 (n=3031)	 N vs CR	 N vs EH	 N vs CH	 CR vs EH	 CR vs CH	 EH vs CH

Female	   51.8	   52.3	   63.8	   62.5	 .49	 <.001	 <.001	 <.001	 <.001	 .29
Age (y)	   57.6±15.1	   63.0±14.2	   63.1±14.6	   65.7±13.8	 <.001	 <.001	 <.001	 .17	 .004	 .001
Body mass 
	 index (kg/m2)	 29.0±6.6	 30.2±7.1	 31.2±8.0	 31.0±7.8	 <.001	 <.001	 <.001	 <.001	 .03	 .61
Systolic BP 
	 (mm Hg)	 134.9±18.9	 138.0±20.5	 141.5±22.4	 144.7±23.3	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Diastolic BP 
	 (mm Hg)	   74.8±12.0	   75.5±13.5	   75.7±13.6	   76.7±14.4	 .01	 .04	 <.001	 .98	 <.001	 .002
Heart rate 
	 (beats/min)	   71.3±13.3	   74.6±15.0	   69.8±14.1	   71.9±14.8	 <.001	 <.001	 .30	 <.001	 <.001	 <.001
Ejection 
	 fraction (%)	 60.7±4.2	 61.6±4.4	 58.8±5.0	 61.3±5.3	 <.001	 <.001	 <.001	 <.001	 .07	 <.001
LV end-diastolic 
	 diameter (mm)	   4.63±0.45	   4.09±0.45	   5.30±0.45	   4.69±0.47	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Posterior wall 
	 thickness (mm)	   0.83±0.10	   0.99±0.11	   0.97±0.10	   1.17±0.13	 <.001	 <.001	 <.001	 .18	 <.001	 <.001
Septal wall 
	 thickness (mm)	   0.85±0.12	   0.98±0.14	   1.01±0.13	   1.18±0.16	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Relative wall 
	 thickness (mm)	   0.36±0.04	   0.49±0.07	   0.37±0.04	   0.50±0.08	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
LV mass (g)	 146.2±42.0	 148.1±43.7	 234.5±55.4	 242.4±56.6	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
LV mass 
	 index (g/m2)	   74.4±16.6	   75.1±17.6	 118.8±18.9	 124.1±21.0	 <.001	 <.001	 <.001	 <.001	 <.001	 .001
LAVI (mL/m2)	 26.8±9.7	   28.0±11.3	   34.4±12.6	   35.7±14.9	 <.001	 <.001	 <.001	 <.001	 <.001	 .56
Mortalityc	 5.3	   8.1	   9.6	   13.2	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001

a	Data are provided as percentage of patients for categorical variables and mean ± SD for continuous variables. BP = blood pressure; LAVI = left atrial volume index; LV = left 
ventricular.

b	P values are based on the c2 test (categorical variables) and the t test (continuous variables).
c	Mortality prevalence was compared using Cox proportional hazards regression models.
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	 To remove the confounding effect of LV geometric 
changes on the association of LAVI and mortality, the 
study cohort was divided into the 4 LV geometric groups, 
and then the independent association of LAVI and abnor-
mal LAVI categories in reference to normal LAVI was 
assessed within each LV geometric pattern. With every 
milliliter per meter squared increase in LAVI, mortality 
risk independently increased by 0.6% in the group with 
normal LAVI, by 0.9% in the group with CR, by 1.5% in 
the  group with EH, and by 1.6% in the group with CH 
(all P<.001). Similarly, a severe LAVI was a significant 
independent predictor of mortality in all LV geometric 
patterns (normal: HR, 1.28; CR: HR, 1.46; EH: HR, 2.07; 
CH: HR, 2.11; all P<.001).
	 We also examined the prevalence of mortality by LAVI 
in the total study cohort as well as in groups divided by 
LV geometric patterns. As shown in Figure 2, significant 
increases in mortality with increasing LAVI were ob-

