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Impaired left ventricular systolic function and
increased brachial-ankle pulse-wave velocity are
independently associated with rapid renal function
progression

Szu-Chia Chen1,2, Tsung-Hsien Lin3,4, Po-Chao Hsu3, Jer-Ming Chang1,2,5, Chee-Siong Lee3,4,
Wei-Chung Tsai2,3, Ho-Ming Su2,3,4, Wen-Chol Voon3,4 and Hung-Chun Chen1,5

Heart failure and increased arterial stiffness are associated with declining renal function. Few studies have evaluated the

association between left ventricular ejection fraction (LVEF) and brachial-ankle pulse-wave velocity (baPWV) and renal function

progression. The aim of this study was to assess whether LVEFo40% and baPWV are associated with a decline in the estimated

glomerular filtration rate (eGFR) and the progression to a renal end point of X25% decline in eGFR. This longitudinal study

included 167 patients. The baPWV was measured with an ankle-brachial index-form device. The change in renal function was

estimated by eGFR slope. The renal end point was defined as X25% decline in eGFR. Clinical and echocardiographic

parameters were compared and analyzed. After a multivariate analysis, serum hematocrit was positively associated with eGFR

slope, and diabetes mellitus, baPWV (P¼0.031) and LVEFo40% (P¼0.001) were negatively associated with eGFR slope.

Forty patients reached the renal end point. Multivariate, forward Cox regression analysis found that lower serum albumin and

hematocrit levels, higher triglyceride levels, higher baPWV (P¼0.039) and LVEFo40% (Po0.001) were independently

associated with progression to the renal end point. Our results show that LVEFo40% and increased baPWV are independently

associated with renal function decline and progression to the renal end point.
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INTRODUCTION

The risk for progression of renal function is contributed to by
traditional risk factors (that is, hypertension, diabetes and dyslipide-
mia) and non-traditional risk factors, including cardiovascular disease
and arterial stiffening.1,2 A failing heart can promote renal function
progression through a variety of pathophysiological mechanisms,
including hemodynamic factors, systemic neurohormonal factors,
drug treatment and anemia.3,4 In addition, increased arterial stiffness
has been reported to have a role in renal function progression.5–7

Previous studies have shown that several measures of arterial stiffness
(that is, augmentation index, radial-dorsalis pedis pulse-wave velocity
(PWV) and aortic PWV) are independent risk factors for the
deterioration of renal function in patients with chronic kidney
disease.5–7 A clinical device, the ankle-brachial index-form (VP1000;
Colin, Komaki, Japan), has been developed to record pulse waves of

the brachial and posterior tibial arteries automatically and simulta-
neously using an automated oscillometric method. Using this device,
we can easily and automatically calculate the brachial-ankle PWV
(baPWV).8 The baPWV has been reported to be a good marker of
arterial stiffness.9

Progressive decline in renal function has been significantly asso-
ciated with high cardiovascular morbidity and mortality, independent
of baseline renal function.10,11 Therefore, identifying patients with
rapid renal function progression for aggressive treatment intervention
is important in disease attenuation and prolonged survival. However,
studies to evaluate whether echocardiographic parameters and
baPWV are independently associated with a decline in renal function
are limited. Accordingly, the aim of this study was to assess
whether echocardiographic parameters and baPWV are independently
associated with a decline in renal function and progression to the
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renal end point of X25% decline in the estimated glomerular
filtration rate (eGFR).

METHODS

Study patients
The study subjects were randomly selected from patients who underwent

echocardiographic examinations at Kaohsiung Municipal Hsiao-Kang Hospital.

Patients with significant aortic or mitral valve disease, atrial fibrillation,

hemodialysis and inadequate image visualization were excluded. We did not

include all the patients consecutively because the baPWV was measured within

5 min of the completion of the echocardiographic examination. In addition,

those patients (n¼24) with follow-up times of o6 months were excluded to

avoid an incomplete observation of changes in renal function. A total of 191

patients were enrolled from January to September 2007, and they were followed

until May 2010. In all, 24 patients with fewer than three eGFR measurements

during the follow-up period were excluded, and a final total of 167 patients

(mean age 57.5±13.7 years old, 95 men and 72 women) were included. 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 performed by the same experienced

