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Introduction: Chronic renal disease is associated with increased cardiovascular (CV) mortality. Cardiac

autonomic neuropathy (CAN) is predictive of mortality for diseases that affect the autonomic nervous

system. We prospectively evaluated the prognostic value of indexes of left ventricular (LV) function and

CAN in all-cause and CV mortality of patients with end-stage renal failure (ESRF).

Methods: A total of 133 patients with ESRF were recruited. LV function was evaluated by echocardiog-

raphy, whereas cardiac autonomic function was assessed using the battery of the 4 standardized tests

proposed by Ewing.

Results: A total of 123 of 133 (92.5%) patients completed the study and were followed for a mean of

4.9� 2.6 years.MeanLVejection fraction (LVEF)was 50.9� 6.9%,whereas 70 (57.9%) patients hadCAN.Sixty-

nine all-cause and 36 CV deaths were recorded. The survival rates at 3, 5, and 7 years were 77.2%, 57.4%, and

33.7%, respectively. Multivariate analysis after adjustment for waist circumference, current smoking, history

of diabetes, and coronary artery disease demonstrated that the only independent predictors of all-cause

mortality during follow-up were age, serum triglycerides, LVEF, and presence of CAN. Competing risk

regression analysis, after adjusting for waist circumference, coronary heart disease, serum glucose, and

triglycerides, indicated that age and presence of CAN were independent risk factors for CV mortality.

Discussion: Age and presence of CAN are independent predictors of all-cause and CV mortality in patients

with ESRF. The functionality of the cardiac autonomic nervous system activity can be used for the risk

stratification in patients with ESRF.
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C
hronic kidney disease (CKD) is a global health
problem with major socioeconomic impact.

Approximately 16% of the population in Europe and
13% in the United States have CKD.1 In the last few de-
cades, intense scientific research has investigated
increased cardiovascular (CV) and all-cause mortality of
patients with CKD, both in predialysis and dialysis
stages.2 Kidney failure that requires treatment with
dialysis or transplantation is the most predictable
outcome of CKD. However, it is known that most patients
with renal insufficiency, irrespective of their stage, die
spondence: Nikolaos Tentolouris, MD, 33 Lakonias Street,

7 Athens, Greece. E-mail: ntentol@med.uoa.gr

ved 15 January 2017; revised 13 February 2017; accepted 8

2017; published online 15 March 2017
due to cardiovascular disease (CVD), well before reaching
hemodialysis or kidney transplantation.3

Numerous studies have attempted to identify risk
factors for morbidity and mortality in patients with
CKD, especially in patients with end-stage renal failure
(ESRF) (estimated glomerular filtration rate [eGFR] <15
ml/min/1.73 m2).4 Higher systolic blood pressure (SBP)
and pulse pressure, lower diastolic blood pressure
(DBP), left ventricular (LV) hypertrophy, and anemia
have been identified as independent factors of CV
morbidity and mortality in ESRF patients.5,6 CKD is
also associated with worse cardiac autonomic function.
Heart rate variability (HRV) has been used as marker
of cardiac autonomic neuropathy (CAN), and studies
of HRV in ESRF patients have shown that a
decrement in HRV is predictive of mortality.7 Coronary
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calcifications, low serum albumin and fetuin-A levels,
and increased aortic stiffness have also been associated
with increased mortality in dialysis patients.8–10

However, recent studies have suggested only limited
usefulness of either single or multiple biomarkers of
inflammation, oxidative stress, anemia, endothelial
dysfunction, vascular calcification, and electrolyte
imbalance as prognostic tools in patients with CKD.11

Additional tools capable of improving risk assess-
ment are clearly warranted in this population. The aim
of our study was to prospectively evaluate the prog-
nostic value of indexes of LV function and CAN in all-
cause and CV mortality in patients with ESRF, both on
dialysis and in the predialysis stage.

MATERIALS AND METHODS

Patients

A total of 133 patients with ESRF were included in the
study. Patients were recruited consecutively from the
outpatient renal clinic and the hemodialysis center of
our hospital. All patients gave written informed con-
sent before participating in the study, which was
conducted according to the principles of the Declara-
tion of Helsinki and approved by the hospital’s ethics
committee.

