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Parasympathetic Nerve Functions in Type 2 Diabetes Mellitus:
Relation to Glycemic Status and Duration of Diabetes

Alam MK 1, Begum N 2, Begum S 3

Background: Cardiovascular autonomic dysfunction is associated with higher mortality and is a
common health problem observed in diabetic patients. Early detection of autonomic dysfunction in
diabetic patient is important for prevention of this complication. Objectives: The study has been
designed to observe the parasympathetic nerve function status in type 2 diabetic subjects in order to
assess the relationship between glycemic status and duration of diabetes and the parasympathetic
nerve function.  Study Design: This cross section study was carried out in the Department of Physiology,
Bangabhandhu Sheikh Mujib Medical University, Dhaka, Bangladesh. Forty seven  type 2 diabetic
subjects were included in two groups. Group B consisted of 25 recently diagnosed diabetic subjects
aged 40-68 years and group C consisted of 22 subjects having duration of diabetes for 10 – 20 years.
Twenty five (25) age and BMI matched healthy subjects were included in group A (non diabetic) for
control. Methods: Parasympathetic nerve functions were assessed by three simple non invasive
cardiovascular reflex tests. These were Valsalva maneuver, Heart rate variation (HRV) to deep
breathing, HRV to standing up. Glycemic status was assessed by serum glycosylated hemoglobin
(HbA1C) and fasting plasma glucose (FPG). Data were analyzed by ‘t’  test, Pearson’s correlation co-
efficient. Results: Valsalva ratio was significantly lower in group C than that of  group A but no
significant difference was observed between group B & A and also between B and C. HRV in deep
breathing and  30th:15th ratios were significantly lower in both the diabetic groups B  and C than
those of group A but these values were semilar in  group B and C. Values of correlation of fasting
plasma glucose with valsalva ratio, HRV in deep breathing and 30th:15th ratios in standing test  in all
three groups were not statistically significant. But correlation of duration of diabeties with valsalva
ratio was stastically significant but with RHV in deep breathing and 30th:15th ratios were not significant.
Conclusion: From this study it may be concluded that there was progressive deterioration of
parasympathetic function with increase in duration of diabetes in patients suffering from type 2 diabetes.
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Introduction

nerve affecting somatic as well as the autonomic
nervous system1.  Diabetic autonomic
neuropathy (DAN) is among the least
recognized and understood complication of
diabetes mellitus despite its significant effect
on survival and quality of life in people with
diabetes2,3. Again, cardiac autonomic

iabetic neuropathy is a very common
complication of diabetes mellitus and
involves progressive loss of peripheralD neuropathy (CAN) is also one of the most

overlooked complications of diabetes4. DAN
manifests first in longer nerves. The vagus the
longest nerve of the autonomic nervous system
is affected earlier accounted for about 75% of
all parasympathetic activity 1.

CAN is the clinically important form of DAN
and is strongly associated with an increased risk
of silent myocardial ischemia and mortality 1.
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Cardiac vagal damage has been observed in
asymptomatic autonomic neuropathic patients
5.  ‘O’ Brein et al 6 observed 25.40% mortality
rate in asymptomatic diseased subjects where
only autonomic nerve function tests were
abnormal. CAN can be assessed by
cardiovascular reflex tests 7. San-antonio
conference 8 recommended that cardiovascular
reflex tests are non-invasive, validated, reliable
and reproducible. Sub clinical autonomic
neuropathy can be detected earlier by using
cardiac reflex tests. Mackay et al.11 used two
tests for the diagnosis of diabetic autonomic
neuropathy. These are measurement of heart rate
variation during deep breathing and heart rate
changes on standing up. They found abnormal
Heart rate variation (HRV) in 30% of patients.
Gradual increase in heart rate after standing in
patients with diabetic autonomic neuropathy
was observed 12. Abnormal HRV in valsalva
maneuver was observed in most of the newly
diagnosed type 2 diabetic patients 13-16.  On the
contrary, Dyrberg et al. 17 also studied
autonomic nerve function in type 2 diabetic
subjects and found no abnormal subjects in lying
to standing test. HRV on deep breathing has
proved to be the more sensitive diagnostic index
of autonomic neuropathy 11. Loss of normal
HRV due to cardiac autonomic neuropathy
probably provides the best and simplest bed side
test of autonomic function which has extensively
been used 18.

