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ABSTRACT
Background: Patients with chronic kidney disease (CKD) often have structural abnormalities of
the heart due to pressure and volume overload. The aim of this study was to evaluate associa-
tions between echocardiographic parameters and renal outcomes (estimated glomerular filtration
rate [eGFR] slope and progression to dialysis) in patients with stage 3–5 CKD.
Methods: This longitudinal study enrolled 419 patients. Changes in renal function were assessed
using the eGFR slope. Rapid renal progression was defined as an eGFR slope < �3mL/min/1.73
m2/year, and the renal endpoint was defined as commencing dialysis.
Results: Increased left atrial diameter (LAD), ratio of left ventricular mass to body surface area
(LVM/BSA), ratio of LVM to height2.7 (LVM/ht2.7), and ratio of observed to predicted LVM (o/p
LVM) were associated with eGFR slope in an adjusted model, but left ventricular ejection fraction
(LVEF) was not. Furthermore, LAD � 4.7 cm, LVM/BSA > 115g/m2 in males and > 95g/m2 in
females, and LVM/ht2.7 > 48g/ht2.7 in males and > 44g/ht2.7 in females were correlated with
progression to dialysis, but o/p LVM and LVEF were not. The maximum change in v2 change to
predict renal outcomes was observed for LAD, followed by LVM/BSA and LVM/ht2.7.
Conclusions: A large LAD and increased LVM, regardless of how it was measured (LVM/BSA,
LVM/ht2.7 and o/p LVM), were correlated with adverse renal outcomes in patients with CKD stage
3–5. LAD had superior prognostic value to LVM and LVEF.
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Introduction

Chronic kidney disease (CKD) is a major global public
health problem, characterized by a progressive deterior-
ation in kidney function and eventually end-stage renal
disease. Moreover, not all patients with CKD survive to
maintenance dialysis [1,2]. Recent studies have reported
the effect of dynamic changes in estimated glomerular
filtration rate (eGFR) on the risk of mortality [3,4].
Therefore, identifying patients with rapidly worsening
renal function is important to allow for timely and
aggressive interventions to attenuate the disease and
prolong survival.

CKD has been associated with a significant increase
in the risk of cardiovascular disease (CVD). CKD and
CVD have many shared risk factors, and abnormal

cardiac structure and function are major predictors of
adverse clinical outcomes [5]. Patients with CKD often
have structural abnormalities of the heart due to pres-
sure and volume overload [6]. Hickson et al. analyzed
654 patients who underwent echocardiography exam-
ination following initiation of hemodialysis, and
revealed that echocardiography variables were associ-
ated with death over a median follow-up period of
2.4 years were left-ventricular ejection fraction (LVEF)
�45% and right-ventricular systolic dysfunction [7].
Matsuo et al. examined 315 Japanese patients with
hemodialysis using transthoracic echocardiography,
and showed that only 11.5% and 3.4% of all patients
had normal left ventricular geometry and normal left
ventricular filling pattern, respectively [8]. A study in
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3,487 CKD patients showed that the prevalence of left
ventricular hypertrophy (LVH) was 32%, 48%, 57%, and
75% in patients with eGFR of � 60, 45–59, 30–44, and
<30mL/min/1.73 m2, respectively [9]. Previous studies
have reported that LVH and high left atrial volume
index are associated with progression to dialysis
[10–12]. In addition, decreased LVEF and increased left
atrial diameter (LAD) have been associated with a rapid
decline in renal function [10,13]. Therefore, heart struc-
tural and functional parameters may serve as prognos-
tic indicators of renal outcomes in patients with CKD.
However, few studies have investigated the association
between echocardiographic parameters and renal out-
comes in patients with CKD.

LVH has been reported to be both highly prevalent
and often inappropriate in patients with CKD [14,15].
Appropriately indexing left ventricular mass (LVM) is
necessary to minimize over- or under-estimating LVH
[16], and body surface area (BSA) and height raised to
the power of 2.7 (ht2.7) are common indexing parame-
ters [17]. In addition, inappropriate LVM, defined as an
excess increase in LVM, is common in patients with
CKD as a means to compensate for alterations in hemo-
dynamic and metabolic status [18]. The ratio of
observed LVM to predicted LVM (o/p LVM) can be used
to assess the appropriateness of LVM. Few studies have
investigated the impact of LVH classified using LVM
indices on adverse clinical outcomes, and the results
have been inconclusive [17,19]. Moreover, a comparison
of the impact of LVM and its indices on renal outcomes
has never been reported. Accordingly, the aim of this
study was to investigate the association between echo-
cardiographic parameters (left atrial dimension [LAD],
LVM/BSA, LVM/ht2.7, o/p LVM and LVEF) and renal out-
comes (eGFR slope and progression to dialysis) in
patients with CKD stage 3–5.