They all underwent a complete physical examination
at the beginning of the study. Established question-
naires were used to evaluate disease history, current
disease, and the use of medications. Participants were
also classified according to smoking habit as current
smokers, ex-smokers, or nonsmokers. Height and
weight were measured, and body mass index was
calculated. Waist circumference was measured with a
soft tape on standing, midway between the lowest rib
and the iliac crest. Blood pressure was measured using
an appropriate-sized cuff 3 times at 5-minute intervals,
with the participant in the sitting position. The mean
value of the last 2 measurements was used in the sta-
tistical analysis. Arterial hypertension was defined ac-
cording to current guidelines12 as SBP >140 mm Hg
and/or DBP >90 mm Hg, or when patients were on
antihypertensive treatment. Diabetes status was
confirmed from medical records and treatment with
antidiabetic medications. Individuals without diabetes
had fasting serum glucose levels <126 mg/dl and gly-
cosylated hemoglobin levels <6.5%. CVD was defined
as coronary artery disease, cerebrovascular disease,
and/or peripheral arterial disease. Coronary artery
disease was defined as history of chronic angina,
myocardial infarction, percutaneous transluminal cor-
onary angioplasty, or coronary artery bypass grafting.
Peripheral arterial disease was defined as presence of
intermittent claudication, history of revascularization
at the leg arteries, or an ankle�brachial pressure
Kidney International Reports (2017) 2, 686–694
index <0.90. Cerebrovascular disease was defined as
history of stroke.

Biochemical and Radioimmunoassay

Measurements

Blood was drawn early in the morning after 8 to 10
hours of fasting. Serum lipids (total cholesterol, high-
density lipoprotein cholesterol, triglycerides), albu-
min, and creatinine were measured on a Technicon
RA�XT analyzer (Technicon Ltd, Dublin, Ireland).
Low-density lipoprotein cholesterol levels were calcu-
lated using Friedewald’s equation. Serum glucose was
measured by the glucose oxidase-peroxidase method
(Zafiropoulos, Athens, Greece). Glycosylated hemoglo-
bin levels were determined using a DCA analyzer (DCA
2000þ, Bayer HealthCare LLC, Elkhart, Indiana). GFR
was calculated according to the Modification of Diet in
Renal Disease equation.13 Parathyroid hormone con-
centrations were measured by radioimmunoassay (CIS
Bio International, Gif-sur-Yvette, France) (coefficient of
variance: 4.9 � 2.1%).

Assessment of LV Function

Complete 2-dimensional and Doppler echocardiograms
were recorded using a Hewlett-Packard Sonos 1000
ultrasound system (Hewlett-Packard, Palo Alto, Cali-
fornia). LV chamber dimensions, and septal and pos-
terior wall thicknesses were measured according to the
recommendations of the American Society of Echocar-
diography.14 LV ejection fraction (LVEF) was also
evaluated by Simpson’s method. Using pulsed Doppler
from the mitral inflow velocity curve, the following
parameters were calculated: peak early velocity
(E-wave), peak velocity at the time of atrial contraction
(A-wave), E/A ratio, and isovolumic relaxation time
(IVRT). The average values of 5 beats/min were used
for analysis. The Penn convention was used for
calculation of LV mass, which was normalized for body
surface area (LV mass index [LVMI]).14,15 The
myocardial performance index (Tei index) of the LV, a
noninvasive Doppler measurement of both LV systolic
and diastolic function, was defined as the sum of the
isovolumic contraction time and IVRT divided by
the ejection time, and was obtained from Doppler
recordings of LV inflow and outflow.16

