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Abstract

Introduction:

More than 3.5 lacs Amarnath Yatries ascend each year to the holy Amarnath Cave situated about
3888 meters from the sea level. During ascent for Yatra in the mountains experiences multiple envi-
ronmental stressors, but the stress unique to high altitudes is the oxygen-deficient atmosphere. This
work focused on Physiological cardio-respiratory changes of Amarnath Yatries at different heights of
Yatra.

Methods:

An observational study on Blood Pressure, Oxygen Saturation, Respiratory rate, and Pulse rate
was conducted among 75 Amarnath Yatries at different heights during the Amarnath Yatra from June
and July in three years 2012, 2013, and 2014 respectively and the researcher himself accompanied those
groups during all 3 years after receiving ethical approval from Institutional Review Committee RIMS
Ranchi and informed consent from Yatries.

Results:

Oxygen saturation (%) was 97.7+1.8 at Ranchi (control value), this value on exposure to high
altitude, at Amarnath Cave (12500 feet) decreased to 75.2+4.3 %. Respiratory Rate (RR) was
15.5+1.8 per minutes at Ranchi (control value), this value on exposure to high altitude, at Amarnath
Cave (12500 feet) increased to 31.3+2.9 per minutes. Pulse Rate (PR) was 87.6+11.9 per minutes at
Ranchi (control value), this value on exposure to high altitude, at Amarnath Cave (12500 feet)
increased to 121.2+10.3 per minutes.

Conclusion:

Blood Pressure, Respiratory rate, and Pulse rate of Amarnath Yatries significantly increase while
Oxygen Saturation decreases at Holy Amarnath Cave.

Recommendation:

Recommendations of the study for Amarnath Yatries are slow ascent; take deep breaths and rapid
descent to prevent Acute Mountain Sickness.
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1. Introduction.
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tude, wherethebodyissubjected to an essentially
isolated hypoxic challenge. The present work
concentrates on the changes in cardio-respiratory
physiology occurring in Amarnath Yatri on the
ascent to high altitude. The majority of per-
sons traveling to the holy Amarnath Cave which
is situated about 3888 meters from the sea level,
come from the places situated at the sea level.
Many of them are in their forties, fifties, or even
older. They undergo thorough medical check-
ups before getting permission to travel. So it
can be assumed that they are healthy but un-
acclimatized. So many suffer from various types
of physical and mental illness while traveling,
which are verymuchphysiological and are mainly
because of oxygen deficient atmosphere. There
are other environmental stresses also, which have
slightly lesser effect as the atmosphere around the
earth changes with the ascent. The most im-
portant change from which traveler of high al-
titude suffers is a deficiency of Oxygen.1 Other
changes are gravity, temperature, partial pres-
sure of different atmospheric gases, ultraviolet ra-
diation, exertion during Yatra, etc. But these
have a lesser impact on a climber up to a height
of 5000 meters.2 At high altitude, Cold tem-
perature and Low barometric pressure are two
stresses that are exposed to Amarnath Yatries.3,
4 Temperature declines approximately 1C for

each 150 m elevation and Barometric pressure also
decreases with increasing altitude. And harm-
ful effects of hypoxia are experienced by most
un-acclimatized subjects at high altitudes. At
high altitudes, hypoxia is sensed by the chemore-
ceptor, which causes an increase in respiratory
rate.5,6 However, hyperventilation also causes the
adverse effect of respiratory alkalosis, inhibiting
the respiratory center from enhancing the respi-
ratory rate as much as would be required7. The
inability to increase the breathing rate can be
caused by inadequate carotid body response or
pulmonary or renal disease. In addition, at high
altitudes, the heart beats faster; the stroke vol-
umey is slightly decreased; and non-essential bod-
ily functions are suppressed, resulting in a de-
clinein blood supply to the gastrointestinal tract.
Thusitalsoresultsinindigestion,abdominal dis-

tention, and diarrhea. Later the body compen-
sates for the respiratory alkalosis by excretion
of bicarbonate in urine.11 Eventually, the body
has lower lactate production10 (because reduced
glucose breakdown decreases the amount of lac-
tate formed), decreased plasma volume, increased
hematocrit (polycythemia), increased RBCmass,
neovascularisation in skeletal muscle, increased
myoglobin, increased number of mitochondria, in-
crease in 2,3-BiPhospateGlycerate,8 pulmonary
vasoconstrictions,12 and right ventricular hyper-
trophy. Pulmonary artery pressure increases to
oxygenate more blood.13 Present study concen-
trates on physiological cardiorespiratory changes
duetoacuteexposuretohighaltitude particularly
on Oxygen saturation, Blood pressure, Pulserate,
and Respiratory rate, of Amarnath Yatri at dif-
ferent heights during Yatra so that high altitude
training and useful advice to Amarnath Yatri can
be givento prevent medical complicationsarising
during and after Amarnath Yatra.