served in the total cohort as well as in all 4 LV geometric 
groups. Mortality in patients with a severe LAVI was 
more than twice that in patients with a normal LAVI in all 
4 geometric groups.
	 The comparison of 2 multivariate regression models, 
one with and one without the LAVI parameter (both 
included age, BMI, systolic and diastolic BP, heart 
rate, LVEF, and LVMI), using the likelihood ratio test, 
yielded significant results (c2=34.4; P<.001). Wald 
statistics were examined to assess the relative weight 
of LVMI and LAVI within these Cox regression mod-
els. The model with LVMI had a LVMI Wald statistic 
of 117.7 (P<.001). With the addition of LAVI into the 
predictive model based on LVMI, the Wald statistic was 
95.3 for LVMI (P<.001) and 36.2 for LAVI (P<.001). 
Furthermore, as shown in Figure 3, the AUC compari-
son between these 2 regression models was significant. 
Thus, although the addition of LAVI reduces the relative 

TABLE 2.  Clinical and Echocardiographic Characteristics by LAVI in 36,561 Patients With Preserved Ejection Fractiona 
		
	 LAVI

	 Normal (N)	 Mild (Mi)	 Moderate (Mo)	 Severe (S)	
	 (≤28 mL/m2)	 (29-33 mL/m2)	 (34-39 mL/m2)	 (≥40 mL/m2) 	
	 Variable	 n=20,749 	 n=7141	 n=4078	 n=4593	 N vs Mi	 N vs Mo	 N vs S	 Mi vs Mo	 Mi vs S	 Mo vs S

Normal LV 
	 geometry 	  61.2	   54.0	  47.3	   36.2	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Concentric 
	 remodeling 	  29.8	   28.4	  28.8	   29.1	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Eccentric 
	 hypertrophy 	   4.5	   8.6	  10.8	   14.8	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Concentric 
	 hypertrophy	   4.5	   9.0	  13.1	   19.9	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Female 	  59.0	  49.5	  47.4	   41.2	 <.001	 <.001	 <.001	 .03	 <.001	 <.001
Age (y)	   56.8±14.9	   61.9±14.0	   65.1±13.5	   69.0±12.8	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Body mass 
	 index (kg/m2)	 29.3±7.0	  30.3±7. 1	 30.5±7.0	 29.7±6.6	 <.001	 <.001	 .001	 .03	 <.001	 <.001
Systolic BP 
	 (mm Hg)	 134.7±19.3	 139.5±19.8	 141.0±21.3	 140.8±22.3	 <.001	 <.001	 <.001	 <.001	 .01	 .62
Diastolic BP 
	 (mm Hg)	   75.4±12.3	   75.7±12.7	   74.9±14.9	   73.8±13.3	 .34	 .001	 <.001	 <.001	 <.001	 <.001
Heart rate 
	 (beats/min)	   73.9±13.9	   70.5±13.6	   69.5±13.7	   69.2±15.2	 <.001	 <.001	 <.001	 <.001	 <.001	 .81
Ejection 
	 fraction (%)	 61.1±4.2	 60.8±4.5	 60.5±4.7	 60.1±5.3	 .001	 <.001	 <.001	 .09	 .001	 .009
LV end-diastolic 
	 diameter (mm)	   4.44±0.52	   4.61±0.56	   4.65±0.58	   4.67±0.63	 <.001	 <.001	 <.001	 <.001	 <.001	 .03
Posterior wall 
	 thickness (mm)	   0.88±0.14	   0.93±0.14	   0.95±0.15	   1.00±0.17	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Septal wall 
	 thickness (mm)	   0.89±0.15	   0.94±0.16	   0.97±0.16	   1.01±0.18	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Relative wall 
	 thickness (mm)	   0.40±0.08	   0.41±0.08	   0.42±0.08	   0.43±0.10	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
LV mass (g)	 147.4±48.0	 169.4±54.5	 179.6±59.8	 194.0±66.5	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
LV mass 
	 index (g/m2)	   75.9±20.4	   85.2±23.3	   90.2±25.8	   98.3±30.2	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
LAVI (mL/m2)	 21.1±4.5	 30.8±1.7	 36.7±1.7	   50.3±10.3	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001
Mortalityc 	   5.2	  6.1	  8.3	   14.4	 <.001	 <.001	 <.001	 <.001	 <.001	 <.001

