Research Article

Autonomic and arterial function in nondiabetic chronic
kidney disease patients

Rama Mohan Pathapati', Sree Bhushan Raju Devaraju®

1Department of Clinical Pharmacology, Narayana Medical College, Nellore, Andhra Pradesh, India.
2Department of Nephrology, Nizam’s Institute of Medical Sciences, Hyderabad, Telangana, India.

Correspondence to: Rama Mohan Pathapati, E-mail: pill4ill@yahoo.co.in

Received January 5, 2016. Accepted January 16, 2016

ABSTRACT

Background: Patients with chronic kidney disease (CKD) suffer with both autonomic and cardiac dysfunction. Reports analyzing
the correlation between autonomic and vascular dysfunction are fairly accurate. Aims and Objective: We correlated vascular
sympathetic reactivity to isometric handgrip exercise and vascular stiffness in nondiabetic pre dialysis CKD patients
noninvasively. Materials and Methods: A total of 52 participants. 28 nondiabetic CKD and 24 normal, were recruited for this
study. Blood pressure was measured by oscillometry and vascular sympathetic reactivity. Absolute rise in diastolic blood
pressure (ARDBP) was assessed using isometric handgrip test. Pulse wave velocities (PWV) were recorded using automatic
waveform analyzer and pressure-standardized elastic vascular resistance (EVR) was derived from it. Carotid-femoral PWV
(cf-PWV) >12 m/s was considered as vascular dysfunction. Serum nitric oxide (NO) and malondialdehyde (MDA) were also
measured. Results: The patients had lower values of NO and higher values of MDA than the controls. Isometric handgrip exercise,
the test performed to detect sympathovagal imbalance suggesting presence of autonomic dysfunction, was observed in 80% of
patients vs. 20% of controls, whereas arterial dysfunction was observed only in 34% of patients vs. 14% controls. No correlation
was observed between autonomic and vascular dysfunction (r = 0.13, P > 0.05). Conclusion: Our study results demonstrate that
nondiabetic CKD patients had increased central artery stiffness (cf-PWV) as compared to controls. It was also observed that
reduced vascular compliance was associated with autonomic imbalance, increased oxidative stress, and decreased NO
bioavailability. However, no correlation was observed between autonomic and vascular dysfunction. Our study confirms that the
multiple complex pathogenesis mechanisms that cause vascular dysfunction coexist in our patient group.
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INTRODUCTION

Cardiovascular disease is the leading cause of morbidity and
mortality in patients with chronic kidney disease (CKD).™! In
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these patients, cardiovascular disease results from impaired
functioning of cardiac, autonomic, and/or vascular systems. -
Abnormalities in autonomic function, namely sympathetic :
overdrive and parasympathetic insufficiency, play a key role :
in the susceptibility to sudden cardiac death in CKD/ESRD.[2"¢! :
The incidence of sudden cardiac death increases with the :
advance in the stage of kidney disease (Herzog, 2003; US. :
Renal Data System, 2011).7-8

On the other hand, vascular dysfunction in the context of :
cardiovascular and renal disease is characterized by vascular endo-
thelial dysfunction and stiffening of the large elastic arteries.®1%
In addition, decreased carotid distensibility, increased arterial
thickness, and presence of calcifications and plaques often coexist :
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in the same subject!'?! In renal disease, endothelial dysfunction
occurs due to decrease in NO bioavailability. Tone of the large
arteries is increased in these patients.'®! as endothelial-dependant
nitric oxide (NO) contributes to resting tone™ lowered NO
bioavailability due to decreased production of NO due to less
substrate availability or increased inactivation of available NO due
to the formation of reactive oxygen species (ROS), which cause
peroxidation of lipids in the cell membranes and produce
malondialdehyde (MDA; oxidative stress marker) and as such, lipid
peroxidation products in turn inactivate NO. The above information
inspired us to test the hypothesis whether the pathogenesis
mechanisms such as increased oxidative stress, decreased NO
availability, and sympathovagal imbalance are independently or
collectively responsible for increased arterial stiffness in pre-dialysis
patients. For this, we evaluated arterial stiffness and sympathetic
activity noninvasively in pre-dialysis patients. In addition, we
measured serum NO and MDA, the oxidative stress marker.

