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Abstract: High altitude and associated high altitude illnesses have always been an issue  of concern especially 

in western Himalayan region and northern India. Ladakh has been stated to cause maximum number of cases of 

high altitude illness. This study was taken to assess the incidence of High altitude illness (HAI) among low 

landers adult males on rapid exposure to high altitude region and the association of altitude range and 

acclimatization schedule. An observational study was done prospectively in Ladakh region and all the reported 

cases of high altitude illness were assessed for two consecutive years. The overall incidence of high altitude 

illness were 7.6/1000 and 9.2/1000 in two consecutive years. Maximum number of acute mountain sickness 

(AMS) were reported between 0-2 days of acclimatization and 11500 to 13500 ft altitude range while the 

number of High altitude pulmonary edema (HAPO) cases reported between 3-5 days of acclimatization and at 

11500 to 13500 ft altitude range. Rapid induction and gain in altitude of more than 13500 ft was found to have 

a direct association with high altitude illness. 

Key words: High altitude illness, acute mountain sickness, acclimatization schedule, high altitude pulmonary 

edema, high altutitude cerebral edema,   

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 24-10-2019                                                                          Date of Acceptance: 09-11-2019 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. Introduction 
Background 

Terra Daily reports “Altitude sickness worst in northern India”(1). A region of northern India has been 

called the world’s worst place for altitude sickness. In a large study of visitors to mountain regions around the 

world assessed for their vulnerability to altitude sickness, Ladakh was found to be the biggest threat (2). No 

clear explanation, linked to the climate or the difficulty of the terrain is available although many informal 

reports mention the higher risk of this location, Richalet said (1,2). 

Ladakh is a very important part of India and many low landers stay there for many months in extreme 

hostile conditions as prevalent in higher regions of Ladakh. Exposure to high altitude is a physiological stress 

and human survival is possible only by physiological adaptations to the extremes of environmental conditions. 

Ladakh an arid desert between the Himalayas and the Kunlun Mountain ranges lying at 3000 to 4500 m altitude. 

It has been recognized that altitudes more than 1500m above sea level affect the health of human beings 

adversely (3). Staying at high altitude and exposure to low barometric pressure and partial pressure of oxygen 

cause hypoxaemia. Acute exposure to such hypoxic atmospheric conditions with inadequate acclimatization 

predisposes to severe high altitude illnesses like acute mountain sickness (AMS), high altitude pulmonary 

edema (HAPO) and high altitude cerebral edema (HACO) (4).  In the background of above mentioned facts this 

study was taken up to assess the severity of High Altitude illnesses in low landers at various altitudes of Ladakh.  

Aim:   To study incidence of high altitude illness (HAI) and its association with altitude range and 

acclimatization among low unacclimatised males in high altitude region of north India (Ladakh). 

Objective:  1. To predict the incidence of high altitude illnesses in low landers at high altitude. 

                   2. To predict the effect of altitude range and acclimatization on high altitude illness 

Study design: Prospective observational study 

 

II. Material and methods 
A prospective observational study was carried out for consecutive two years, Jan 2013 to Feb 2015 in a 

tertiary care hospital situated at the height of 11,500ft above sea level and in field hospitals at the height of  

9500ft,13500ft 14500ft and 17500ft respectively. All the fresh low landers adult males inducted to high altitude 

areas undergo acclimatization varying from 7 to 10 days as per the assigned protocols (4, 10). All the 

participants were healthy males between 20 -50 years. All of them were given prophylactic tab acetazolamide 

prior to high altitude induction. They all were inducted to high altitude by rapid induction (by air). Inductees 
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with previous exposure to high altitude and with any co morbid conditions like high blood pressure and blood 

sugar were excluded. Those who came by road and those who had not taken prophylactic acetazolamide were 

also excluded. Informed consent was taken from all the participants. 

They all were asked to follow acclimatization protocols (4, 10).  Symptomatic score was prepared for 

headache, gastrointestinal symptoms, fatigue, weakness, dizziness, insomnia, mental status, ataxia, peripheral 

oedema, cough and breathlessness. Vital signs were recorded; laboratory and radiological investigations were 

done accordingly. Based on the symptomatic presentation and laboratory and radiological findings high altitude 

illness group was segregated and divided into three sub groups, acute mountain sickness , high altitude 

pulmonary oedema  and high altitude cerebral oedema  respectively. A diagnosis of AMS is based on Lake 

Louise scoring system. A score of 4 or more than 4 was taken as AMS (6, 8). High altitude pulmonary oedema 

was diagnosed based on symptom of cough, breathlessness, clinical signs of crackles , tachycardia, tachypnoea 

and features of pulmonary oedema on chest X-ray with absence of any respiratory infection and pulmonary 

thromboembolism (6,10). High altitude cerebral oedema was identified with onset of ataxia, altered 

consciousness or both in the absence of carbon monoxide poisoning, subdural haematoma and hypoglycaemia 

(9). To study the effect of altitude range four categories were prepared from 9500ft to 17500 ft and the inductees 

in these various altitude ranges were evaluated for high altitude illnesses. To study the effect of acclimatization 

on incidence of high altitude illnesses four groups were prepared varying from 0 to 8 day respectively and 

assessed accordingly.  

 

III. Results  
All the participants were evaluated for high altitude illnesses. For statistical analysis IBM SPSS 

Statistics 20 was used. The incidence rate for all the reported cases of high altitude illness was 7.6/1000 

personnel in 2013-14 and 9.2/1000 in 2014-15. For both the years maximum numbers of cases were reported in 

the later half from July to December. In 2013-14 incidence rate for AMS was 4/1000, for HAPO 3.4/1000 and 

for HACO 0.2/1000. In 2014-15 incidence rate for AMS was 4.8/1000, for HAPO 4.1/1000 and for HACO 

0.3/1000. 

