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Abstract 

Background and Aim: Echocardiographic left atrial diameter (LAD) has been documented to be 
an independent predictor of adverse cardiovascular outcomes in various populations. An enlarged 
left atrium is frequently noted in chronic kidney disease (CKD). We examined the association 
between albumin and indexed LAD (indexed to height) and assessed whether the combination of 
indexed LAD and albumin was independently associated with renal outcomes in patients with CKD 
stages 3-5.  
Methods: This longitudinal study enrolled 395 patients, who were classified into four groups 
according to median values of indexed LAD (LAD/height) and albumin. The change in renal func-
tion was measured by estimated glomerular filtration rate (eGFR) slope. Rapid renal progression 
was defined as eGFR slope less than -3 ml/min/1.73 m2/year. The renal end point was defined as 
commencement of dialysis.  
Results: Albumin was significantly associated with indexed LAD (β = -0.108, P = 0.024). During 
follow-up period, seventy-four patients started dialysis. After the multivariate analysis, the group 
with higher indexed LAD and lower albumin was independently associated with rapid renal pro-
gression (odds ratio, 7.979; 95% confidence interval [CI], 3.028 to 21.025) and progression to 
dialysis (hazard ratio, 2.352; 95% CI, 1.078 to 5.131).  
Conclusions: Our findings show that albumin is independently associated with indexed LAD and 
suggest that the combination of increased indexed LAD and hypoalbuminemia is independently 
associated with rapid renal progression and progression to dialysis in patients with CKD. As-
sessments of serum albumin and indexed LAD by echocardiography are useful for predicting the 
risk for adverse renal outcomes. 

Key words: indexed left atrial diameter, albumin, chronic kidney disease, renal function progres-
sion. 

Introduction 
M-mode left atrial (LA) dimension is simple, 

convenient, and commonly used in clinical practice 
and research studies (1). LA enlargement detected by 
echocardiography is frequently noted in patients with 
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chronic kidney disease (CKD) due to pressure and 
volume overload (2). Recently, an enlarged left atrium 
has been considered a marker of adverse cardiovas-
cular outcomes in chronic renal failure patients (3, 4). 
However, published data of LA size on renal out-
comes in CKD is limited and inconsistent. One study 
found that LA volume index was an independent risk 
factor for the period of time before dialysis in patients 
with CKD stages 4-5 (5), whereas another study sug-
gested only a weak association between LA size and 
renal outcome in CKD subjects (6). Thus, the status of 
LA enlargement as an independent risk marker for 
renal progression remains controversial. 

Previous studies had identified several risk fac-
tors for LA enlargement, including overweight, in-
creased systolic and pulse pressures, duration of hy-
pertension, and inflammatory markers (7-9). In report 
by Kursat et al, they found the malnutrition index, 
calculated using Subjective Global Assessment, had a 
positive correlation with LA diameter (LAD) (10). 
They explained their findings by inadequate volume 
control. The result suggested that serum albumin, a 
well-known nutrition marker, might be related to 
LAD. Low serum albumin level had also been re-
ported to be a significant predictor for progression of 
renal function through the mechanism of inflamma-
tion. Inflammation contributed to the progression of 
CKD by inducing the release of cytokines and the in-
creased production and activity of adhesion mole-
cules, which together contribute to T cell adhesion and 
migration into the interstitium, subsequently attract-
ing pro-fibrotic factors (11, 12). 

The hypothesis that the combination of LAD and 
serum albumin is a strong predictor of adverse renal 
outcomes in CKD patients has never been examined. 
In this study, we investigate the relationship between 
indexed LAD (indexed to height) (13) and serum al-
bumin in patients with CKD stages 3-5. Furthermore, 
we also assessed whether the combination of indexed 
LAD and serum albumin was independently associ-
ated with rapid renal progression and progression to 
dialysis in CKD subjects. 

