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Diabetic Cardiovascular Autonomic Nerve Dysfunction

Introduction to Cardiovascular Autonomic Nerve Dysfunction 

Cardiovascular autonomic neuropathy (CAN), a serious complication of

diabetes,1–3 is often overlooked. CAN encompasses damage to the

autonomic nerve fibers that innervate the heart and blood vessels, which

may result in abnormalities in heart-rate control and vascular dynamics.4

There is now an appreciation that, prior to the advent of structural changes

in the autonomic nervous system (ANS), there may be dysfunction (CAND),

which can produce quite debilitating symptoms. If recognized for what it is,

dysfunction of the ANS can be treated by therapeutic manipulations of the

ANS using agents that restore balance to the sympathetic and

parasympathetic nervous system. If left unbridled, persistent overactivity of

the ANS will result in irreparable damage, culminating in hypertension,

cardiac muscle dysfunction, and even ultimate failure.

This review discusses the clinical manifestations (e.g. resting tachycardia,

orthostasis, orthostatic tachycardia and bradycardia syndromes,

hyperhidrosis, sleep apnea, exercise intolerance, intra-operative

cardiovascular liability, silent myocardial infarction, and increased risk of

mortality) of CAN and CAND. Clinical manifestations of CAN and CAND

may affect daily activities and promote life-threatening outcomes. With

advances in technology for measuring the ANS, however, early stages of

autonomic dysfunction can be identified with the use of independent,

simultaneous measurements of sympathetic and parasympathetic function.

This review, therefore, also addresses potential therapeutic choices that are

available for the correction of functional defects of the ANS.

Epidemiology of Cardiovascular Autonomic 

Nerve Dysfunction 

Determination of the prevalence of any form of neuropathy including CAND

is difficult due to methodology differences that occur across studies. Factors

that account for the variability of prevalence rates include but are not

limited to: 

• differences with regard to the criteria used to define CAND;

• various assessment modalities (type and number of tests performed)

used to determine its presence; and

• different patient cohorts studied (e.g. clinic versus tertiary referral

centers), some of which have known biases. 

A review of the literature1,5 confirms the effect of these factors, as

prevalence rates ranging from approximately 1% for people with type 1

diabetes with short duration of diabetes6 to 90% for individuals

undergoing a pancreatic transplant have been reported.7 Adding to the

disparity in reported prevalence rates is the potential for the presence of

confounding variables that are risk factors (e.g. age, gender, duration of

diabetes, glycemic control, type of diabetes, obesity, hypertension, and

history of smoking) and a variety of physiological and pathophysiological

factors modulating heart rate variability (HRV) or the development of

CAND and the presence of other diabetic complications (e.g. distal

symmetric polyneuropathy, retinopathy).8–10 While the variation of

prevalence rates across studies illustrates the difficulty of determining the

true prevalence of CAND, it has been shown that: 

• autonomic dysfunction can occur early after diagnosis or even before

diagnosis of diabetes;11

• the prevalence of CAND increases with age, duration of diabetes, and

poor glycemic control; and 

• other comorbid conditions influence prevalence. 

Risk Factors for Altered Heart Rate Variability

Table 1 illustrates some of the risk factors for altered HRV. There is now

further evidence that genetic factors may influence the balance between

the two major subdivisions of the ANS. Acetylcholine is produced by the

enzyme choline acetyltransferase, which uses coenzyme A (AcCoA) and

choline as substrates for the formation of Ach. Upon release, Ach is
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metabolized into choline and acetate by acetylcholine esterase and other

non-specific esterases. Choline is then transported back into the neuron,

creating a reservoir for further synthesis of Ach. A G/T translocation of

the genotype for the choline transporter (CHT1) has now been shown to

be associated with a marked reduction in the low/high-frequency

measures of HRV, which indicates disturbed sympathetic/parasympathetic

balance.12 It has also become apparent that there is a long prodromal

phase prior to the advent of structural damage to the ANS in which there

is evidence of an inflammatory state preceding the advent of

hyperglycemia. Furthermore, it is evident that a variety of polymorphisms

are conducive to increasing or decreasing susceptibility to ANS

dysfunction, culminating in CAN, as illustrated in Figure 1.

Table 2 summaries the cardiovascular effects of ANS dysfunction. These

conditions may manifest as functional syndromes initially, but evolve into

structural changes within the ANS.

Resting Tachycardia

Vagal impairment results in resting tachycardia and a fixed heart rate.13

Resting heart rates of 90–100 beats/min and occasional heart rate

increments up to 130 beats/min occur. In those with evidence for

combined vagal and sympathetic involvement, heart rate returns toward

normal, but remains elevated. A fixed heart rate unresponsive to

moderate exercise, stress, or sleep indicates almost complete cardiac

denervation.14 Thus, heart rate may not provide a reliable diagnostic

criterion of CAN unless it is increased (i.e. >100 beats/min in the absence

of other causes).

