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Abstract : Autonomic nerve activity can be assessed using simple bed
side tests such as cough and maximum hand grip (MHG). The alterations
in these tests are, however, poorly documented in physiological states.
The present study aimed to uncover the effect of nutritional status and
age on these tests. 93 male adults were divided into normal body mass
index (BMI) (BMI; 18.5 to 25 kg/m 2; young 18–30 yrs, n=28; old >60 yrs,
n=25) and low BMI (BMI; <18.5 kg/m 2; young 18–30 yrs, n=19; old >60 yrs,
n=14) groups. The younger subjects showed a significantly higher heart
rate response to cough and MHG in both normal and low BMI groups as
compared to the older subjects (P<0.01). However, there were no significant
differences for the heart rate responses to cough and MHG between the
low and normal BMI groups either in the young or in the elderly. The data
suggest that while the heart rate response to cough and MHG are useful
tests of vagal activity to the heart when expected differences are large,
they may be of limited use in uncovering more subtle changes.
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INTRODUCTION
Cardiac parasympathetic nervous system
activity (PNS) is assessed using heart rate
responses to conventional tests such as
Valsalva manoeuvre, postural stress and
timed deep breathing (1). Less often used,
are simple bedside tests like the heart rate
response to cough and maximum hand grip
(MHG) (2, 3). The initial chronotropic
response to these tests has been shown to
be vagally mediated (3, 4). While the heart
rate response to cough and MHG show
* Corresponding

Author

BMI

age

heart rate

linear associations with conventional tests
of parasympathetic nerve activity (5, 6), the
magnitude of the vagal withdrawal is less
compared to other tests (5). Nonetheless, the
fact that these tests involve less demanding
manoeuvres and can be performed in people
who are bed ridden or infirm, makes
them especially important to evaluate
physiologically.
While the heart rate response to cough
and MHG are clearly decreased in frank
autonomic failure (4, 7), variations in
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physiological states are poorly documented.
In this study we describe the alterations in
the heart rate response to cough and MHG
in two situations; the first is ageing in
which cardiac PNS activity has been shown
to be lowered using a variety of tests (1, 8,
9). The second is that of a lower body mass
index, where there is limited data to show
alterations in vagal activity (10, 11),
although the direction of change has not
been consistently demonstrated. The more
recent data from our laboratory indicates
that heart rate variability in the high
frequency spectrum is lowered in chronically
undernourished adults of low body mass
index in whom physical activity was
controlled for as a confounder. This was
accompanied with a reduction in baroreflex
sensitivity (11).
METHODS
Ninety three male adults were divided
into normal body mass index (BMI; 18.5 to
25 kg/m 2 ; young 22±4 yrs, n=28; old 65±7
yrs, n=25) and low body mass index (BMI;
<18.5 kg/m 2 ; young 22±4 yrs n=19; old 65±7
yrs, n=14) groups. Subjects who had a
history of asthma, diabetes, hypertension
and other cardiovascular disease and those
on chronic medication were excluded from
the study. All subjects were weight stable;
those with a history of noticeable weight
gain or weight loss over the preceding 3
months were excluded from the study. None
of the subjects were current smokers and
all had alcohol consumptions of less than
two standard drinks per day. All subjects
were studied in the fasted state, in the
morning. Subjects were instructed to have
their last meal prior to 9 pm on the night
before experimentation and to avoid heavy
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physical activity the evening prior to
experimentation. They were also instructed
to avoid smoking and all caffeinated
beverages for 12 hrs prior to the experiment.
Details of the experimental procedures were
outlined to all the participants, and written
consent was obtained. The Ethics Review
Committee of the medical college approved
the study.
Heart rate responses to cough and MHG
were measured after a mandatory 30
minutes rest period. ECG (Lead II, Nihon
Kohden RM–6000 Polygraph system, Japan)
was recorded continuously, immediately
following each manoeuvre and subsequently
until heart rate had returned to normal.
Baseline heart rate for each manoeuvre was
calculated using 10 consecutive RR intervals
immediately prior to manoeuvre, while the
maximal heart rate was determined by
scanning the shortest RR intervals following
each manoeuvre. The subsequent test was
performed only after the heart rate returned
to the baseline. Details of the tests are given
below:Subjects were asked to cough
maximally once. This was repeated a second
time after the heart rate had returned to
baseline. The increment in heart rate
(maximal heart rate following coughbaseline heart rate) was used in the analysis
as an index of vagally mediated withdrawal
to the heart. Highest increment in heart
rate was considered for analysis.

Cough:

Subjects were
instructed to perform a single unsustained
maximal hand grip for a brief period of 3
seconds, the immediate heart rate response
to which is mediated by the parasympathetic

Maximum hand grip (MHG):
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nervous system (Smedley's Dynamometer,
TTM, Tokyo). The test was performed twice.
The increment in heart rate (maximal heart
rate following MHG - baseline heart rate)
was considered. The amount of force applied
during each MHG i.e., maximum handgrip
was also recorded simultaneously. Highest
value between the two occasions was
considered for analysis.
Statistical analysis

Data were analysed using SPSS for
Windows, version 10.1. All data are
expressed as mean ± standard deviation
(SD). Between-group comparisons were done
using a one-way ANOVA with least
significant difference (LSD) as the post hoc
test to determine differences between the
four study groups. Since age (12) and
nutritional status (13) are determinants of
maximal handgrip, increments in heart rate
during MHG were adjusted for the actual
force applied using an ANCOVA. The Null
hypothesis was rejected at P<0.05.
TABLE I :

