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  Abstract

	 Background	 There	is	no	comparative	data	on	the	metabolic	and	hematologic	response	in	lowlander	and	sherpa	climbers	during	
step-by-step	acclimatization	to	extreme	altitudes.	We	are	going	to	evaluate	the	response	of	sherpa	and	lowlander	
climbers	in	Everest	base	camp	(BC)	conditions.

	Meterial/Methods:	 Group	1	(12	lowlanders	climbers);	group	2	(6	sherpa	climbers);	group	3	(6	persons	in	BC).	The	laboratory	was	set	
up	in	BC,	capillary	blood	samples	were	taken	every	week	for	two	months	from	each	participant	and	24	blood	pa-
rameters	were	measured.

	 Results:	 The	group	2	had	lower	urea	level	and	higher	level	of	CK	compared	with	group	1.	Glucose,	triglycerides	and	choles-
terol	profile	were	relatively	stable	in	group	2.	In	group	1,	triglycerides	and	total	cholesterol	began	to	decrease	sig-
nificantly	after	five	weeks	of	acclimatization.	Mg2+	increased	drastically	at	the	end	of	the	study	only	in	group	1,	
whereas	Ca2+	increased	drastically	in	week	7	in	both	experimental	groups.	The	initial	HCT	and	hemoglobin	were	
lower	in	group	2.	HCT	increased,	hemoglobin	did	not	change	and	MCHC	decreased	in	all	groups.	Granulocytes	
and	platelets	increased	in	group	2.

	 Conclusions:	 The	sherpa	climbers	responded	with	lower	level	of	protein	catabolism,	increased	levels	of	CK,	stable	levels	of	en-
ergy	substrates,	Mg2+	and	increased	polycythemia.

	 Key words:	 blood	parameters	•	acclimatization	•	extreme	altitude	•	Everest	•	sherpa	climbers
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Background

Several	studies	related	to	human	metabolic	adaptation	
to	extreme altitudes	(>5000	m)	during	acclimatiza-
tion	were	carried	out	with	the	participation	of	profes-
sional	mountaineers.	The	place	most	visited	and	best	
known	to	climbers	 is	Everest	base	camp	(BC)	(5200	
m)	where,	during	2	months	(April-May),	there	are	up	
to	100	climbers	and	support	staff	assembled.	There	are	
two	high-altitude	native	populations	(sherpas)	involved	
in	supporting	the	climbers	in	BC:	1)	sherpa climbers	
who	arrange	the	ascent	route	and	accompany	foreign	
climbers	during	acclimatization	to	extreme	altitude,	2)	
sherpas	who	work	only	in	BC.

Intermediate	camps	were	established	(at	6000,	7000	
and	8000m)	and	acclimatization	included	a	series	of	as-
cents-descents	(“step-by-step	acclimatization”):	to	sleep	
one	or	more	nights	and	return	to	BC.	Various	aspects	
of	metabolic	adaptation	to	the	extreme	altitude	were	
investigated	 [2,6,9,15–17,24.25]	during	acclimatiza-
tion.	In	most	studies,	measurements	were	made	before	
and	after	a	certain	period.	We	didn’t	find	studies	that	
compared	the	metabolic	response	in	lowlander	climb-
ers	with	sherpa	climbers	during	the	acclimatization	to	
extreme	altitude.	So	the	idea	of	this	work	is	to	evaluate	
the	possible	differences	in	metabolic	responses	between	
these	two	groups	of	climbers	during	the	two	months	of	
acclimatization	in	Everest	BC	conditions	comparing	it	
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Blood parameters	–	
amounts	of	different	
components	in	a	given	unit	
of	blood.

Extreme altitude	–	above	
5500	m	(near	the	limit	of	
human	tolerance).

Acclimatization	–	the	
physiological	adaptation	
of	an	organism	to	changes	
in	climate	or	environment,	
such	as	light,	temperature,	or	
altitude.
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with	the	response	of	people	who	remained	in	the	base	
camp	all	the	time.

Material and Methods

Participants

The	data	on	the	participants	(all	men)	who	completed	
the	study	are	presented	in	Table	1.	Group	1	was	formed	
by	lowlander	climbers,	group	2	by	sherpa	climbers	and	
group	3	(control	group)	by	3	sherpas	cooks	and	3	for-
eigners	who	remained	all	the	time	in	BC	(all	of	them	
were	native	to	2000–2800	m	altitude).	The	presence	of	
the	control	group	was	determined	by	the	necessity	to	
evaluate	the	metabolic	effects	of	a	long	stay	at	the	BC	
altitude	(5200	m)	that	includes	the	effect	of	negative	
energy	balance	produced	by	a	decreased	caloric	intake.