Study patients and methods

Study patients and design

We consecutively enrolled 505 pre-dialysis patients with
stages 3–5 of CKD from the Outpatient Department of
Internal Medicine at a regional hospital in southern
Taiwan from May 2006 to January 2010. Patients with
evidence of kidney damage lasting for > 3months
were defined as having CKD, and the stage was classi-
fied according to the National Kidney Foundation-
Kidney Disease Outcomes Quality Initiative (K/DOQI)
guidelines [20] as follows: stage 3, eGFR 30–59mL/min/
1.73 m2; stage 4, eGFR 15–29mL/min/1.73 m2; and
stage 5, eGFR < 15mL/min/1.73 m2. We excluded
patients with fewer than three eGFR readings (n¼ 64)

during follow-up and those who were followed for
<6months (n¼ 22) to ensure complete data of changes
in renal function. The remaining 419 patients (mean
age 65.9 ± 12.3 years, 256 males) were included. The
Institutional Review Board of Kaohsiung Medical
University Hospital approved this study, and all partici-
pants provided written informed consent to participate
in this study. All methods were performed in accord-
ance with the appropriate guidelines.

Evaluation of cardiac structure and function

Echocardiographic examinations were performed by
two experienced cardiologists who were blinded to the
patients’ data using a VIVID 7 system (General Electric
Medical Systems, Horten, Norway). The patients were
placed in a left decubitus position, and standardized
two-dimensional and guided M-mode echocardio-
graphic imaging was performed. Left ventricular
internal diameter in diastole (LVIDd), interventricular
septal wall thickness in diastole (IVSTd), LAD, and left
ventricular posterior wall thickness in diastolic
(LVPWTd) were measured. LAD was approached from
anteroposterior view. LVEF was used to assess left ven-
tricular systolic function according to the Teichholz’ M-
mode [21]. The Devereux-modified method was used to
calculate observed LVM as follows: observed LVM ¼
1.04� [(IVSTdþ LVIDdþ LVPWTd)3 – LVIDd3]� 13.6 g
[22]. Predicted LVM was estimated as follows [23]: pre-
dicted LVM ¼ 55.37þ 6.64� height (m2.7) þ
0.64� stroke work � 18.07� sex (where for sex: male ¼
1 and female ¼ 2). The ratio of observed LVM to pre-
dicted LVM (o/p LVM) was used to assess inappropriate
LVM, and observed LVM > 28% more than the pre-
dicted value (i.e., o/p LVM > 128%) was defined as
being inappropriate [15,23]. LVH was defined as an
LVM/BSA ratio of > 115 g/m2 in men and > 95 g/m2 in
women, and as LVM/ht2.7 > 48 g/ht2.7 in men and
>44 g/ht2.7 in women [24]. Stroke work (gm) was calcu-
lated as: (systolic blood pressure� stroke volume prod-
uct) � 0.0144.

Collection of demographic, medical and
laboratory data

Smoking status, demographic (age and sex) and med-
ical (hypertension, diabetes mellitus and coronary artery
disease) data were collected at baseline via chart
review. Systolic and diastolic blood pressures were
measured, and laboratory findings (hemoglobin, fasting
glucose, triglycerides, calcium-phosphorous product
and total cholesterol) were measured from fasting
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blood samples using an autoanalyzer (COBAS Integra
400, Roche Diagnostics GmbH, D-68298 Mannheim
COBAS Integra 400). The kinetic Jaff�e method was used
to measure levels of serum creatinine on an autoana-
lyzer (Roche Diagnostics) using isotope-dilution mass
spectrometry [25]. The 4-variable Modification of Diet in
Renal Disease (MDRD) equation was used to calculate
eGFR [26]. All urine and blood samples were collected
within 1month of enrollment.

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

The eGFR slope (mL/min/1.73 m2/year) was used to
assess the rate of decline in renal function, and was cal-
culated as the regression coefficient between time and
a minimum of three eGFR measurements after enroll-
ment. A reduction of > 3mL/min/1.73 m2/year (i.e., a
slope < �3mL/min/1.73 m2/year) was defined as rapid
renal progression [27].

Definition of renal endpoint

The renal endpoint was defined as commencing dialy-
sis. Renal function data of the patients who reached the
renal endpoint were censored at the commencement
of renal replacement therapy, and the remaining
patients were followed until January 2020. The National

Health Insurance regulations for dialysis therapy, which
are based on uremic symptoms and signs, nutritional
status and laboratory data were used to determine the
commencement of dialysis.