2. METHODS.

2.1. Study design.

Analytical observational study was carried out
on 75 Amarnath Yatries in 3 groups, who under-
took Amarnath Yatra during June and July in
threeyears2012,2013,and 2014 respectively and
the researcher himself accompanied those groups
during all 3 years. In the year 2012 Yatra route
was from Pahalgam to Amarnath Cave while in
year 2013 and 2014 route was through Baltal.
The study was carried out at the Base camps lo-
cated at different heights. Sample size (by using
Cochrane formula) = Z2 x P x (1-P)/e2 z =1.96,
P=estimated proportion of the population which
has the attribute in question, calculated by con-
ducting Pilot study= 95% and e = error of margin
5%. The total sample size was 76 and therefore
to maintain 95% confidence levels, a total of 75
Amarnath Yatries were taken for this study.

2.2. Eligibility Criteria.
Study subjects were selected from the Amar-

nath Yatri of different age groups varying from
17 years to below 65 years and gender both male
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and female population. Eligible participants had
to be Amarnath Yatri, healthy, male and female
lowland residents (17-65 years old). Before enter-
ing the high-altitude area,

2.2.1. The inclusion criteria.
1. No organic disease;
2. Age 217 years;
3. Low-altitude dwellers from areas <400 m;
and 4) had not been exposed to high alti-
tudes in the previous 3 months.

2.2.2. The exclusion criteria.

1. Age =65 years;

2. Were from elevations >2500 feet,

3. Wereexposed to highaltitudeintheprevious
3 months, or

4. Were reluctant to cooperate with the inves-
tigation, or

5. Subject was not giving consent for the study;
or

6. Subject was on medication.

Values for different Parameters recorded at
Ranchi are taken as the Control group and
values recorded at different altitudes other than
Ranchi are taken as the Case group. Parameter
values for the control group were denoted as Po,
RRo, SBPo, DBPo, and SPO2-0 for pulse rate,
respiratory rate, systolic blood pressure, diastolic
blood pressure, and oxygen saturation likewise
respectively. And P1, P2, P3, P4, and P5 for a
pulse rate of case groups were taken at altitudes
1, 2,3,4,5 respectively. Altitudes (heights) were
taken in increasing order altitude1 at 1000 feet,
altitude2 at 5000 feet, altitude3 at 7000-7500 feet,
altitudeg at9ooofeet,and altitudesat12500feet.

2.3. Ethics statement.

All participants who agreed to participate
in the study were familiar with the purpose
and process of this study. The research was
approved by the Institutional ethics committee
RIMS, Ranchi. Before the trial, each participant
provided written informed consent and was con-
scious of his right to withdraw without prejudice
at any time. The subjects did not take any medi-
cation orreceive anyintervention, and all the data
were anonymized before retrieval and analysis.

2.4. Study settings and Location.

1. Amarnath Yatri Base Camp Jammu (1073
feet)

2. Amarnath Yatri Base Camp Pahalgam (7500
feet

3. Amarnath Yatri Base Camp Ganderbal (8990
feet

4. Amarnath Yatri Base Camp Baltal (8980 feet

5. Amarnath Yatri Base Camp Chandanwari
(9500 feet

6. Base Camp Srinagar (5000 feet
Holy Amarnath Cave (12756 feet

. Department of Physiology, Rajendra Insti-
tute of Medical

9. Sciences, Ranchi, Jharkhand (2000feet).

N

My work took three years (from June 2012 — July
2014) to get completed. The Pulse rate, Blood
pressure, Respiration rate, and Oxygen saturation
were assessed at different heights, of Jammu, Sri-
nagar, Ganderbal, Pahalgam, Chandanwari, Bal-
tal, Sheshnag, Amarnath Cave, before, during,
and after Yatra. The blood pressure was mea-
sured by the auscultatory method after 10 min
rest at different heights of the yatra. Respiration
rate was measured in lying down position after 10
minutes of rest at different altitudes with the help
of wrist watch. Respiration rate was counted with
the watch’s movement placed over the abdomen
of resting subjects for one minute. Pulse rate was
measured in a sitting position after 10 minutes of
rest at different altitudes with the help of wrist
watch. Radial pulse rate was noted down along
with the rhythm, the volume of the pulse, the
character of the pulse, and the condition of the
arterial wall. Body temperature was measured
with the help of a mercury thermometer.