sonographer using transthoracic echocardiography (Vivid 7; General Electric

Medical Systems, Horten, Norway), with the participant respiring quietly in

the left decubitus position. Two-dimensional and two-dimensionally guided

M-mode images were recorded from the standardized views. Left ventricular

mass was calculated using the Devereux-modified method.12 The left ventri-

cular mass index (LVMI) was calculated by dividing left ventricular mass by

body surface area. Left ventricular hypertrophy (LVH) was considered to be

present when LVMI exceeded 134 and 110 g m–2 for men and women,

respectively.13 The Doppler sample volume was placed at the tips of the mitral

leaflets to obtain left ventricular inflow waveforms from the apical four-

chamber view. All sample volumes were positioned with ultrasonic beam

alignment to flow. Tissue Doppler imaging was obtained with the sample

volume placed at the lateral corner of the mitral annulus from the apical four-

chamber view. The wall filter settings were adjusted to exclude high-frequency

signals, and the gain was minimized. Left ventricular ejection fraction (LVEF)

was measured by the modified Simpson’s method. The raw ultrasonic data were

recorded and analyzed offline by a cardiologist, blinded to the other data, using

EchoPAC software (GE Medical Systems, Horten, Norway). The echocardio-

graphic data were obtained from three consecutive beats, and the data were

then averaged to yield the mean value for further analysis.

Measurement of baPWV
Within 5 min of the completion of the echocardiographic examination, the

baPWVs were measured with an ankle-brachial index-form device (VP1000;

Colin).8 For measuring baPWVs, pulse waves obtained from the brachial and

tibial arteries were recorded simultaneously, and the transmission time, which

was defined as the time interval between the initial increase in brachial and

tibial waveforms, was determined. The transmission distance from the arm to

each ankle was calculated according to body height. The values of baPWVs

were automatically computed as the transmission distance divided by the

transmission time. After obtaining bilateral baPWV values, the greater value

was used for analysis.

Collection of demographic, medical and laboratory data
Demographic and medical data, including age, gender, smoking history (ever

vs. never) and comorbid conditions, were obtained from medical records or

from interviews with patients. Body mass index was calculated as the ratio of

weight in kilograms divided by the square of height in meters. Laboratory data

were measured from fasting blood samples using an autoanalyzer (Roche

Diagnostics GmbH, Mannheim, Germany and COBAS Integra 400, Roche

Diagnostics GmbH). Serum creatinine was measured by the compensated Jaffé

(kinetic alkaline picrate) method with a Roche/Integra 400 Analyzer (Roche

Diagnostics, GmbH), using a calibrator traceable to isotope-dilution mass

spectrometry.14 The value of eGFR was calculated using the four-variable

equation in the Modification of Diet in Renal Disease study.15 Proteinuria

was examined by dipstick (Hema-Combistix, Bayer Diagnostics, Dublin,

Ireland). 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 medications, including angiotensin-converting enzyme inhi-

bitors, angiotensin II receptor blockers, b-blockers (including nonselective

b-blockers and selective b1-blockers), calcium channel blockers and diuretics

during the study period, was obtained from medical records.

Assessment of decline in renal function and definition of renal end
point
The decline in renal function was assessed by the eGFR slope, defined as the

regression coefficient between eGFR and time in units of ml min–1 per 1.73 m2

per year. At least three eGFR measurements were required to estimate the eGFR

slope. Any reduction 43 ml min–1 per 1.73 m2 per year, that is, a slope more

negative than �3 ml min–1 per 1.73 m2 per year (o�3), was considered to

reflect progression of renal function; otherwise, it was considered non-pro-

gressive.11 Additionally, the renal end point was defined as a X25% decline in

eGFR since enrollment.

Statistical analysis
Statistical analysis was performed using SPSS, version 12.0 (SPSS, Chicago, IL,

USA) for Windows. Data are expressed as percentages, the mean±s.d., or the

mean±s.e.m. The differences between groups were evaluated using a w2 test for

categorical variables or by an independent t-test for continuous variables. The

relationship between two continuous variables was assessed using a bivariate

correlation method (Pearson’s correlation). Linear regression analysis was used

to identify the factors associated with the decline in kidney function. The time

to the renal end point of X25% decline in eGFR and covariates of risk factors

were modeled using the Cox proportional hazards model. Age, gender and the

significant variables in univariate analysis were selected for multivariate

analysis. A difference was considered significant if the P-value was o0.05.