Assessment of Cardiac Autonomic Nervous

System Function

Cardiac autonomic function was assessed using the
battery of the 4 standardized tests proposed by Ewing
et al.17 Heart rate response to deep breathing was
assessed by calculating the ratio of the maximum and
minimum heart rates during 6 cycles of paced deep
breathing (E/I index). Heart rate response to standing
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(standing test) was calculated as the ratio of the longest
R-R interval (found at approximately beat 30) to the
shortest R-R interval (found at approximately beat 15)
after standing up (30:15 ratio). Heart rate response to
the Valsalva maneuver was assessed by calculating the
ratio of the longest R-R interval after the maneuver to
the shortest R-R interval during or shortly after the
maneuver (Valsalva ratio). All calculations were un-
dertaken by measuring electrocardiographic recordings
of R-R intervals automatically, using the computer-
aided examination and evaluation system VariaCardio
TF5 (Medical Research Limited, Leeds, United
Kingdom). The tests were carried out between 7:00 and
9:00 a.m., in an environment with a stable temperature
of 22�C to 24�C, and the participants were advised not
to eat, smoke, or drink coffee before the examination.
The heart rate�based tests were analyzed according to
published age-related tables.18 Orthostatic hypotension
was diagnosed when a fall in SBP of >20 mmHg was
observed; a fall of 11 to 20 mm Hg was considered
borderline, and a fall of <10 mm Hg was considered a
normal response.18 Each normal autonomic function
test was graded as 0, each borderline test as 1, and each
abnormal test as 2. On the basis of the sum of this score,
we calculated the total CAN score, which is the sum of
the partial scores (minimum 0, maximum 8). CAN was
diagnosed when at least 2 of the 4 tests performed were
abnormal.17,19

Statistical Analysis

Statistical analysis was performed using the SPSS 17.0
statistical package (SPSS, Inc., Chicago, Illinois) and the
Stata (version 13 for Windows; StataCorp, College Sta-
tion, Texas). Normality of distribution was examined
using the Kolmogorov-Smirnov test. Normally distrib-
uted continuous variables, presented as means � SD,
were compared using Student’s t-test. Non-normally
distributed continuous variables, presented as median
(25th�75th percentile), were compared using the
Mann-Whitney test. Categorical variables were
compared using the c2 test or Fisher exact test, as
appropriate. Bivariate correlations for continuous var-
iables were tested using Pearson’s or Spearman’s cor-
relation coefficients according to the specific
indications. The survival rates of the patients were
analyzed by the Kaplan-Meier method and compared
using the log-rank test. The prognostic significance of
each variable with respect to all-cause mortality was
examined using Cox’s proportional hazards models.
The prognostic significance of each variable with
respect to CV mortality was calculated with the cu-
mulative incidence competing risk method based on
the proportional subhazard model by Fine and Gray,
using non-CV mortality as the competing event.20 The
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strength of the association between each variable and
the outcome was assessed using the subhazard ratio. In
both Cox’s proportional hazards modeling and the
proportional subhazard model by Fine and Gray,
prognostic factors were evaluated in univariate and
multivariate analyses. Variables associated with the
primary endpoint at the 5% level on the basis of uni-
variate models were introduced in the multivariate
models. Backward conditional analysis was used for
variable selection in the Cox’s proportional hazards
multivariate model. A 2-sided 95% confidence interval
(CI) was calculated around the point estimate of hazard
ratio (HR) associated with each study variable. All P
values were 2-sided, and a P value <0.05 was consid-
ered statistically significant for all analyses.

RESULTS

Baseline Characteristics

Ten patients attended only the baseline visit and had
no follow-up visit afterward. Because only baseline
data were available, censoring could not be performed.
A total of 123 (92.5%) patients completed the study
and were included in the final analysis. Nevertheless,
no significant differences were noted in the baseline
characteristics of patients who completed the study
and those lost to follow-up.

Themean age of the populationwas 59.5� 14.6 years,
and 64.2% were men. Diabetes was present in 39% of
patients, whereas 58 (47.2%) had a history of CVD at
baseline. Mean SBP was 144.3 � 31.7 mm Hg, and he-
moglobin was 10.7 � 1.6 g/dl for the whole cohort,
whereas median eGFR values for patients not on dialysis
was 8.8 ml/min/1.73 m2 (range: 5.9�11.5 ml/min/
1.73 m2). The baseline demographic and clinical char-
acteristics of the study population are shown in Table 1.

The underlying renal diseases for cause-specific
ESRF were diabetic nephropathy (38.2%), vascular
and/or hypertensive nephropathy (10.6%), primary
glomerular diseases (8.9%), obstructive nephropathies
(8.1%), polycyctic kidney disease (5.7%), glomerular
disease secondary to collagen diseases (4.9%), and
multiple myeloma (3.3%), whereas the cause of ESRF
was unknown in 25 patients (20.3%).