Subjects and Methods  
Study Patients and Design 

The study was conducted in a regional hospital 
in southern Taiwan. We consecutively enrolled 518 
pre-dialysis patients with stages 3 to 5 of CKD ac-
cording to the National Kidney Foundation-Kidney 
Disease Outcomes Quality Initiative (K/DOQI) 
guidelines (14) from our Outpatient Department of 
Internal Medicine from January 2007 to May 2010. We 
classified our patients with evidence of kidney dam-
age lasting for more than 3 months into CKD stages 3, 

4, and 5, based on estimated glomerular filtration rate 
(eGFR) level (mL/min/1.73 m2) of 30 to 59, 15 to 29, 
and < 15, respectively. Three patients with significant 
mitral valve disease and 5 patients with inadequate 
image visualization were excluded. Five patients re-
fused echocardiography examinations due to personal 
reasons. Fifty-one patients with less than three eGFR 
measurements during the follow-up period were ex-
cluded. In addition, those patients with mortality (n = 
9) or entering dialysis therapy (n = 30) within 3 
months after enrollment were also excluded to avoid 
incomplete observation of change in renal function. 
Because atrial fibrillation would influence LAD, pa-
tients with atrial fibrillation (n = 20) were also ex-
cluded. Finally, 395 patients (mean age 66.6 ± 12.1 
years, 265 males) were included in this study. The 
protocol was approved by our Institutional Review 
Board and all enrolled patients gave written, informed 
consent. 

Evaluation of cardiac structure and function 
The echocardiographic examination was per-

formed by two experienced cardiologists with a 
VIVID 7 (General Electric Medical Systems, Horten, 
Norway), with the participant respiring quietly in the 
left decubitus position. The cardiologists were blind to 
the other data. Two-dimensional and 
two-dimensionally guided M-mode images were rec-
orded from the standardized views. The echocardio-
graphic measurements included LAD, left ventricular 
internal diameter in diastole (LVIDd), left ventricular 
posterior wall thickness in diastole (LVPWTd), inter-
ventricular septal wall thickness in diastole (IVSTd), 
peak early transmitral filling wave velocity (E) and 
peak late transmitral filling wave velocity (A), E-wave 
deceleration time (EDT) and early diastolic mitral ve-
locity (Ea). LAD was indexed to height (LAD/height). 
Left ventricular systolic function was assessed by left 
ventricular ejection fraction (LVEF). Left ventricular 
mass was calculated using Devereux-modified meth-
od, i.e. left ventricular mass = 1.04 × [(IVSTd + LVIDd 
+ LVPWTd)3 – LVIDd3] – 13.6g (15). Left ventricular 
mass index (LVMI) was calculated by dividing left 
ventricular mass by body surface area. Left ventricular 
hypertrophy (LVH) was defined as suggested by the 
2007 European Society of Hypertension/European 
Society of Cardiology guidelines (16).  

Collection of demographic, medical, and la-
boratory data 

Demographic and medical data including age, 
gender, smoking history (ever versus never), and 
comorbid conditions were obtained from medical 
records or interviews with patients. The body mass 
index (BMI) was calculated as the ratio of weight in 
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kilograms divided by square of height in meters. La-
boratory data were measured from fasting blood 
samples using an autoanalyzer (Roche Diagnostics 
GmbH, D-68298 Mannheim COBAS Integra 400). Se-
rum creatinine was measured by the compensated 
Jaffé (kinetic alkaline picrate) method in a 
Roche/Integra 400 Analyzer (Roche Diagnostics, 
Mannheim, Germany) using a calibrator traceable to 
isotope-dilution mass spectrometry (17). The value of 
eGFR was calculated using the 4-variable equation in 
the Modification of Diet in Renal Disease (MDRD) 
study (18). Proteinuria was examined by dipsticks 
(Hema-Combistix, Bayer Diagnostics). A test result of 
1+ or more was defined as positive. Blood and urine 
samples were obtained within 1 month of enrollment. 
In addition, information regarding patient medica-
tions including aspirin, angiotensin converting en-
zyme inhibitors (ACEIs), angiotensin II receptor 
blockers (ARBs), non ACEI/ARB antihypertensive 
drugs, and HMG-CoA reductase inhibitors (statins) 
during the study period was obtained from medical 
records. 

Assessment of rate of renal function decline 
and definition of rapid renal progression 

The rate in renal function decline was assessed 
by the eGFR slope, defined as the regression coeffi-
cient between eGFR and time in unit of ml/min/1.73 
m2/year. At least three eGFR measurements after 
echocardiographic examination were required to es-
timate eGFR slope. Any reduction greater than 3 
ml/min/1.73 m2/year, i.e. slope more negative than -3 
ml/min/1.73 m2/year (< -3), was considered as rapid 
renal progression (19). 

