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ABSTRACT 

Background: The influence of obesity on the cardiac geometry is less clear. Our objective was to determine if body 
mass index (BMI) was an independent predictor of left atrial enlargement (LAE) relative to LV thickness, dimension 
and function. Methods: Retrospective analysis of 90 consecutive patients with available echocardiographic data was 
performed. Patients were categorized into those with LAE (defined as >4.0 cm in transverse dimension by M-mode, n = 
36) and those with normal LA size (n = 54). The clinical and echocardiographic variables were compared between the 
two groups. Results: Compared to patients with normal LA size, patients with LAE had significantly higher BMI (32 ± 8 
vs 27 ± 8, p = 0.006), greater LV thickness, increased LV cavity dimension, and depressed LV systolic function. BMI 
was a strong and independent predictor of LAE. Left ventricular thickness and LV end-diastolic (LVED) dimension 
were other independent predictors of LAE. After adjusting for the significant effects of LV thickness and LV diameter, 
every unit increase in BMI resulted in an 8% increase in the odds of having LAE. Conclusions: 1) Higher BMI is an 
independent predictor of LAE. 2) Presence of LV enlargement and LV systolic dysfunction in these patients suggests 
that in the face of higher BMI, cardiac workload may exceed the compensatory LV hypertrophy and 3) LAE may be a 
consequence of the greater force developed by the LA to fill the LV. 
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1. Introduction 

Obesity has been shown to influence cardiac mass [1]. 
Subclinical left ventricular (LV) diastolic dysfunction is 
present in all grades of isolated obesity and correlates 
with BMI [2]. Overweight and obesity are associated 
with LV hypertrophy (LVH) and contractile impairment 
in patients with underlying chronic LV volume overload 
[3]. In patients with uncontrolled hypertension, obesity 
has been associated with increased left atrial (LA) size 
[4]. However it is less clear if higher BMI is an inde-
pendent predictor of LA enlargement (LAE). 

There are several determinants of LA size. These in-
clude pressure and volume overload, diastolic dysfunc-
tion and body size (body surface area) [5]. However, the 
effect of BMI on cardiac geometry is less clear. The 
purpose of this study was to evaluate the effect of BMI 
on left atrial size. Since LAE is hypothesized to be the 
end result of the effects of obesity on LV geometry, we 
also compared LV thickness, dimensions and function in 
patients with and without LAE. 

2. Methods 

2.1. Study Population 

Ninety consecutive patients from a major university 
teaching hospital with available echocardiographic data 
were included in this retrospective analysis. Patients 
were categorized into those with LAE (n = 36) and those 
with normal LA size (n = 54). 

2.2. Definitions 

Obesity was defined as BMI ≥ 30. LAE was defined as 
LA size > 4.0 cm in transverse dimension measured by 
M-mode. M-mode and 2 D measurements of LV size and 
function, derived from parasternal long axis measures of 
LV end diastolic (LVED) and LV end systolic (LVES) 
dimensions were compared between the two groups. Left 
ventricular enlargement was defined as LVED ≥ 56 mm 
and LVES ≥ 40 mm. Standard echocardiographic criteria 
were used to determine systolic and diastolic dysfunc-
tion. 
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3. Results 

The clinical and echocardiographic characteristics are 
depicted in Table 1. Patients with LAE had significantly 
higher BMI (32 ± 8 vs. 27 ± 8, p = 0.006) compared to 
those without LAE. Patients with LAE also had signifi-
cantly increased LV thickness, increased LVED and 
LVES dimension, and lower LV ejection fraction (LVEF) 
compared to those with normal LA size (Table 1). 