In Bangladesh, a large number of diabetic
patients are suffering from diabetic neuropathy.
Among them a quiet large number may have
diabetic cardiac autonomic neuropathy which
remains undetected unless complicated. Cardiac
parasympathetic neuropathy is the clinically
important form of diabetic autonomic
neuropathy. Therefore, the present work has been
designed to observe the cardiac parasympathetic

nerve function parameters in type 2 diabetic
patients and in non diabetic healthy subjects for
comparison and also for a base line data to
elucidate a set of reference values of
parasympathetic nerve function parameters in
adult Bangladeshi population. At the same time
this study may be helpful to explore the role of
glycemic control and duration of diabetes in type
2 diabetes mellitus.

Methods
In this present work, 47 type w diabetic patints
40 to 68 type 2 diabetic were  taken age study
group and subdivided into two groups. Group B
consisted of 25 recently diagnosed diabetic
subjects and group C consisted of 22 subjects
having diabetes for 10 – 20 years. 25 age and
BMI matched healthy subjects were included in
group A (non – diabetic) for control. Diabetic
subjects were selected from the Out-Patient
Department (OPD) of BIRDEM, Dhaka. Healthy
controls were selected from the friends and
relatives of the investigator and also from the
friends of the patients. None of them had history
of diabetes up to second degree relation. The tests
to be performed were explained to individual
subjects before blood sample collection and then
written informed consents were taken from them.
On the day of examination, fasting blood samples
were collected in the morning after 10-16 hours
of overnight fast and then their parasympathetic
nerve function tests were done on the same day.
No food, coffee, tea or nicotine were permitted
3 hours before the study. Estimation of all the
biochemical test i.e. glycated hemoglobin
(HbA1c), fasting plasma glucose (FPG), serum
creatinine were done in the Biomedical Research
Group Laboratory, BIRDEM and
parasympathetic nerve function tests were
measured in the Neurophysiological Laboratory
of the Physiology Department, BSMMU, Dhaka.
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With all aseptic precautions 4 ml of venous blood
was drawn from the antecubital vein with a
sterilized plastic disposable syringe. After
collection of blood sample 2ml of whole blood
was taken immediately in a test tube containing
EDTA anticoagulant for estimation of HbA1c. Rest
of the blood sample was centrifuged by 3000 RPM
for 15 minutes and separated serum was
immediately preserved at-700C for estimation of
serum levels of FPG & creatinine. The body weight
in kilogram (kg) was measured in patient with light
clothing and height in centimeters (cm) by using
appropriate scales on bare foot (Detect-Medic,
Detect Scales INC, USA). BMI of the subjects
were calculated from the measured weight and
height. Serum glucose was estimated by glucose
oxidase (GOD/PAP) method (Bio-labo France).
Percentage of glycosylated hemoglobin (HbA1c)
was measured in whole blood by a Varianttm II
hemoglobin A1c program testing system (Bio-Rad
model) using a modified HPLC method. Serum

creatinine was measured by Alkaline picrate
method (Randox Laboratories, UK).
Parasympathetic functions were assessed by three
simple cardiovascular reflex tests 19. These tests
can be preformed easily with minimal equipments.
Instruments needed are sphygmomanometer, an
ECG machine, a mercury column attached to a
mouthpiece by a rigid flexible tube.

Data were expressed as mean ±SD and range.
To compare among groups one way ANOVA with
Bonferroni t test was performed as the test of
significance. The Pearson’s correlation co-
efficient were done to observe relationship
among different variables.

Results
The mean (+ SD) age and BMI of the study groups
are shown in table 1. No statistically significant
differences of age and BMI were observed among
differeznt study groups, therefore all the groups
were matched for age and BMI.

Table – I: Mean + SD in different groups Age and BMI (N=72)

Groups N Age (years) BMI (kg/m2)

A 25 51.92±5.64 25.28±2.98

(45.00-67.00) (19.56-31.40)

B 25 51.52±6.93 24.58±2.48

(40.00-68.00) (18.29-28.35)

C 22 55.77±5.81 24.57±2.76

(45.00-68.00) (19.70-30.45)

Statistical  Analysis
Groups P value P value
A vs. B >0.50NS >0.50NS

A vs. C >0.10NS >0.50NS

B vs. C >0.05NS >0.50NS

Values in parenthesis indicate ranges
NS = Not significant
Group A = Control (healthy non-diabetic)
Group B = Recently diagnosed diabetes.
Group C = Diabetes mellitus for 10 – 20 years
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Glycemic status are shown in the table 2.
Glycemic status among the control and diabetic
groups differed significantly. FPG levels and
percentage of HbAlc significantly higher in both
the diabetic groups B (P<0.001) and C (P<0.001)
in comparison to those of control group A.
However, no significant differences  these values
were observed between the diabetic groups B and
C (P>0.50).