Definition of renal end point 
The renal end point was defined as commence-

ment of dialysis. In patients reaching renal end point, 
renal function data were censored at the start of renal 
replacement therapy. The other patients were fol-
lowed until February 2011. The commencement of 
dialysis was determined according to the regulations 
by the National Health Insurance for dialysis therapy 
based on laboratory data, nutrition status, and uremic 
symptoms and signs.  

Reproducibility 
Thirty patients were randomly selected for 

evaluation of the interobserver variability of LAD 
measurement by 2 independent observers. To get the 
intraobsever variability, the same measurements were 
repeated 1 week apart. Mean percent error was calcu-

lated as the absolute difference divided by the average 
of the two observations. 

Statistical analysis 
Statistical analysis was performed using SPSS 

version 12.0 (SPSS Inc., Chicago, IL, USA) for win-
dows. Data are expressed as percentages, mean ± 
standard deviation, mean ± standard error of mean for 
eGFR slope, or median (25th-75th percentile) for tri-
glyceride and number of serum creatinine measure-
ments.  

The study patients were stratified into 4 groups 
according to median values of indexed LAD and al-
bumin. Multiple comparisons among the study 
groups were performed by one-way analysis of vari-
ance (ANOVA) followed by post hoc test adjusted 
with a Bonferroni correction. The relationship be-
tween two continuous variables was assessed by a 
bivariate correlation method (Pearson’s correlation). 
Multiple linear regression analysis was used to iden-
tify the factors associated with indexed LAD. Multiple 
logistic regression analysis was employed to identify 
the risk factors associated with rapid renal progres-
sion. Time to commencement of dialysis and covari-
ates of risk factors were modeled using the Cox pro-
portional hazards model. Survival curve for dialysis 
was derived using Cox-regression analysis. Significant 
variables in univariate analysis were selected for mul-
tivariate analysis. A difference was considered signif-
icant if the P value was less than 0.05.  

Results 
A total of three hundred and ninety-five 

non-dialyzed CKD patients were included. The mean 
age was 66.2 ± 12.1 years and there were 250 males 
and 145 females. The value of eGFR slope of all pa-
tients was -1.59 ± 0.14 ml/min/1.73 m2/year. The av-
erage number of serum creatinine measurements 
during the follow-up period was 8 (25th-75th percentile: 
6-12) times. The study patients were stratified into 4 
groups according to median values of indexed LAD 
(2.31 cm/m) and albumin (4.1 g/dL). The comparison 
of clinical characteristics among study groups was 
shown in Table 1. There were 113, 84, 94, and 104 pa-
tients in 4 groups, respectively. The eGFR slopes in 4 
groups were -0.54 ± 0.23, -1.64 ± 0.27, -1.41 ± 0.24, and 
-2.84 ± 0.33 mL/min/1.73 m2/year, respectively. The 
eGFR slope was lower in the group with higher in-
dexed LAD and lower albumin than in the other 
groups (P < 0.001). Figure 1 illustrated the eGFR 
slopes among 4 study groups. 
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Table 1. Clinical characteristics of patients among study groups. 

Characteristics Lower iLAD and 
higher albumin 
(n = 113) 

Lower iLAD and 
albumin 
(n = 84) 

Higher iLAD and 
albumin 
(n = 94) 

Higher iLAD and 
lower albumin 
(n = 104) 