Exercise Intolerance

An impaired ANS affects an individual’s ability to tolerate exercise.15

Specifically, heart rate and blood pressure responses are reduced,16 along

with a blunted increase in cardiac output.17 For diabetic people likely to

have CAN, it has been recommended that cardiac stress testing be

performed before beginning an exercise program.18 Furthermore, when

healthcare providers discuss an exercise program with patients who have

autonomic dysfunction, it should be emphasized that the use of heart rate

as a gauge of exercise intensity is not appropriate. For these patients the

intensity of physical activity can be monitored by using the Rating of

Perceived Exertion scale.19,20 This scale utilizes an individual’s subjective

feeling of intensity. Alternately, the percent heart rate reserve, an accurate

predictor of percent VO2 reserve, can be used to prescribe and monitor

exercise intensity.19 Although currently there are insufficient data to

recommend routine screening using an exercise electrocardiogram (ECG)

test for asymptomatic patients, there are some data to support the use of

stress imaging to identify diabetic individuals with pre-clinical coronary

artery disease, particularly those with other comorbid conditions.21

Primary Hyperhidrosis 

Activity of the sympathetic nervous system is essential in maintaining

cardiovascular homeostasis.22 An imbalance in ANS activity can, however,

result in a number of disturbing clinical manifestations. For example,

hyperhidrosis and postural tachycardia syndrome (POTS) may result from

overactivity of the sympathetic nervous system.22,23 Primary hyperhidrosis is

characterized by profuse sweating and can affect the axillae, face, palmar

surface of the hands, soles of the feet, and other areas of the body. It is a

problem of sympathetic dysregulation of unknown cause characterized by

excessive discharge of sympathetic cholinergic sudomotor nerves.24 The

prevalence of hyperhidrosis in a survey sample of 150,000 households,

with a response rate of 64%, was 2.9%.23 The prevalence of hyperhidrosis

in the US was therefore projected to be ~2.8%.23

Orthostatic Tachycardia Syndromes

POTS is a mild form of autonomic dysfunction characterized by fatigue,

exercise intolerance, light-headedness, and near syncope.25 A hallmark of

POTS is that, during syncope, an individual’s blood pressure is maintained,

while heart rate increases dramatically. During tilt table testing, individuals

Table 1: Risk Factors for Altered Heart Rate Variability

Physiological Factors Pathophysiological Factors

Age Hyperglycemia

Heart rate Diabetes duration

Blood pressure Coronary heart disease and heart failure

Sitting Smoking

Standing Drugs

Pregnancy Hyperinsulinemia and insulin resistance

Physical activity Obesity

Genetic Genetic

Figure 1: Autonomic Neuropathy—Disease Initiation/Progression

Table 2: Cardiovascular Effects of Autonomic Nerve Dysfunction 

Central

Tachycardia/bradycardia

Systolic and diastolic dysfunction

Decreased exercise tolerance

Orthostasis, orthostatic tachycardia, and orthostatic bradycardia

Sleep apnea

Anxiety/depression

Cardiac denervation syndrome

Peripheral

Decreased thermoregulation

Decreased sweating 

Altered blood flow

Impaired vasomotion

Edema

CHT1
APoE4
AR Z2 alleles
ACE polymorphism
Toll rec polymorphism
Catalase 262T>C

Oxidative/nitrative
Stress
PKC
Selectins
VCAMS
IL6, TNFα, NFkB
ROS, nitrotyrosines

Progressive
pathological

changes

Neuronal
injury

Functional
 changes

AGEs PARPs, etc.

Initiating
event

Months to years

Genetics

Glycation Epigenetic

Inflammation

Modified from Vinik and Mehrabyan, Med Clinics North America, 2004.
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with POTS had an increase of heart rate of  30 beats/min or a maximum

heart rate of 120 beats/min within the first 10 minutes of being upright that

was unassociated with profound hypotension.25 Although the pathogenesis

of POTS is complex and heterogenous, POTS appears to be a manifestation

of increased cardiac sympathetic nerve traffic and has been hypothesized to

reflect compensatory sympathetic activation in response to decreased

venous return to the heart.26 Suggested causes for reduced venous return

include volume depletion, venous pooling, extravasation, or local

sympathetic denervation.27 Although the prevalence of POTS is not clear,

studies of POTS patients have reported an increased prevalence in females.

For example, in a retrospective study of patients who presented to the Mayo

Clinic with POTS during an 11-year period, 132 of the 152 patients (86.8%)

were female.28 Bonyhay and Freeman have reported recently that there are

physiological differences between males and females in muscle sympathetic

nerve discharge characteristics.22 These differences may be responsible for

the greater vulnerability of females to the effects of sympathetic fiber loss,

contribute to the pathophysiology of POTS, and help to explain the greater

prevalence of POTS in female individuals.

Sleep Apnea 

Prevalence surveys in the general population estimate that 2% of middle-

aged females and 4% of middle-aged males have obstructive sleep apnea

(OSA),29 while in another study of males with type 2 diabetes a prevalence

rate of 17% for OSA was reported.30 Furthermore, one in four diabetic

patients with CAN have been shown to have OSA.31

Individuals with OSA have altered cardiovascular variability,32 with increased

levels of sympathetic nerve traffic.33 Specific abnormalities of HRV evaluated

via power spectral analysis for individuals with moderate to severe OSA

compared with controls have been shown to include: 

• a decrease in the high-frequency component (measure of efferent 

vagal activity); 

