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Abstract 

Background: Normal human ageing is associated with changes in the autonomic control of several biological functions. The 

sympathetic and parasympathetic nervous systems mature with time, but degree of the changes due to ageing are different. 

Aim: The present study compares the effect of ageing on autonomic function parameters among subjects of three age groups 

above 40 years of age. 

Methodology: In present study 100 Normal healthy subjects were divided into 3 groups as, Group I (41-50yrs), Group II (51-

60yrs) and Group III (61-70yrs). Autonomic function tests were Heart rate and BP response to sustained handgrip, cold pressor 

test, Valsalva ratio and deep breathing difference. One way ANOVA tests and Pearson’s correlation were used for statistical 

analysis. 

Results: SBP response to sustained handgrip was significantly lower in group III (9.42 ± 4.81) than group I (12.30 ± 4.19) and 

group II (11.29 ± 4.57). DBP response to sustained handgrip was lowest in group II (5.88 ± 6.59) than group I (8.06± 7.77) and 

III (9.45 ± 9.90) but it was insignificant. Cold pressor test SBP response was higher in group I and DBP response was higher in 

group II. The parasympathetic response in the form of Valsalva maneuver and DBD were normal in all three groups but were 

higher in group I than other groups. Negative correlation was found between age and all the parameters except DBP response to 

SHG but it was statistically insignificant. 

Conclusion: Decline in autonomic functions cannot be solely associated with ageing but can be associated with other contributing 

factors. 

 Keywords: Ageing, Autonomic function tests 

 

Introduction 

An important function of the autonomic nervous system is to assist the body in maintaining a constant internal 

environment (homeostasis). The term autonomic nervous system generally refers to the sympathetic and 

parasympathetic nervous systems. In normal human, ageing is associated with changes in the autonomic control of 

several biological functions. Orthostatic maneuver such as going from supine to standing may trigger dizziness more 

frequently with ageing, reflecting the diminished cardiovascular sympathetic modulation. Similarly, the recovery of 

heart rate after exercise becomes blunted with age as a result of sluggish cardiac vagal response to adjust the cardiac 

activity. The two subsystems sympathetic and parasympathetic of autonomic nervous system mature with time, but 

degree of the changes due to ageing are different because of their divergent neural pathways. Therefore symaptho-

vagal balance also fluctuates with ageing (1) 
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Autonomic function tests include sympathetic and parasympathetic function tests. Heart rate and blood pressure 

response to sustained handgrip and Cold presor test represents sympathetic division whereas valsalva maneuver and 

deep breathing difference  denotes parasympathetic division of autonomic nervous system. (2) Currently most of the 

data is available on autonomic function tests among young age group II0-40 years and older age above 40 years, 

which has shown the significant changes due to broad age groups. But this study evaluates association of ageing 

with autonomic reactivity among different age groups above 40 years. 

Methods and Material 

The present study was conducted in the Dept of physiology in the postgraduate Research laboratory, Jawaharlal 

Nehru Medical College, Sawangi (Meghe) Wardha. Clearance of institutional ethical committee was obtained. In 

this comparative cross sectional study 100 subjects were selected randomly between 40 to 70 years of age. Subjects 

were the local residents of Wardha district including the Non teaching staff of JNMC Sawangi. Subjects having H/o 

of chronic diseases like Tuberculosis, Hypertension, Diabetes mellitus, respiratory disorders etc, history of Chronic 

Medication, practicing yogic or Physical exercises, h/o Smoking and Alcohol addiction, were excluded from the 

study. Subjects were grouped into three groups as 41-50 years (N=33), 51- 60 years (N=34) and 60-70 years (N= 

33). Autonomic function tests were performed by the subjects after getting a demonstration of each of the tests.  

Autonomic reactivity tests were performed using continuous digital ECG and respiration recordings. This was done 

on the computerized Advanced RMS Polyrite (Chandigarh) (data acquisition and analysis system).  