eGFR slope (ml/min/1.73 m2/year) -0.54 ± 0.23 -1.64 ± 0.27* -1.41 ± 0.24 -2.84 ± 0.33*†# 
Age (year) 63.8 ± 12.5 70.0 ± 11.5* 64.3 ± 11.2† 67.6 ± 12.3 
Male gender (%) 69.9 64.3 55.3 62.5 
Smoking history (%) 31.9 36.9 22.3 31.7 
Diabetes mellitus (%) 43.4 53.6 62.8* 67.3* 
Hypertension (%) 77.9 73.8 90.4† 87.5† 
Coronary artery disease (%) 8.0 7.1 12.8 15.4 
Cerebrovascular disease (%) 11.5 11.9 12.8 22.1 
Stage of CKD     
 Stage 3 (%) 55.8 44.0 41.5 26.0*† 
 Stage 4 (%) 28.3 34.5 29.8 31.7 
 Stage 5 (%) 15.9 21.4 28.7 42.3 
Mean arterial pressure (mmHg) 98.9 ± 11.1 97.0 ± 13.2 100.0 ± 12.9 101.4 ± 14.5 
Pulse pressure (mmHg) 56.5 ± 12.9 61.8 ± 19.4 61.6 ± 17.4 67.6 ± 17.9* 
Body mass index (kg/m2) 24.2 ± 3.1 23.7 ± 3.8 27.2 ± 3.6*† 26.5 ± 4.1*† 
Laboratory parameters     
Albumin (g/dL) 4.29 ± 0.16 3.85 ± 0.26* 4.32 ± 0.18† 3.76 ± 0.30*†# 
Fasting glucose (mg/dL) 115.1 ± 47.8 132.7 ± 59.3 131.1 ± 52.0 132.2 ± 75.2 
Triglyceride (mg/dL) 132 (91.193) 125.5 (93-182) 152 (108-236) 149 (98-226) 
Total cholesterol (mg/dL) 188.1 ± 43.4 196.1 ± 46.7 195.4 ± 48.3 201.4 ± 47.0 
Hemoglobin (g/dL) 12.5 ± 2.2 11.2 ± 1.8* 12.0 ± 2.2 11.0 ± 2.4*# 
Baseline eGFR (mL/min/1.73 m2) 31.4 ± 13.3 27.5 ± 12.9 27.0 ± 14.8 22.0 ± 13.0*# 
Calcium-phosphorous product (mg2/dL2) 36.5 ± 7.6 37.7 ± 9.1 39.0 ± 7.8 39.5 ± 8.8 
Uric acid (mg/dL) 8.0 ± 1.9 7.9 ± 2.0 8.1 ± 2.0 8.2 ± 2.2 
Proteinuria (%) 51.8 65.1 67.0 75.0* 
Medications     
Aspirin use (%) 20.9 21.7 33.0 26.7 
ACEI and/or ARB use (%) 76.4 72.3 77.7 70.3 
Non-ACEI/ARB antihypertensive drug use (%) 61.1 59.5 87.2*† 78.8*† 
Statin use (%) 21.8 30.1 20.2 30.7 
Echocardiographic data     
LAD/height (cm/m) 2.00 ± 0.23 1.99 ± 0.22 2.64 ± 0.24*† 2.64 ± 0.24*† 
LVMI (g/m2) 118.4 ± 37.0 126.3 ± 41.9 150.1 ± 48.7*† 159.0 ± 50.7*† 
LVH (%) 41.6 50.0 77.7*† 79.8*† 
LVEF (%) 71.0 ± 9.5 68.6 ± 9.2 69.2 ± 9.4 66.9 ± 12.4* 
E/A 0.86 ± 0.26 0.74 ± 0.28 0.83 ± 0.30 0.92 ± 0.40† 
EDT (ms) 215.8 ± 54.6 249.1 ± 69.7* 225.2 ± 62.4 220.8 ± 61.5† 
E/Ea 7.8 ± 2.4 9.9 ± 4.1* 10.1 ± 4.5* 12.8 ± 5.8*†# 
Abbreviations. iLAD, indexed left atrial diameter; LAD, left atrial diameter; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; ACEI, 
angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LVMI, left ventricular mass index; LVH, left ventricular hypertrophy; LVEF, left 
ventricular ejection fraction; E, peak early transmitral filling wave velocity; A, peak late transmitral filling wave velocity; EDT, E-wave deceleration time; Ea, 
early diastolic velocity of lateral mitral annulus. *P <0.05 compared with lower LAD and higher albumin; †P < 0.05 compared with lower LAD and albumin; #P < 
0.05 compared with higher LAD and albumin. 
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Figure 1. The estimated glomerular filtration rate (eGFR) slopes among 4 study groups. The eGFR slope was lower in the group with 
higher indexed left atrial diameter (iLAD) and lower albumin than in the other groups. *P < 0.05 compared with the group with lower iLAD 
and higher albumin; †P < 0.05 compared with the group with lower iLAD and albumin; #P < 0.05 compare with the group with higher iLAD 
and albumin. 