Statistical Analysis 
Data was analyzed to determine the independent signify- 
cant predictors of LAE. A univariate logistic regression 
analyses (Table 2) shows the factors observed to be sig- 
nificantly associated with LAE. With the exception of 

LVEF which was inversely associated with LAE, BMI, 
interventricular septal thickness (IVST), Posterior LV 
wall thickness (PLVW), LVES and LVED were all di- 
rectly and significantly associated with LAE. The inde- 
pendent significant predictors for LAE were BMI, 
PLVW and LVED (Table 3). The adjusted OR for each 
independent significant predictor was the OR for the 
factor adjusted for the effect of the two other independent 
significant factors. Every unit increase in BMI resulted in 
an 8% increase in the odds for a patient to develop LAE. 
For every unit increase in PLVW and LVED, the odds of 
a patient developing LAE increased 31% and 9% respec- 
tively, when adjusted for the significant effects of the 
other two predictors. 

 
Table 1. Clinical and echocardiographic variables in patients with and without left atrial enlargement (LAE). 

Clinical variable 
Patients with LAE 

N = 36 
Patients with normal LA size, 

N = 54 
p-value 

Mean age ± SD (years) 52 ± 12 50 ± 14 ns 

Percentage of males 20/36 (55.5%) 21/54 (39%) ns 

Left atrial size (mm) 47.25 ± 6.25 33.46 ± 4.82 <0.001* 

BMI 32 ± 8 27 ± 8 0.006* 

Diabetes 36% 30% ns 

Hypertension 81% 76% ns 

Systolic Blood Pressure 140 ± 20 135 ± 27 ns 

Diastolic Blood Pressure 80 ± 12 76 ± 17 ns 

Coronary Artery Disease 10/36 (27%) 9/54 (17%) ns 

Atrial fibrillation 4/36 (11%) 2/54 (4%) ns 

LV ejection fraction (%) 45 ± 22 55 ± 14 0.007* 

Posterior LV wall thickness (mm) 12.42 ± 3.08 10.75 ± 2.09 0.003* 

Interventricular septal thickness (mm) 12.76 ± 3.69 10.65 ± 2.14 0.001* 

LV End Diastolic Diameter (mm) 55.09 ± 12.16 49.44 ± 6.75 0.006* 

LV End Systolic Diameter (mm) 40.23 ± 14.53 32.67 ± 8.05 0.002* 

Diastolic dysfunction 15/36 (42%) 17/54 (32%) ns 

Mitral Regurgitation 10/36 (28%) 6/54 (11%) ns 

Mitral Stenosis none none ns 

*p < 0.05 is significant; ns—not significant. SD—standard deviation; BMI—body mass index, LV—left ventricle. 

Copyright © 2011 SciRes.                                                                                 IJCM 



Higher Body Mass Index Is an Independent Predictor of Left Atrial Enlargement 558 

 
Table 2. Factors significantly associated with LAE using 
separate simple logistic regression analysis. 

Factor 
Odds Ratio 

(OR) 
95% CI for 

OR 
p-value 

BMI 1.08 1.02 to 1.14 0.008** 

IVST 1.30 1.09 to 1.55 0.004** 

LVES 1.06 1.02 to 1.11 0.006** 

LVED 1.07 1.02 to 1.13 0.012* 

LVEF 0.97 0.94 to 0.99 0.012* 

PLVW 1.30 1.07 to 1.58 0.008** 

*Significant at 5% level (0.01 < p-value < 0.05) **Significant at 1% level 
(p-value < 0.01) BMI—body mass index; IVST—Interventricular septal 
thickness, LVES—Left ventricular end systolic diameter; LVED—Left 
ventricular end-diastolic diameter; LVEF—Left ventricular ejection 
fraction; PLVW—Posterior left ventricular wall thickness. 
 

Table 3. Independent significant predictors of LAE. 