RESULTS

A comparison of baseline characteristics between patients with pro-
gressive (o�3 ml min–1 per 1.73 m2 per year) and non-progressive
(X�3 ml min–1 per 1.73 m2 per year) decline in eGFR (ml min–1 per
1.73 m2 per year) is shown in Table 1. The value of the eGFR slope of
all patients was �0.97±4.42 ml min–1 per 1.73 m2 per year. The
average number of serum creatinine measurements during the fol-
low-up period was 7.0±4.5 (range 3 to 20). In all, 34 patients (20.4%)
were affected by both diabetes and hypertension. Compared with
patients with non-progressive decline in eGFR, patients with progres-
sive decline in eGFR had an older age, higher prevalence of a history of
diabetes mellitus (DM) and congestive heart failure, lower serum
albumin, lower hematocrit, higher uric acid, higher baPWVs, and a
greater likelihood of receiving angiotensin-converting enzyme inhibi-
tor and/or angiotensin II receptor blocker therapy. In addition,
patients in the progressive group had a higher left ventricular end-
systolic volume, higher LVMI, higher prevalence of LVH, higher
prevalence of LVEFo40%, higher peak early transmitral filling wave
velocity (E), lower early diastolic velocity of lateral mitral annulus
(Ea), lower late diastolic velocity of lateral mitral annulus (Aa) and
higher E/Ea.

Table 2 shows the determinants of the rate of renal function decline
in all patients. In the univariate analysis, the eGFR slope had a
significantly positive correlation with serum albumin, serum hemato-
crit, and Ea and a negative correlation with age, DM, congestive
heart failure, heart rate, fasting glucose, baPWVs, LVEFo40%, E, peak
late transmitral filling wave velocity (A) and E/Ea. After multiple
stepwise linear regression analysis, the eGFR slope was correlated
independently with DM (b¼�0.199, P¼0.019), hematocrit (b¼0.224,
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P¼0.006), baPWVs (b¼�0.176, P¼0.031) and LVEFo40% (b¼
�0.274, P¼0.001). In Figure 1, the eGFR slopes in patients with LVEF
o40% and LVEF X40% are �2.85±0.92 vs. �0.35±0.32 ml min–1

per 1.73 m2 per year (mean±s.e.m., P¼0.013), respectively.
The mean follow-up period was 30.7±12.4 months. During the

period of follow-up, three patients entering hemodialysis and six
patients with mortality were recorded (5.4%). However, all the

patients reached the renal end point earlier than they received dialysis,
or they died. Table 3 shows a Cox proportional hazards regression
analysis for progression to the renal end point of X25% decline in
eGFR. Univariate regression analysis shows that the hazard ratio (HR)
of the baPWV was 1.001 (P¼0.010) and of LVEFo40% was 6.409
(Po0.001). In addition, other variables, including smoking, the
presence of DM, congestive heart failure, increased heart rate,

Table 1 Comparison of baseline characteristics between patients with progressive (o�3mlmin–1 per 1.73m2 per year) and non-progressive

(X�3mlmin–1 per 1.73m2 per year) rates of eGFR decline (mlmin–1 per 1.73m2 per year)

Progressive decline (n¼40) Non-progressive decline (n¼127) P-value All patients (n¼167)

eGFR slope (ml min–1 per 1.73 m2 per year) �6.94±0.64 0.90±0.21 o0.001 �0.98±0.34