Definition of overall mortality

Cases of overall mortality were defined by two cardiolo-
gists from medical records. Disagreements were
resolved after consultation with a third cardiologist. The
patients were followed until death or January 2020,
whichever occurred first.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 for
Windows (SPSS Inc. Chicago, USA). Data were expressed
as percentage, mean± standard deviation, median
(25th–75th percentile) for triglycerides, and mean-
± standard error of mean for eGFR slope. Between-
group differences were evaluated using the chi-square
test for categorical variables and the independent t-test
for continuous variables. Associations between the
echocardiographic parameters and eGFR slope were
assessed using linear regression analysis, and the time
to dialysis was modeled using a Cox proportional haz-
ards model in three steps. The first model included age
and sex. Clinical risk factors were added to the second

Table 1. Comparison of clinical characteristics between eGFR slope � –3 and < –3mL/min/1.73m2/yr.
Characteristics All (n¼ 419) eGFR slope � –3 (n¼ 304) eGFR slope < –3 (n¼ 115) p

Age (year) 65.9 ± 12.3 67.0 ± 11.9 63.1 ± 13.0 .003
Male gender (%) 61.1 65.1 50.4 .006
Smoking (%) 30.5 29.6 33.0 .495
Diabetes mellitus (%) 56.6 49.3 75.7 <.001
Hypertension (%) 83.1 80.3 90.4 .013
Coronary artery disease (%) 11.2 8.9 17.4 .014
Systolic blood pressure (mmHg) 141.4 ± 21.1 138.7 ± 19.5 148.3 ± 23.5 <.001
Diastolic blood pressure (mmHg) 79.5 ± 12.8 79.2 ± 12.2 80.1 ± 14.3 .552
Laboratory parameters
Fasting glucose (mg/dL) 126.4 ± 57.7 119.8 ± 45.2 143.6 ± 79.6 .003
Triglyceride (mg/dL) 140.5 (96–200.75) 132 (90.5–191.5) 164 (118–240) <.001
Total cholesterol (mg/dL) 194.5 ± 46.1 190.5 ± 43.6 205.1 ± 50.6 .004
Hemoglobin (g/dL) 11.7 ± 2.3 12.1 ± 2.3 10.7 ± 2.0 <.001
Baseline eGFR (mL/min/1.73m2) 26.4 ± 14.1 29.3 ± 14.2 18.9 ± 10.7 <.001
Calcium-phosphorous product (mg2/dL2) 38.0 ± 8.6 37.2 ± 8.2 40.1 ± 9.1 .002

Echocardiographic parameters
LAD (cm) 3.7 ± 0.6 3.7 ± 0.6 4.0 ± 0.6 <.001
LAD � 4.7 cm (%) 5.3 3.3 10.4 .003
LVM/BSA (g/m2) 116.8 ± 36.6 112.0 ± 34.9 129.7 ± 37.9 <.001
LVM/BSA> 115 g/m2 in male and> 95 g/m2 in female (%) 56.6 49.7 74.8 <.001
LVM/ht2.7 (g/ht2.7) 55.0 ± 18.3 52.3 ± 17.3 62.0 ± 19.0 <.001
LVM/ht2.7 > 48 g/ht2.7 in male and> 44 g/ht2.7 in female (%) 64.9 59.5 79.1 <.001
o/p LVM (%) 153.3 ± 49.6 148.3 ± 46.1 166.2 ± 55.7 .001
o/p LVM> 128% (%) 68.1 64.6 77.0 .016
LVEF (%) 69.2 ± 10.0 69.6 ± 9.9 68.1 ± 10.2 .171
LVEF< 50% (%) 4.1 3.9 4.3 .853

Outcome
eGFR slope (mL/min/1.73 m2/yr) –2.01 ± 0.15 –0.57 ± 0.09 –5.81 ± 0.27 <.001
Progression to dialysis (%) 39.6 27.0 73.0 <.001

eGFR: estimated glomerular filtration rate; LAD: left atrial dimension; LVM: left ventricular mass; BSA: body surface area; ht: height; o/p: observed/pre-
dicted; LVEF: left ventricular ejection fraction.
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model, and biochemical factors were added to the third
model. The Kaplan-Meier method was used to plot sur-
vival curves for dialysis-free survival. A difference was
considered significant at p< .05.

Results

A total of 419 CKD stage 3–5 patients were included.
Their mean age was 65.9 ± 12.3 years, and there were
256 men and 163 women. A comparison of the clinical
characteristics between the groups with an eGFR slope
� �3 (n¼ 304) and < �3mL/min/1.73 m2/year
(n¼ 115) is shown in Table 1. Compared to the patients
with an eGFR slope � �3, those with an eGFR slope <

�3 were younger, predominantly female, had higher
rates of diabetes mellitus, hypertension and coronary
artery disease, higher systolic blood pressure, calcium-
phosphorous product, fasting glucose, triglycerides and
total cholesterol, and lower hemoglobin and baseline
eGFR. With regards to the echocardiographic parame-
ters, the patients with an eGFR slope < �3 had higher

values of LAD, prevalence of LAD � 4.7 cm, LVM/BSA,
prevalence of LVM/BSA > 115 g/m2 in males and
>95 g/m2 in females, LVM/ht2.7, prevalence of LVM/ht2.7

> 48 g/ht2.7 in males and > 44 g/ht2.7 in females, o/p
LVM and prevalence of o/p LVM > 128% than those
with an eGFR slope � �3. Regarding outcomes, the
patients with an eGFR slope < �3 had a lower eGFR
slope and higher prevalence of progression to com-
mencement of dialysis than those with an eGFR slope
� �3.