MATERIALS AND METHODS|

This case-controlled study was carried out at the Department of
Clinical Pharmacology & Therapeutics, Nizam’s Institute of Medical
Sciences (NIMS), Hyderabad, after getting approval from the
Institutional Ethics Committee. The patients were recruited from
the outpatient nephrology clinics and controls were patient
attendees. None of the participants had diabetes mellitus, were
taking hormone supplements or regular nitrate medications, or
were undergoing external exercise sessions or any other etiology
that could cause autonomic neuropathy. Participants were
informed about the study and written informed consent was
obtained from them. After recording the clinical history and
demographics, the participants were asked to lie down comfor-
tably in a temperature-controlled laboratory. The baseline blood
pressure of the dominant arm was recorded. Mean arterial
pressure was calculated using the formula MAP = DBP + 1/3
(SBP - DBP). Carotid-femoral pulse wave velocity (cf-PWV) was
recorded by using an automatic waveform analyzer (Periscope,
M/s Genesis Medical systems, Hyderabad).'>*® Elastic vascular
resistance (EVR), a pressure-standardized index of aortic stiffness,
was derived using the formula EVR = (PWV)?/MAP (m?/s%mm
Hg").1?-2%1 A threshold value of aortic PWV (> 12 m/s) was used to
stratify cardiovascular risks in these patients.*"! All patients
underwent isometric handgrip exercise, (Canwin, M/s Genesis
Medical systems, Hyderabad) a simple, easily applicable, and safe
stress test. During sustained isometric handgrip exercise, heart rate,
systolic and diastolic BP, left ventricular systolic and end-diastolic
pressure, and cardiac output increased.”?! Blood pressures were
recorded at the end of 2 min while the subject was holding the hand
dynamometer. Absolute rise in diastolic blood pressure (ARDBP)
was used to assess the vascular sympathetic reactivity to isometric
handgrip test*® Values were considered, normal (>16 mmHg),
borderline (11-15 mmHg), and abnormal (<10 mmHg).”**! Five
milliliters of blood was collected from the median cubital vein,
centrifuged, and serum was stored in plastic tubes at -20°C till NO
and malondialdehyde (MDA) were analyzed.
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Statistical Analysis

All data were entered in a spreadsheet. The statistical analysis
was carried out in Graph pad Prism, version 4.0, USA.
Continuous data were presented as mean and standard
deviation and categorical data as actual numbers and percen-
tages. Unpaired t-test was used for comparison of clinical
parameters between the two groups. Pearson correlation test
was used to assess autonomic and arterial dysfunction. A two-
tailed P < 0.05 was considered statistically significant.

RESuULTS

This study consists of 24 healthy controls and 28 nondiabetic
CKD patients. The patients were older than healthy controls
(4091 £14.5 vs. 344+ 7.3 years). There was no statistically
significant difference in height in patients as compared to
controls. (165.9118.3 vs. 1709+ 6.1) The mean duration of
disease and serum creatinine was 16.55 *+ 18.9 months and 2.67
+ 1.0 mg/dL, respectively. It can be seen from Table 1 that the
baseline blood pressures in patients were statistically higher in
patients than in controls. Cf-PWV, a surrogate marker of central
elastic arterial stiffness was higher in patients than in controls,
suggesting the presence of reduced arterial compliance in
patients than controls. Pressure-normalized index of aortic
stiffness EVR and reflection index (RI), a marker of small artery
tone, were significantly higher in patients as compared to
controls. The patients had lower values of NO and higher values
of MDA than the controls. Isometric handgrip exercise, the test
performed to detect sympathovagal imbalance suggesting the
presence of autonomic dysfunction in patients, was observed
(Table 2) in 80% of patients vs. 20% of controls, whereas
arterial dysfunction was observed only in 34% of patients vs.
14% controls. No correlation was observed between autonomic
and vascular dysfunction. (r = 0.13, P > 0.05).