Echocardiography

Mean echocardiographic measurements among study
patients are shown in Table 2. Mean LVEF was 50.9 �
6.9%, the mean value of the LVMI was 159.8 g/m2

(159.5 � 39.9 g/m2 for men and 160.4 � 39.9 g/m2 for
women). When LV hypertrophy was defined as LVMI
>115 g/m2 in men and >95 g/m2 in women, 93.5% and
100% of the male and female subjects had LV hyper-
trophy, respectively. The mean values of left atrial
diameter, LVEF, and early diastolic to atrial peak
Kidney International Reports (2017) 2, 686–694



Table 1. Baseline demographic and clinical characteristics of the
study participants
Characteristic Value

n 123

Age (yr) 59.5 � 14.6

Male/female 79/44 (64.2/35.8)

Body mass index (kg/m2) 25.1 � 4.9

Waist circumference (cm) 90.6 � 14.1

Systolic blood pressure (mm Hg) 144.3 � 31.7

Diastolic blood pressure (mm Hg) 80.7 � 13.2

Current smoking 36 (29.3)

Diabetes 48 (39.0)

Coronary artery disease 28 (22.8)

Cerebrovascular disease 10 (8.1)

Peripheral arterial disease 42 (34.0)

Any cardiovascular disease 58 (47.2)

Hemodialysis 63 (51.2)

Diabetic nephropathy 47 (38.2)

Glomerular filtration rate (ml/min/1.73 m2) 8.8 (5.9�11.5)a

Hemoglobin (g/dl) 10.7 � 1.6

Total cholesterol (mg/dl) 200.2 � 48.2

LDL cholesterol (mg/dl) 120.2 � 40.3

HDL cholesterol (mg/dl) 39.9 � 14.2

Triglycerides (mg/dl) 179 (122�242)

Albumin (g/dl) 4.26 � 0.57

Glucose (mg/dl) 109.6 � 49.6

Parathormone (ng/l) 225.5 (96.0�351.2)

Medications

b-blockers 18 (14.6)

ACE inhibitor/ARB 29 (23.6)

Calcium channel blocker 66 (53.7)

Diuretic 36 (29.3)

Insulin 34 (70.8)b

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor antagonist; HDL,
high-density lipoprotein; LDL, low-density lipoprotein.
Data are shown as mean � SD, median (25th�75th percentile) or as n (%).
aGlomerular filtration rate is calculated for a study participant not on dialysis.
bPercentages of insulin use are calculated based on the participants with diabetes.
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velocity ratio (E/A peak) were 44.5 � 5.3 mm, 50.9 �
6.9%, and 0.84 � 0.2, respectively.

Cardiac Autonomic Nervous System Function

Seventy (57.9%) patients fulfilled the criteria of CAN
diagnosis. Only 40 (33.1%) patients had a normal deep
Table 2. Echocardiographic and cardiac autonomic function
measurements of the study participants
Characteristic Value

Interventricular septum (mm) 12.6 � 1.2

Left ventricular posterior wall (mm) 12.2 � 1.2

Left ventricular ejection fraction (%) 50.9 � 6.9

Left ventricular mass index (g/m2 of BSA) 159.8 � 35.6

Early diastolic to atrial peak velocity ratio (E/A ratio) 0.84 � 0.21

E/I indexa (normal/borderline/low) 40/17/64 (33.1/14.0/52.9)

30:15 index (normal/borderline/low) 31/24/68 (25.2/19.5/55.3)

Valsalva indexa (normal/borderline/low) 34/17/70 (28.1/14.0/57.9)

Change in SBP (normal/borderline/low) 69/23/31 (56.1/18.7/25.2)

Total score 5 (3–6)

Presence of CAN 70 (57.9)

BSA, body surface area; CAN, cardiac autonomic neuropathy; SBP, systolic blood pressure.
Data are shown as mean � SD, median (25th�75th percentile) or as n (%).
aNot available in 2 patients due to poor compliance in performing the test.
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breathing test, whereas 69 (56.1%) had a normal
orthostatic hypotension test. Data for Valsalva and the
deep breathing index were missing in 2 patients due to
poor compliance in performing the test. The indexes of
cardiac autonomic function are shown in detail in
Table 2.