Figure 1 illustrates the eGFR slopes among the fol-
lowing four groups: (A) LAD < 4.7 cm vs. LAD � 4.7 cm
(–1.91 ± 0.15 vs. �3.87 ± 0.81; p¼ .003); (B) LVM/BSA �

115 g/m2 in males and � 95 g/m2 in females vs. LVM/
BSA > 115 g/m2 in males and > 95 g/m2 in females
(–1.13 ± 0.16 vs. �2.69 ± 0.23; p< .001); (C) LVM/ht2.7 �

48 g/ht2.7 in males and � 44 g/ht2.7 in females vs. LVM/
ht2.7 > 48 g/ht2.7 in males and > 44 g/ht2.7 in females
(–1.23 ± 0.18 vs. �3.43 ± 0.20; p< .001); (D) o/p LVM �

128% vs. o/p LVM >128% (–1.59 ± 0.21 vs.
�2.27 ± 0.20; p¼ .022).

Figure 1. The estimated glomerular filtration rate (eGFR) slopes among (A) LAD < 4.7 cm vs. LAD � 4.7 cm (p¼ .003); (B) LVM/
BSA � 115 g/m2 in male and � 95 g/m2 in female vs. LVM/BSA > 115 g/m2 in male and > 95 g/m2 in female (p< .001); (C)
LVM/ht2.7 � 48 g/ht2.7 in male and � 44 g/ht2.7 in female vs. LVM/ht2.7 > 48 g/ht2.7 in male and > 44 g/ht2.7 in female
(p< .001); (D) o/p LVM � 128% vs. o/p LVM > 128% (p¼ .022).
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Determinants of eGFR slope

Table 2 shows the associations between echocardio-
graphic parameters and eGFR slope in three modeling
steps. LAD was associated with eGFR slope in the
unadjusted model (per 1 cm; unstandardized coefficient
b, �1.151; p< .001), the age-and sex-adjusted model
(per 1 cm; unstandardized coefficient b, �1.177;
p< .001) and in the multivariate model (1) adjusting for
age, sex, diabetes mellitus, hypertension and coronary
artery disease (per 1 cm; unstandardized coefficient b,
�0.897; p< .001). This relationship remained significant
in the multivariate model (2) after further adjusting for
smoking history, systolic blood pressure � 140mmHg,
fasting glucose, total cholesterol, log-transformed trigly-
cerides, hemoglobin < 12 g/dL, baseline eGFR < 45mL/
min/1.73 m2 and calcium-phosphorous product (per
1 cm; unstandardized coefficient b, �0.736; p¼ .001).
Similarly, LVM/BSA (per 1 g/m2; unstandardized coeffi-
cient b, �0.015; p< .001), LVM/ht2.7 (per 1 g/m2.7;
unstandardized coefficient b, �0.029; p< .001) and o/p
LVM (per 1%; unstandardized coefficient b, �0.006;

p¼ .036) were significantly associated with eGFR slope
with or without adjustment, but LVEF (per 1%; unstan-
dardized coefficient b, 0.023; p¼ .123) was not in the
multivariate model (2).

We further performed eGFR slope analysis using the
CKD Epidemiology Collaboration (CKD-EPI) Study
Equation [28] and found that LAD (per 1 cm; unstandar-
dized coefficient b, �1.043; p¼ .003), LVM/BSA (per
1 g/m2; unstandardized coefficient b, �0.015; p¼ .016),
and LVM/ht2.7 (per 1 g/m2.7; unstandardized coefficient
b, �0.027; p¼ .031) were significantly associated with
eGFR slope, but o/p LVM (per 1%; unstandardized coef-
ficient b, �0.005; p¼ .252), and LVEF (per 1%; unstan-
dardized coefficient b, 0.006; p¼ .776) were not in the
multivariate model (2).

Risk of progression to dialysis

The follow-up period was 6.0 (2.1–11.0) years, during
which 166 patients (39.6%) started hemodialysis. Table
3 displays the relationships between echocardiographic
parameters and progression to dialysis using a Cox pro-
portional hazards model with three modeling steps. In
the multivariate model (2), LAD � 4.7 cm (vs. LAD
<4.7 cm; hazard ratio [HR], 2.048; 95% confidence inter-
val [CI], 1.115–3.760; p¼ .021), LVM/BSA > 115 g/m2

in males and > 95 g/m2 in females (vs. LVM/BSA
�115 g/m2 in male and � 95 g/m2 in female; HR, 1.547;
95% CI, 1.069–2.240; p¼ .021), and LVM/ht2.7 >48 g/
ht2.7 in males and > 44 g/ht2.7 in females (vs. LVM/ht2.7

�48 g/ht2.7 in males and � 44 g/ht2.7 in females; HR,
1.756; 95% CI, 1.157–2.665; p¼ .008) were significantly
associated with progression to dialysis. However, in the
multivariate model (2), o/p LVM > 128% (vs. o/p LVM �

128%, p¼ .131), and LVEF < 50% (vs. LVEF � 50%,
p¼ .686) were not significantly correlated with progres-
sion to dialysis.