• an increase in low-frequency normalized units (considered a marker of

sympathetic modulation); and 

• an increase in the ratio of low to high frequency (an indirect index of

sympathovagal balance).32

Autonomic nervous system imbalance can predispose individuals with OSA

to the development of cardiac arrhythmias.34

During sleep, increased sympathetic drive is a result of repetitive episodes of

hypoxia, hypercapnia, and obstructive apnea acting through chemoreceptor

reflexes.33 Increased sympathetic drive has been implicated in increased

blood pressure variability with repetitive sympathetic activation and blood

pressure surges impairing baroreflex and cardiovascular reflex functions.32

Several cross-sectional studies have shown a strong association between

OSA and hypertension,35–38 with indications that OSA contributes to the

genesis of hypertension,39,40 perhaps through an increase in sympathetic

tone in the peripheral vasculature caused by chronically occurring

repetitive hypoxia and arousal, initiating a rise in blood pressure.41 The

etiological link between OSA and the development of hypertension has

not, however, gone without debate. The debate has focused mainly

around the association between OSA and obesity.42 It may be that the

association between OSA and blood pressure involves both an

obesity–hypertension link (sympathetic activation induced by obesity

exerts tonic vasoconstriction that contributes to the increased blood

pressure)43 and an independent role of OSA in the chronic rise in blood

pressure.42 A direct relationship between the severity of OSA and the

increase in blood pressure has been noted. Furthermore, the use of

continuous positive airway pressure (CPAP) for the treatment of OSA has

been shown to lower blood pressure44,45 and improve cardiovascular

autonomic nerve fiber function for individuals with OSA.46,47 Withdrawal

of CPAP for even a short period (i.e. one week) has been shown to result

in a marked increase in sympathetic activity.48

A recent systematic review and meta-analysis of studies following

effective weight loss in morbidly obese patients after undergoing

bariatric surgery has shown that surgical treatment of obesity has striking

effects on OSA (i.e. 85.7% of patients experienced resolution of OSA)

and hypertension (i.e. 78.5% of patients experienced resolution or

improvement of hypertension).49 Surgically induced weight loss has also

been recently shown to improve measures of parasympathetic nervous

system function six months and one year post-surgery.50 With weight

loss, patients with OSA experience increased oxygen saturation and

arterial oxygen content while decreasing arterial carbon dioxide levels.

These physiological changes affect the neurological pathways (improving

autonomic balance) and cerebral centers responsible for respiration.

Appropriate therapeutic strategies for the treatment of OSA are patient-

dependent. However, measuring HRV during sleep has the potential to

determine a patient’s sympathovagal balance, identify at-risk patients,

and assess the effect of various intervention strategies.51

Figure 2: Role of Overactivation of the Autonomic Nervous System

Diabetes/metabolic syndrome/sleep apnea

Sympathetic overactivity

Activation of central SNS Enhanced SN responsiveness

Cardiac SNSRenal angiotensin

Hypertension

Nephropathy

Myocyte apoptosis

LV dysfunction

Oxidative/nitrosative
stress

Sympathetic dysfunction, POTS, hyperhidrosis
hypertension and LV dysfunction in diabetes
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The role of overactivation of the autonomic nervous system is illustrated 

in Figure 2.

Intra-operative and Peri-operative Cardiovascular Liability

Individuals with diabetes have a two- to three-fold increase in peri-operative

cardiovascular morbidity and mortality. In diabetic patients undergoing

general anesthesia, heart rate and blood pressure may decline to a greater

degree during induction of anesthesia and increase to a lesser degree

following tracheal intubation and extubation compared with non-diabetic

subjects. It was recently reported, from a study of 50 diabetic patients who

underwent an ophthalmosurgical procedure, that the incidence of

hypotension during anaesthetic induction for patients with autonomic

dysfunction (i.e. an abnormal expiration/inspiration (E/I) ratio) was 51.9%

compared with 8.7% for those with normal E/I ratio (p=0.0019).52

Vasopressor support is needed more often in diabetic individuals with CAN

than in those without.53 Normally, the autonomic response of

vasoconstriction and tachycardia will compensate for the vasodilating effects

of anesthesia. This response is, however, reduced in those with CAN.

Reduced hypoxic-induced ventilatory drive54 and severe intra-operative

hypothermia, causing reduced metabolism of medications and slow wound

healing,55 have also been shown to be associated with CAN. Pre-operative

screening for reduced HRV will alert the anesthesiologist and surgeon to

patients who are at risk for potential intraoperative complications.

Orthostatic Hypotension

Orthostatic hypotension is defined as a fall in blood pressure (i.e. >30mmHg

systolic or >10mmHg diastolic blood pressure) in response to postural

change (i.e. from supine to standing).56 In some patients the fall in blood

pressure may be asymptomatic, while in others it is disabling.57 Normally, a

postural change results in activation of a baroreceptor-initiated centrally

mediated sympathetic reflex resulting in an increase in peripheral vascular

resistance and cardiac acceleration. Damage to the efferent sympathetic

vasomotor fibers, particularly those in splanchnic vasculature,58 may result in

orthostatic hypotension. In a recent study of 45 males with type 2 diabetes,

the presence of sympathetic dysfunction and higher supine blood pressure

was shown to be independently associated with the fall in systolic blood

pressure during the transition from supine to standing.59

A decrease in total vascular resistance, reduced norepinephrine response

relative to the fall in blood pressure, decreased cardiac acceleration and

cardiac output, low blood volume, or reduced red cell mass may all

contribute to the pathogenesis of orthostatic hypotension. In addition,

other factors such as post-prandial blood pooling, the hypotensive role of

insulin, and treatment of kidney or heart failure with diuretics leading to

volume depletion may aggravate orthostatic symptoms.60 Symptoms of

orthostatic hypotension may include weakness, faintness, dizziness, visual

impairment, and even syncope following the change from lying to standing.

Orthostatic symptoms can be misjudged as hypoglycemia and be

aggravated by a number of medications (e.g. vasodilators, diuretics,

phenothiazines, tricyclic antidepressants, insulin). 

Silent Myocardial Ischemia/Cardiac Denervation Syndrome

Recognition of myocardial ischemia or infarction can be impaired as a result

of reduced appreciation for ischemic pain. Figure 3 shows the results of 

12 cross-sectional studies in which the frequency of silent myocardial

ischemia was compared for those with and without autonomic

dysfunction.1 An increased frequency of silent myocardial ischemia was

shown in five of the studies. The point estimates for the prevalence rate

ratios in the 12 studies ranged from 0.85 to 15.53. In a meta analysis, the

Mantel-Haenszel estimates for the pooled prevalence rate risk for silent

myocardial ischemia was 1.96, with 95% confidence interval of 1.53–2.51

(p<0.001; n=1,468 total subjects). Thus, a consistent association between

CAN and the presence of silent myocardial ischemia was shown.

