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Abstract : Acute exposure to hypobaric hypoxia induces the changes in
autonomic control of heart rate. Due to emergencies or war like conditions,
rapid deployment of Indian military personnel into high altitude frequently
occurs. Rapid deployment to high altitude soldiers are at risk of developing
high altitude sickness. The present study was conducted to evaluate the
acute exposure to high altitude hypobaric hypoxia (3500 m altitude) on the
autonomic nervous control of heart rate in Indian military personnel during
first week of acclimatization Indices of heart rate variability (viz; R-R
interval, total power, low frequency, high frequency, ratio of low to high
frequency) and pulse arterial oxygen saturation were measured at sea level
and 3500m altitude. Power spectrum of heart rate variability was quantified
by low frequency (LF : 0.04-0.15 HZ) and high frequency ( HF : 0.15-0.5 HZ)
widths. The ratio of LF to HF was also assessed as an index of the
sympathovagal balance. Mean R-R interval decreased significantly on day
2 on induction to altitude  which tended to increase on day 5. Total power
(TP) decreased high altitude and tended to recover within a week. Both HF
and LF power showed decrement at 3500m in comparison to sea level. The
ratio of LF to HF (LF/HF) at 3500m was significantly higher at 3500m. SpO2

values decreased significantly (P<0.05) at high altitude on day-2 which
increased on day-5. We conclude that autonomic control of the heart rate
measured by heart rate variability was altered on acute induction to 3500m
which showed a significant decrease in parasympathetic tone and increase
in sympathetic tone, then acclimatization seems to be characterized by
progressive shift toward a higher parasympathetic tone.
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INTRODUCTION

High altitude (HA) is defined as 9000 ft

and above because at this altitude most of
the people develop sign and symptoms which
are associated with acute mountain sickness
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(AMS). If AMS is untreated, this may lead to
life threatening High Altitude Pulmonary
Edema (HAPE) or High Altitude Cerebral
Edema (HACE). Due to advancement of the
technology, people visit to the HA regions
without  the acclimatization. As a result
some of them are at risk for physical
problems related to high altitude disorders,
which could be unpleasant and may even lead
to fatal casualties (1). In our earlier study
we have presented the effect of altitude on
cardiovascular system (2-3), respiratory
system (4), chemoreceptor sensitivity (5-6),
exercise responses (7-8) during initial days
of acclimatization at different altitudes. At
high altitude, hypoxemia triggers a series of
pulmonary and cardiovascular adjustments
to maintain an adequate oxygenation of
the different organ systems. In the heart,
the major adjustments are an increase in
heart rate, cardiac contractility and cardiac
output. At the vascular level, the main
initial adaptive mechanisms to altitude
induced hypoxemia are pulmonary artery
vasoconstriction and peripheral and cerebral
artery vasodilation. The hypoxia mediated
stimulation of cardiovascular system reaches
its maximum effects during the initial few
days of exposure and thereafter it established
a new steady state condition. Indeed, once
these adjustments have reached their
optimal effect, any further stimulation may
have detrimental effects and induce specific
high altitude related diseases like HAPE
(exaggerated pulmonary hypertension) or
HACE (exaggerated cerebral vasodilation).
Hypoxia significantly alters the autonomic
regulation of cardiovascular functions at high
altitude (9-13). The changes in autonomic
control of cardiovascular system during
acclimatization to high altitude have been
extensively studied by electrical nerve
activity (14), beta adrenergic blockade (15),

pharmacological interventions (16). It has
also been known that beta-receptors is
responsible for most electrocardiographic
(ECG) changes at altitude. This is also shown
that beta adrenergic blockade lowers the
level of cardiovascular changes without any
effect on hypoxia induced hyperventilation
(17). At high altitude, sympathetic activity
and vagal (parasympathetic) withdrawal act
synergistically to increase heart rate, blood
pressure and cardiac output. Increased
sympatho-adrenal activity in combination
with decreased parasympathetic tone at high
altitude accounts for most of the cardio-
vascular and ECG related changes (18-19).
Heart rate variability which is the beat to
beat alterations of the R-R intervals in an
ECG is generally used to monitor the
autonomic nervous system activities and
power spectrum analysis of HR variability
(HRV) is being considered as a new tool to
assess the sympathovagal balance (18, 20).
In fact, heart rate variability (HRV) is the
consequence of heart rate modulation by both
branches of the autonomic nervous system.
The study on autonomic control of the
cardiovascular system during acclimatization
to high altitude is limited and few attempts
have been made to monitor the changes in
autonomic nervous control of heart rate
during initial days of sojourn at high altitude
(16, 21-23). Due to emergencies or war like
conditions, rapid deployment of Indian
mil i tary  personnel  into  high a l t i tude
frequently occurs. Rapid deployment to high
altitude soldiers are at risk of developing
AMS, HAPE or HACE. The autonomic
control of heart rate during acute ascent to
3500 m altitude in Indian military population
has not been studied yet. The present study
was conducted to evaluate the acute exposure
to high altitude hypobaric hypoxia (3500 m
altitude) on the autonomic nervous control