Figure 2 illustrates the Kaplan-Meier analyses of dia-
lysis-free survival among the four study groups: (A) LAD
< 4.7 cm vs. LAD � 4.7 cm (log-rank p¼ .001); (B) LVM/
BSA � 115 g/m2 in males and � 95 g/m2 in females vs.
LVM/BSA > 115 g/m2 in males and > 95 g/m2 in
females (log-rank p< .001); (C) LVM/ht2.7 � 48 g/ht2.7 in
males and � 44 g/ht2.7 in females vs. LVM/ht2.7 > 48 g/
ht2.7 in males and > 44 g/ht2.7 in females (log-rank
p< .001); (D) o/p LVM � 128% vs. o/p LVM > 128%
(log-rank p¼ .008).

We further performed Cox proportional hazards
model to analysis progression to dialysis using the CKD-
EPI eGFR [28] and found that LAD � 4.7 cm (vs. LAD <

4.7 cm; HR, 2.042; 95% CI, 1.112–3.750; p¼ .021), LVM/
BSA > 115 g/m2 in males and > 95 g/m2 in females (vs.

Table 2. Relation of echocardiographic parameters to eGFR
slope using linear analysis.

Echocardiographic parameters

eGFR slope

Unstandardized
coefficient b (95% CI) p

LAD (per 1 cm)
Unadjusted –1.151 (–1.606, �0.697) <.001
Age and gender adjusted –1.177 (–1.624, �0.730) <.001
Multivariate adjusted (1) –0.897 (–1.352, �0.443) <.001
Multivariate adjusted (2) –0.736 (–1.187, �0.285) .001

LVM/BSA (per 1 g/m2)
Unadjusted –0.020 (–0.027, �0.012) <.001
Age and gender adjusted –0.022 (–0.029, �0.014) <.001
Multivariate adjusted (1) –0.020 (–0.028, �0.012) <.001
Multivariate adjusted (2) –0.015 (–0.023, �0.007) <.001

LVM/ht2.7 (per 1 g/ht2.7)
Unadjusted –0.041 (–0.057, �0.025) <.001
Age and gender adjusted –0.042 (–0.058, �0.027) <.001
Multivariate adjusted (1) –0.039 (–0.055, �0.024) <.001
Multivariate adjusted (2) –0.029 (–0.045, �0.013) <.001

o/p LVM (per 1%)
Unadjusted –0.010 (–0.017, �0.004) .001
Age and gender adjusted –0.010 (–0.016, �0.004) .001
Multivariate adjusted (1) –0.009 (–0.014, �0.003) .005
Multivariate adjusted (2) –0.006 (–0.012, 0) .036

LVEF (per 1%)
Unadjusted 0.033 (0.004, 0.062) .028
Age and gender adjusted 0.031 (0.007, 0.054) .011
Multivariate adjusted (1) 0.033 (0.005, 0.062) .023
Multivariate adjusted (2) 0.023 (–0.006, 0.052) .123

Values expressed as unstandardized coefficient b and 95% confidence
interval (CI). Abbreviations are the same as in Table 1. Multivariate model
1: adjusted for age, gender, smoking, diabetes mellitus, hypertension and
coronary artery disease. Multivariate model 2: adjusted for age, gender,
smoking, diabetes mellitus, hypertension, coronary artery disease, systolic
blood pressure �140mmHg, fasting glucose, log-transformed triglyceride,
total cholesterol, hemoglobin <12 g/dL, baseline eGFR <45mL/min/
1.73m2 and calcium-phosphorous product.
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LVM/BSA � 115 g/m2 in male and � 95 g/m2 in female;
HR, 1.592; 95% CI, 1.098–2.3070; p¼ .014), and LVM/
ht2.7 > 48 g/ht2.7 in males and > 44 g/ht2.7 in females
(vs. LVM/ht2.7 � 48 g/ht2.7 in males and � 44 g/ht2.7 in
females; HR, 1.774; 95% CI, 1.170–2.692; p¼ .007) were
significantly associated with progression to dialysis.
However, in the multivariate model (2), o/p LVM
>128% (vs. o/p LVM � 128%, p¼ .127), and LVEF <50%
(vs. LVEF � 50%, p¼ .673) were not significantly corre-
lated with progression to dialysis.