2.5. Statistical analysis.

This was done using paired t-test, ANOVA
analysis, frequency distribution data analysis, and
Lake Louise AMS Scoring. Software Graphpad-
Prism6, Medcalc, and Microsoft Excel were used
to analyze data and make graphs.

August 18,2023



2.6. Bias.

Rise in Blood pressure due to Exertion (rapid
ascent) was tried to handle by giving 10 min rest
to Yatries before recording the parameters.

3. OBSERVATION AND RESULT.

The observations of this series of work comprise
a total of 75 cases and 75 controls. Different car-
dio respiratory parameters in all these cases and
controls have been evaluated during Yatra at dif-
ferent altitudes.

The observed table showed the total number of
cases/controls was 75. The mean SPO2 among
controls was 96.98 with S.D. 2.08(P<0.0001).
The maximum SPO2 recorded was 100% with a
median value of 98.0. SPO2 recorded at altitude1
(JAMMU-1000 FT)was 95.45+2.91, at altitude2
(SRINAGAR-5000FT)was 89.77+2.61, at al-
titude (GANDERBAL/PAHALGAM-7500FT)
was 84.7713.36, at altitude4 (BALTAL-9000 FT)

was 80.05 = 5.69, and altitude5 (AMARNATH

CAVE-12500 FT) was 73.88 #4.9. Mean val-
ues at different altitudes showed a significant
(p<0.0001) decrease in oxygen saturation. The
minimum value recorded was 62% at Amarnath
Cave (12500 ft). F Test showed a significant
study with an F value of 5.57 and a p-value
less than 0.001. SPO2-0 denotes oxygen satura-
tion values at altitude1 (RANCHI-2000 FT) of
the control group while SPO2-5 denotes oxygen
saturation values of the case group at altitudes
(AMARNATH CAVE-12500 FT). Paired samples
t-test clearly showed a significant decrease in
SPO2 after exposure to Amarnath Yatri at high
altitude.

Oxygen saturation (%) of 15-24 yrs controls
was 97.7141.85. total number of controlswas
14. In case group SPO2 was 95.6443.38 at
JAMMU, 90+3.59 at SRINAGAR (5000 FEET),
8443.87 at 7000 FEET, 81+6.1 at 9000 FEET
and 75.21+4.37 at 12500 FEET. Observations
showed a decreasing trend of SPO2 amongthe 15-
24yrsagerangeonincreasingaltitudes. Thetotal
number of females both in the control and case
groups was 10. The oxygen saturation (%) of the
control recorded was 95.50%3.5 this decreases on

exposure to high altitude (12500 feet) and SPO2
recorded was 71.40t4.8 with a p-value less than
0.0005. The minimum SPO2 among females was
62%. The mean SBP among controls was 115.73
with S.D. 9.62. The maximum SBP recorded was
140 mm of Hg with a median value of 120 mm
of Hg. SBP recorded at altituder (JAMMU-
1000 FT) was 117.94%+10.65, at altitude2
(SRINAGAR-5000FT was122.73+ 12.55,at al-
titude3 (GANDERBAL/PAHALGAM-7500FT)
was 128.13410.00, at altitude4 (BALTAL-9000
FT) was 133.41410.30 and altitude5 (AMAR-
NATH CAVE-12500 FT) was 138.77t11.28.
Mean values at different altitudes showed a sig-
nificant (p<0.0001) increase in systolic blood
pressure. Paired samples t-test clearly showed
a significant increase in SBP after exposure to
Amarnath Yatri at high altitude.

DBP-0 denotes DIASTOLIC BLOOD PRES-
SURE values at altitude1 (RANCHI-2000 FT) of
the control group while DBP-5 denotes DIAS-
TOLIC BLOOD PRESSURE values of the case
group at altitude; (AMARNATH CAVE-12500
FT). Paired samples t-test (t =17.799) clearly
showed a significant increase in DBP after expo-
sure to Amarnath Yatri at high altitude. MAP
of controls was 90 mm of Hg which increased to
107 mm of Hg at 12500 feet (Amarnath Cave).
Pulse pressure also increased from 38 mm of Hg
to 48 mm of Hg with exposure to high altitude.
The mean value of pulse rate of this group was
87.6 with SD 11.9, among the control group mean
pulse rate varied from 89.9+ 12.5 to 121.2+10.3,
which shows the increasing pattern of pulse rate
with an increase in height. The median value also
increases from 90 to 124 per minute. Respira-
tory rate mean value increased from 16.5%1.8 to
31.3% 2.9 per minute which denotes an increas-
ing pattern with an increase in altitude. Overall
observation shows an increasing pattern of respi-
ratory rate values.

