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Abstract:
Introduction: Cardiovascular disease is the leading cause of death in type2 diabetes (DM). Microalbuminuria (MA)
is strongly associated with cardiovascular complications in type2 diabetes. Impaired cardiovascular autonomic
function and increased albumin excretion are related in patients with diabetes. So this study is designed to
investigate the relationship between cardiovascular autonomic function and microalbuminuria in type2 diabetes.
Methods: The study comprised of 180 subjects of age group>50 years, classified into 3 groups of 60 subjects each.
DM without MA, DM with MA and controls. The tests performed were 1) Heart rate response to deep breathing,
valsalva maneuver and standing; 2) Blood pressure response to standing and to sustained handgrip. Individual tests
were given score of 0, 1, or 2 and an overall autonomic test score of 0-10 was obtained.
Results: Mean autonomic score in control, DM without MA and DM with MA are 1.97 ± 0.81, 5.73 ± 1.26 and 7.00
± 1.80 respectively. The Coefficient of variation (%) of control, DM without MA, DM with MA is 41.1, 21.9 and
25.7 respectively. A significant difference in autonomic score was observed in the DM without MA (P<0.01) and
DM with MA (P<0.01) when compared to controls.
Conclusion: In conclusion type2 diabetic individuals should be diagnosed early to prevent disease progression to
microalbuminuria and thus minimize complications.
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1. Introduction
Diabetes mellitus is a metabolic disorder of multiple aetiology characterized by chronic hyperglycemia

with disturbances of carbohydrate, fat and protein metabolism due to absolute or relative deficiency of insulin. The
increased morbidity and mortality is due to its complications like neuropathy, nephropathy, and retinopathy etc,
especially seen in 40 to 60 years age group. The prevalence of diabetes is rapidly rising all over the globe at an
alarming rate. Cardiovascular disease is the leading cause of death among patients with type2 diabetes. The presence
of cardiovascular autonomic neuropathy has been associated with substantially increased risk of cardiovascular and
all-cause mortality in type2 diabetes. Quantitative cardiovascular autonomic function tests are widely used to detect,
verify and quantify the cardiovascular autonomic dysfunction. They have been tested for their validity and
reliability. These tests are performed since the procedures are straight forward, reproducible and non invasive.

Microalbuminuria, defined as the elevation of urinary albumin excretion in the range of 30 to 300 mg/24 h,
is strongly associated with endothelial dysfunction which increases the risk of nephropathy and cardiovascular
complications, including atherosclerotic coronary disease, stroke, peripheral vascular disease and cardiovascular
mortality in diabetes. Several studies have suggested that impaired cardiovascular autonomic function and increased
albumin excretion are related in patients with diabetes.
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Patients with both diabetic nephropathy and autonomic neuropathy have a higher mortality than patients
with nephropathy and normal autonomic function. Earlier studies have suggested that patients with cardiovascular
autonomic neuropathy have a higher prevalence of microalbuminuria than patients without cardiovascular
autonomic neuropathy. So this study aims at evaluating the association of cardiovascular autonomic functions as
assessed by Quantitative cardiovascular autonomic function tests with microalbuminuria in type2 diabetes mellitus
of age group more than 50 years.

2. Materials and Methods
2.1. Subjects and Methods

The study comprised of 180 subjects of age group>50 years. The presence of diabetes was detected by
random plasma glucose>200 mg/dL. The presence of microalbuminuria was detected by colorimetric end point test
using Pyrogallol red reagent. The subjects should not be suffering from any cardiovascular diseases. They should
not be on drugs altering renal function and autonomic functions. They were classified into 3 groups of 60 subjects
each.

 Type2 Diabetic mellitus patients without microalbuminuria
 Type2 Diabetic mellitus patients with microalbuminuria
 Control group consisting of age matched healthy subjects

The subjects were instructed not to have coffee, tea, cola 12 hours before the tests and were asked to have
light breakfast two hours before the tests. The subject was asked to relax in supine position for 30 minutes. The
resting heart rate was recorded on a standard ECG from lead two. Blood pressure(BP) was measured with
sphygmomanometer. The cardiovascular tests performed are detailed below in the order of execution. These tests
were demonstrated to the subjects.

2.2. Procedure of autonomic evaluation as described by Ewing & Clarke
2.2.1. Deep breathing test

In the sitting position subject was asked to breathe quietly and deeply at the rate of 6 breaths per minute. A
continuous ECG was recorded for six cycles. The maximum and minimum R-R intervals were measured during each
breathing cycles and converted to beats per minute. The result was then expressed as mean of the difference between
maximum and minimum heart rate for six measured cycles in beats per minute (1). Deep breathing difference
(DBD) =Mean of heart rate differences in 6 breath cycles.

2.2.2. Heart-Rate variation to Valsalva Maneuver
The subject was seated comfortably and was asked to blow into a mouthpiece connected to a mercury

sphygmomanometer and holding it at a pressure of 40 mm of mercury for 15 seconds, while a continuous ECG was
being recorded. The ECG was continued to be recorded after release of pressure at the end of 15 seconds for 30
seconds. The heart rate changes induced by the valsalva maneuver was expressed as the ratio of the maximal
tachycardia during the maneuver to the maximal bradycardia after the maneuver. This ratio was defined as the
Valsalva ratio and was calculated as the ratio of maximum R-R interval after the maneuver to minimum R-R interval
during the maneuver (1). Valsalva ratio(VR)= maximal tachycardia/maximum bradycardia= maximum R-R
interval/minimum R-R interval.

2.2.3. Heart rate response to standing (postural tachycardia index)
The subjects were asked to lie on the examination table quietly while heart rate is being recorded on ECG.