Silent ischemia in diabetic individuals may result either from CAN or from

autonomic dysfunction due to coronary artery disease itself, or both.

Thirty-nine percent of diabetic patients and 22% of non-diabetic

individuals in the Framingham Study had unrecognized myocardial

Table 3: Diagnostic Assessment of Cardiovascular 
Autonomic Function

Parasympathetic

Resting heart rate

Beat-to-beat variation with deep

breathing (E:I ratio)

30:15 heart rate ratio with standing

Valsalva ratio

Spectral analysis of heart rate 

variation, high-frequency power (HFP

0.15–0.40Hz)

Spectral analysis of HRV respiratory

frequency

Sympathetic

Resting heart rate

Spectral analysis of heart-rate variation, very 

low-frequency power (VLFP 0.003–0.04)

Orthostasis BP

Hand grip BP

Cold pressor response

Sympathetic skin galvanic response 

(cholinergic)

Sudorimetry (cholinergic)

Cutaneous blood flow (peptidergic)

VLFP/HFP = sympathetic/parasympathetic balance.

Figure 3: Association between Cardiovascular Autonomic
Neuropathy and Silent Myocardial Infarction

0 1 10

1.96 (1.53–2.51)     Pooled data, n=1,468  p<0.001
DIAD, n=1,123 CAN = strong predictor of IHD

100 1,000

Log prevalence rate ratio

Source: Vinik et al., Diabetes Care, 2003; Wackers et al., Diabetes Care, 2003.
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infarctions. The difference was not, however, statistically significant.61

Results from the National Registry of Myocardial Infarction 2 did, however,

show a difference. In this study, there were a total of 434,877 patients with

a confirmed myocardial infarction. The results indicated that 33% did not

have chest pain on presentation to the hospital. Of those presenting

without chest pain, 32.6% had diabetes versus 25.4% (p<0.001) in the

group with chest pain.62

In diabetic patients with exertional chest pain, a prolonged anginal perceptual

threshold (i.e. the time from onset of 0.1mV ST depression to the onset of

angina pectoris during exercise), was associated with autonomic dysfunction.63

The prolonged perception of anginal pain permits patients with CAN and

coronary artery disease to continue exercising despite increasing ischemia.

Mechanisms that cause silent myocardial ischemia are complex and not

completely understood. Possible mechanisms that have been suggested

include: altered pain thresholds, subthreshold ischemia insufficient to

induce pain, and dysfunction of the afferent cardiac autonomic nerve

fibers.64 Results from the Detection of Ischemia in Asymptomatic Diabetics

(DIAD) study, an investigation that included 1,123 patients with type 2

diabetes, showed that cardiac autonomic dysfunction was a strong

predictor of ischemia.65 Thus, cardiovascular autonomic function testing

may be an important component in the coronary artery disease risk

assessment of patients with diabetes. 

Increased Risk of Mortality

Figure 4 summarizes the results from 15 studies that evaluated the

association between CAN and mortality. The follow-up intervals in these

studies ranged from one to 16 years. In all 15 studies, the baseline

assessment for cardiovascular autonomic function was made on the basis of

one or more of the tests described by Ewing.66 Total mortality rates were

higher in subjects with CAN at baseline than in those whose baseline

assessment was normal, with statistically significant differences in 11 of the

studies. The pooled estimate of the relative risk, based on 2,900 total

subjects, was 2.14, with 95% confidence intervals 1.83–2.51 (p<0.0001).1

However, if CAN was defined by the presence of >2 abnormal

cardiovascular autonomic function tests, the risk increased to 3.45

(confidence interval 2.66–4.47).2

The mechanisms by which CAN leads to increased mortality remain obscure.

Three large longitudinal cohort studies addressed the risk of mortality as a

result of autonomic dysfunction. The Hoorn Study (a population-based

study with 159 persons with type 2 diabetes) demonstrated that impaired

autonomic function was associated with an approximately doubled risk of

mortality.67 The Pittsburgh Epidemiology of Diabetes Complications Study, a

large population-based cohort of 487 type 1 diabetic subjects followed for

two years, revealed a relative risk for mortality of 4.03 for subjects with CAN

compared with those without CAN.68 Adjustments in differences for

markers of renal function, coronary heart disease, and hypertension

determined at baseline reduced the relative risk of mortality to 1.37 for this

cohort. In another investigation, a study cohort of 197 type 1 diabetic

individuals with diabetic nephropathy were matched with 191 type 1

diabetic individuals with normoalbuminuria.69 During the 10 years of follow-

up, 35 and 14% of the patients with and without nephropathy and

abnormal HRV, respectively, died. In patients with nephropathy and reduced

HRV, the investigators showed an adjusted hazard ratio of 6.4 (95%

confidence interval 1.5–26.3; p=0.010) for a composite end-point of

cardiovascular morbidity and mortality. 

CAN has also been shown to be a significant predictor of death after Cox

regression adjustment for perfusion defects.70 Finally, 123I-metaiodobenzyl-

guanidine myocardial scintigraphy and CAN were independent predictors of a

cardiac event. These data suggest that alteration of sympathetic innervation

may be a contributing factor to mortality.71 Collectively, the results of these

studies provide evidence that CAN increases the risk of mortality for people

with diabetes.