The total CAN score correlated significantly with
LVMI (r ¼ 0.199; P ¼ 0.034), LVEF (r ¼ �0.245; P ¼
0.009), and serum triglycerides (r ¼ 0.237; P ¼ 0.010).
However, no relationship could be demonstrated be-
tween CAN score and waist circumference (r ¼ 0.066;
P ¼ 0.475). Importantly, the results of the cardiac
autonomic function tests did not differ between pa-
tients on dialysis and those not on dialysis.

Clinical Outcomes

The patients were followed for a mean of 4.9 � 2.6
years (median: 5.7, range: 0.1�9 years), adding up to a
total of 606.4 patient-years. Fifty-five of 60 (91.6%)
pre-dialysis patients began hemodialysis after a mean of
0.9 � 1.1 years, whereas 16 (13.0%) patients under-
went transplantation after a mean of 3.1 � 2.2 years. A
total of 69 deaths were recorded during follow-up; 36
deaths were classified as CV, 21 as non-CV, whereas the
cause of death was unidentified in 12 patients. Among
the 36 CV deaths, 15 were sudden cardiac deaths, 13
were attributed to coronary artery disease, 4 to heart
failure, and 4 to stroke.

The cumulative survival rates at 3, 5, and 7 years
were 77.2% (SE: 0.078), 57.4% (SE: 0.149), and 33.7%
(SE: 0.249), respectively (Figure 1).

By univariate analysis, age, waist circumference,
smoking status, history of diabetes mellitus, history of
coronary artery disease, serum glucose and tri-
glycerides, LVEF, LVMI, and presence of CAN were all
identified as predictors of all-cause mortality during
follow-up (Table 3). However, after adjustment for
Figure 1. Cumulative survival rates of the study participants.
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waist circumference, smoking status, history of dia-
betes, and history of coronary heart disease, the only
independent predictors of mortality were age, serum
triglycerides, LVEF, and presence of CAN (Table 3).
Based on the mean value of the LVEF, the study pop-
ulation was divided into 2 groups (#50% and >50%).
The cumulative survival rates at follow-up were 30%
(SE: 0.422) and 55.4% (SE: 0.365) for patients with a
LVEF #50% versus >50% (log-rank test: P ¼ 0.004)
(Figure 2), and 32.9% (SE: 0.369) versus 60.8%
(SE: 0.368) for patients with CAN versus without CAN
(P ¼ 0.001) (Figure 3).

Univariate analysis indicated that age, waist
circumference, history of coronary heart disease, serum
glucose and triglycerides, and presence of CAN could
all predict CV mortality during follow-up (Table 4).
Table 3. Univariate and multivariate Cox proportional hazard models for p
all-cause mortality

Characteristic

Univariate a

HR (95% CI)

Age (yr) 1.047 (1.025�1.070)

Sex (men vs. women) 1.040 (0.640�1.689)

Body mass index (kg/m2) 1.036 (0.993�1.080)

Waist circumference (cm) 1.020 (1.005�1.034)

Systolic blood pressure (mm Hg) 1.001 (0.993�1.008)

Diastolic blood pressure (mm Hg) 0.988 (0.969�1.006)

Current smoking (yes vs. no) 0.554 (0.312�0.984)

Diabetes (yes vs. no) 2.357 (1.454�3.822)

Coronary artery disease (yes vs. no) 1.759 (1.037�2.977)

Cerebrovascular disease (yes vs. no) 2.140 (0.975�4.696)

Peripheral artery disease (yes vs. no) 1.617 (0.961�2.720)

Any cardiovascular disease (yes vs. no) 1.562 (0.970�2.514)

Hemodialysis (yes vs. no) 1.250 (0.777�2.010)

Glomerular filtration rate (ml/min/1.73 m2) 1.039 (0.990�1.090)

Hemoglobin (g/dl) 0.925 (0.789�1.085)

Total cholesterol (mg/dl) 0.999 (0.994�1.005)

LDL cholesterol (mg/dl) 0.996 (0.990�1.003)

HDL cholesterol (mg/dl) 0.990 (0.971�1.010)

Triglycerides (mg/dl) 1.003 (1.001�1.005)

Albumin (g/dl) 0.648 (0.389�1.080)