All participants were informed of the objectives and char-
acteristics of the study.	Written	informed	consents	were	
obtained	from	them.

The	mountaineers	of	the	experimental	groups	(1	and	2)	
had	a	similar	acclimatization	pattern	to	extreme	altitude.	
Before	coming	to	BC,	the	study	participants	had	remained	
a	week	in	Katmandu	(1300	m)	on	average,	and	then	for	
4–7	days	walked	about	90	km	(up-down)	from	the	alti-
tude	of	2800	m	(Lukla)	to	5200	m	(BC).	That	means	
that,	in	the	BC,	everyone	came	to	a	certain	degree	of	ac-
climatization	accelerated	by	the	aerobic	exercise.	All	the	
participants	reached	an	altitude	of	8000–8300	m	during	
the	acclimatization.	Finally,	5	climbers	in	group	1	and	
4	in	group	2	managed	to	climb	the	summit	(8848	m).	
All	participants	were	fed	similar	rations	in	the	same	din-
ing	room	at	BC.	They	consumed	mainly	carbohydrates	
(approximately	80%)	with	little	protein	especially	eggs,	
the	daily	calorie	intake	was	about	2500	calories	a	day.

Samples and processing

A	laboratory	was	set	up	in	a	tent	in	BC	with	two	equip-
ments	for	complete	blood	analysis:	photometer	Microlab	
200	(with	 temperature	control	 in	 the	measuring	cell	
and	measuring	1	cm	cuvette	–	30	µl),	QBC	equipment	
(Becton	Dickinson)	and	micro	centrifuge.	RANDOX	re-
agent	were	used	for	biochemical	measurements	(16	pa-
rameters)	and	QBC	capillary	for	the	determination	of	8	

hematologic	parameters	as	hematocrite	(HCT),	hemoglo-
bin	(HB),	ratio	HB/HCT	(MCHC),	platelets,	total	leu-
cocytes	(WBC)	concentration,	granulocytes	and	agran-
ulocytes	(lymphocytes	+	monocytes)	in	capillary	blood.

The	energy	was	obtained	 from	rechargeable	batteries	
with	a	gasoline	generator.	The	technique	developed	for	
monitoring	of	elite	athletes	was	used:	samples	of	capil-
lary	blood	(finger)	were	drawn	in	BC	in	the	morning	in	
a	fasted	state	every	week	during	the	8-week	study	(in	
case	of	group	3)	whereas	in	the	experimental	groups	we	
drew	samples	immediately	after	the	descent	from	the	in-
termediate	camps	(normally	in	the	morning).	The	sam-
ples	were	processed	the	same	day.	The	air	temperature	
was	between	0°C	and	10°C	during	the	day	and	at	night	
reached	–10°C,	that	is	why	photometers	and	reagents	
were	kept	at	night	in	the	tent	of	the	researcher	(0°C).	
We	tried	to	process	the	samples	at	noon	when,	with	the	
sun,	the	temperature	inside	the	laboratory	increased	to	
15°C.	The	initial	level	corresponds	to	the	measurement	
made	during	the	first	week	of	April	(while	still	fasting)	
when	all	participants	arrived	at	BC.	The	descriptive	sta-
tistics	and	variance	analysis	(Student’s	t-test)	were	used	
to	analyze	the	results	(SPSS	Statistic	program).

results

Figure	1	shows	the	altitude	dynamics	of	the	two	most	
experienced	mountaineers:	in	group	1	(A)	and	group	2	
(B)	during	the	two	months	of	acclimatization.	The	oth-
er	climbers	from	both	groups	had	similar	dynamics	of	
acclimatization	depending	on	their	experience.	A	low-
er	performance	corresponds	 to	a	 shorter	permanence	
in	medium	altitudes.	As	we	see,	the	entire	acclimatiza-
tion	period	included	three	stages:	adaptation	to	6000–
6500	m	altitude	in	the	first	two	weeks,	to	7000–7500	
m	in	weeks	3–4,	and	to	8000–8500	m	in	weeks	5–6	to	
return	to	BC	or	lower	(3900	m	in	weeks	6–7)	before	
making	the	final	attempt	at	the	end	of	May.

The	frequent	ascents	of	sherpa	group	in	the	first	weeks	
were	related	to	the	preparation	of	the	climbing	route	
(before	6000	m),	which	included	putting	up	aluminum	
ladders	and	ropes	for	support.	In	general,	the	dynamics	
of	acclimatization	were	similar	in	both	groups.