Figure 4: Relative Risk of Mortality from Cardiovascular 
Autonomic Neuropathy

Figure 5: Sample Power Spectrum of the Heart Rate Variability
Signal from a Subject Breathing at an Average Rate of 7.5 Breaths
per Minute (fundamental respiratory frequency, FRF = 0.125 Hz)

The method using HRV alone defines two fixed spectral regions for the low-frequency (LF) and

high-frequency (HF) measure (green and yellow, respectively). It is clear that the high-frequency

(yellow) region includes very little area under the HRV spectral curve, suggesting very little

parasympathetic activity. The great majority of the HRV spectral activity is under the low-

frequency (green) region, suggesting primarily sympathetic activity. These representations are

incorrect because the slow-breathing subject should have a large parasympathetic component

reflective of the vagal activity. This parasympathetic component is represented correctly by the

method using both HRV and respiratory activity, which defines the red and blue regions of the

spectrum in the graph. The blue region defined by the fundamental respiratory frequency 

(FRF; 0.125Hz) represents purely parasympathetic activity, whereas the remainder of the lower

frequency regions (red region) represent purely sympathetic activity.
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100

Log prevalence rate

Prevalence rate ratios and 95% CI from 15 studies; p<0.0001; n=2,900
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Source: Vinik et al., Diabetes Care, 2003; Maser et al., Diabetes Care, 2003.
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Diagnostic Assessment of Autonomic Function

The assessment of ANS should be based on the results of a battery of

autonomic tests rather than on one single test. Both branches of the ANS

can be evaluated, as shown in Table 3. HRV can be assessed either by

calculation of indices based on statistical analysis of RR intervals (time

domain analysis) or by spectral analysis (frequency domain analysis) of an

array of RR intervals (see Figure 5). However, HRV alone is only one

measure of a system (the ANS) with two independent components

(sympathetic and parasympathetic). A second measure is required to fully

characterize the two ANS branches, independently and simultaneously.

Spectral analysis of both HRV and respiratory activity provides

quantitative, independent, simultaneous, non-invasive measures of both

autonomic branches (see Figure 5).

Spectral analysis involves decomposing the series of sequential RR intervals into

its various frequency components. Traditionally, the sum of sinusoidal functions

of different amplitudes and frequencies by several possible mathematical

approaches such as the fast Fourier transformation (FFT) has been employed.

However, the FFT requires assumptions and approximations to be made about

the HRV and respiratory activity signals that are clinically limiting and affect the

fidelity of the results. These assumptions and approximations include the need

for a compromise between time and frequency fidelity and for the signal to be

‘stationary’ over the analysis interval. Continuous wavelet transforms (CWT)

remove these assumptions and approximations and fundamentally enhance

the fidelity of the results. The results (power spectrum) can be displayed with

the magnitude of variability as a function of frequency. In other words, the

power spectrum reflects the amplitude of the heart rate fluctuations present at

different oscillation frequencies.72

The HRV spectrum without respiratory frequency analysis mixes sympathetic

and parasympathetic components.73,74 Clinically, this is represented in the

cardiogram as a mix of the sympathetically mediated mean heart rate

changes coupled with the parasympathetically mediated respiratory sinus

arrhythmia (RSA) changes. By adding spectral analysis of respiratory activity,

the frequency of RSA is identified, eliminating the mixed measures.72–74 This

second independent measure identifies the frequency range of

parasympathetic influence on HRV. This frequency range is called the

respiratory frequency range. The area under the HRV spectral curve 

over the respiratory frequency range is a measure of parasympathetic

activity. The respiratory frequency range often overlaps the low-frequency

range (see Figure 5). The area under the HRV spectral curve over the

remaining low frequency range is the sympathetic activity.72

The combination of spectral analysis of HRV with spectral analysis of

respiratory activity enables realtime, quantitative, non-invasive,

independent, simultaneous measures of parasympathetic and sympathetic

activity, both at rest and in response to various challenges. This technique

enables early detection and quantification of CAND and CAN in terms that

are clinically trendable and reflective of disease progression, therapeutic

intervention, and outcomes.75

Commercially available computer programs (e.g. NeuroDiag II, ANSAR) are

usually employed to assess autonomic nerve function. Conventional ECG

equipment has also be used to compute: 

1) coefficient of variation (CV) of RR intervals or spectral power in the high-

frequency band at rest; 

2) spectral power in the very low-frequency band; 

3) spectral power in the low-frequency band; 

4) HRV during deep breathing, including mean circular resultant of vector

analysis or expiration/inspiration (E/I) ratio;

5) maximum–minimum 30:15 ratio;

6) Valsalva ratio; and

7) postural change in systolic blood pressure. 

However, metrics (1) to (3) are measures that mix sympathetic and

parasympathetic activity. Metrics (4) to (6) are approximations of changes

Table 4: Diagnosis and Management of Autonomic 
Nerve Dysfunction

Symptoms Assessment Modalities Management

Resting tachycardia, HRV, respiratory HRV, Graded supervised

exercise intolerance, early MUGA thallium scan, exercise, beta-blockers,

fatigue and weakness 123I MIBG scan ACE-inhibitors

with exercise

Postural hypotension, HRV, blood pressure Mechanical measures,

dizziness, light-headedness measurement lying clonidine, midodrine,

weakness, fatigue, syncope, and standing octreotide, erythropoietin,

tachycardia/bradycardia pyridostigmine

Hyperhidrosis Sympathetic/parasympathetic Clonidine, amitryptylline,

balance trihexyphenidyl, propantheline 

or scopolamine, botox,

glycopyrrolate

Figure 6: Effects of Dog Walking on Vagal Activity (High-frequency
Power) in Senior Citizens
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Walking the dog

A: 80-minute walking program including two 30-minute walks without and with the dog

(n=13). B: 80-minute walking program over three consecutive days (n=3). C: Interaction with the

dog at home during six hours of continuous monitoring (n=4).