Glucose (mg/dl) 1.005 (1.001�1.009)

Parathormone (ng/l) 1.000 (0.998�1.001)

b-blocker (yes vs. no) 1.517 (0.813�2.832)

ACE inhibitor/ARB (yes vs. no) 1.026 (0.586�1.795)

Diuretic (yes vs. no) 1.199 (0.722�1.990)

Calcium channel blocker (yes vs. no) 0.981 (0.612�1.574)

Insulin (yes vs. no) 0.915 (0.463�1.810)

Left ventricular ejection fraction (%) 0.947 (0.918�0.976)

Left ventricular mass index (g/m2 of BSA) 1.006 (1.000�1.012)

Early diastolic to atrial peak velocity ratio (E/A ratio) 0.853 (0.252�2.892)

Cardiac autonomic neuropathy (yes vs. no) 2.347 (1.387�3.969)

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor antagonist, BSA, body s
LDL, low-density lipoprotein.
Sex, current smoking, diabetes mellitus, coronary artery disease, cerebrovascular disease, pe
and cardiac autonomic neuropathy (yes vs. no) were analyzed as categorical variables; all the o
analyses.
aAfter adjustment in addition for waist circumference, smoking status, history of diabetes and
bLeft ventricular ejection fraction and not left ventricular mass index was used in the final mode
the multivariable analysis, it was rendered insignificant; blood glucose and diabetes were use
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After adjusting for waist circumference, history of
coronary heart disease, serum glucose, and tri-
glycerides, the independent predictors of CV mortality
were age and presence of CAN (Table 4). The cumula-
tive incidence of CV death among patients with and
without CAN is depicted in Figure 4.

DISCUSSION

The major novel finding of our study was that the
presence of CAN represented an independent risk
factor for all-cause and CV mortality in patients with
ESRF. The other risk factors identified for all-cause
mortality were age, LVEF, and serum triglycerides.
Importantly, age and CAN were the only parameters
that could prognosticate the incidence of CV death
during follow-up, which suggested that abnormalities
articipants’ baseline characteristics as determinants of

nalysis Multivariate analysisa,b

P value HR (95% CI) P value

<0.001 1.074 (1.039�1.109) <0.001

0.874

0.099

0.008

0.831

0.188

0.044

0.001

0.033

0.058

0.070

0.066

0.358

0.120

0.338

0.849

0.258

0.337

<0.001 1.004 (1.002�1.007) 0.001

0.096

0.007

0.574

0.190

0.930

0.483

0.937

0.799

0.001 0.921 (0.866�0.978) 0.008

0.037

0.799

0.001 2.977 (1.478�5.997) 0.002

urface area; CI, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio;

ripheral arterial disease, any cardiovascular disease, hemodialysis, use of medications,
ther variables were analyzed as continuous variables in both univariate and multivariate

history of coronary artery disease.
l as the index of systolic cardiac function; when left ventricular mass index was used in
d in turn in the multivariate analysis without affecting the result of the analysis.
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Figure 2. Cumulative survival rates of the study participants
according to their left ventricular ejection fraction (LVEF).
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of cardiac innervation are one of the most important
pathological processes in the cascade of CV-related
morbidity and mortality that complicate the end
stages of CKD.

CAN was initially recognized and extensively stud-
ied in patients with diabetes.21 The presence of CAN in
this group of patients was associated with silent
myocardial ischemia,22 systolic and diastolic myocar-
dial dysfunction even in the absence of coronary artery
disease,23 intra- and perioperative CV instability,21

stroke,24 progression of kidney disease,25 and the
appearance of foot ulcers.26 Importantly, CAN was also
recognized as a risk factor for increased mortality in
patients with diabetes mellitus.22