 
Determinants of indexed LAD 

Table 2 shows the determinants of indexed LAD 
in our study patients. The indexed LAD correlated 
positively with diabetes mellitus (DM), hypertension, 
coronary artery disease, mean arterial pressure, pulse 
pressure, BMI, fasting glucose, triglyceride, calci-
um-phosphorous product, proteinuria and 
non-ACEI/ARB antihypertensive drug use but nega-
tively with male, albumin, hemoglobin and baseline 
eGFR. Further forward multivariate analysis showed 
that increased indexed LAD was correlated with high 
BMI (β = 0.354, P < 0.001), high pulse pressure (β = 
0.104, P = 0.034), low albumin (β = -0.108, P = 0.024), 
low hemoglobin (β = -0.128, P = 0.011), and 
non-ACEI/ARB antihypertensive drug use (β = 0.231, 
P < 0.001). In addition, indexed LAD was correlated 
with LVMI (r = 0.430, P < 0.001), LVH (r = 0.371, P < 
0.001), E/A ratio (r = -0.155, P = 0.002), and E/Ea ratio 
(r = 0.388, P < 0.001). 

 

Table 2. Determinants of indexed left atrial diameter (in-
dexed to height) using multivariate forward linear analysis in 
study patients. 

Parameter Multivariate (Forward) 
Standardized 
coefficient β 

P 

Pulse pressure (mmHg) 0.104 0.034 
Body mass index (kg/m2) 0.354 < 0.001 
Albumin (g/dL) -0.108 0.024 
Hemoglobin (g/dL) -0.128 0.011 
Non-ACEI/ARB antihypertensive 
drug use  

0.231 < 0.001 

Values expressed as standardized coefficient β. Abbreviations are the same as 
in Table 1. Adjusted for gender, diabetes mellitus, hypertension, coronary 
artery disease, mean arterial pressure, pulse pressure, body mass index, 
albumin, fasting glucose, triglyceride, hemoglobin, baseline eGFR, calci-
um-phosphorous product, proteinuria and non-ACEI/ARB antihypertensive 
drug use 

Risk of rapid renal progression 
Table 3 showed the determinants of rapid renal 

progression (eGFR slope < -3 ml/min/1.73 m2/year) 
among study patients. In the univariate regression 
analysis, rapid renal progression was found to be sig-
nificantly associated with DM, coronary artery dis-
ease, cerebrovascular disease, high mean arterial 
pressure, high pulse pressure, the groups with lower 
indexed LAD and albumin and higher indexed LAD 
and lower albumin (versus lower indexed LAD and 
higher albumin), high fasting glucose, high total cho-
lesterol, low hemoglobin, low baseline eGFR, high 
calcium-phosphorous product, high uric acid, pro-
teinuria, non-ACEI/ARB antihypertensive drug use, 
low LVEF, high LVMI and high E/Ea ratio. In the 
multiple forward logistic regression analysis, the 
group with higher indexed LAD and lower albumin 
(odds ratio [OR], 7.979; 95% confidence interval [CI], 
3.028 to 21.025; P < 0.001) and proteinuria were inde-
pendent risk factors for rapid renal progression. 

Risk of progression to dialysis  
The mean follow-up period was 27.2 ± 11.1 

months (range 3.3 to 50.0 months). During the period 
of follow-up, seventy-four patients (18.7%) started 
hemodialysis. Table 4 shows a Cox proportional haz-
ards regression analysis for progression to com-
mencement of dialysis. The univariate regression 
analysis shows that female, hypertension, cerebro-
vascular disease, high pulse pressure, the group with 
higher indexed LAD and lower albumin (versus lower 
indexed LAD and higher albumin), low hemoglobin, 
low baseline eGFR, high calcium-phosphorous prod-
uct, proteinuria, ACEI and/or ARB use, 
non-ACEI/ARB antihypertensive drug use, high 
LVMI and high E/Ea ratio were associated with a 
significant increase in progression to commencement 
of dialysis. In the multivariate forward analysis, the 
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group with higher indexed LAD and lower albumin 
(hazard ratio [HR], 2.352; 95% CI, 1.078 to 5.131; P = 
0.032) was positively associated with and baseline 
eGFR was negatively associated with progression to 
commencement of dialysis. Figure 2 illustrated the 
adjusted Cox regression survival curves for dialy-
sis-free survival among 4 study groups. The group 
with higher indexed LAD and lower albumin had a 
worse dialysis-free survival than that with lower in-
dexed LAD and higher albumin. 