Source: Motooka et al., MJA, 2006, with permission.
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Potential Therapeutic Modalities for Cardiovascular

Autonomic Neuropathy (CAN) and CAN Dysfunction

Table 4 summarizes the approach to diagnosis and symptomatic management

of autonomic nerve dysfunction.1,74 Several studies have reported that it is

possible to improve HRV. Results of the Diabetes Control and Complications

Trial showed that improvement in glycemic control reduced the incidence of

CAN and slowed the deterioration of autonomic dysfunction over time.6 A
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where baroreflex sensitivity increased by 2ms/mmHg.77 Although not all
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several studies have shown beneficial effects. For example, Figure 6

demonstrates that walking a dog can shift an individual’s ANS activity in favor

of parasympathetic activity.78 Improvement in vagal activity with endurance
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early CAN.79 Perhaps a potential mechanism for improved nerve function is

associated with enhanced cutaneous blood flow, as was found for type 2
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pathogenic pathway will be needed to reduce the development of

autonomic nerve fiber dysfunction. The Steno-2 study clearly showed that

targeting hyperglycemia, hypertension, dyslipidemia, and microalbuminuria

reduced the development of CAN.81
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improved the parasympathetic/sympathetic balance in patients with CAN.82
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Given that there are therapies that can reorient the functional abnormalities of

the ANS toward improved function, the importance of determining the

presence of CAN and CAND early cannot be overemphasized.

Summary

Autonomic dysfunction can now be divided into a prodromal functional phase

manifesting as an imbalance in the autonomic nervous division of the

sympathetic and parasympathetic nervous systems. Clinical presentations

include hyperhidrosis, orthostatic tachycardia and bradycardia, sleep apnea,

and anxiety/depression/panic disorders that, left untreated, culminate in

structural changes in a variety of organ systems. Structural damage to the ANS,

found in approximately one-quarter of type 1 and one-third of type 2 diabetic

patients, is associated with a number of serious complications, including an

increased risk of mortality. Various assessment modalities are available to

determine the presence of CAND and CAN. Once determination of the

presence of autonomic dysfunction has occurred, a number of therapeutic

agents are available for the correction of functional defects in the ANS. n

Given that there are therapies that 

can reorient the functional abnormalities

of the autonomic nervous system toward

improved function, the importance 

of determining the presence of

cardiovascular autonomic neuropathy

(CAN) and CAN dysfunction early 

cannot be overemphasized.



Diabetic Neuropathy and Diabetic Foot

74 U S E N D O C R I N E  D I S E A S E  2 0 0 7

inhibitor administration, Diabetes Care, 2004; 27:448–54.

18. Vinik A, Erbas T, Pfeifer M, et al., Diabetic Autonomic Neuropathy.

Ellenberg & Rifkin’s Diabetes Mell itus, 6th Edition,

2002:789–804.

19. Colberg S, Swain D, Vinik A, Use of Heart Rate Reserve and

Rating of Perceived Exertion to Prescribe Exercise Intensity in

Diabetic Autonomic Neuropathy, Diabetes Care, 2003;26(4):

986–90.

20. Albright A, Franz M, Hornsby G, et al., American College of Sports

Medicine position stand. Exercise and type 2 diabetes, Med Sci

Sports Exerc, 2000;32:1345–60.

21. Albers AR, Krichavsky MZ, Balady GJ, Stress testing in patients

with diabetes mellitus: diagnostic and prognostic value,

Circulation, 2006;113:583–92.

22. Bonyhay I, Freeman R, Sympathetic neural activity, sex

dimorphism, and postural tachycardia syndrome, Ann Neurol,

2007;61:332–9.

23. Strutton DR, Kowalski JW, Glaser DA, Stang PE, US prevalence of

hyperhidrosis and impact on individuals with axillary

hyperhidrosis: results from a national survey, J Am Acad Dermatol,

2004;51:241–8.

24. Kaufmann H, Saadia D, Polin C, Primary hyperhidrosis—evidence

for autosomal dominant inheritance, Clin Auton Res, 2003;13:

96–8.

25. Grubb BP, Kosinski DJ, Boehm K, Kip K, The postural orthostatic

tachycardia syndrome: a neurocardiogenic variant identified

during head-up tilt table testing, Pacing Clin Electrophysiol,

1997;20:2205–12.

26. Goldstein D, Robertson D, Esler M, et al., Dysautonomias: Clinical

Disorders of the Autonomic Nervous System, Ann Intern Med,

2002;137:753–63.

27. Goldstein DS, Holmes C, Frank SM, et al., Cardiac sympathetic

dysautonomia in chronic orthostatic intolerance syndromes,

Circulation, 2002;06:2358–65.

28. Thieben MJ, Sandroni P, Sletten DM, et al., Postural orthostatic

tachycardia syndrome: the Mayo clinic experience, Mayo Clin Proc,

2007;82:308–13.

29. Young T, Palta M, Dempsey J, et al., The occurrence of sleep-

disordered breathing among middle-aged adults, N Engl J Med,

1993; 328:1230–35.

30. West SD, Nicoll DJ, Stradling JR, Prevalence of obstructive sleep

apnoea in men with type 2 diabetes, Thorax, 2006;61:945–50.

31. Ficker JH, Dertinger SH, Siegfried W, Obstructive sleep apnoea

and diabetes mellitus: the role of cardiovascular autonomic

neuropathy, Eur Respir J, 1998;11:14–19.