Table I summarises the characteristics
of the study subjects. The mean height of
all the four groups was comparable. Weight,
midarm circumference, percentage fat and
fat mass significantly higher in normal BMI
group as compared to the low BMI group in
both young and old subjects (P<0.01).
The younger age group showed a
significantly higher heart rate response to
cough and MHG in both normal and low
BMI group compared to the corresponding
old age groups (P<0.01). This difference
persisted in case of MHG even after
adjusting for amount of handgrip strength
using an ANCOVA. There were, however,
no significant differences for the heart rate
responses to cough and MHG between the
low and normal BMI groups either in the
young or in the elderly. Maximal handgrip
was significantly higher in the young
compared to the older subjects in both
normal and low BMI groups (P<0.01). There

Anthropometric characteristics of the four study groups.

Young
Normal BMI
Sample size

RESULTS

Young
Low BMI

28

Height (cm)

169.3± 7.0

Weight (kg)

25
166.5± 7.0

Old
Normal BMI

Old
Low BMI

19

14

164.3± 7.7

163.8± 6.8

61.3± 6.7

46.9± 4.6*

58.7± 8.2

46.2± 4.5 †

2

(BMI) (kg/m )

21.3± 1.4

16.9± 0.8*

22.1± 2.7

17.2± 0.7 †

Body fat (%)

18.8± 4.4

12.3± 3.2*

27.0± 5.0

16.6± 4.7 †

Fat free mass (kg)

49.7± 5.6

41.2± 4.3*

41.3± 6.0

38.0± 3.9

Fat mass (kg)

11.6± 5.8

5.8± 1.6*

16.0± 4.5

7.6± 2.4 †

Midarm Circumference (cm)

25.9± 1.8

22.4± 1.7*

25.1± 2.1

21.3± 1.3 †

Data represented as Mean ± SD, BMI = body mass index.
*P<0.01, young normal BMI vs young low BMI.
†
P<0.01, old normal BMI vs old low BMI.
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Heart rate responses to cough and maximum hand grip in the four study groups.

Maximal increment in heart rate to cough (bpm)
Maximal increment in heart rate to MHG (bpm)
Maximal hand grip (kg)

Young
Normal BMI

Young
Low BMI

Old
Normal BMI

Old
Low BMI

24.9± 9.6
23.0± 7.0
37.1± 6.5

25.3± 7.4
21.8± 6.8
35.0± 5.8

11.0± 4.9*
14.7± 7.2*
27.3± 7.5*

15.3± 7.8 †
15.9± 7.9 †
27.9± 4.5 †

Data represented as Mean ± SD, bpm = beats per minute.
*P<0.01, young normal BMI vs old normal BMI.
†
P<0.01, young low BMI vs old low BMI.

were, however, no differences in the
handgrip between low and normal BMI
grouped at each age range.
DISCUSSION
Heart rate responses to cough and
MHG are simple tests measuring cardiac
vagal tone, and are particularly useful
in patients who cannot perform strenous
manoeuvers, as for instance the elderly
(8). The mechanisms attributed to the
cardioacceleration with coughing include
baroreceptor (4) as well as independent
pulmonary receptor-mediated effects (6).
Decreased baroreceptor sensitivity with
advancing age (14) may thus explain, in
part, the diminished heart rate response to
cough that we observed in the elderly. There
were no significant differences in the heart
rate responses to cough between the low and
normal BMI groups either in the young or
in the elderly.
Maximum handgrip is accompanied by a
significant cardiac acceleration which
depends on the strength of the muscle (15).
Parasympathetic withdrawal is the efferent
mechanism responsible for the immediate
rise in heart rate that occurs in response to
unsustained MHG (16, 17, 18), and possibly

involves mechanoreceptor inputs from
muscles that inhibit cardiac vagal activity
(19). The younger age group irrespective of
BMI showed a significantly higher heart
rate response to MHG compared to the old
age group. In the present study we noticed
that a higher force was applied in the young
age group. This is in keeping with data we
have published earlier (12). However,
differences persisted between young and
older subjects even after handgrip strength
was adjusted for using an ANCOVA. There
were no differences in the heart rate
response to MHG in low and normal BMI
groups in both the young and the elderly.
Thus, while clear difference in these
tests emerged with age, there were no
differences with BMI. The inability of these
tests to uncover differences in the BMI
groups demonstrated earlier (10, 11) can be
attributed to atleast two reasons. First, the
extent of vagal withdrawal with these two
tests of parasympathetic nervous system
activity to the heart is lower than with other
conventional tests (5). Subtle physiological
differences may thus be more difficult to
demonstrate with these tests. Second, while
all cardiac parasympathetic nervous system
tests involve a common efferent pathway
(i.e., vagal withdrawal), the afferent
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pathways are varied and correlations
between tests are low (5).
In conclusion, our data suggests that
while the heart rate response to cough and
MHG are useful tests of vagal activity, these
tests did not uncover any differences
between the parasympathetic control of HR
in either young or elderly subjects with
normal and low BMI group. Further, studies
are needed to characterise the physiological
variations in these tests across age ranges,

gender, obesity and menstrual cycle, among
others. This will allow for a clearer
understanding of the utility of these simple
bedside tests.
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