Discussion|

Cardiovascular autonomic dysfunction and alterations in vascular
elasticity are known complications of several disorders, including
diabetes mellitus, hypertension, hypercholesterolemia, aging, and
CKD."®! Dysfunction of both the parasympathetic and sympathetic
divisions of the ANS occurred in chronic renal failure (CRF)
patients. Severity of autonomic dysfunction increases with severity
of CKD.>?%27] patients with CKD frequently have the two most
abnormal tests, heart rate variation during deep breathing and
blood pressure response to hand grip exercise.?®! Nondialysis-
dependent nondiabetic CKD patients with decreasing glomerular
filteration rate have reduced cardiac baroreceptor sympathetic
activity and increased large artery stiffness.*” Sanya et al?%
showed that abnormal blood pressure response to the handgrip
tests in Nigerians with nondiabetic CRF was 28%.[] One study
showed that blood pressure rather than sympathetic activity
seems to play the major role in modulating the elastic properties
of the central arteries.>")
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Table 1: Clinical characters, changes in blood pressure to ischemic hand grip, indices of vascular stiffness and indices of oxidative stress

between healthy controls and chronic kidney disease patients

Clinical parameters Controls (n = 24) CKD (n = 28) P-value
Height (cm) 1709 = 6.1 16591 + 8.3 ns
Weight (kg) 709 + 11.3 6490 + 16.2 <0.05
Age (years) 344 + 73 4091 + 145 ns
Duration (months) - 16.55 + 189 -
Creatinine (mg/dL) - 2.67 £ 1.0 -
Blood pressure at baseline

SBP (mm Hg) 116.1 £ 10.2 146.18 £ 199 <0.001
DBP (mm Hg) 729 + 99 91.09 + 11.9 <0.05
MAP (mm Hg) 50.5 + 3.5 526 + 2.2 ns
Blood pressure after isometric hand grip exercise

SBP (mm Hg) 1345 t 14.2 157.70 £ 20.2 <0.05
DBP (mm Hg) 91.2 * 14.2 96.20 + 8.0 ns
Absolute change in blood pressure to isometric hand grip from baseline

SBP (mm Hg) 18.30 + 8.1 1490 £ 134 ns
DBP (mm Hg) 183 + 7.4 720 £ 6.4 <0.001
Indices of arterial stiffness

Cf-PWV (m/s) 9.77 + 192.9 1443 £ 768.3 <0.001
EVR (m%s?/mm Hg) 1.1 + 0.4 239 + 1.0 <0.001
Indices of vasomotor tone

RI% 67.0 £ 13.1 7447 £ 9.1 <0.001
Indices of oxidative stress

Serum malondialdehyde nM/mL 486 * 1.19 6.39 £ 0.42 <0.001
Serum nitric oxide pM/L 49 + 1.2 0.75 = 0.52 <0.001

Table 2: Autonomic and vascular abnormalities and antihypertensive use patterns

Response to IHG N/B/A N-6(20%), B-9(34%), A-13(46%) cf PWV>12 m/s 10 (34%)
Pearson correlation between IHG vs. PWV (r = 0.13, P > 0.05)

Antihypertensive drugs

Beta blockers 6 (20%) CCB 12(44%)
ACEI 5 (19%) ARB 8 (28%)
Clonidine 1 (5%) Diuretic 3 (10%)
One drug 11(38%) Two drugs 12 (43%)
Three drugs 5 (17%) Four drugs 1(4%)

N/B/A, normal/borderline/abnormal; ARB, angiotensin-receptor blockers; CCB, calcium channel blockers; ACEI, angiotensin converting enzyme

inhibitors.

Twenty percent and 14% of controls have abnormal IHG response and cf-PWV>12 m/s, respectively.