a	Data are provided as percentage of patients for categorical variables and as mean ± SD for continuous variables. BP = blood pressure; LAVI = left atrial volume 
index; LV = left ventricular.

b	P values are based on the t test (continuous variables) and c2 test (categorical variables). 
c	Mortality prevalence was compared using Cox proportional hazards regression models.

P valueb
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TABLE 3.  Univariate Predictors of Mortality in 36,561 Patients With Preserved Ejection Fractiona 

	 Surviving patients	 Patients who		
	 Variable	 (n=34,059)	 died (n=2502)	 HR (95% CI)	 P value
		
Female 	 53.8	 52.4	 0.942 (0.871-1.019)	 .13
Age (y)	 59.5±14.8	 70.7±13.7	 1.059 (1.055-1.062)	 <.001
Body mass index (kg/m2)	 29.8±7.0	 28.0±6.8	 0.961 (0.955-0.968)	 <.001
Systolic BP (mm Hg)	 137.2±19.9	 136.0±24.0	 0.996 (0.994-0.998)	 <.001
Diastolic BP (mm Hg)	 75.4±12.7	 72.2±14.1	 0.980 (0.997-0.983)	 <.001
Heart rate (beats/min)	 71.8±13.7	 77.9±17.7	 1.027 (1.025-1.029)	 <.001
Ejection fraction (%)	 60.9±4.4	 60.5±5.3	 0.981 (0.974-0.988)	 <.001
Relative wall thickness (mm)	 0.41±0.08	 0.44±0.10	 6.119 (5.359-6.988)	 <.001
LV mass index (g/m2)	 81.7±23.9	 88.0±29.2	 1.009 (1.008-1.011)	 <.001
LAVI (mL/m2)	 28.1±10.8	 33.0±14.8	 1.027 (1.025-1.029)	 <.001
Normal LV geometryb	 56.4	 37.7	 NA	 NA
Concentric remodeling 	 28.8	 37.2	 1.66 (1.52-1.82)	 <.001
Eccentric hypertrophy 	 7.1	 9.1	 1.83 (1.58-2.11)	 <.001
Concentric hypertrophy 	 7.7	 16.0	 2.63 (2.34-2.96)	 <.001
LAVI (mL/m2)
 	 ≤28c 	 57.8	 42.7	 NA	 NA
	 29-33 	 19.7	 17.3	 1.10 (0.98-1.23)	 <.001
	 34-39 	 11.0	 13.5	 1.46 (1.29-1.65)	 <.001
	 ≥40 	 11.5	 26.5	 2.47 (2.24-2.72)	 <.001

a	Data are provided as percentage of patients for categorical variables and mean ± SD for continuous variables. BP = blood 
pressure; CI = confidence interval; HR = hazard ratio; LAVI = left atrial volume index; LV = left ventricular; NA = not 
applicable. 

b	Reference category for comparison with abnormal LV geometric patterns.
c	 Reference category for comparison with abnormal LA volume index.