They were then asked to stand-up unaided and ECG was recorded for 1 minute. The shortest R-R interval at or
around 15th beat and longest R-R interval at or around 30th beat was measured (1). The result was expressed as:
PTI= Longest R-R interval at 30th beat / shortest R-R at 15th beat.

2.2.4. Blood Pressure Response to Standing (Orthostatic test)
The subject was asked to rest in a supine position. The resting BP was recorded. The subject was then

asked to stand unaided and remain standing unsupported for 3 minutes. The BP was recorded at 30 seconds and 3
minutes after standing up. The difference between the resting and standing BP levels was calculated. The fall in
systolic BP at 30 seconds on standing noted (1).

2.2.5. Blood Pressure Response to Sustained Handgrip
The patient was asked to compress the inflated blood pressure cuff to the maximum possible extent with

one hand and reading on manometer was taken. The patient was asked to maintain the pressure of cuff in such a way



Electronic physician, 2012;4(2) http://www.ephysician.ir

504

as to keep the manometer reading at 30% of maximum force for a period of 3 minutes. The maximum reading of the
diastolic blood pressure was recorded during the procedure. Then the rise in diastolic blood pressure was calculated
by subtracting resting diastolic blood pressure from this value. The interpretations of these tests are according to
norm adopted by Ewing and Clarke (2).

3. Results
Mean and SD of autonomic score in control, DM without MA and DM with MA are 1.97 ± 0.81, 5.73 ±

1.26 and 7.00 ± 1.80 respectively (Table 1). The CV (%) of control, DM without MA, DM with MA are 41.1, 21.9
and 25.7 respectively. There was a significant increase in autonomic scores in DM without MA, DM with MA when
compared to control. Autonomic scores were significantly increased in DM without MA when compared to control.
The DM with MA group differ statistically from DM without MA group in autonomic scores (P<0.01). The DM
with MA group differ statistically from control group in autonomic scores (P<0.01). A significant difference in
autonomic score was observed in the DM without MA and DM with MA groups when compared to controls (Table
2).

Table 1. Mean, Standard deviation(SD) and coefficient of variation(CV) of autonomic score in the 3 study groups

AUTONOMIC SCORE

Groups Mean S.D. CV(%)

Control 1.97 0.81 41.1

Diab
MA –ve 5.73 1.26 21.9

Diab
MA+ve 7.00 1.80 25.7

Table 2. One way ANOVA to compare mean of autonomic score between 3 study groups

Control
Diab
MA-ve

Diab
MA+ve Inference

Mean 1.97 5.73 7.00 F=112.63
P< 0.01SD 0.81 1.26 1.80

4. Discussions
Microalbuminuria is associated with adverse health outcomes in adults. Studies of persons with diabetes

have shown that those with microalbuminuria are at increased risk for renal progression and excess cardiovascular
disease morbidity and mortality. Microalbuminuria is useful marker of generalized endothelial cells dysfunction and
mortality in NIDDM patients and is related to its renal and cardiovascular sequelae (3). Other studies indicate that
microalbuminuria may precede the onset of non-insulin-dependent diabetes and is linked to aberrations in glucose
and insulin metabolism, even in the absence of diabetes. These research findings suggest that microalbuminuria may
be an important risk marker in the general adult population. In diabetes, microalbuminuria is associated with a
cluster of metabolic and hemodynamic abnormalities, including impaired glucose tolerance, a disadvantageous lipid
profile, uric acid disturbances, insulin resistance, and altered diurnal blood pressure rhythm (4).

Cardiovascular autonomic neuropathy (CAN) result from damage to the autonomic nerve fibers to the
heart, and the earliest indicator of CAN is a decrease in heart rate variation (HRV) during deep breathing.
Autonomic neuropathy commonly coexists with established diabetic nephropathy (5). Much of the disease burden in
diabetes occurs in patients with diabetic nephropathy, as they have the highest chance of developing cardiovascular
disease as well as severe retinopathy and neuropathy (6). Patients with diabetic nephropathy constitute a population
with a high risk of CVD and early death compared with patients without albuminuria. Microalbuminuria has
emerged as an important risk factor for left ventricular hypertrophy, myocardial infarction, stroke, peripheral
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vascular diseases and retinopathy independent of blood pressure. This suggests that cardiovascular autonomic
impairment may be involved in the pathogenesis of diabetic renal disease through mechanisms independent of blood
pressure. Dysfunction of the vascular endothelium causes both microalbuminuria and cardiovascular disease (7). In
type 2 diabetes, endothelial dysfunction (ED) is present from the onset of the disease and is strongly related to
adverse outcomes (8). In addition, hyperglycemia can alter the charge selectivity of the glomerular capillary wall,
thereby increasing its permeability. The glycocalix that fills the endothelial fenestrae seems to be important for
glomerular size and charge selectivity (9, 10). Abnormalities in the endothelial glycocalix may contribute to
microalbuminuria but also have been implicated in the pathogenesis of atherosclerosis, thus providing a potential
direct link between albuminuria and cardiovascular disease (11).

5. Conclusion
This study suggests that cardiovascular autonomic function declines in type2 diabetes patients, the severity

of which is related to the presence of microalbuminuria. The findings are consistent with the hypothesis suggested
that impairment of autonomic function leads to increased renal blood flow, glomerular hyperfiltration, and sodium
excretion, all of which accelerate progression to diabetic microalbuminuria. Alternatively, the metabolic and
vascular changes associated with diabetes may adversely affect both renal and cardiovascular autonomic function
through other mechanisms. So type2 diabetic individuals should be diagnosed at an early stage in an attempt to
prevent disease progression to microalbuminuria and thus minimize the burden of diabetes associated complications.
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