The	urea	response	(A)	and	creatine	kinase	(CK)	activ-
ity	(measured	at	25°C)	(B)	are	presented	in	Figure	2.	
The	urea	level	increased	in	group	1	and	decreased	rap-
idly	in	group	2	from	the	second	week.	The	changes	in	
urea	concentration	during	acclimatization	were	not	sig-
nificant	in	either	group	compared	with	the	initial	lev-
el.	Neither	significant	difference	with	the	other	groups	
nor	changes	during	acclimatization	(32.6±2.7	mg/dl)	
were	observed	in	the	control	group.

N Years Weigth kg

Gruop 1 12 42.9±7.1 73.8±11.5

Gruop 2 6 35.2±5.9 71.3±6.8

Gruop 3 6 38.3±5.7 73.9±7.3

Table 1. Participants data.

Everest	–	the	highest	
mountain	in	the	world.	
8848	m.	(29,028	ft).	The	
mountain	is	located	on	the	
border	between	Nepal	and	
Tibet,	in	the	Himalayas.

Sherpa climbers	–	members	
of	a	Himalayan	people	who	
are	skilled	mountain	climbers	
and	who	are	often	employed	
as	guides	by	visiting	climbers.
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In	group	1,	CK	activity	decreased	(Figure	2B)	and	in	
group	2	CK	levels	were	all	the	time	above	70	U/l.	During	
acclimatization,	a	significant	difference	(p<0.05)	with	
the	initial	level	of	CK	was	observed	only	in	group	2	in	
week	4.	In	the	control	group,	changes	during	acclimati-
zation	were	not	significant	(78.5±14.0	U/l)	and	there	
was	no	difference	with	the	experimental	groups.

Another	marker	of	muscle	damage	(lactate	dehydroge-
nase	activity,	LDH)	showed	no	significant	difference	
between	groups	or	compared	to	the	initial	level	in	each	
group	(277±40;	263±56	and	262±34	U/l	 in	groups	
1–3	respectively).

The	concentration	of	glucose	did	not	show	differences	
between	groups	(79.0±6.7;	74.6±5.6,	77.0±3.4	mg/dl	

respectively)	but	showed	a	tendency	to	decrease	in	the	
experimental	groups	in	the	last	three	weeks	(data	not	pre-
sented).	The	concentration	of	triglycerides	(TG)	(Figure	
3A)	was	significantly	greater	in	group	1	compared	with	
group	2	in	weeks	3–5.	There	was	not	any	significant	dif-
ference	in	the	experimental	groups	compared	with	ini-
tial	level,	but	in	group	1	there	was	a	decrease	in	the	last	
weeks	which	was	significant	(p<0.05)	in	weeks	7	and	8	
when	compared	to	week	5.	No	differences	were	observed	
in	TG	levels	between	control	(150±20	mg/dl)	and	ex-
perimental	groups	during	acclimatization.

The	total	cholesterol	level	was	significantly	lower	in	group	
1	than	in	group	2	in	the	last	two	weeks	(Figure	3B).	There	
were	no	significant	changes	of	cholesterol	in	the	control	
group	(248±16.8	mg/dl)	but	the	level	was	significantly	
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Figure 1.  Dynamics of step-by-step acclimatization of experimental climbers groups ((A) – lowlander climbers and (B) 
– sherpa climbers).
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Figure 2.  Changes of urea concentration (A) and activity of CK (B) during acclimatization in experimental groups. 
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* p<0.05 (between groups).
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higher	compared	with	groups	1	and	2	(p=0.004	and	
0.001	respectively)	(data	not	presented).	No	differenc-
es	 in	LDL-C	levels	were	observed	either	between	any	
of	the	groups	(128±38;	124±39	and	143±16	mg/dl,	
in	groups	1–3	respectively)	or	during	acclimatization.

HDL-C	 increased	 in	group	1	compared	with	 the	 ini-
tial	level	(p<0.05	in	weeks	3,	4,	6	and	7).	In	group	2	
and	3	(62±5.6	mg	/	dl),	the	changes	in	HDL-C	were	
not	significant.

VLDL-C	decreased	 in	both	groups	 (Figure	4B)	with-
out	changes	 in	 the	control	group	(42.6±4.5	mg/dl).	
Consequently,	the	proportion	(LDL	+	VLDL)/HDL	de-
creased	gradually	(p<0.05	from	week	3)	in	group	1,	and	
did	not	change	in	group	2	(2.7±0.9)	or	in	the	control	
group	(3.1±0.4).	Only	the	initial	level	of	this	ratio	was	
higher	in	group	1	(4.3,	p<0.05)	compared	with	group	2	
(2.8)	and	the	control	group	(2.7)	(data	not	presented).