TABLE 4.  Left Atrial Volume Index as a Predictor of Mortalitya,b

		  Left ventricular geometry

	 Left atrial					     Concentric		  Eccentric		  Concentric	
	 volume index	 Total sample	 P value	 Normal	 P value	 remodeling	 P value	 hypertrophy	 P value	 hypertrophy	 P value

As a categorical variable (reference group: normal [≤28 mL/m2])

Mild	
	 (29-33 mL/m2)	 0.97 (0.87-1.09)	 .61	 0.88 (0.73-1.05)	 .32	 1.01 (0.91-1.31)	 .28	 1.18 (0.73-1.72)	 .60	 0.94 (0.68-1.32)	 .71
Moderate
	 (34-39 mL/m2)	 1.12 (0.99-1.27)	 .07	 1.01 (0.82-1.25)	 .60	 1.12 (0.91-1.38)	 .27	 1.48 (0.97-2.26)	 .06	 1.55 (0.98-2.01)	 .07
Severe
	 (≥40 mL/m2)	 1.42 (1.28-1.59)	 <.001	 1.28 (1.07-1.54)	 <.001	 1.46 (1.23-1.74)	 <.001	 2.07 (1.45-2.97)	 <.001	 2.11 (1.65-2.71)	 <.001
	
As a continuous variable

Left atrial volume 	  
	 index (mL/m2)	 1.009 (1.006-1.012)	 <.001	 1.006 (1.001-1.012)	 <.001	 1.009 (1.004-1.014)	 <.001	 1.015 (1.007-1.021)	 <.001	 1.016 (1.009-1.025)	 <.001

a	 Data are provided as hazard ratio (95% confidence interval).  
b	Other independent variables included in the multivariate analysis are age, body mass index, systolic and diastolic blood pressure, heart rate, ejection fraction, relative wall thickness (total 

sample only), and left ventricular mass index (total sample only). 

weight of LVMI in the model, it improves the overall 
accuracy for mortality prediction.

Discussion

In our retrospective study of a very large clinical cohort 
of patients with preserved LV systolic function, LAVI was 
strongly associated with all-cause mortality, with mortality 
risk increasing with worsening LAVI. Further, LAVI pre-
dicted mortality independent of all LV geometric patterns 
and provided prognostic information incremental to other 
significant independent predictors of mortality.
	 The association of LAE and mortality, both CV and 
all-cause, has been reported in a few population-based 
studies6,9-11 as well as in several high-risk populations, 

such as patients with dilated cardiomyopathy,19 LV dys-
function,20 atrial arrhythmias,21 and acute myocardial 
infarction.22 Only a very few of these studies used LAVI, 
which is more accurate and reproducible, as a measure 
of LA size and were performed in a population with 
preserved LV systolic function as determined by LVEF. 
To further assess patients’ risk, we evaluated the associa-
tion between LA size and mortality by stratifying LAVI 
into normal, mild, moderate, and severely dilated LAVI 
categories as recommended by the American Society of 
Echocardiography. The progressive increase in mortality 
with increasing LA size was in line with other studies us-
ing different classification criteria.9-11

	 In patients without primary LA pathology or congeni-
tal heart or mitral valve disease, LAE mainly occurs as a 
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result of pressure overload related to diastolic dysfunction 
and elevated LV filling pressures but can also result from 
volume overload related to factors such as obesity. The 
structural changes in the left ventricle expressed as dif-
ferent LV geometric forms are associated with abnormal 
diastolic properties, further increasing LV filling pressures 
and leading to LAE. Because LA size determinants, includ-

ing LV geometry and diastolic dysfunction, are well-known 
predictors of mortality, the association between LAE and 
mortality could be explained in part by its strong associa-
tion with abnormal LV geometry23 or diastolic dysfunction.9 
This mechanism of association was further supported by the 
findings from a few population-based studies, in which an 
association between LAE and mortality was attenuated after 

Figure 1.  Kaplan-Meier survival analysis by left atrial volume index.
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Figure 2.  Mortality prevalence by left atrial volume index in the total cohort and by 4 distinct left ventricular geometric 
patterns, including normal, concentric remodeling, eccentric hypertrophy, and concentric hypertrophy.
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Figure 3. Receiving operating characteristic curves and areas un-
der the curves (AUCs) for cumulative hazard functions of left ventric-
ular mass index (LVMI) with or without left atrial volume index (LAVI). 
Models are adjusted for age, body mass index, systolic and diastolic  
blood pressure, heart rate, and ejection fraction.