The intraobserver and interobserver mean per-
cent errors for LAD measurement were 2.2 ± 2.0 % and 
2.7 ± 2.1 %, respectively. 

Because the indexed LAD was correlated posi-
tively with BMI, we further performed analysis using 
LAD as a variable. We found the similar finding that 
the group with higher LAD and lower albumin (versus 
lower LAD and higher albumin) was independently 

associated with rapid renal progression (OR, 9.824; 
95% CI, 4.022 to 23.995; P < 0.001), and progression to 
commencement of dialysis (HR, 2.337; 95% CI, 1.154 to 
4.732; P = 0.018) after the multivariate forward analy-
sis. 

We further analyzed the association between the 
study groups and cardiovascular events. Cardiovas-
cular events were defined as cardiovascular death, 
hospitalization for unstable angina, nonfatal myocar-
dial infarction, sustained ventricular arrhythmia, hos-
pitalization for congestive heart failure, transient is-
chemia attack, and stroke. The univariate regression 
analysis showed that the group with higher indexed 
LAD and lower albumin (HR 3.043, 95% CI 1.477 to 
6.270, P = 0.003 versus lower indexed LAD and higher 
albumin) was associated with an increase in cardio-
vascular events. 

 
 

Table 3. Determinants of rapid renal progression (eGFR lope < -3 ml/min/1.73 m2/year) using multivariate forward logistic 
analysis in study patients.  

Parameter Multivariate (Forward)  
OR (95% CI) P 

Study groups   
Lower iLAD and higher albumin Reference  
Lower iLAD and albumin 2.833 (0.962-8.342) 0.059 
Higher iLAD and albumin 1.390 (0.456-4.237) 0.563 
Higher iLAD and lower albumin 7.979 (3.028-21.025) < 0.001 

Proteinuria  4.646 (1.947-11.068) 0.001 
Values expressed as odds ratio (OR) and 95% confidence interval (CI). Abbreviations are the same as in Table 1. Adjusted for diabetes mellitus, coronary artery 
disease, cerebrovascular disease, mean arterial pressure, pulse pressure, the groups with lower iLAD and albumin and higher iLAD and lower albumin (versus 
lower iLAD and higher albumin), fasting glucose, total cholesterol, hemoglobin, baseline eGFR, calcium-phosphorous product, uric acid, proteinuria, 
non-ACEI/ARB antihypertensive drug use, LVEF, LVMI and E/Ea. 

 

Table 4. Predictors of progression to dialysis using Cox proportional hazards model. 

Parameter Multivariate (Forward) 
HR (95% CI) P 

Study groups   

Lower iLAD and higher albumin Reference  
Lower iLAD and albumin 0.989 (0.357-2.742) 0.983 
Higher iLAD and albumin 0.630 (0.255-1.555) 0.316 
Higher iLAD and lower albumin 2.352 (1.078-5.131) 0.032 
Baseline eGFR (per 1 mL/min/1.73 m2) 0.807 (0.764-0.852) < 0.001 
Values express as hazard ratios (HR) and 95% confidence interval (CI). Abbreviations are the same as in Table 1. Adjusted for female, hypertension, cerebro-
vascular disease, pulse pressure, the group with higher iLAD and lower albumin (versus lower iLAD and higher albumin), hemoglobin, baseline eGFR, calci-
um-phosphorous product, proteinuria, ACEI and/or ARB use, non-ACEI/ARB antihypertensive drug use, LVMI and E/Ea. 
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Figure 2. Adjusted dialysis-free survival curves among 4 study groups. The group with higher indexed left atrial diameter (iLAD) and 
lower albumin had a worse dialysis-free survival than that with lower iLAD and higher albumin. 