Risk of overall mortality

The median follow-up period was 11.4 (10.2–11.9) years,
during which 77 of the 419 patients died (18.4%) due
to CV causes (n¼ 37), malignancy (n¼ 5), infectious dis-
eases (n¼ 27), gastrointestinal bleeding (n¼ 2), and
others (n¼ 6). After adjusting for age, gender, smoking,
diabetes mellitus, hypertension, coronary artery disease,
systolic blood pressure � 140mmHg, fasting glucose,
log-transformed triglyceride, total cholesterol, hemoglo-
bin <12 g/dL, baseline eGFR < 45mL/min/1.73m2 and
calcium-phosphorous product, LAD � 4.7 cm (vs. LAD
<4.7 cm; HR, 2.628; 95% CI, 1.242–5.561; p¼ .012), and
LVM/BSA > 115 g/m2 in males and >95 g/m2 in females

(vs. LVM/BSA � 115 g/m2 in male and �95 g/m2 in
female; HR, 1.7337; 95% CI, 1.003–2.993; p¼ .049) were
significantly associated with increased overall mortality.
However, LVM/ht2.7 > 48 g/ht2.7 in males and >44 g/
ht2.7 in females (vs. LVM/ht2.7 � 48 g/ht2.7 in males and
� 44 g/ht2.7 in females; HR, 1.206; 95% CI, 0.693–2.099;
p¼ .508), o/p LVM > 128% (vs. o/p LVM � 128%,
p¼ .438), and LVEF < 50% (vs. LVEF � 50%, p¼ .383)
were not significantly correlated with increased over-
all mortality.

Incremental values of echocardiographic
parameters in relation to progression to dialysis

The incremental values of echocardiographic parame-
ters in outcome prediction are shown in Figure 3. The
basic model included age, sex, smoking status, diabetes
mellitus, hypertension, coronary artery disease, systolic
blood pressure >140mmHg, fasting glucose, log-trans-
formed triglycerides, total cholesterol, hemoglobin
<12 g/dL, baseline eGFR <45mL/min/1.73 m2 and cal-
cium-phosphorous product (v2 ¼ 145.255). Adding LAD
to the basic model offered an additional benefit in the
prediction of progression to dialysis (v2 ¼ 157.432, v2

change ¼ 15.177, p< .001). In addition, adding LVM/

Table 3. Relation of echocardiographic parameters to progression to dialysis using Cox proportional
hazards model.

Echocardiographic parameters

Progression to dialysis

Hazard ratio (95% CI) p

LAD � 4.7 cm
Unadjusted 2.544 (1.469–4.405) .001
Age and gender adjusted 3.170 (1.807–5.562) <.001
Multivariate adjusted (1) 3.059 (1.740–5.378) <.001
Multivariate adjusted (2) 2.048 (1.115–3.760) .021

LVM/BSA > 115 g/m2 in male and > 95 g/m2 in female
Unadjusted 2.351 (1.678–3.293) <.001
Age and gender adjusted 2.160 (1.535–3.040) <.001
Multivariate adjusted (1) 1.991 (1.406–2.821) <.001
Multivariate adjusted (2) 1.547 (1.069–2.240) .021

LVM/ht2.7 > 48 g/ht2.7 in male and> 44 g/ht2.7 in female
Unadjusted 2.690 (1.832–3.948) <.001
Age and gender adjusted 2.562 (1.743–3.767) <.001
Multivariate adjusted (1) 2.323 (1.570–3.439) <.001
Multivariate adjusted (2) 1.756 (1.157–2.665) .008

o/p LVM> 128%
Unadjusted 1.639 (1.132–2.373) <.001
Age and gender adjusted 1.578 (1.089–2.287) .016
Multivariate adjusted (1) 1.459 (1.001–2.126) .049
Multivariate adjusted (2) 1.362 (0.912–2.035) .131

LVEF< 50%
Unadjusted 1.456 (0.682–3.109) .331
Age and gender adjusted 1.738 (0.809–3.736) .157
Multivariate adjusted (1) 1.683 (0.783–3.617) .182
Multivariate adjusted (2) 0.835 (0.349–1.998) .686

Values expressed as hazard ratio and 95% confidence interval (CI). Abbreviations are the same as in Table 1. Multivariate
model 1: adjusted for age, gender, smoking, diabetes mellitus, hypertension and coronary artery disease. Multivariate
model 2: adjusted for age, gender, smoking, diabetes mellitus, hypertension, coronary artery disease, systolic blood pres-
sure > 140mmHg, fasting glucose, log-transformed triglyceride, total cholesterol, hemoglobin <12 g/dL, baseline eGFR
<45mL/min/1.73m2 and calcium-phosphorous product.
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BSA and LVM/ht2.7 to the basic model resulted in sig-
nificant improvements in the prediction of progression
to dialysis (v2 ¼ 150.372, v2 change ¼ 5.117, p¼ .024;
v2 ¼ 149.973, v2 change ¼ 4.718, p¼ .030; respect-
ively). However, adding o/p LVM and LVEF to the basic
model did not result in significant improvements in the
prediction of progression to dialysis (v2 ¼ 147.954, v2

change ¼ 2.699, p¼ .100; v2 ¼ 147.194, v2 change ¼
1.939, p¼ .164, respectively).