Measurement of Sympathetic Autonomic Responses  

1. HR and Blood pressure response to Sustained Hand Grip 

BP and HR response to sustained handgrip was measured, with the dominant hand gripping a hand 

dynamometer (INCO, India) and the arm outstretched in front and parallel to the ground. The maximum voluntary 

contraction was first determined using a handgrip dynamometer. Handgrip is then maintained at 30% of that 

maximum for as long as possible up to 5 minutes. (6) Blood pressure and heart rate were measured just before 

performing handgrip and one minute after the handgrip has started. The result is expressed as the difference between 

the highest systolic/diastolic blood pressure during handgrip exercise or just before release of hand grip and the 

mean of the three systolic/diastolic blood pressure readings before handgrip began. (3) 

2. Cold  Pressor Test 

 First, heart rate and blood pressure were recorded from the left hand. The sphygmomanometer cuff was 

kept in situ for the next measurement of blood pressure. The right hand of the subject was immersed in a mixture of 

ice and water (4˚C) for 1 minute. At the completion of the one minute, blood pressure and heart rate were measured 

and the subject was asked to remove his hand from the cold water.(4) 

Measurement of Parasympathetic Autonomic Responses  

1. Heart Rate Response to Deep Breathing 

For recording deep breathing response, the subject lying in supine position was asked to take maximum possible 

deep breaths at the rate of nearly 6 breaths per minute and heart rate changes were recorded from the polyrite. The 

subject was asked to perform this test 3 times at an interval of 5 minutes between each. In DBT, average of 6 

maximum instantaneous inspiratory heart rates and 6 minimum instantaneous expiratory heart rates (calculated by 
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the software in analysis mode) were taken into account for the calculation of heart rate difference between 

inspiration and expiration. (5)  

2. Heart rate Response to Valsalva maneuver 

Valsalva ratio (VR) is a measure of the change in heart rate that takes place during a period of forced expiration 

against a closed glottis or mouthpiece (Valsalva maneuver).The subject was asked to sit in erect posture on 

examination table with a rubber clip over the nose. ECG leads were connected and he was asked to expire forcefully 

into a mouthpiece with a rubber tube connected to mercury Manometer and maintained the expiratory pressure of 40 

mmHg for 15 seconds, before, during and after which the HR was recorded in the ECG recording of the polyrite. 

During forceful expiration, jugular engorgement was observed for proper valsalva maneuver. Valsalva ratio (VR) 

was calculated as the ratio of longest R-R interval after the maneuver and shortest R-R interval during the maneuver  

 

VR =  Longest R-R interval during phase IV   

 Shortest R-R interval during phase II 

Each volunteer performed this maneuver 3 times separated by 5 minutes. The highest ratio from these 3 

successive attempts was considered as the VR. (5)  

 

 

Observations  

Table I: Anthropometric and vital parameters of three age groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Mean±SD 

Group I (N-33) Group II (N-34) Group III (N-33) 

AGE 44.82±2.67 53.76±2.81 65.88±4.25 

HEIGHT 160.97±5.98 158.79±6.41 160.58±4.93 

WEIGHT 60.79±5.36 62.94±6.94 63.45±6.23 

BMI 22.97±2.27 24.62±3.19 24.18±2.76 

SBP 123.15±16.13 127.76±14.75 126.82±15.23 

DBP 74.91±12.22 79.29±8.85 78.73±10.79 

HR 69.88±9.14 72.76±10.59 72.85±7.59 



Medworld –asia International Publishers  
Applied Physiology and Anatomy Digest [P ISSN: 2456 – 4095]  
September 2018 (3) 02, 5- 14 
 

8 
www.apad.co.in/Yunati et al  
 

Table II: Comparison of sympathetic and parasympathetic autonomic responses among three age groups by 

ANOVA  

 

 

 

 

 

 

 

 

 

 

 

 

Table III: Pearson’s correlation among age and sympathetic and parasympathetic autonomic responses 

  AGE 

  Pearson’s Correlation Coefficient Significance 

SHGSBP -0.186 0.063 

SHGDBP 0.109 0.281 

SHGHR -0.027 0.790 

CPTSBP -0.028 0.785 

CPTDBP -0.010 0.919 

DBD -0.117 0.245 

ValR -0.148 0.142 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters 
Mean±SD 