Age (year) 62.0±16.0 56.1±12.7 0.017 57.5±13.7

Male gender (%) 57.5 56.75 0.928 56.9

Smoking history (%) 42.1 33.3 0.326 35.5

Diabetes mellitus (%) 57.5 19.7 o0.001 28.7

Hypertension (%) 67.5 63.0 0.604 64.1

Coronary artery disease (%) 27.5 18.9 0.244 21.0

Cerebrovascular disease (%) 2.5 4.7 0.540 4.2

Congestive heart failure (%) 42.5 17.3 0.001 23.4

Systolic blood pressure (mm Hg) 135.2±21.8 137.2±21.0 0.588 136.7±21.1

Diastolic blood pressure (mm Hg) 79.6±12.7 80.3±11.5 0.740 80.1±11.8

Pulse pressure (mm Hg) 55.6±13.2 57.0±16.0 0.622 56.6±15.3

Heart rate (beats min–1) 74.8±13.8 70.2±13.7 0.064 71.3±13.9

Body mass index (kgm–2) 24.8±4.4 25.8±3.9 0.161 25.6±4.0

Laboratory parameters

Albumin (gdl–1) 3.8±0.5 4.1±0.4 0.002 4.0±0.5

Fasting glucose (mg dl–1) 132.3±57.1 115.5±43.6 0.101 119.5±47.6

Triglyceride (mg dl–1) 224.3±393.5 195.8±296.8 0.628 202.8±323.3

Cholesterol (mg dl–1) 191.6±66.4 209.1±86.9 0.244 204.8±82.5

Hematocrit (%) 28.8±6.0 42.8±4.7 o0.001 41.8±5.3

Basline eGFR (ml min–1 per 1.73 m2) 51.3±21.9 58.8±15.0 0.051 57.0±17.1

Uric acid (mg dl–1) 7.7±2.0 6.6±2.2 0.010 6.9±2.2

Proteinuria (%) 33.3 21.2 0.125 24.2

baPWV (cm s–1) 1878.2±425.0 1675.9±343.0 0.003 1724.3±373.2

Medications

ACEI and/or ARB use (%) 72.5 49.6 0.011 55.1

b-Blocker use 0.263

Nonselective b-blocker (%) 9.4 2.8 4.3

Selective b1-blocker (%) 28.1 29.4 29.1

Calcium channel blocker use (%) 30.0 26.8 0.690 27.5

Diuretics use (%) 25.0 20.3 0.532 21.5

Echocardiographic data

LVEDV (ml) 135.6±50.3 117.7±55.5 0.072 122.0±54.7

LVESV (ml) 79.0±50.2 57.7±53.2 0.027 62.8±53.1

LVMI (gm–2) 123.0±37.9 106.7±32.2 0.008 110.6±34.3

LVH (%) 37.5 20.5 0.029 24.6

LVEFo40% (%) 47.5 18.1 o0.001 25.1

E (cm s–1) 90.5±27.7 79.7±21.7 0.029 82.3±23.7

A (cm s–1) 82.6±19.7 76.6±20.6 0.102 78.0±20.5

E/A 1.2±0.6 1.2±0.7 0.865 1.2±0.6

EDT (ms) 171.5±60.3 189.3±55.8 0.087 185.0±57.2

Ea (cm s–1) 6.8±3.0 9.2±3.4 o0.001 8.6±3.5

Aa (cm s–1) 8.2±3.1 9.5±2.9 0.015 9.2±3.0

E/Ea 16.0±7.9 9.9±4.8 o0.001 11.4±6.2

Abbreviations: A, peak late transmitral filling wave velocity; Aa, late diastolic velocity of lateral mitral annulus; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker;
baPWV, brachial-ankle pulse wave velocity; E, peak early transmitral filling wave velocity; Ea, early diastolic velocity of lateral mitral annulus; EDT, E-wave deceleration time; eGFR, estimated
glomerular filtration rate; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVH, left ventricular hypertrophy;
LVMI, left ventricular mass index.
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decreased serum albumin, increased fasting glucose, increased trigly-
cerides, decreased hematocrit, decreased baseline eGFR, increased uric
acid, the presence of proteinuria, the use of angiotensin-converting
enzyme inhibitor and/or angiotensin II receptor blocker, the use of
diuretics, increased left ventricular end-diastolic volume (LVEDV),
increased left ventricular end-systolic volume, increased LVMI, the
presence of LVH, increased E, decreased Ea, decreased Aa and

increased E/Ea, were associated with a significant increase in progres-
sion to the renal end point. In the multivariate forward analysis, serum
triglyceride levels (hazards ratio (HR), 1.002; P¼0.001), baPWVs (HR,
1.001; P¼0.039), and LVEFo40% (HR, 10.870; Po0.001) were
positively associated and serum albumin (HR, 0.149; Po0.001) and
serum hematocrit levels (HR, 0.805; Po0.001) were negatively asso-
ciated with progression to the renal end point. Figure 2 illustrates the
adjusted Cox regression survival curves for renal end point-free
survival in patients with LVEFo40 vs. X40%. Patients with
LVEFo40% had worse renal end point-free survival than those with
LVEF X40% (Po0.001).