CAN was also associated with higher triglycerides
and higher waist circumference, both components of
the metabolic syndrome, in a large study of individuals
with impaired glucose tolerance.27 In accordance
with the aforementioned results, the CAN score was
Figure 3. Cumulative survival rates of the study participants
according to the presence of cardiac autonomic neuropathy (CAN).
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correlated with serum triglycerides in our study
(r ¼ 0.237; P ¼ 0.010). However, no relationship was
noted between CAN score and waist circumference
(r ¼ 0.066; P ¼ 0.475). Although hypertriglyceridemia
is a common feature of uremic dyslipidemia,28 neither
serum triglyceride levels nor other metabolic abnor-
malities that commonly appear in patients with ESRF
could independently predict CV death. Our finding
that only the presence of CAN was a predictor of CV
mortality in this group of patients implied that CAN
might be a more alarming abnormality than other
metabolic derangements that appear in patients with
ESRF. Nonetheless, dyslipidemia, and especially,
elevated triglycerides, were implicated as potential
mechanisms of progression in peripheral neuropathy in
subjects with diabetes mellitus.29 Elevated triglycerides
were also shown to independently predict incidence of
diabetic kidney disease in patients with diabetes,30

further reinforcing the notion that a powerful,
although poorly investigated, relationship among CAN,
serum lipids, and renal function exists.

The association between CAN and morbidity as well
as mortality was also examined in other diseases that
affect the autonomic nervous system. Apart from
congenital diseases, such as familial dysautonomia and
Ehlers-Danlos syndrome,31,32 CAN was associated with
chronic obstructive pulmonary disease,33 liver
cirrhosis,34 hypertension, and hyperuricemia.35 In pa-
tients with chronic heart failure secondary to ischemic
or idiopathic-dilated cardiomyopathy, the presence of
CAN, as identified by reduced uptake of meta-
iodobenzylguanidine labeled with iodine-123 or by
pathological HRV measurements, was shown to predict
all-cause mortality and sudden death.36 Importantly,
these abnormalities were reversed after long-term cir-
culatory support with a left ventricular assist device in
patients with end-stage heart failure.37 This finding,
alongside other studies that reported improvements in
cardiac autonomic function with various interventions
in persons with diabetes (strict glycemic control,38

a-lipoic acid, vitamin E, and C-peptide,24 angiotensin-
converting enzyme inhibitors, or cardioselective
b-blockers without intrinsic sympathomimetic activ-
ity21), entails perspectives for therapeutic advances in
CAN management.

The association between CAN and renal disease has
been known for >40 years.39 The pathophysiological
mechanisms that contribute to the pathogenesis of
autonomic dysfunction in CKD are independent of the
presence of diabetes and primarily implicate uremia.40

For this reason, mitigation of levels of uremia, either
by means of intensive dialysis or by kidney trans-
plantation, has been shown to improve CAN.41–43 In
accordance with the results of the present study,
691



Table 4. Univariate and multivariate competing risk regression analyses for participants’ characteristics as determinants of cardiovascular
mortality