Significance 
Group I (N-33) Group II (N-34) Group III (N-33) 

SHGSBP 12.30 ± 4.19 11.29 ± 4.57 9.42 ± 4.81 0.036* 

SHGDBP 8.06± 7.77 5.88 ± 6.59 9.45 ± 9.90 0.203 

SHGHR 7.68 ± 3.44 8.46 ± 4.56 7.36 ± 3.49 0.493 

CPTSBP 22.00 ± 4.95 21.15 ± 5.35 21.30 ± 4.59 0.758 

CPTDBP 18.03 ± 5.37 17.18 ± 5.63 17.21 ± 5.65 0.778 

DBD 23.58 ± 8.62 23.06 ± 9.03 21.48 ± 9.80 0.627 

ValR 1.46 ± 0.13 1.44 ± 0.15 1.40 ± 0.13 0.137 
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Graph I: Comparison of mean sympathetic autonomic responses among three age groups

 

Graph II: Comparison of mean parasympathetic autonomic responses among three age groups

Results 

Table I shows that mean age of subjects in 

and group III (61- 70 yrs) is 65.88 ± 4.25. 

BMI and Resting heart rate among the three groups, Mean resting Systolic and diastolic blood pressure 

vary much among the members of all three groups. 

Table II shows that sympathetic autonomic responses in the form of systolic bl

handgrip in group I is 12.30 ± 4.19

mmHg. SHG systolic blood pressure response is reduced as age advances among 3 groups and it is 
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: Comparison of mean sympathetic autonomic responses among three age groups

Comparison of mean parasympathetic autonomic responses among three age groups

ean age of subjects in group I (41-50yrs) is 44.82±2.67, group II 

65.88 ± 4.25. There is no significant difference in basic parameters 

BMI and Resting heart rate among the three groups, Mean resting Systolic and diastolic blood pressure 

vary much among the members of all three groups.  

ympathetic autonomic responses in the form of systolic blood pressure response to sustained 

12.30 ± 4.19mmHg in  group II it is 11.29 ± 4.57 mmHg and group III

SHG systolic blood pressure response is reduced as age advances among 3 groups and it is 

diastolic blood pressure response is 8.06± 7.77mmhg, 5.88 ± 6.59 and 9.45 ± 9.90 

ValR

Parasympathetic parameters 

Group

Group

Group

SHGDBP SHGHR CPTSBP CPTDBP

Sympathetic parameters

Group 1

Group 2

Group 3

9 

: Comparison of mean sympathetic autonomic responses among three age groups 

 

Comparison of mean parasympathetic autonomic responses among three age groups 

 

 (51-60 yrs) is 53.76±2.81 

in basic parameters like Weight, 

BMI and Resting heart rate among the three groups, Mean resting Systolic and diastolic blood pressure also did not 

ood pressure response to sustained 

group III shows 9.42 ± 4.81 

SHG systolic blood pressure response is reduced as age advances among 3 groups and it is a significant 

9.45 ± 9.90 mm Hg in group I, 
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II and III respectively, which is not showing significant changes with age. Mean difference in heart rate response to 

sustained handgrip in group I, II and III are 7.68 ± 3.44 bpm , 8.46 ± 4.56 bpm  and  7.36 ± 3.44 bpm respectively. 

Change in heart rate is reduced in all the subjects but heart rate response to sustained handgrip does not show 

significant difference among three groups. Similarly cold pressor test response in the form of increase in systolic and 

diastolic blood pressure in the three groups is 22.00 ± 4.95 mmHg  and 18.03 ± 5.37 mmHg in group I, 21.15 ± 5.35 

mmHg and 17.18 ± 5.63 mmHg in group II and 21.30 ± 4.59 mmHg  and 17.21 ± 5.65 mmHg  in group III 

respectively. Cold pressor response is reduced in all the subjects as compared to normal reference values but there is 

no significant difference. Valsalva ratio for group I, 2 and 3 is 1.46 ± 0.13, 1.44 ± 0.15 and 1.40 ± 0.13 respectively 

and there is no significant difference. Mean Deep breathing difference is 23.58 ± 8.62 (group I), 23.06 ± 9.03 (group 

II) and 21.48 ± 9.80 (group III). 