32. Narkiewicz K, Montano N, Cogliati C, et al., Altered

cardiovascular variability in obstructive sleep apnea, Circulation,

1998;98:1071–7.

33. Narkiewicz K, Somers VK, Sympathetic nerve activity in

obstructive sleep apnoea, Acta Physiol Scand, 2003;177:385–90.

34. Adlakha A, Shephard JW, Jr, Cardiac arrythmias during normal

sleep and in obstructive sleep apnea syndrome, Sleep Medicine

Reviews, 1998;45–60.

35. Carlson JT, Hedner JA, Ejnell H, Peterson LE, High prevalence of

hypertension in sleep apnea patients independent of obesity,

Am J Respir Crit Care Med, 1994;150:72–7.

36. Nieto FJ, Young TB, Lind BK, et al., Association of sleep-

disordered breathing, sleep apnea, and hypertension in a large

community-based study. Sleep Heart Health Study, JAMA,

2000;283:1829–36.

37. Grote L, Ploch T, Heitmann J, et al., Sleep-related breathing

disorder is an independent risk factor for systemic hypertension,

Am J Respir Crit Care Med, 1999;160:1875–82.

38. Lavie P, Herer P, Hoffstein V, Obstructive sleep apnoea syndrome

as a risk factor for hypertension: population study, BMJ,

2000;320:479–82.

39. Peppard PE, Young T, Palta M, Skatrud J, Prospective study of the

association between sleep-disordered breathing and

hypertension, N Engl J Med, 2000;342:1378–84.

40. Richert A, Ansarin K, Baran AS, Sleep apnea and hypertension:

pathophysiologic mechanisms, Semin Nephrol, 2002;22:71–7.

41. Garcia-Rio F, Racionero MA, Pino JM, et al., Sleep apnea and

hypertension, Chest, 2000;117:1417–25.

42. Chobanian AV, Bakris GL, Black HR, et al., Seventh report of the

Joint National Committee on Prevention, Detection, Evaluation,

and Treatment of High Blood Pressure, Hypertension, 2003;42:

1206–52.

43. Shibao C, Gamboa A, Diedrich A, et al., Autonomic contribution

to blood pressure and metabolism in obesity, Hypertension,

2007;49:27–33.

44. Becker HF, Jerrentrup A, Ploch T, et al., Effect of nasal continuous

positive airway pressure treatment on blood pressure in patients

with obstructive sleep apnea, Circulation, 2003;107:68–73.

45. Bazzano LA, Khan Z, Reynolds K, He J, Effect of nocturnal nasal

continuous positive airway pressure on blood pressure in

obstructive sleep apnea, Hypertension, 2007;50:417–23.

46. Maser RE, Lenhard MJ, Rizzo AA, Vasile AA, Continuous positive

airway pressure therapy improves cardiovascular autonomic

function for persons with sleep-disordered breathing, Chest,

2007.

47. Chrysostomakis SI, Simantirakis EN, Schiza SE, Continuous

positive airway pressure therapy lowers vagal tone in patients

with obstructive sleep apnoea-hypopnoea syndrome, Hellenic J

Cardiol, 2006;47:13–20.

48. Phillips CL, Yang Q, Williams A, et al., The effect of short-term

withdrawal from continuous positive airway pressure therapy on

sympathetic activity and markers of vascular inflammation in

subjects with obstructive sleep apnoea, J Sleep Res, 2007;16:

217–25.

49. Buchwald H, Avidor Y, Braunwald E, et al., Bariatric surgery: a

systematic review and meta-analysis, JAMA, 2004;292:1724–37.

50. Maser RE, Lenhard MJ, Irgau I, Wynn GM, Impact of surgically

induced weight loss on cardiovascular autonomic function: one-

year follow-up, Obesity (Silver Spring) 2007;15:364–9.

51. Reynolds EB, Seda G, Ware JC, et al., Autonomic function in sleep

apnea patients: increased heart rate variability except during REM

sleep in obese patients, Sleep Breath, 2007;11:53–60.

52. Knuttgen D, Wolf M, Trojan S, Wappler F, Respiratory sinus

arrhythmia as predictor of blood pressure stability during

anaesthetic induction in diabetics, Anasthesiol Intensivmed

Notfallmed Schmerzther, 2006;41:233–40.

53. Burgos LG, Ebert TJ, Assiddao C, et.al., Increased intraoperative

cardiovascular morbidity in diabetics with autonomic neuropathy,

Anesthesiology, 1989;70:591–7.

54. Sobotka PA, Liss HP, Vinik AI, Impaired hypoxic ventilatory drive in

diabetic patients with autonomic neuropathy, J Clin Endocrinol

Metab, 1986;62:658–63.

55. Kitamura A, Hoshino T, Kon T, Ogawa R, Patients with diabetic

neuropathy are at risk of a greater intraoperative reduction in

core temperature, Anesthesiology, 2000;92:1311–18.

56. Position p: Orthostatic hypotension, multiple system atrophy (the

Shy Drager Syndrome), [article online], 1996.

57. Freeman R, Landsberg L, Young J, The treatment of neurogenic

orthostatic hypotension with 3,4-DL-threo-dihydroxyphenylserine:

a randomized, placebo-controlled, crossover trial, Neurology,

1999;53:2151–7.

58. Low PA, Walsh JC, Huang CY, McLeod JG, The sympathetic

nervous system in diabetic neuropathy. A clinical and pathological

study, Brain, 1975;98:341–56.

59. Jarmuzewska EA, Rocchi R, Mangoni AA, Predictors of impaired

blood pressure homeostasis during acute and sustained

orthostasis in patients with type 2 diabetes., Panminerva Med,

2006; 67–72.