We also analyzed the subgroup of patients who did not have
diabetes (n¼119). After multivariate analysis, the eGFR slope had a
significantly negative correlation with E/Ea (b¼�0.376, Po0.001),
and higher E/Ea was associated with a significant increase in progres-
sion to renal end point (HR, 1.317; P¼0.019). However, increased
baPWVs and LVEFo40% were not associated with eGFR slope or
with progression to renal end point in non-diabetic patients.

DISCUSSION

In this study, we evaluated the impact of echocardiographic para-
meters and baPWVs on the rate of renal function decline and
progression to the renal end point of X25% decline in eGFR. We
found that LVEFo40% and increased baPWVs were independently
associated with the eGFR slope and with reaching the renal end point.
This result may indicate that there is some interaction not only
between the heart and kidney (the so-called cardiorenal syndrome)
but also between the vessels and kidneys. Therefore, cardiorenal
syndrome may be extended to cardiovascular renal syndrome.

As cardiac dysfunction portends a poor prognosis in renal failure
and vice versa, there has been a recent surge of interest in identifying
the exact pathophysiological connection between the failing heart and
kidneys. Rocho et al.3,4 presented a new classification of the cardior-
enal syndrome, with five subtypes that reflect the primary and
secondary pathophysiology, the time frame, and simultaneous cardiac
and renal co-dysfunction secondary to systemic disease. Type 2
cardiorenal syndrome is characterized by chronic abnormalities in
cardiac function (for example, chronic congestive heart failure), which
cause worsening renal function.3,4 The mechanisms of progressive
renal function decline in patients with cardiac dysfunction include
such factors as chronic renal hypoperfusion, subclinical inflammation,
endothelial dysfunction, accelerated atherosclerosis, increased renal

Table 2 Determinants of eGFR slope in study patients

Univariate Multivariate (stepwise)

Parameter

Standardized

coefficient b

P-

value

Standardized

coefficient b

P-

value

Age (year) �0.168 0.030 — —

Male gender (%) �0.015 0.846 — —

Smoking history (%) �0.102 0.208 — —

Diabetes mellitus (%) �0.353 o0.001 �0.199 0.019

Hypertension (%) 0.005 0.946 — —

Coronary artery disease (%) �0.039 0.618 — —

Cerebrovascular disease (%) 0.128 0.099 — —

Congestive heart failure (%) �0.163 0.032 — —

Systolic blood pressure (mm Hg) �0.057 0.463 — —

Diastolic blood pressure (mm Hg) �0.028 0.716 — —

Pulse pressure (mm Hg) �0.057 0.465 — —

Heart rate (beats min–1) �0.188 0.015 — —

Body mass index (kgm–2) 0.107 0.170 — —

Laboratory parameters — —

Albumin (g dl–1) 0.248 0.004 — —

Fasting glucose (mg dl–1) �0.230 0.003 — —

Triglyceride (mg dl–1) �0.057 0.469 — —

Cholesterol (mg dl–1) 0.047 0.549 — —

Hematocrit (%) 0.306 o0.001 0.224 0.006

Basline eGFR

(ml min–1 per 1.73 m2)

0.081 0.299 — —

Uric acid (mg dl–1) �0.128 0.122 — —

Proteinuria (%) �0.136 0.090 — —

baPWV (cm s–1) �0.326 o0.001 �0.176 0.031

Medications

ACEI and/or ARB use (%) �0.120 0.123 — —

b-Blocker (vs. no usage)

Nonselective b-blocker (%) 0.007 0.948 — —

Selective b1-blocker (%) �0.015 0.863 — —

Calcium channel blocker use (%) �0.055 0.483 — —

Diuretics use (%) �0.011 0.893 — —

Echocardiographic data 0.112 0.180 — —

LVEDV (ml) 0.194 0.021 — —

LVESV (ml) 0.321 o0.001 — —

LVMI (gm–2) 0.315 o0.001 — —

LVH (%) �0.094 0.229 — —

LVEFo40% (%) �0.246 0.001 �0.274 0.001

E (cm s–1) �0.035 0.654 — —

A (cm s–1) �0.156 0.044 — —

E/A 0.071 0.359 — —

EDT (ms) 0.073 0.349 — —

Ea (cm s–1) 0.267 o0.001 — —

Aa (cm s–1) �0.008 0.920 — —

E/Ea �0.282 o0.001 — —

Values expressed as standardized coefficient b. Abbreviations are the same as in Table 1.
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vascular resistance, systemic neurohormonal factors, pharmacothera-
pies and anemia.3,4 Shlipak et al.16 studied the association of clinical
cardiovascular disease with renal function decline in the elderly. They
found that the diagnosis of permanent heart failure was an indepen-
dent predictor of rapid renal function decline (defined by an annular
eGFR loss 43 ml min–1 per 1.73 m2). In our study, we also demon-
strated a significant association between LVEFo40% and renal func-
tion progression, which indicates that a failing heart may promote
renal function decline.