As shown in table III, negative but insignificant correlation coefficients are found when age is correlated to SHG 

systolic blood pressure, SHG heart rate, CPT systolic as well as diastolic blood pressure, DBD and Val R. 

Graph I and II explain the comparison of mean sympathetic and parasympathetic autonomic responses among three 

age groups. 

Discussion  

Effect of age on autonomic functions has been proved by many studies. Significant decline in autonomic functions is 

seen when younger age group (<40 years) is compared with subjects of older age groups. This study actually 

compares the sympathetic and parasympathetic functions of subjects above 40 years of age in each decade. It was 

seen that the systolic and diastolic blood pressure were found higher than the normal in all subjects involved in the 

study. When both BPs were compared among the three groups, systolic BP was slightly lower in group I (40-49) 

than group II (50-59)  and group III (60-69) but the differences are insignificant. Similarly a positive correlation of 

age with systolic and diastolic blood pressure with age was documented by Kapoor S et al (2002), Shimada K et al 

(1986) and Stanley S et al (1997).  (6,7,8) 

Increase in BP with age according to one of the studies is mostly related to changes in large artery stiffness (LAS). 

The increase in DBP up to the age of 50 is mostly due to increased peripheral vascular resistance (PVR) in small 

vessels. However, both LAS and PVR contribute toward the increase in SBP, while DBP increases with PVR but 

decreases with the increase in LAS. Other pathophysiological influencing factors which contribute to the increase in 

BP with ageing include decreased baroreceptor sensitivity, increased responsiveness to sympathetic nervous system 

stimuli, altered renal and sodium metabolism and an altered rennin aldosterone relationship.(9, 10) However there is 

no significant difference in blood pressure among the groups suggesting that a 10 years age snap above 40 years 

does not necessarily affect the blood pressure drastically. 

Sympathetic autonomic functions were performed in the three groups. Systolic blood pressure response to sustained 

handgrip showed a significant difference among the three groups. The response is lesser in group II than group I and 

least in group III. The attenuated response of blood pressure to sustained handgrip was obtained in older subjects  by 

Markel T A et al (2003) which supports the findings of our  study.(11)  The blood pressure response to handgrip 

was unchanged in the study of B Gautschy et al (1986) (12) 
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Sarcopenia, an age related reduction of muscle mass and strength might have caused frailty and disability in 

older persons while performing SHG (13). Studies by Pfeifer et al 1983, Shimada et al 1986 suggest a close 

relation between age-related reductions in vagal outflow and increases in sympathetic activity.(14, 15) The effects of 

isometric exercise on the circulatory system are reflexly mediated. The reflex consists of two phases. The initial 

phase is the result of parasympathetic withdrawal. The second phase is due to an active stimulation of the 

sympathetic system. (16) 

In normal healthy subjects, the diastolic blood pressure increases by 16 mmHg or more at 1 minute after 

sustained handgrip, maintained at 1/3rd of maximum voluntary contraction. But in our study, DBP response to SHG 

is reduced consistently in all groups and it is least in group II. Reduced diastolic blood pressure response to 

sustained handgrip in our study may be attributed to reduced muscle mass i.e. sarcopenia in older individuals which 

can lead to reduced handgrip strength failing to raise systolic blood pressure above reference levels. Positive 

correlation of sustained handgrip and DBP in our study relates to increased peripheral vascular resistance with 

increasing age.  

We observed an attenuated heart rate response to isometric handgrip exercise in older individuals similar to 

one study (17). The attenuated heart rate response in older individuals at the onset of handgrip exercise is consistent 

with a decline in parasympathetic withdrawal with aging due to either a reduced baseline level of cardiac vagal 

outflow (18) and/or to an age-related decline in cardiac M2 muscarinic receptor density and function (19)  

In healthy human subjects, CPT triggers an increase in BP This may be due to an increased CO during the initial 

period of the test with little increase in muscle sympathetic nerve activity, while an increase in this activity elevates 

peripheral resistances in the later period. Pulse pressure also increases, mainly at the end of the test (20) The cold presser 

response is an indicator of sympathetic activity after cold stress. Studies of sympathetic nervous system activity in healthy 

human subjects demonstrated an age-related increase in resting plasma nor-epinephrine levels. Also with the ageing the 

process of atherosclerosis may attenuate the production of endothelial derived releasing factors i.e., Nitric Oxide (No) and 

vessels are likely to exhibit greater constrictor response even to the same levels of vasoconstrictors as in young.  