To study the effect of acclimatization on the incidence of high altitude illnesses four groups were 

prepared between 0-8 days of acclimatization. Maximum numbers of cases were reported between 0 -2 days 

followed by 3 -5 days of acclimatization. Minimum numbers were reported between 6-8 days and 8 days 

onwards no cases of AMS, HAPO and HACO were reported. No HACO was reported after 5 days of induction 

to high altitude. 

For evaluating the effect of altitude range four groups were prepared between 9500 -17500 ft. 

Maximum number of cases of AMS and HAPO were reported between 11500 to 13500 ft, followed by 13500 to 

15500ft. All the cases of HACO were reported between 13500 to 15500 ft. Minimum numbers of cases were 

found at 15500 – 17500 ft. At 15500 – 17500 mostly AMS cases were reported followed by HAPO cases.   

At the altitude of 15500 – 17500ft all the reported cases of AMS and HAPO were between 0 to 1 day 

of induction to high altitude area. No cases of HACO were reported from 15500 – 17500 ft range. 

 

IV. Discussion 
Altitude related illnesses developing shortly after ascent to high altitude areas present either with 

cerebral or pulmonary syndromes. AMS and HACO refer to the cerebral abnormalities and HAPO to pulmonary 

abnormality. In this study incidence rate for high altitude illness was 7.6/1000 personnel in 2013-14 and 

9.2/1000 in 2014-15. For both the years maximum numbers of cases were reported in the later half from July to 

December. In 2013-14 incidence rate for AMS was 4/1000, for HAPO 3.4/1000 and for HACO 0.2/1000. In 

2014-15 incidence rate for AMS was 4.8/1000, for HAPO 4.1/1000 and for HACO 0.3/1000. In 2001 hospital 

admission rate for AMS in low landers was reported to be 0 .13/1000 personnel while admission rate for HAPO 

was 0.15/1000 personnel (5). However the incidence of HACO has not been mentioned. This study shows a 

higher incidence rate for high altitude illnesses. Previous studies have also documented about the incidence rates 

of AMS and HAPO and are in accordance with this study. In this study incidence for HAI were assessed for 

consecutive  two years on a large sized cohort. There is a difference in the incidence rates of HAI in 2013 -14 

and 2014 -15. It shows incidence rate varies  and depends on factors like body mass index, prophylactic use of 

acetazolamide, height attained, rate of ascent, preexposure, geographical location and hypoxic ventilation 

response ( 2, 12, 14). In this study all the participants were healthy adults with no co morbidity and all of them 

were given acetazolamide prophylactic dose and none of them had history of previous exposure. Occurrence of 

HAI even after with prophylactic doses of acetazolamide is in accordance with the fact that the frequency of 

various forms of high altitude illnesses was not different between acetazolamide users and nonusers ( 2, 13). 

Very high dose of acetazolamide probably could be of some help but it is also not free from side effects ( 13 ).In 

this study no one had previous exposure to high altitude and all of them had rapid induction to various altitudes. 

Rapid induction and absence of pre exposure are high risk factors for high altitude illness (4, 12, 14 ). In this 
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study   most cases were reported in second half of the year from July to December.  Chances of high altitude 

illness increases in later half because decreased partial pressure of oxygen decreases hypoxic response and 

oxygen extraction at tissue level which reveals the pressure – altitude relationship for the summit (15,16 ). 

Geographical locations do have an important role as a risk factor for HAI but exact cause is not Known. It has 

been reported that at higher altitudes of Ladakh above 14500 ft partial pressure of oxygen is even lower as 

compared to other geographical locations at same altitude. Ladakh being a barren mountain and arid desert 

could be a associated risk factor further decreasing the partial pressure of oxygen and altered pressure – altitude 

relationship, altered hypoxic response at tissue level (15, 16 ). Maximum number of AMS cases were reported 

within 0-2 days as per the other studies also. AMS occurs mostly within 48 hours of ascent to high altitude. It is 

seen mostly above the height of 1000ft. As the height increases, AMS can develop within 0-1 or even in 0 days 

also. So on rapid induction to heights above 14500ft like at 15500 and 17500 ft AMS developed in 0 and  0-1 

days of induction to high altitude. 

H ACO is considered as the progressive unattended form of AMS. At increased heights of 15500 – 

17500 ft participants diagnosed with AMS were immediately sent back to lower altitude. This was probably the 

reason that HACO was rarely reported from that height. 

Maximum number of cases were reported at 11500 to 13500 ft as maximum number of persons were 

posted to those areas and it is a fact that as altitude increases behavioural alterations also do occur. Inductees at 

lower altitudes of this range were slightly negligent of taking required  amount of rest.  Physical exertion being a 

precipitating factor can lead to increased incidence of AMS and HAPO at these altitudes. 

 

V. Conclusion  
This study shows that  Ladakh is having higher incidence rate of high altitude illnesses. Rapid rate of 

induction and increased altitude increases the incidence rate of high altitude illnesses. Himalayan geography 

varies from east to west. Ladakh in western Himalayan range is more prone to suppress the physiological 

response to hypoxia by decreasing hypoxic ventilation response at altitudes above 14500ft. Pressure altitude 

response is found to be suppressed at high altitude region in Ladakh.  Ladakh being a barren mountain region 

results into less partial pressure of oxygen so reduced oxygen delivery. However exact cause needs further 

exploration at cellular and molecular level.        
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