4. DISCUSSION.

Different cardiorespiratory parameters in
Amarnath Yatries had been studied during Yatra
at different altitudes. Work was focused on the

August 18,2023



Table 1: Showing age and sex distribution.

S/N AGE GROUP(YRS) MALE FEMALE TOTAL %AGE GROUP

1 15 — 24 13
2 25 — 34 22
3 35—44 16
4 45— 54 10
5 55 - ABOVE 04

TOTAL 65

o1 14 18.7
03 25 33-3
00 16 21.4
05 15 20
o1 05 6.6
10 75 100

Table 2: Paired samples t-test of spo2 before and after exposure to high altitude.

Sample 1 SPO2_0SPO2-0
Sample2 SPO2_5SP0O2-5

Table 3: Paired samples t-test of spo2 before and after exposure to high altitude.

Sample 1 Sample 2
Sample size 75 75
Arithmetic mean 96.9867 73.8800
95% CI for the mean 96.5060 t0 97.4673 72.7447 t0 75.0153
Variance 4.3647 24.3503
Standard deviation 2.0892 4.9346
Standard error of the mean 0.2412 0.5698

Table 4: Paired samples t-test of SBP.

Test statistic t

18.878

Degrees of Freedom (DF) 74

Two-tailed probability

P <0.0001

physiological effects of acute exposure to high
altitude (Amarnath Cave). The emphasis was on
the oxygen saturation and blood pressure changes
experienced at different altitudes during Yatra.
The exposure to high altitude was connected with
a noticeable rise in systolic and diastolic blood
pressure and has been also noted in other studies
by Rhodes HL, et al. 14 SBP increases due to
an increased dominant sympathetic activation by
hypoxic stress, which is agreed with reports of
Kanstrup IL, et al. 15 and reports of Mazzeo
RS, et al.16 It was reported that an elevation of
SBP tends to normalize or decrease after a few
days at altitude, which was also observed in my
study. My research did not show that any risein

SBP was related to AMS; however, in the severe
AMS group, SBP was higher. Hypoxia may be
a stimulant as suggested by Siques et al., who
demonstrated a relationship between decreased
Sa02 values and increased DBP values.17 And
theincrease of sympatheticactivity maybe due to
religious faith in Lord Shivaand natural response
by non-adapted low lander Amarnath Yatries
to counteract the effects of hypoxia. According
to Bartsch P, et al. indeed, hypoxia directly
increases total peripheral resistance, resulting
in increased blood pressure of yatries and in-
creases respiratory rate by stimulating peripheral
chemoreceptors.18 Significant changes in Blood
Pressure and Oxygen Saturation of Amarnath
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Yatries were probably due to rapid ascent to the
holy cave for earlier Darshan of LORD SHIVA
LINGA made by naturally frozen ice in a cave,
lack of sleep, acute exposure to cold, decrease in
barometric pressure, hypoxia and most important
due to unacclimatization.

5. CONCLUSION.

The study results indicated an increase in both
systolic and diastolic blood pressure and a de-
crease in oxygen saturation with an increase in
altitudes. Taken together, this study suggested
that blood pressure did not manifest significant
monotonic changes with time and increasing al-
titude. BP is most important to monitor among
amaranth yatries as it increases Acute Mountain
Sickness. Oxygen saturation decreases in all sub-
jectsexposed to high altitude. Pulserateand Res-
piratoryrate also increase in all subjects exposed
to high altitude. More studies are needed to take
different religions and ethnicity into consideration
to counter religious sympathetic stimulus.

6. LIMITATION.

Religious stimulation of the sympathetic ner-
vous system, overcrowding of Yatries, and exer-
tion due to faster ascent limits this study.

7. RECOMMENDATION.

Recommendations of the study for Amarnath
Yatries are slow ascent, taking a deep breath,
rapid descent if AMS develops, maintaining
cleanliness, taking a carbohydrate-rich diet, take
proper rest/ sleep at the base not at peaks of
the mountain, drinking plenty of warm water and
wearwarm clothessothat Mountain Sickness can
be prevented.
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