Discussion

In this study, we evaluated the relationships between
various echocardiographic parameters and renal out-
comes of 419 patients with stage 3–5 CKD. The results
showed that rapid renal progression was associated
with large LAD and increased LVM, regardless of how it
was measured (LVM/BSA, LVM/ht2.7 and o/p LVM).
Furthermore, three of the parameters (LAD, LVM/BSA
and LVM/ht2.7) were related to progression to dialysis.

Figure 2. Kaplan-Meier analyses of dialysis-free survival among (A) LAD < 4.7 cm vs. LAD � 4.7 cm (log-rank p¼ .001); (B) LVM/
BSA � 115 g/m2 in male and � 95 g/m2 in female vs. LVM/BSA > 115 g/m2 in male and > 95 g/m2 in female (log-rank
p< .001); (C) LVM/ht2.7 � 48 g/ht2.7 in male and � 44 g/ht2.7 in female vs. LVM/ht2.7 > 48 g/ht2.7 in male and > 44 g/ht2.7 in
female (log-rank p< .001); (D) o/p LVM � 128% vs. o/p LVM > 128% (log-rank p¼ .008).
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However, the relationships between LVEF and eGFR
slope and progression to dialysis were insignificant.

The first important finding of this study is that the
maximum change in v2 change to predict renal out-
comes was observed for LAD, followed by increased
LVM. In addition to left ventricular morphologic
changes, left atrial enlargement is also frequently
observed in CKD patients, and previous studies have
shown that LAD can serve as a predictor of clinical out-
comes in CKD patients [29,30]. Chan et al. [29] eval-
uated the relationship between LAD and clinical
outcomes in 200 CKD patients with coronary artery dis-
ease, and found that increased indexed LAD was associ-
ated with CVD mortality. In addition, Tripepi et al. [30]
investigated the association between various echocar-
diographic parameters and death in 249 patients with
end-stage renal disease, and found that left atrial vol-
ume indexed for height had better prognostic value
than LVM and function. There are two principle patho-
physiologies of an enlarged left atrium: pressure over-
load with abnormal myocyte relaxation, and volume
overload with normal myocyte relaxation. Left atrial
dilatation due to pressure overload is secondary to
increased left atrial afterload, which is observed in the

setting of mitral valve disease or left ventricular dys-
function; whereas chronic volume overload is related to
valvular regurgitation and high output conditions
including chronic anemia and athletic heart dilatation
[31]. Previous studies have also reported other risk fac-
tors for left atrial enlargement, including higher systolic
and pulse pressures, duration of hypertension, over-
weight, and inflammatory markers [32–34]. Both LVM/
BSA and LVM/ht2.7 require mathematical calculations,
whereas LAD can be used to quickly analyze heart func-
tion using a straight-forward method. Several important
studies have indicated that left atrial enlargement can
be used as a predictor of atrial fibrillation, hypertension,
stroke, congestive heart failure, and cardiovascular
death, which could be useful in clinical applications
[31,35–37]. Regarding renal outcomes, Furukawa et al.
[12] reported that left atrial volume index was an inde-
pendent risk factor for the interval before initiating dia-
lysis in 140 patients with CKD stage 4–5, whereas we
previously only found a weak association between renal
outcomes and left atrial size in patients with CKD [10].
In the current study, we found that a higher LAD was
also independently associated with a rapid decline in
renal function and progression to dialysis after

Figure 3. Comparison of the prediction power of addition of echocardiographic parameters to a basic model in the prediction of
progression to dialysis. Addition of LAD (p< .001), LVM/BSA (p¼ .024), and LVM/ht2.7 (p¼ .030) resulted in a significant improve-
ment in the prediction of progression to dialysis, but o/p LVM (p¼ .100) and LVEF (p¼ .164) did not.
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adjusting for baseline eGFR. This implies that patients
with a higher indexed LAD may have high left ventricu-
lar filling pressure and volume status, which may then
decrease renal blood flow and increase renal efferent
pressure, ultimately resulting in a progressive decline in
renal function [38].

The second important finding in this study is that
LVM/BSA, LVM/ht2.7 and o/p LVM were all associated
with rapid renal progression, and that LVM/BSA and
LVM/ht2.7 were associated with an increased risk of pro-
gression to dialysis. This progressive renal-function-
related decline in cardiac function in known as cardiore-
nal syndromes. According to The Acute Dialysis Quality
Initiative (ADQI) consensus group definition in 2010
[39], cardiorenal syndromes can be divided into five
subcategories based on primary organ dysfunction and
chronicity. The fourth type is a subset of renal impair-
ment resulting from an increase in preload and after-
load. The increase in preload is caused by the activation
of xanthine oxidase and oxidative stress, consequently
increasing intravascular volume expansion and ultim-
ately leading to myocardial cell lengthening and left
ventricular myocardial remodeling. The increase in
afterload is caused by calcification of the aorta, which
then inevitably increases systemic arterial resistance
and increases arterial blood pressure. Both preload and
afterload have a synergistic effect on each other, which
ultimately leads to LVH [40]. Paoletti et al. [11] investi-
gated the relationship between LVH and progression to
dialysis in 144 patients with CKD stage 3–4, and found
an independent association between a higher LVM
index and progression to dialysis and a combined end-
point of dialysis or death. Our previous study also
showed a significant association between concentric
LVH and progression to dialysis in patients with CKD
stage 3–5 [10]. Several studies have reported that
patients with LVH may have impaired myocardial con-
tractility and left ventricular diastolic function [41–43],
and this may worsen the decline in renal function
resulting in adverse renal outcomes.