18 Bhaumik et  al Indian J Physiol Pharmacol 2013; 57(1)

of heart rate in Indian military personnel
during first week of acclimatization

METHODS

Six young healthy Army male soldiers
(sea level residents) with (mean±SD) age of
24.83±2.93 yrs, height 172.17±6.94 cm, body
weight were 64.33±4.32 kg were the subjects
of the study. Clinical examinations were
conducted to rule out any systemic illness.
The study protocol was approved by the
Institute’s Ethical Committee and each
subject  s igned an informed consent
statement prior to participation and could
withdraw without prejudice at any time. The
sea level study was carried out at Chandigarh
(barometric pressure 740 mm Hg) in the
month of October where the laboratory
temperature was maintained between 20
and 24oC with a relative humidity range of
55-60%.  After  recording the  d i f ferent
physiological parameters at SL, the subjects
were flown to an altitude of 3,500 m at Leh
(barometric pressure 483 mmHg) in the
Western Himalayas, India in 55-60 min by
pressurized aircraft. The subjects reached at
3500 m altitude in the forenoon and the day
of arrival was taken as day 0 at 3500 m. The
ambient temperature at this altitude 3500 m
varied between 10- 20oC during the period.
During their stay at HA, the subjects were
confined to their dwelling units and did not
undergo any type of physical exertion. At
3500 m altitude all the tests were monitored
in  a  makeshi f t  laboratory  where  the
temperature was maintained between 20
and 25oC. The first recording of HRV,
Electrocardiograms (ECG) were collected on
day 2 (within 48 hrs of arrival) and day 5
using standard limb lead II by telemetric
physiological monitoring system (Nexsus-10,

Netherlands) .  Data were col lected for
10 minutes  a f ter  gett ing  stable
electrocardiographic baseline. R-R interval
(time duration between two consecutive R
waves of  ECG) was used for the HRV
analysis. These intervals were processed
using Kubois HRV analysis 2.0 software
(University of Kuopio, Kuopio, Finland) (24).
This software calculates time-domain metrics
like the mean and standard deviation of the
R-R intervals and frequency domain metrics
like LF, HF, total power and LF/HF. A finger
pulse Oximeter probe was set on the right
index f inger to  measure pulse oxygen
saturation level (Model MU 300, China). All
the measurements were recorded when the
subjects in resting quietly supine position.
It is known that specific characteristics of
the power spectrum of the HRV can be used
to quantify sympathetic and parasympathetic
control on the heart. The two frequency
bands were considered i.e; low frequency
(LF) band (0.04-0.15 Hz) and the high
frequency band (0.15 Hz – 0.40 Hz). The low
frequency was considered as marker of both
sympathetic and parasympathetic activity and
the high frequency was considered solely with
cardiac parasympathetic activity (25-26). Both
LF and HF were presented in form of
absolute units to determine their power
(LFau, HFau ms2) as well as in normalized
units (LFnu, HFnu, %) to determine the
relative part of each component in the total
power. The ratio of LF power to HF power
(LF:HF) was chosen as  an index of the
sympathovagal balance.

Statistics

All data were expressed as mean±SEM.
The changes in different indexes of HRV from
sea level to day-2 and day-5 were analyzed
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the significant fall on day-2 and then increase
during acclimatization on day-5. HFnu
decreased significantly on day-2 and tended
to increase on day-5 during the course of
acclimatization. LFnu also showed the
significant increase on day-2 and then tended
to decrease on day-5 without reaching the
sea level value. The ratio of LF/HF (marker
for sympatho-vagal balance) showed the
significant increase on day-2 and then
decrease on day-5 but remained elevated
above the sea level value (Fig. 1).

by one way repeated measure analysis of
variance (ANOVA) followed by multiple
comparison by Bonferroni t-test. A P-value
of <0.05 was considered as statistically
significant.

RESULTS

There were statistically signif icant
increase in heart rate and decrease in SpO2

values in all the subjects. In HRV, the R -R
interval was significantly lower at 3550 m
than at sea level (Table-I). None of the
subjects showed any sign of electro-cardio
graphic abnormalities both at sea level and
high altitude locations. Total power (TP) of
heart rate variability decreased on acute
induction to 3500 m altitude on day-2  and
then tended to return towards normoxic
value with the acclimatization on day-5
without any significant changes. Both low
frequency (LF) and high frequency (HF) of
heart rate variability considerably decreased
at 3500m altitude. Low frequency power
decreased from sea level to day-2 at high
altitude and to increase  towards sea level
value at day-5. High frequency power showed

TABLE I : Spectral analysis of heart rate.