Parasympathetic nerve function parameters in
different study groups are shown in table III.
Valsalva ratio was significantly lower in diabetic
group C compared to that of control group A
(P<0.001). No significant lower ratio was
observed in diabetic group B compared to that
of control group A (P>0.10) and also in between
two diabetic group B and C (P>0.05). HRV was
significantly lower in both the diabetic groups B
(P<0.001) and C (P<0.001) compared to that of
group A. Again, this HRV was lower in group C
than that of group B but the difference was not
statistically significant. In heart rate response to

standing test 30th : 15th ratio were significantly
lower in both diabetic group B (P<0.05) and C
(P<0.001) compared to that of control group A.
No such lower ratio was observed in between
diabetic group B and C (P>0.50).

Relationship of parasympathetic nerve function
parameters with FPG status in different study
groups were shown in table IV. Valsalva ratio was
negatively correlated with FPG in group A and
C and was positively correlated in group B. None
of the correlations were statistically significant.
HRV were positively correlated with FPG in
group A and B and was negatively correlated in
group C. None of the correlations were
statistically significant. 30th:15th ratio was
negatively correlated with FPG in all the groups.
None of the correlations were statistically
significant.

Relationship of parasympathetic nerve function
parameters with HbA1c status in different study
groups were shown in table V. Valsalva ratio

Table – II: Glycemic status in different study groups (N=72)

Groups N FPG (mmol/L) HbAlc %

A 25 4.79±0.74(3.50-6.30) 5.36±0.37(4.50-5.90)
B 25 9.27±2.27(7.09-14.10) 8.04±1.57(5.40-10.00)
C 22 9.31±2.46(4.75-15.30) 8.37±1.39(5.90-10.60)

Statistical Analysis

Groups P value P value
A vs. B <0.001 <0.001
A vs. C <0.001 <0.001
B vs. C >0.05NS >0.05NS

N = Total number of subjects. Values in parenthesis indicate ranges
* = Significant
NS = Not significant
Group A = Control (healthy non-diabetic)
Group B = Recently diagnosed type-2 diabetes mellitus.
Group C = Type-2 diabetes mellitus for 10 – 20 years
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Table – III: Parasympathetic nerve function parameters in different study groups (N=72)

Groups N Valsalva HRV in deep HRV after
ratio breathing test standing

 (beats/min) (30th : 15th

A 25 1.41±0.20 17.68±3.48 1.11±0.05
(1.21-1.92) (11.00-24.00) (1.05-1.22)

B 25 1.32±0.23 11.68±4.43 1.04±0.09
(1.02-1.76) (6.00-20.00) (0.83-1.16)

C 22 1.19±0.15 9.41±4.04 1.01±0.11
(1.00-1.42) (4.00-16.00) (0.76-1.17)

Statistical  Analysis

Groups P value P value P value

A vs. B >0.10NS <0.001*** <0.05*

A vs. C <0.001*** <0.001*** <0.001***

B vs. C >0.05NS >0.10NS >0.50NS

N =  Total number of subjects. Values in parenthesis indicate ranges
* = Significant
NS = Not significant
Group A = Control (healthy non-diabetic)
Group B = Recently diagnosed type-2 diabetes mellitus.
Group C = Type-2 diabetes mellitus for 10 – 20 years

was negatively correlated with HbA1c in group
A and C and positively correlated in group B.
None of the correlation was statistically
significant. HRV was positively correlated with
HbA1c in group B and C and negatively
correlated in group. 30th : 15th heart rate ratio
was negatively correlated with HbA1c in group
B and C and positively correlated in group A.
None of the correlation was statistically
significant. Relationship of parasympathetic
nerve function parameters with duration of
diabetes in group C were shown in figure 1, 2
and 3. Valsalva ratio  (r = - 0.950), HRV in deep
breathing test  (r= - 0.258) and HRV in standing
test was negatively correlated (r= - 0.317) with
duration of diabetes. Correlation valsalva ratio
with duration of diabetes was found statistically
significant (P<0.001). But correlation of HRV
in deep breathing test and 30th:15th ratios in
standing test duration of diabetes were not
statistically significant (P>0.05).