 

Discussion 
In the present study, we evaluated the associa-

tion of the combination of indexed LAD and serum 
albumin on renal outcomes in patients with CKD 
stages 3-5. We found that serum albumin was inde-
pendently associated with indexed LAD. In addition, 
compared with the group with lower indexed LAD 
and higher albumin, the group with higher indexed 
LAD and lower albumin was independently associ-
ated with rapid renal progression and progression to 
dialysis. 

Chronic fluid overload is frequently encountered 
in CKD patients and is associated with LVH and left 
ventricular dysfunction (20). Fluid overload may be 
involved in the pathogenesis of malnutrition (21). 
Previous reports had observed an independent rela-
tionship between malnutrition and extracellular fluid 
volume overload in dialysis patients (10, 22). The 
mechanisms to explain the correlation between fluid 
status and nutritional status remains inconclusive. 
First, fluid overload may lead to gastrointestinal 
edema and poor ingestion (21). Second, fluid status 
has an effect on inflammatory status and then in-
flammatory conditions can cause loss of muscle mass 
through activation of the ubiquitin-proteasome pro-
teolytic system (23, 24). Moreover, improved fluid 
status is associated with improvement in nutritional 
status, whereas deterioration in fluid status is associ-

ated with the development of malnutrition (23). A 
previous report had investigated the relationship 
between the degree of malnutrition and echocardio-
graphic parameters in 72 hemodialysis patients (10). 
They found that the malnutrition index, calculated 
using Subjective Global Assessment, had a positive 
correlation with LAD. Increasing degrees of malnu-
trition are associated with more profound derange-
ments in the volume status. In addition, Wang et al. 
(21) had evaluated the association between inade-
quate dietary protein intake and malnutrition in di-
alysis patients with a history of volume overload, 
which suggested a possible correlation between 
volume overload and malnutrition. Low serum al-
bumin level has been regarded as malnutrition status. 
Volume excess may be a mechanism explaining the 
association between malnutrition and increased LAD. 
Our study consistently revealed that serum albumin 
was independently associated with indexed LAD. 
However, although our study found the correlation 
between hypoalbuminemia and LA enlargement, the 
causality could not be identified in our study. 

The association between albumin and LAD may 
be resulted from an association of malnutrition with 
other risk factors such as inflammation and athero-
sclerosis. Malnutrition may worsen patient outcome 
by aggravating existing inflammation and accelerat-
ing atherosclerosis (24). Inflammation may contribute 
to LA enlargement through the process of endothelial 
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dysfunction (7, 9, 26). In addition, atherosclerosis di-
rectly causes a decrease in blood perfusion in the 
lower extremities and an increase in arterial wall 
stiffness, contributing to decreasing arterial distensi-
bility and then final to LA enlargement (27, 28). 
Demirci et al. (22) had also evaluated the association 
between malnutrition-inflammation-atherosclerosis 
and volume status in peritoneal dialysis patients. 
They used the multi-frequency bioelectrical imped-
ance analysis technique, a useful tool to measure body 
fluid, to analysis the relationship between extracellu-
lar volume and echocardiographic parameters. They 
found fluid overload defined by multi-frequency bio-
electrical impedance analysis technique was signifi-
cantly associated with low albumin, high C-reactive 
protein, and elevated carotid artery intima-media 
thickness. Besides, extracellular volume status was 
significantly associated with LAD and LVMI (22). In 
our study, we used indexed LAD as a rough surrogate 
of fluid status and found indexed LAD had a signifi-
cant correlation with left ventricular filling pressure 
indicated by E/Ea. Although we also found increased 
indexed LAD significantly correlated with low albu-
min and the combination of indexed LAD and albu-
min was useful in identification of patients with ad-
verse renal outcomes, further researches are still 
warranted to determine the association between fluid 
and nutrition statuses and evaluate whether the com-
bination of fluid and nutrition statuses is useful in 
prediction of poor renal outcomes. 