Altitude (3500 m)
Sea level

Day-2 Day-5

R-R interval, msec 911±45.09 753.25±40.67* 801±32.4
Total power ms2 4686.17±1229 2728.17±415 4532±565.7
LF au ms2 1656.83±562 1259.17±100 1013.17±223.7
HF au ms2 1040±159.7 329.3±48.3* 560.6±128.6*
LF n.u% 56.65±4.3 75±4.7* 64.97±2.9
HF n.u% 43.35±4.3 25±7.7* 35±2.9
LF/HF 1.44±0.289 3.54±0.61* 2.07±0.32
SpO2 % 8.33±0.2 92.83±0.47* 96.5±0.22*
HR bpm–1 167±3.8 81.19±411* 75.7±6.9

Values are mean±SEM at sea level and high altitude 3500 m (day-2 and day-5). LF au, low frequency
power (in absolute units); HF au, High frequency power (in absolute units); LF nu, Low frequency (in
numeric unit) as a marker of cardiac sympathetic activity; HFnu, High frequency (in numeric unit) as
a marker of vagal activity; LF/HF, low frequency-to-high frequency (LF/HF) as a marker of the
sympathovagal balance. *(P<0.05) signifies day 2 and day 5 at HA Vs SL.
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Fig. 1 : The effect acclimatization on low-frequency
(LF) to high frequency (HF) ratio. The LF/
HF ratio was significantly different from
that of sea level.

The effect of acclimatization on LF/HF (n.u %)
ratio at high altitude (3500 m)
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sympathetic and parasympathetic activities
and lack of increase of LF power initial days
have been caused by the vagal withdrawal
(20).  Hyperactivity of  the sympathetic
nervous system and the down regulation of
beta adrenergic receptor activity has already
been reported earlier (32). This alteration is
found to be an important adaptive mechanism
to protect the vital organs including the
heart from long term stimulation of high
altitude induced hypoxic stimulation.

The result of this study indicates that
the heart rate variability as an indicator of
the autonomic nervous system activities was
altered by exposure to altitude 3500 m. The
changes in different index of heart rate
variability like LF, HF, LF/HF showed that
these parameters   increased on day-2, which
shifted to reverse and attained a stable value
on day-5  during acc l imatizat ion.  The
maximum rise of heart rate also occurred
on initial 72 hours days of exposure to high
altitude and thereafter attained a relatively
stable value on day 6. Our earlier study in
air and road inductees at 3500 altitude
indicated that to  achieve a relatively stable
value of different physiological parameters
took at least 5 days for air inductees and  at
least 3 days for road inductees to overcome
the initial hypoxic stress (2). The mode of
induction to high altitude plays an important
role in the process of acclimatization. It has
been mentioned that decrease in heart rate
variability at high altitude indicates a
reduction in the autonomic nervous system
responsiveness. It has also been reported
that reduction of autonomic nervous system
is  l inked with  development  o f  acute
mountain sickness and physical fitness of an
individual at high altitude (33-37). The
limitation of our study is that we could not
measure heart rate variability on daily basis

DISCUSSION

Due to advancement of the modern
transport system and proliferation of military
activit ies ,  soldiers are being inducted
to different heights by air within hours
of  departure  and they  are  devoid  o f
acclimatization. Acute exposure to high
altitude alters the different physiological
parameters to adapt in hypoxic environmental
condition. The result of this present study
demonstrate that heart rate variability, an
indicator of the activity of the autonomic
nervous system on heart rate was altered
on exposure to high altitude of 3500m above
sea level. The ratio of LF/HF which has been
considered as an index of sympathetic nerve
activity showed the significant increment on
day -2 and tended to decrease afterwards.
On arrival at high altitude HR value showed
higher than the sea level value at rest
and this  is  agreement with the other
observations (27-28). Decrease in autonomic
control of the heart can be assessed by
decrease in total power (TP) which occurs
in various pathological conditions l ike
myocardial infraction (29). It has been
reported that hypoxia significantly decrease
the total power (28, 30-31). The decrease in
total power could serve as a possible marker
of the decrease in the autonomic control on
the heart resulting the reduction in the
absolute value of both spectral components
(16).

The decrease in R-R interval coupled with
a decrease HF on initial days at high altitude
may be due to vagal withdrawal (25). The
increase in LF:HF ratio at day-2 showed a
maximum dominance of adrenergic control
and was mainly due to the greater decrease
in HF power than LF power. Because LF
power is considered as marker of both
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during stay at 3500m altitude as well as the
number of subjects were also limited. The
day to day measurements of HRV at 3500m
would have given the clear picture of daily
changes in spectral analysis of HRV. It can
be concluded form this study on the basis of
HRV analysis on day 2 and day 5 that
autonomic nervous control of heart rate was
altered on acute induction to 3500m altitude
characterized by a significant decrease in
parasympathetic  tone and increase in
sympathetic tone which shifted to reverse
within a week.
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