The	level	of	total	proteins	did	not	change	in	any	group	
(7.5±0.4,	7.6±0.3	and	7.4±0.5	g/dl	respectively)	during	
the	study.	The	protein	profile	did	not	change	in	group	2	or	
in	the	control	group.	But	in	group	1,	compared	with	group	
2,	albumin	was	higher	(5.9	vs.	5.2	g/dl,	p=0.033)	and	glob-
ulin	lower	(1.8	vs.	2.8	g/dl,	p=0.068).	(data	not	presented).

In	group	2	during	the	first	three	weeks	of	acclimatiza-
tion,	there	was	an	increase	of	Mg²+	that	was	significant	
in	week	3	(p<0.05)	whereas	no	change	were	observed	
in	group	1(Figure	5A).	But	from	the	seventh	week	on,	

there	was	a	significant	increase	only	in	group	1,	reach-
ing	3.8	mg/dl	which	is	outside	the	normal	range.	In	the	
control	group	there	were	no	significant	changes	during	
the	study	(2.3±0.3	mg/dl).

The	Ca²+	(Figure	5B)	was	a	decrease	in	both	groups	that	
was	significant	in	week	5-6	in	compared	with	week	3	
(p<0.05).	But	the	level	of	Ca²+	increased	dramatically	
in	the	seventh	week	(p<0.05)	in	both	groups	reaching	
the	peak	11	mg/dl	(outside	the	normal	range).	It	is	note-
worthy	that	in	week	7	there	were	two	cases	with	a	level	
of	Ca²+	higher	than	13	mg/dl	in	group	1	and	higher	than	
15	mg/dl	in	one	of	the	sherpas	of	group	2.	There	was	
also	a	significant	increase	of	Ca²+	in	the	control	group	
(p<0.05)	in	week	7,	but	in	lesser	degree	(10	g/dl,	with-
in	the	normal	range).	That	is,	the	increased	Ca²+	level	
in	7th	week	were	caused	by	the	stay	in	BC	and	the	ac-
climatization	process.	There	was	no	significant	change	
in	the	concentration	of	Cl–1	and	inorganic	phosphorus	
in	any	group	during	the	study,	except	a	lower	level	of	
Cl–1	in	group1	compared	with	group	2.

The	level	of	HCT	increased	in	both	experimental	groups	
(p<0.05	 from	week	4),	but	 in	group	1	 it	was	higher	
throughout	the	study	(Figure	6A).	HCT	response	in	the	
control	group	was	similar	to	that	in	group	2.	Then,	the	
increase	of	HCT	in	the	experimental	groups	was	deter-
mined	mainly	by	the	stay	at	BC	altitude.

Only	the	initial	 level	of	HB	was	significantly	higher	 in	
group	1	(18.5	vs.	16.4	g/dl,	p<0.05)	compared	with	group	
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2.	During	acclimatization	HB	changes	were	not	significant	
in	all	groups	compared	with	initial	levels	(data	not	present-
ed).	The	MCHC	decreased	significantly	until	week	5	in	ex-
perimental	(Figure	6B)	and	control	group	that	means	that	
changes	in	MCHC	were	determined	by	the	long	stay	in	BC.

The	level	of	granulocytes	increased	moderately	in	group	1	
(Figure	7A)	and	control,	whereas	in	group	2	the	increase	
was	greater	than	in	group	1:11700	vs.	8040	in	week	5	
(p<0.01	in	weeks	5	and	6),	confirming	that	increase	in	
granulocytes	in	group	1	was	mainly	determined	by	the	
long	stay	 in	BC	and	the	granulocyte	drastic	 increase	
in	group	2	was	caused	by	step-by-step	acclimatization.

The	level	of	agranulocytes	(Figure	7B)	increased	in	both	
groups	and	was	 significant	only	 in	group	1	(p=0.03,	
0.058	and	0.06	in	weeks	4,5	and	7)	without	difference	
between	groups.	 In	 the	control	group,	 there	were	no	
significant	changes	in	this	parameter	during	the	study	
(3000±300/µl),	confirming	that	the	mentioned	increase	
was	caused	by	step	by	step	acclimatization.	The	initial	
level	of	platelets	was	greater	in	group	1	compared	with	
group	2	(440±53	vs	328±23	1000/µl).	No	significant	
changes	were	observed	during	the	study	in	group	1	and	
control	group,	whereas	in	group	2	it	was	observed	a	grad-
ual	increase	(590±124	vs.	300±178	1000/µl	in	group	1.