In our study Blood pressure response to CPT was higher as compared to the normal reference limits. Mean 

SBP and DBP responses were higher in group I (41-50 yrs) as compared to other two groups but CPT response 

showed insignificant negative correlation with age. These data are consistent with those of Hess et al., who observed 

the same trend for DBP response with aging. (21) With increasing age, there is a shift from a DBP reactivity pattern 

to a more SBP reactivity pattern during the CPT. (22)  

Valsalva ratio in present study was found to be normal in all three groups and it showed negative 

correlation with age which was statistically insignificant. Similar findings of negative correlation of age with 

Valsalva ratio in healthy subjects were obtained by Bharshankar et al (2003)i Vinutha S et al (2012), Gandhi D K 

et al (2012), which favors the findings of the present study.(23, 24, 25).The negative correlation of Valsalva ratio 

with age was  attributed  to reduced  baroreflex sensitivity as age advances in the study of Nathan W et al (1961). 

Kawamoto A et al (1989) reported that β-adrenergic receptor responsiveness, resting vagal cardiac activity, and 

baroreceptor reflex sensitivity (particularly during baroreceptor stimulation in phase IV of  Valsalva maneuver) were 

attenuated in the elderly subjects. (26, 27). 



Medworld –asia International Publishers  
Applied Physiology and Anatomy Digest [P ISSN: 2456 – 4095]  
September 2018 (3) 02, 5- 14 
 

12 
www.apad.co.in/Yunati et al  
 

Many investigations have used Valsalva maneuver as a measure of baroreflex function. Aging has a 

significant effect on baroreflex function. (28) After the age of 40 years, the elastic arteries dilate and become 

permanently distended which could offer more resistance to distortion. Further studies have shown that ageing 

produces structural changes in the nerve ending system of the human carotid sinus and aortic arch. But in present 

study no such effects were found. 

Mean Deep breathing difference for all groups in present study is normal. . During inspiration, vagal 

activity decreases and sympathetic activity increases. Therefore, the heart rate rises during inspiration. Opposite 

mechanism operate in expiration and heart rate decreases. This difference in heart rate in different phase of 

respiration is called sinus arrhythmia.(29)This phenomenon of arrhythmia is accentuated in deep breathing. Deep 

breathing test response decreases with increasing age which indicates impaired vagal control of heart rate with 

increasing age. Present study also shows negative correlation of DBD with age, but it was not statistically 

significant. In our study, we have found an insignificant decline in sympathetic autonomic response in the three 

groups though the parasympathetic response was found to be normal in all three groups. This differential response 

indicates more decline of sympathetic than parasympathetic functions in elderly. But then the insignificant findings 

show that the autonomic functions are no different in the three groups above 40 years of age. So decline in 

autonomic functions could not be solely associated with ageing, as other contributing factors could be responsible 

for the same. 

Conclusion  

Autonomic functions tend to deteriorate after 40 years of age. But most of the findings in present study regarding 

ANS except sustained handgrip response are insignificant and thus it cannot be concluded that the autonomic 

functions necessarily decline in aged individuals, which might be due to healthy lifestyle modifications or some kind 

of physical exercises. 

Limitations  

Number of subjects involved in the study is less and further study on the same topic with newer methodology and 

detailed history regarding routine activities of the subjects involved in the study is needed. 

Abbreviations: SBP – Systolic Blood pressure 

DBP - Diastolic Blood pressure 

SHG-Sustained hand grip 

CPT- Cold pressor test 

DBD- Deep breathing difference  

ValR – Valsalva ratio 
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