adjusting for LV mass,10 LVH,12 or diastolic dysfunction.7 

In the Framingham Heart Study, adjusting for LV mass 
negated the relationship between LA size and mortality.10 
Similarly, in the Kuopio Ischaemic Heart Disease (KIHD) 
Risk Factor Study,12 no significant association between LA 
size and mortality was found after adjusting for LVH. Both 
of these studies suggested a strong association between LA 
size and LV mass or LVH as a partial explanation for this 
lack of association. The findings from our study support the 
notion that abnormal LV geometry is associated with LAVI 
and mortality; however, our results demonstrate substantial 
attenuation in mortality prediction by LAVI after adjusting 
for the presence of abnormal LV geometry. Further, the level 
and strength of this association were noticeably different in 
the 4 distinct LV geometric patterns. 
	 The mortality risk associated with elevated LAVI was 
higher in patients with frank LVH compared with normal or 
CR groups. These findings raise the possibility of risk redistri-
bution between LVMI and LAVI. We speculate that the burden 
of confounding risk factors (eg, obesity or hypertension) that 
influence both LV geometry24 and LAVI25 could be important, 
along with the presence and severity of diastolic dysfunction, 
in explaining the differences in the association between LAE 
and mortality in the different LV geometric groups.
	 Recently, De Simone et al26 reported that, in addition 
to LVMI, LA dilatation assessed by LA linear dimension 
was significantly associated with increased CV risk in 
hypertensive patients. However, in contrast to our study’s  

findings, the effect of LA dimension, when considered 
together with LV mass, appeared to be incorporated into 
the information gained from LV mass. The population 
studied by De Simone et al had higher LV mass (189.2 vs 
161.1 g) and higher prevalence of LVH (31.0% vs 15.6%) 
than our study population. In addition, the strength of the 
association between CV diseases and LA size has been 
reported to be stronger for LA volume than for LA linear 
dimension.27 These differences in population characteris-
tics as well as the variability in the definitions used may 
explain at least in part the difference in the study results, 
but further investigation is certainly warranted.
	 Several other study limitations should be noted. First, 
because this study was a retrospective analysis of an 
echocardiographic report database, we do not have access 
to some important clinical data, including the reason for 
referral; any history of hypertension, diabetes, coronary 
artery disease, heart failure, clinical symptoms, or func-
tional limitations; and use of medications. Second, our 
study lacks Doppler echocardiographic indices or tissue 
Doppler imaging assessment of mitral annulus motion to 
determine diastolic dysfunction, which may have in part 
explained our study findings. Third, data were unavailable 
on cause of death or cardiac events, although all-cause 
mortality is certainly an important end point. Fourth, the 
current retrospective study cannot address the issue of 
causality and underlying mechanisms governing the ob-
served associations. Finally, because our cohort was not 
population-based but rather consisted of patients referred 
for echocardiography for routine clinical indications, selec-
tion bias is a possibility. Additionally, for various logistical 
reasons, many patients were excluded because of lack of 
LAVI data; although we do not think that these logistical 
issues significantly affected our major study findings, this 
possibility cannot be completely excluded. 
	 We strongly consider, however, that our study find-
ings have significant clinical importance because the 
patient sample is very large and reflective of the patient 
population commonly encountered by large, busy clini-
cal CV practices.

Conclusion

Our data based on a retrospective analysis of a large clini-
cal cohort demonstrate that LAE has important prognostic 
implications in terms of mortality prediction, independent 
of LV geometry, in patients with preserved LVEF and 
could improve clinical risk stratification for CV out-
comes. Further studies are needed to confirm these find-
ings as well as to expand the understanding of the natural 
history of LA remodeling and the effect of such changes 
on clinical outcomes.
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