An enlarged left atrium was independently as-
sociated with adverse cardiovascular outcomes such 
as stroke, congestive heart failure, atrial fibrillation, 
and cardiovascular death in various pathologic con-
ditions (1, 3, 4, 29). Left atrium acts as a volume sensor 
of the heart and its dilatation reflects a sustained ele-
vation in left ventricular filling pressure (30, 31). The 
LA size was directly proportional to the left ventricu-
lar filling pressure (31). Besides, LA enlargement is 
closely related to LVH (32). Our study also revealed 
that increased indexed LAD was correlated with high 
LVMI, LVH, and high E/Ea ratio, which was con-
sistent with previous findings. 

The mechanisms of progressive renal function 
decline in patients with cardiac abnormalities are 
multi-factorial including chronic renal hypoperfusion, 
malnutrition, subclinical inflammation, endothelial 
dysfunction, accelerated atherosclerosis, increased 
renal vascular resistance, systemic neurohormonal 
factors, pharmacotherapies, and anemia (33, 34). Fu-
rukawa et al. (5) evaluated the factor of LA volume 
index in progression to hemodialysis in 140 patients 
with CKD stages 4-5. They found LA volume index 
was an independent risk factor for the period of time 

before dialysis. In our study, increased indexed LAD 
was also independently associated with rapid renal 
progression and progression to dialysis after adjust-
ment of baseline eGFR. This implied that patients 
with an increased indexed LAD might have a high 
volume status and left ventricular filling pressure, 
thereby increasing renal efferent pressure and de-
creasing renal blood flow and finally causing a pro-
gressive renal function decline (33). 

In our study, compared with the group with 
lower indexed LAD and higher albumin, the group 
with higher indexed LAD and lower albumin showed 
a condition of increased risk for renal morbidity, such 
as higher prevalence of DM, advanced CKD stages, 
higher pulse pressure, lower hemoglobin and more 
proteinuria. Even after adjustment for these con-
founding factors, the group with higher indexed LAD 
and lower albumin was still associated with rapid 
renal progression and progression to dialysis. Hence, 
LA enlargement and hypoalbuminemia might have a 
synergic effect on the risk of adverse renal outcomes.  

CKD is an increasing worldwide public health 
problem and associated with increased morbidity and 
mortality. Progression to end-stage renal disease and 
development of cardiovascular disease are two major 
poor outcomes of CKD (35). We also analyzed the 
association between the study groups and cardio-
vascular events, and found the group with higher 
indexed LAD and lower albumin was associated with 
an increase in cardiovascular events, which suggested 
LA enlargement and hypoalbuminemia might also 
have a synergic effect on the risk of adverse cardio-
vascular outcomes. 

There were limitations to our study. LAD may 
not accurately reflect the true LA chamber in most 
patients. LA volume may be more precise, but LAD is 
a valid surrogate of LA size. LAD is more easily ob-
tained than LA volume and measurement of LAD has 
already been the part of a routine echocardiographic 
evaluation. Some large population-based cohort 
studies, such as Strong Heart Study (1) and the 
Losartan Intervention For End point (13), used LAD 
as a surrogate of LA size. The majority of our patients 
were treated chronically with antihypertensive med-
ications. For ethical reasons, we did not withdraw 
these medications. Hence, we could not exclude the 
influence of antihypertensive agents on our findings. 
In addition, it should be noted that serum albumin, a 
marker of visceral protein stores, can be influenced by 
several non-nutritional factors such as plasma volume 
expansion, albumin redistribution, exogenous loss, 
increased fractional catabolic rate, and decreased 
synthesis (36). Hence, the relationship between LAD 
and nutritional indices other than serum albumin, 
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such as handgrip strength (37) and Subjective Global 
Assessment (38), needs further clarification. Finally, 
the quantitative assessment of proteinuria was not 
performed, so the impact of proteinuria could not be 
assessed properly in this study. 

In conclusion, our study demonstrated that al-
bumin was independently associated with indexed 
LAD and suggested that the combination of indexed 
LAD and serum albumin was independently associ-
ated with rapid renal progression and progression to 
dialysis. The association between indexed LAD and 
adverse renal outcomes might be introduced in part 
because of a direct association between albumin and 
indexed LAD. Assessments of serum albumin level 
and indexed LAD by echocardiography might be 
useful in identification of high risk group for adverse 
renal outcomes in patients with CKD. 
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