Table – IV: Relationships of parasympathetic
nerve function parameters with FPG in different
study groups (N=72)

Parameters N r value P value
Valsalva ratio
Group A 25 -0.433 >0.01NS

Group B 25 +0.189 >0.10NS

Group C 22 -0.083 >0.50NS

HRV in deep breathing test
Group A 25 +0.102 >0.50NS

Group B 25 +0.363 >0.05NS

Group C 22 -0.027 >0.50NS

30th : 15th ratio
Group A 25 -0.116 >0.50NS

Group B 25 -0.377 >0.05NS

Group C 22 -0.535 >0.01NS

N = Total number of subjects.
+ = Positive
Group A = Control (healthy non-diabetic)
Group B = Recently diagnosed type-2 diabetes mellitus.
Group C = Type-2 diabetes mellitus for

10 – 20 years
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Table-V: Relationships of parasympathetic
autonomic nerve function parameters with HbA1c
in different study groups (N=72)

Parameters N r  value P value

Valsalva ratio

Group A 25 -0.199 >0.10NS

Group B 25 +0.143 >0.10NS

Group C 22 -0.064 >0.50NS

HRV in deep breathing test

Group A 25 -0.033 >0.50NS

Group B 25 +0.336 >0.10NS

Group C 22 +0.077 >0.50NS

30th : 15th ratio

Group A 25 +0.061 >0.50NS

Group B 25 -0.147 >0.10NS

Group C 22 -0.132 >0.50NS

N = Total number of subjects.
NS = Not significant
Group A = Control (healthy non-diabetic)
Group B = Recently diagnosed type-2

diabetes mellitus.
Group C = Type-2 diabetes mellitus for 10 –

20 years

Figure 1. Showing Relationship between
Valsalva ratio with duration (Years)

 

 

 

Discussion
In the present study all the parameters in non
diabetic control are almost similar to those
reported by other countries.11,20,17,11,21 The
glycemic statuses of both the diabetic groups
were similar and were also fairly controlled.
Fasting plasma glucose and HbA1c levels were
significantly higher in recently diagnosed
(P<0.001) and long duration diabetic subjects
(P<0.001) compared to those of healthy subjects.
No such significantly higher levels of these values
were observed between the two diabetic groups
(P>0.50).

In valsalva maneuver, ratio was found to be
significantly reduced in diabetic group of long
duration (P<0.001) compared to that of non
diabetic control group. The valsalva ratio was
also found to be lower in recently diagnosed
diabetic group compared to that of healthy non-
diabetic control group but differences was not
statistically significant. Again, no statistically
significant reduction in valsalva ratio was
observed in long duration diabetic group

Figure 3. Showing Relationship between HRV
after standing with duration (Years)

 

 

 

Figure 2. Showing Relationship between HRV
in deep breathing test with duration (Years)
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compared to that of recently diagnosed diabetes
group. Rahman22 also reported a lower value of
valsalva ratio in recently diagnosed diabetic
group compared to that of non diabetic control
group. Similar observation was also reported by
Viswanathan et al.20, Dyrbeng et al.17 in long
duration diabetic subjects. In deep breathing test,
HRV was found to be significantly reduced in
recently diagnosed diabetic group and also in
long duration diabetic group  compared to that
of the non diabetic group. Again, HRV was found
to be reduced in long duration diabetic group
compared to that of recently diagnosed diabetic
group but the difference was not statistically
significant. Similar reduction in HRV was also
reported in longer duration of diabetes by
Rahman21; Viswanathan et al.20; Dyrbeng et al.
(1981)16 ; Mackay et al. (1980) 10. Rahman21

also observed lower HRV in recently diagnosed
diabetic patients. In heart rate response to
standing, 30th : 15th ratio was significantly lower
in recently diagnosed diabetic group  and long
duration diabetic group in comparison to healthy
non diabetic group. Viswanathan et al.21 also
made similar observation in long duration
diabetes while Dyrberg et al.17 and Mackay et
al.11 in recently diagnosed diabetic subjects.

In the present study, Pearson’s correlation of FPG
and HbA1c with parasympathetic nerve function
parameters were observed and no significant
correlations were found. Correlation of duration
of diabetes with parasympathetic nerve function
parameters were also observed. Decreased heart
rate responses to valsalva maneuver in long term
diabetes were observed in comparison to that of
short term diabetes. Dyrberg17 and Viswanathan20

also observed similar results. Several investigators
made various explanation about the autonomic
neuropathy in  diabetes mellitus 2. In addition the
factors such as metabolic insult to nerve fibers,
neurovascular insufficiency, autoimmune damage,
neurohomunal growth factor deficiency are
responsible to diabetic autonomic neuropathy23

Mclaren et al.24 suggested that racial, nutritional
and biochemical variations might play significant
role in diabetic nerve dysfunction. CAN results

from damage to the fibers of the autonomic
nervous systems2. Hyperglycemia is the major
factor which leads to various complications of
diabetic patients including neuropathy.
Parasympathetic nerve dysfunction occurs in
diabetic autonomic neuropathy.

Conclusion:
Conclusion : From the result of this study it can
be concluded that para sympathetic nerve
function in type & diabetes which was related
duration of diabetes.
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