Characteristic

Univariate analysis Multivariate Analysisa

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

Age (yr) 1.071 (1.039�1.103) <0.001 1.076 (1.033�1.120) <0.001

Sex (men vs. women) 0.977 (0.497�1.920) 0.946

Body mass index (kg/m2) 1.037 (0.979�1.097) 0.214

Waist circumference (cm) 1.023 (1.003�1.041) 0.020

Systolic blood pressure (mm Hg) 1.002 (0.992�1.011) 0.675

Diastolic blood pressure (mm Hg) 0.989 (0.963�1.014) 0.391

Current smoking (yes vs. no) 0.656 (0.302�1.425) 0.287

Diabetes (yes vs. no) 1.874 (0.971�3.615) 0.061

Coronary artery disease (yes vs. no) 2.211 (1.122�4.358) 0.022

Cerebrovascular disease (yes vs. no) 1.758 (0.565�5.467) 0.330

Peripheral artery disease (yes vs. no) 1.302 (0.646�2.625) 0.460

Any cardiovascular disease (yes vs. no) 1.696 (0.887�3.242) 0.110

Hemodialysis (yes vs. no) 0.738 (0.382�1.426) 0.367

Total cholesterol (mg/dl) 1.005 (0.998�1.011) 0.161

LDL cholesterol (mg/dl) 0.999 (0.992�1.009) 0.962

HDL cholesterol (mg/dl) 0.988 (0.959�1.018) 0.426

Triglycerides (mg/dl) 1.004 (1.001�1.006) 0.003

Albumin (g/dl) 0.853 (0.447�1.628) 0.630

Glucose (mg/dl) 1.006 (1.001�1.010) 0.008

Parathormone (ng/l) 1.000 (0.997�1.001) 0.395

B-blocker (yes vs. no) 1.951 (0.919�4.142) 0.082

ACE inhibitor/ARB (yes vs. no) 1.154 (0.562�2.372) 0.696

Diuretic (yes vs. no) 1.709 (0.873�3.344) 0.118

Calcium channel blocker (yes vs. no) 1.241 (0.641�2.404) 0.521

Left ventricular ejection fraction (%) 0.962 (0.921�1.005) 0.079

Left ventricular mass index (g/m2 of BSA) 1.004 (0.997�1.011) 0.273

Early diastolic to atrial peak velocity ratio (E/A ratio) 0.169 (0.024�1.171) 0.072

Cardiac autonomic neuropathy (yes vs. no) 2.392 (1.124�5.088) 0.024 2.360 (1.005�5.541) 0.049

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor antagonist, BSA, body surface area; CI, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio;
LDL, low-density lipoprotein.
Sex, current smoking, diabetes mellitus, coronary artery disease, cerebrovascular disease, peripheral arterial disease, any cardiovascular disease, hemodialysis, use of medications,
and cardiac autonomic neuropathy (yes vs. no) were analyzed as categorical variables; all the other variables were analyzed as continuous variables in both univariate and multivariate
analysis.
aAfter adjustment in addition for waist circumference, history of coronary artery disease, serum glucose, and triglycerides.
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abnormalities in cardiac autonomic tests are extremely
prevalent among patients with ESRF undergoing he-
modialysis.44 The presence of CAN has been associated
Figure 4. Cumulative incidence of cardiovascular death of the study
participants according to the presence of cardiac autonomic neu-
ropathy (CAN).
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with increased incidence of arrhythmias and sudden
cardiac death in dialysis patients, whereas presence of
diabetes, hypertension, uremic dyslipidemia, and other
conventional risk factors have been reported to have
low power to discriminate patients with advanced CKD
at risk for sudden cardiac death.45,46 In our study as
well, 15 of the 36 CV deaths (41.7%) recorded during
the follow-up were attributed to sudden cardiac death.
CAN has also been related to nocturnal hypoxemia, and
to cardiac hypertrophy and remodeling in dialysis
patients,47 findings that are in line with ours. However,
a relevant report of the prognostic significance of CAN
in predicting long-term all-cause and CV mortality in
ESRF patients has been lacking up to now. However,
there are some prospective studies that have shown
that abnormal HRV parameters are predictive of CV
events or all-cause mortality in dialysis patients,48–50 as
well as in patients with advanced CKD not on dial-
ysis.51 Although HRV has emerged as a simple method
to evaluate autonomic nervous system function and has
Kidney International Reports (2017) 2, 686–694
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been used in several clinical trials, it still needs stan-
dardization. A definite or confirmed diagnosis of CAN
requires at least 2 abnormal tests of the 4 tests proposed
by Ewing according to the suggestion of the Diabetic
Neuropathy Study Group of the European Association
for the Study of Diabetes.19

A limitation of our study was the small number of
patients. Another possible limitation was the fact that
the patients included in the study all had ESRF, and
our results could not be extrapolated to patients in
earlier stages of CKD. Strengths were the long follow-
up period, the robust methods we used to diagnose
CAN and indexes of LV structure and function, the
high retention rate, and that our results were corrob-
orated by 2 different statistical methods.

Our results might aid to establish readily accessible
and easily performed cardiac autonomic function
testing as a first-line risk stratification modality in pa-
tients with ESRF. Moreover, the fact that adequate
hemodialysis has been shown to improve CAN could
facilitate tailored intensification of renal replacement
therapy in these patients. Finally, data suggesting that
CAN is not an innocent bystander of ESRF but a true
contributor to CV mortality must instigate research in
the field, aimed at elucidating the pathophysiology of
the disorder and exploring potential treatment options.

In conclusion, CAN was demonstrated to be an in-
dependent risk factor for all-cause and CV mortality in
patients with ESRF. These findings strongly suggest that
the functionality of the cardiac autonomic nervous
system can be assessed and used for risk stratification in
patients with ESRF. Further large-scale studies in the
field are warranted to investigate if CAN could be
improved with certain treatments and whether this
improvementwould translate to improved CV outcomes.
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