Cerasola et al.17 demonstrated that LVMI had a significant associa-
tion with eGFR and that the prevalence of LVH was greater in subjects
with lower values of eGFR than in subjects with normal renal
function. In this study, patients with a progressive decline in eGFR
had a higher LVMI and a greater prevalence of LVH than patients with
non-progressive declines in eGFR, which was consistent with the
previous findings. E/Ea has been shown to be a good predictor of
left ventricular filling pressure.18 Patients with a high E/Ea may have
a high volume status, thereby increasing renal efferent pressure,

Table 3 Predictors of progression to renal end point (X25% decline in eGFR) using Cox proportional hazards model

Univariate Multivariate (forward)

Parameter HR (95% CI) P-value HR (95% CI) P-value

Age (per 1 year) 1.019 (0.995–1.044) 0.128 — —

Male vs. female 1.364 (0.719–2.588) 0.342 — —

Smoking (ever vs. never) 2.435 (1.275–4.651) 0.007 — —

Diabetes mellitus 6.193 (3.227–11.886) o0.001 — —

Hypertension 0.919 (0.484–1.743) 0.795 — —

Coronary artery disease 1.543 (0.770–3.093) 0.221 — —

Cerebrovascular disease 0.046 (0.000–36.217) 0.366 — —

Congestive heart failure 4.422 (2.366–8.267) o0.001 — —

Systolic blood pressure (per 1 mm Hg) 0.994 (0.979–1.010) 0.453 — —

Diastolic blood pressure (per 1 mm Hg) 0.997 (0.970–1.025) 0.843 — —

Pulse pressure (per 1 mmHg) 0.991 (0.970–1.012) 0.387 — —

Heart rate (per 1 beatsmin–1) 1.035 (1.015–1.055) 0.001 — —

Body mass index (per 1 kgm–2) 0.934 (0.859–1.015) 0.108 — —

Laboratory parameters

Albumin (per 1 g dl–1) 0.352 (0.222–0.558) o0.001 0.149 (0.060–0.369) o0.001

Fasting glucose (per 1 mg dl–1) 1.007 (1.002–1.012) 0.004 — —

Triglyceride (per 1 mg dl–1) 1.001 (1.000–1.001) 0.013 1.002 (1.001–1.002) 0.001

Cholesterol (per 1 mgdl–1) 1.000 (0.996–1.004) 0.999 — —

Hematocrit (per 1%) 0.866 (0.823–0.912) o0.001 0.805 (0.734–0.881) o0.001

Basline eGFR (per 1 mlmin–1 per 1.73 m2) 0.946 (0.930–0.963) o0.001 — —

Uric acid (per 1 mg dl–1) 1.337 (1.184–1.509) o0.001 — —

Proteinuria 4.440 (2.344–8.412) o0.001 — —

baPWV (per 1 cm s–1) 1.001 (1.000–1.002) 0.010 1.001 (1.000–1.002) 0.039

Medications

ACEI and/or ARB use 2.698 (1.318–5.522) 0.007 — —

b-Blocker (vs. no usage)