60. Vinik AI Erbas T, Recognizing and Treating Diabetic Autonomic

Neuropathy, Cleveland Clinic Journal of Medicine, 2001;68(11):

928–44.

61. Margolis JR, Kannel WS, Feinleib M, et al., Clinical features of

unrecognized myocardial infarction—silent and symptomatic.

Eighteen year follow-up: the Framingham study, Am J Cardiol,

1973;32:1–7.

62. Canto JG, Shlipak MG, Rogers WJ, et al., Prevalence, clinical

characteristics, and mortality among patients with myocardial

infarction presenting without chest pain, JAMA, 2000;283:

3223–9.

63. Ambepityia G, Kopelman PG, Ingram D, et al., Exertional

myocardial ischemia in diabetes: a quantitative analysis of

anginal perceptual threshold and the influence of autonomic

function, J Am Coll Cardiol, 1990;15:72–7.

64. Shakespeare CF, Katritsis D, Crowther A, et al., Differences in

autonomic nerve function in patients with silent and symptomatic

myocardial ischaemia, Br Heart J, 1994;71:22–9.

65. Wackers FJ, Young LH, Inzucchi SE, et al., Detection of Silent

Myocardial Ischemia in Asymptomatic Diabetic Subjects: The DIAD

study, Diabetes Care, 2004;27:1954–61.

66. Ewing DJ, Martyn CN, Young RJ, Clarke BF, The value of

cardiovascular function tests: 10 years’ experience in diabetes,

Diabetes Care, 1985;8:491–8.

67. Gerritsen J, Dekker JM, TenVoorde BJ, et al., Impaired autonomic

function is associated with increased mortality, especially in

subjects with diabetes, hypertension, or a history of

cardiovascular disease: the Hoorn Study, Diabetes Care,

2001;24:1793–98.

68. Orchard TJ, Lloyd CE, Maser RE, Kuller LH, Why does diabetic

autonomic neuropathy predict IDDM mortality? An analysis from

the Pittsburgh Epidemiology of Diabetes Complications Study,

Diabetes Res Clin Pract, 1996;34:S165–S171.

69. Astrup AS, Tarnow L, Rossing P, et al., Cardiac autonomic

neuropathy predicts cardiovascular morbidity and mortality in

type 1 diabetic patients with diabetic nephropathy, Diabetes Care,

2006;29:334–9.

70. Lee KH, Jang HJ, Kim YH, et al., Prognostic value of cardiac

autonomic neuropathy independent and incremental to perfusion

defects in patients with diabetes and suspected coronary artery

disease, Am J Cardiol, 2003;92:1458–61.

71. Nagamachi S, Fujita S, Nishii R, et al., Prognostic value of cardiac

I-123 metaiodobenzylguanidine imaging in patients with non-

insulin-dependent diabetes mellitus, J Nucl Cardiol, 2006;13:

34–42.

72. Aysin B, Aysin E, Effect of Respiration in Heart Rate Variability

(HRV) Analysis. IEEE Engineering in Medicine and Biology Society

Conference, New York, NY, 2006.

73. Akselrod S, Gordon D, Ubel FA, et al., Power spectrum analysis of

heart rate fluctuation: a quantitative probe of beat-to-beat

cardiovascular control, Science, 1981;213:220–22.

74. Malik M, and the Task Force of the European Society, Heart rate

variability, standards of measurement, physiological

interpretation, and clinical use, [article online], 1996.

75. Vinik AI, Ziegler D, Diabetic cardiovascular autonomic neuropathy,

Circulation, 2007;115:387–97.

76. Carnethon MR, Prineas RJ, Temprosa M, et al., The association

among autonomic nervous system function, incident diabetes,

and intervention arm in the Diabetes Prevention Program,

Diabetes Care, 2006;29:914–9.

77. Michalsen A, Knoblauch NT, Lehmann N, et al., Effects of lifestyle

modification on the progression of coronary atherosclerosis,

autonomic function, and angina—the role of GNB3 C825T

polymorphism, Am Heart J, 2006;151:870–77.

78. Motooka M, Koike H, Yokoyama T, Kennedy NL, Effect of dog-

walking on autonomic nervous activity in senior citizens, Med J

Aust, 2006;184:60–63.

79. Howorka K, Pumprla J, Haber P,et al., Effects of physical training

on heart rate variability in diabetic patients with various degrees

of cardiovascular autonomic neuropathy, Cardiovasc Res, 1997;

34:206–14.

80. Colberg S, Stansberry K, McNitt P, Vinik A, Chronic exercise is

associated with enhanced cutaneous blood flow in Type 2

diabetes, Journal of Diabetes and its Complications, 2002;16:

139–45.

81. Gaede P, Vedel P, Larsen N, et al., Multifactorial Intervention and

Cardiovascular Disease in Patients with Type 2 Diabetes, N Engl J

Med, 2003;348:383–93.

82. AthyrosVG, Didangelos TP, Karamitsos DT, et al., Long-term effect

of converting enzyme inhibition on circadian sympathetic and

parasympathetic modulation in patients with diabetic autonomic

neuropathy, Acta Cardiol, 1998;53:201–9.

83. Didangelos TP, Arsos GA, Karamitsos DT, et al., Effect of quinapril

or losartan alone and in combination on left ventricular systolic

and diastolic functions in asymptomatic patients with diabetic

autonomic neuropathy, J Diabetes Complications, 2006;20:1–7.

84. Maser RE, Lenhard MJ, Cardiovascular autonomic neuropathy due

to diabetes mellitus: clinical manifestations, consequences, and

treatment, J Clin Endocrinol Metab, 2005;90:5896–5903.