In this study, the maximum change in v2 change to
predict renal outcomes was observed for LAD, followed
by LVM/BSA (v2 change ¼ 5.117) and LVM/ht2.7 (v2

change ¼ 4.718). The size of a normal heart is influ-
enced by sex, exercise, age, and ethnicity [16]. LVM is
influenced by body size, and appropriate indexing of
LVM is necessary to minimize over- or under-estimation
of LVH [16]. BSA and ht2.7 are common indexing param-
eters [17]. Although the American Society of
Echocardiography (ASE) guidelines [16] define LVH
using LVM indexed with BSA, indexing LVM with BSA in
patients with CKD is questionable, because body fluid

volume status is unstable in such patients [44]. Our
results are in accordance with those of the study by
Liao et al. [45]. In their study, they analyzed 988
patients who underwent coronary angiography and
found that LVH defined with LVM/BSA was associated
with an increased risk of all-cause and cardiovascular
mortality but that LVM/ht2.7 was not, indicating that
LVM indexed with BSA may be more appropriate that
LVM indexed with ht2.7. However, Zoccal et al. [19]
reported that LVM/ht2.7 was a stronger predictor of
overall and cardiovascular mortality and cardiovascular
events than LVM/BSA in 254 patients undergoing dialy-
sis. We hypothesize that differences in volume status,
based on the dialysis status of their patients, may be
responsible for the different results. Compared to
patients undergoing regular dialysis, pre-dialysis
patients with CKD tend to have greater volume over-
load and volume status, and this has a greater influence
on the internal diameter of the left ventricle. Therefore,
we suggest that LVM/BSA may be preferable to LVM/
ht2.7, especially in pre-dialysis patients with CKD.

The third important finding of this study is that o/p
LVM was related to rapid renal progression, although
not to progression to dialysis. Patients with CKD have
many hemodynamic and metabolic disturbances, which
can lead to pathophysiological changes including
increased preload and afterload, neurohormonal stress
response, and factors inducing atherosclerosis and
myocardial fibrosis, all of which can increase LVM
[46–50]. In addition, Nardi et al. [15] investigated
inappropriate LVM, and found that patients with CKD
stage 2–5 had higher inappropriate LVM than patients
with hypertension and normal renal function (52.6% vs.
30.5%, p< .001). Inappropriate LVM has been associ-
ated with the risk of cardiovascular events [51,52].
Recently, several studies have reported the adverse
impact of inappropriate LVM on cardiovascular out-
comes in hypertensive patients [53,54]. De Simone et al.
[53] studied the effect of inappropriate LVM on cardio-
vascular outcomes in 294 patients with hypertension,
and found that inappropriate LVM could predict a poor
cardiovascular prognosis, even in patients without LVH.
This finding implies that o/p LVM has clinical import-
ance, and that it could serve as an early indicator of a
decline in renal function.

There are several limitations to this study. First, the
number of serum creatinine measurements that were
used to plot the eGFR slope and the interval between
them differed in each patient, and thus the eGFR slope
varied between the patients. To increase the reliability
of eGFR slope, we only included patients with at least
three eGFR measurements, and excluded those who
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were followed for < 3months. Second, left atrial vol-
ume may be more accurate than LAD in reflecting the
size of the left atrial chamber. However, LAD has been
shown to be a valid surrogate of the size of the left atria
in several large population-based cohort studies includ-
ing the Strong Heart Study [37] and Losartan
Intervention For Endpoint study [55]. Moreover, LAD is
more easily obtained than left atrial volume, and LAD
measurements are already included in routine echocar-
diographic evaluations. Third, atrial fibrillation might
influence left atrial diameter, however, we lack atrial fib-
rillation history of the study patients. In addition, we
used Teichholz’ M-mode [21] to calculate LVEF in this
study, which might not accurate as biplane Simpson’s
or 3D techniques. Finally, we did not evaluate volume
status, and therefore we could not evaluate the effect
of volume overload in our pre-dialysis patients
with CKD.

In conclusion, we demonstrated that large LAD and
increased LVM, regardless of how it was measured
(LVM/BSA, LVM/ht2.7 and o/p LVM) were correlated with
adverse renal outcomes in CKD stage 3–5 patients. LAD
had better prognostic value than LVM and LVEF.
Assessing echocardiographic parameters may be useful
to identify patients with CKD stage 3–5 at high risk of
adverse renal outcomes.
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