Nonselective b-blocker (%) 1.502 (0.350–6.440) 0.584 — —

Selective b1-blocker (%) 0.908 (0.400–2.062) 0.818 — —

Calcium channel blocker use 0.833 (0.407–1.704) 0.617 — —

Diuretics use 2.418 (1.261–4.636) 0.008 — —

Echocardiographic data

LVEDV (per 1 ml) 1.009 (1.005–1.014) o0.001 — —

LVESV (per 1 ml) 1.011 (1.006–1.015) o0.001 — —

LVMI (per 1 g m–2) 1.018 (1.010–1.025) o0.001 — —

LVH 2.994 (1.603–5.589) 0.001 — —

LVEFo40% 6.409 (3.388–12.123) o0.001 10.840 (4.563–25.896) o0.001

E (per 1 cm s–1) 1.019 (1.006–1.033) 0.003 — —

A (per 1 cm s–1) 1.008 (0.992–1.024) 0.346 — —

E/A (per 1) 1.265 (0.832–1.925) 0.272 — —

EDT (per 1 ms) 0.996 (0.990–1.002) 0.187 — —

Ea (per 1 cms–1) 0.786 (0.707–0.875) o0.001 — —

Aa (per 1 cm s–1) 0.836 (0.751–0.931) 0.001 — —

E/Ea (per 1) 1.108 (1.070–1.147) o0.001 — —

Values express as hazard ratios (HR) and 95% confidence interval (CI). Abbreviations are the same as in Table 1.
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decreasing renal blood flow and finally causing progressive renal
function decline.3 Similarly, our patients with progressive decline in
eGFR had a higher E/Ea than patients with non-progressive declines
in eGFR. In addition, our subgroup analysis also found that a higher
E/Ea was independently associated with renal function decline and
progression to the renal end point in non-diabetic patients. The higher
preload status may have contributed to the rapid decline in renal
function.

Increased arterial stiffness was reported to be associated with
decreased eGFR in cross-sectional studies.19 Three longitudinal studies
using different measurement methods of arterial stiffness (that is,
augmentation index, radial-dorsalis pedis PWVs and aortic PWVs)
showed that increased arterial stiffness was an independent predictor of
renal function progression in patients with chronic kidney disease.5–7

They explained their finding citing the greater transmission of elevated
systemic blood pressure to the glomerular capillaries, thereby exacer-
bating glomerular hypertension caused by increased arterial stiffness.
Although our measurement method was different from theirs, we also
revealed a significant association between baPWVs and rapid eGFR
decline. Additionally, the renal resistive index, which correlates sig-
nificantly with the effective renal plasma flow, the renal vascular
resistance and the filtration rate in chronic renal failure patients, is
used as a pulse-waved Doppler measurement of downstream renal
artery resistance.20 An increased renal resistive index of the renal
arteries is associated with greater severity of systemic arterial stiff-
ness.21 Radermacher et al.22,23 evaluated the relationship between this
ultrasonographic parameter and the progression of renal disease and
found that an increased renal resistive index was associated with rapid
renal function decline in patients with chronic renal disease and with
poor renal allograft survival in renal transplants. Therefore, patients
with greater arterial stiffness may have a higher renal resistive index
and, thereby, a more rapid decline in renal function.

Inflammation and catabolism have a role in the pathophysiology of
chronic heart failure.24,25 Progression of renal disease may be asso-

ciated with an increased prevalence of inflammation, which is one risk
factor for accelerated atherosclerosis.26,27 Malnutrition may worsen
patient outcomes by aggravating existing inflammation and heart
failure and by accelerating atherosclerosis.28 Low serum albumin levels
have been regarded as indicating malnutrition status. Hypoalbumine-
mia has been reported to contribute to the progression of renal
function.29 Our results consistently showed that decreased serum
albumin levels were independently associated with progression to
the renal end point of X25% decline in eGFR.

In this study, we showed that a lower hematocrit level was
associated with a more rapid decline of renal function and rapid
progression to the renal end point. Previous studies have demon-
strated that anemia is an independent risk factor for rapid renal
function decline and for the progression of kidney disease to end-stage
renal disease or death.30 The possible mechanism by which anemia can
accelerate renal function progression may be hypoxia. Hypoxia caused
by anemia may impair oxygen delivery to tubular cells, thereby
resulting in chronic ischemia and nephron loss.31,32 In addition,
hypoxia may increase the activity of renal interstitial fibroblasts and
activate the sympathetic and renin–angiotensin–aldosterone system,
which can cause increased interstitial fibrosis and kidney damage.33,34

There were several limitations to our study. The number and
interval of serum creatinine measurements for measuring the eGFR
slope varied in each patient, and thus, the calculation of eGFR slope
was not uniform in every subject. However, to decrease the chance of
an unreliable estimation of eGFR slope, we excluded 24 patients with
fewer than three eGFR measurements during the follow-up period and
patients (n¼24) with follow-up times of o6 months.

In conclusion, our results show that LVEFo40% and increased
baPWVs were independently associated with rapid renal function
progression. Screening patients by means of LVEF and baPWVs may
help to identify a high-risk group of patients in rapid renal function
decline.
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