Our study results demonstrate that nondiabetic CKD
patients had statistically higher baseline blood pressures than
controls. Cf-PWV and pressure-normalized index of aortic
stiffness EVR, which are surrogate markers of central elastic
arterial stiffness, were higher in patients than in controls,
suggesting the presence of reduced arterial compliance in
patients than in controls. In addition, reflection index (RI), a
marker of small artery tone, was also significantly higher in
patients as compared to controls suggesting increased resis-
tance in vascular reflection sites and baseline vasomotor tone.
It is also observed that reduced vascular compliance was
associated with autonomic imbalance, increased oxidative
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stress, and decreased NO bioavailability. However, no correla-
tion was observed between autonomic and vascular dysfunc-
tion. The multiple mechanisms contributing to arterial
dysfunction in these patients are elevated shear stress due to
hypertension; heart rate variability due to sympathovagal
imbalance; calcium deposition in the arteries due to secondary
hyperparathyroidism; vascular inflammation due to stents and
catheters; decreased NO bioavailability due to decreased
production of NO as a result of less substrate availability; or
increased inactivation of available NO due to the formation of
reactive oxygen species (ROS), which are the products of
various endogenous enzymatic or nonenzymatic reactions.
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These ROS also cause peroxidation of lipids in the cell
membranes and produce MDA (oxidative stress marker) and
as such, lipid peroxidation products in turn inactivate NO.

A recent study showed a stepwise increase of arterial
stiffness with increasing disease severity stage in patients with
CKD.BY Cardiovascular reflex tests mainly characterizing
sympathetic function had no correlation with aortic stiffness
parameters.[**! However, peripheral PWV correlated with total
autonomic score in patients with type 2 diabetes. when
autonomic neuropathy was assessed using heart rate variability
with continuous ECG recording during various breathing and
postural maneuvers and an overall autonomic score was
generated.”! Cardiac parasympathetic function is a strong
predictor of large arterial stiffness in young, type 1 diabetes
patients free of macrovascular and renal complications.?

We observed that RI, a marker of small artery tone, was
significantly higher (vasoconstriction) in patients as compared to
controls. In addition, these patients had lower values of NO and
higher values of MDA than the controls. It is possible that in CKD,
angiotensin II enhances central sympathetic tone and peripheral
sympathetic action by suppressing NO availability, which in
turn enhances the damaging action of sympathetic tone.***
Moreover, hyperactivation of sympathetic neural activity has
proatherogenic effects on the vascular function by increasing
vasoconstriction, accumulation of modified lipoproteins in the
vascular wall, induction of endothelial dysfunction, and stimula-
tion of oxidative stress and vascular remodeling.®" Renin-
angiotensin system increases sensitization of calcium and its
effect is counterbalanced by nitric oxide, which decreases calcium
sensitization.*® Endothelial dysfunction occurs in CKD (charac-
terized by blunted endothelial NO release) even early in the course
of the disease.*®! Decreased total NO production in renal disease
likely reflects the endothelial dysfunction.®”! Endothelial function
is abnormal even in patients with mild renal insufficiency and
those without atherosclerotic vascular disease.*®!

Vasodilator drugs also exerts beneficial effects that are
independent of pressure reduction in cuff blood pressure (BP)
and may explain the apparent of drugs such as angiotensin-
converting enzyme inhibitors and angiotensin receptor block-
ers.[3933lp addition, several trials demonstrate that the
renoprotective effect of RAS suppression extends beyond BP
lowering alone.[?>3]

Strengths and Limitations

We have assessed the vascular and autonomic dysfunction in
nondiabetic predialysis CKD patients noninvasively; such
evaluations are convenient to patients at affordable cost. We
did not correlate clinical symptoms with vascular and
autonomic dysfunction due to nonavailability of data.

CONCLUSION|

Our study results demonstrate that nondiabetic CKD patients
had increased central artery stiffness (cf-PWV) as compared to
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controls. It was also observed that this reduced vascular
compliance was associated with autonomic imbalance, increased
oxidative stress, and decreased NO bioavailability. Our study
confirms that the multiple complex pathogenesis mechanisms
that cause vascular dysfunction coexist in our patient group.
However, no correlation was observed between autonomic and
vascular dysfunction. Assessing these markers provides a scope
for early diagnosis and therapeutic interventions. Further studies
are needed to understand this complex pathogenic mechanism in
large sample sizes and to provide a rationale therapy.
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