Predictor Adjusted OR 95% CI for OR p-value 

BMI 1.08 1.01 to 1.15 0.02* 

PLVW 1.31 1.14 to 1.73 0.002** 

LVED 1.09 1.03 to 1.16 0.006** 

BM—body mass index; PLVW—Posterior left ventricular wall thickness; 
LVED—Left ventricular end diastolic diameter; OR—odds ratio; *p value 
is significant 

 

4. Discussion 

Obesity is a known determinant of cardiovascular risk. 
The Framingham Heart Study showed that overweight 
and obese patients have an increased risk of hypertension 
and cardiovascular sequelae [6]. These include coronary 
heart disease, atrial fibrillation and stroke [6]. Obesity is 
also associated with an increased risk of heart failure, 
proportionate to the degree of increase in BMI [7]. The 
term Obesity Cardiomyopathy is applied when obesity 
induced cardiac structural and hemodynamic changes 
result in congestive heart failure. Obesity Cardiomyopa-
thy typically occurs in persons with severe and long 
standing obesity [8,9]. Bariatric surgery has been shown 
to improve cardiac function in morbidly obese patients 
with severe Cardiomyopathy [10]. These observations 
make it important to study the structural, geometric and 
functional effects of obesity on the heart to better under-
stand the pathophysiology of Obesity Cardiomyopathy.  

In our study, BMI was significantly higher in patients 
with LAE compared to those with normal left atrial size. 
We also found BMI to be an independent predictor of 
LAE. After adjusting for the significant effects of LVH 
and LV diameter, every unit of increase in BMI resulted 
in an 8% increase in the odds of developing LAE. Our 
findings of the influence of BMI on LA size are sup-
ported by a recent prospective population study which 
showed that both obesity and hypertension were inde-
pendent predictors of LAE (odds ratio for obesity was 
2.4, p < 0.001, which was greater than that for hyperten-
sion which had odds ratio of 2.2, p < 0.001) [11].  

Among the six factors that were significantly associ-
ated with LAE only BMI, PLVW and LVED were inde-
pendent significant predictors of LAE. Patients with LAE 
were more likely to be obese, have increased LV wall 
thickness, larger LV dimension and reduced LV systolic 
function compared to those with normal LA size. 

The proposed mechanisms for LAE in obese patients 
are illustrated in Figure 1. Obesity causes an increase in 
total blood volume and cardiac output and is associated 
with elevated cardiac filling pressures. This hypercircu-
lation leads to LV dilatation or can cause compensatory 
LVH and diastolic dysfunction. The LV dilatation can 
lead to increased wall stress which can lead to secondary 
or eccentric hypertrophy of the left ventricle. Presence of 
chronically elevated wall stress can lead to LV systolic 
dysfunction which in the presence of increased cardiac 
work load (exceeding the compensatory hypertrophy) 
can result in LAE. The strong association of LV wall 
thickness, LV chamber size and LV systolic function 
with LAE in our study suggests that LAE likely resulted 
from the effects of obesity on LV geometry. 

Obesity has been well recognized to be a risk factor 
for atrial fibrillation [12]. In obese patients, atrial fibrilla-
tion likely results from multiple factors, LAE being one 
of them. In the present study, although the prevalence of 
atrial fibrillation was greater in the group with LAE 
compared to those without (11% vs. 4%) the difference 
was not statistically significant possibly due to the small 
number of study patients. In the population based study 
by Pritchett et al., left atrial volume adjusted to body 
surface area was more associated with cardiovascular 
diseases than the dimension by M-mode measurement 
[13]. Our results suggest that higher BMI is an inde-
pendent predictor of left atrial enlargement using left 
atrial dimension measurements. 

Study Limitations 
The retrospective design and the small number of patients 
are potential limitations of this study. The non-randomized 
nature of the study and the non-homogeneity of the popula- 
tion leave the possibility of selection bias. 
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Figure 1. Proposed mechanisms for obesity induced left atrial enlargement. 
 
5. Conclusions 

Higher BMI is an independent predictor of LAE and 
likely the result of its influence on cardiac geometry. In 
addition to LVH, the presence of LV enlargement and 
LV systolic dysfunction in patients with LAE suggests 
that in the face of higher BMI, cardiac workload may 
exceed the compensatory LV hypertrophy. LAE may be 
a consequence of the greater force developed by the left 
atrium to fill the LV. The effect of obesity on left atrial 
size provides one explanation for the higher incidence of 
atrial fibrillation in obese patients. 
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