The	interpretation	of	measurements	in	serum	was	ham-
pered	by	the	possible	change	in	plasma	volume	during	
the	two	months	of	acclimatization.	Several	studies	show	
that	during	acclimatization,	at	altitudes	of	3500–4500	

m	plasma	volume	decreases	in	men	by	20–25%.	Half	
of	 this	decrease	occurs	within	 the	 first	24	hours	and	
continues	to	decline	for	a	month	to	stabilize	in	the	fol-
lowing	month	[18,20].	In	our	study,	the	climbers	spent	
about	one	week	in	Kathmandu	(1300	m)	before	com-
ing	to	BC,	and,	later,	they	had	one	week	of	strenuous	
walk	from	Lukla	(2800	m)	to	BC	(5200	m).	Then,	there	
was	a	two	week	period	of	active	pre-acclimatization	in-
cluding	prolonged	aerobic	exercise.	We	expected	that,	
for	that	reason,	the	change	in	plasma	volume	did	not	
exceed	5%	during	the	stay	in	BC.	The	absence	of	sig-
nificant	changes	in	hemoglobin	and	total	protein	in	all	
groups	during	acclimatization	confirmed	this	assump-
tion.	In	this	case	the	increase	of	HCT	was	probably	re-
lated	to	the	increase	of	erythrocyte	mass	and	not	with	
changes	in	plasma	volume	[18,20].

discussion

Highlander	sherpas	have	greater	prevalence	of	red	fibers	
(60%	vs.	50%	in	lowlanders)	[14],	decreased	fiber	cross-
sectional	area, mitochondrial	volume	density	and	the	
level	of	intramuscular	TG	[11].	It	has	also	been	shown	
that	they	have	a	metabolic	regulation	that	favors	the	
use	of	carbohydrates	as	energy	sources	[10,11].	It	was,	
probably,	for	this	reason	that	the	parameters	of	fat	in	
the	blood	of	the	sherpas	in	group	2	were	relatively	sta-
ble	during	acclimatization.	Several	studies	showed	that,	
in	lowlanders,	during	prolonged	altitude	acclimatization	
over	4000	m,	the	importance	of	blood	glucose	as	ener-
gy	source	also	increases	[5.6,21].
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The	stability	of	TG	and	total	cholesterol	in	group	2	dur-
ing	acclimatization	and	in	group	1	during	the	first	half	
of	it	coincides	with	the	well	known	decrease	in	the	use	
of	fat	for	energy	production	[5,10.11,21],	but	the	dras-
tic	decrease	of	these	parameters	in	the	last	three	weeks	
in	group	1	showed	possible	activation	of	the	use	of	fat	
in	the	energy	process	in	this	period.	Levels	of	HDL-C	
and	VLDL-C	in	group	1,	on	the	contrary,	changed	in	
the	 first	half	of	acclimatization	and	stabilized	 in	 the	
second	part,	which	indirectly	supports	our	assumption.

In	this	study,	fasting	glucose	presented	no	significant	
changes	during	acclimatization	or	between	groups	and	
showed	a	tendency	to	increase	during	the	6	weeks	of	
acclimatization	which	is	consistent	with	data	from	two	
other	studies	[5,11].	But	there	was	a	decrease	in	the	last	
two	weeks	in	group	1,	which	coincided	with	data	from	
another	study	[4]	where	glucose	was	measured	at	9	low-
landers	at	sea	level	and	after	ascent	to	Everest.	This	de-
crease	of	glucose	coincided	with	a	decrease	in	the	param-
eters	of	fat	in	the	same	group,	and	indirectly	confirms	
our	assumption	about	the	stimulation	of	the	use	of	fat	
as	energy	supply	in	group	1	from	week	5.

Throughout	the	period	of	acclimatization,	climbers	in	
group	1	had	a	higher	level	of	protein	catabolism	com-
pared	with	group	2,	although	the	physical	workload	in	
the	first	weeks	was	higher	in	group	2.	By	contrast,	the	
level	of	CK	activity	–	reflecting	muscle	damage	and	prob-
ably	the	muscle	membrane	permeability	–	was	higher	
in	group	2.	It	is	rather	unlikely	that	the	high	urea	level	
in	group	1	reflected	muscle	destruction	as	part	of	the	
body	weight	decrease	due	to	hypoxia	[19,22]	because	
the	muscular	enzyme	CK	activity	decreased.

Up	to	30%	of	the	total	weight	decrease	was	related	to	
the	destruction	of	muscle	tissue	determined	by	hypoxia	
and	by	low	caloric	intake	in	BC	[7,22].	This	may	mean	
that	the	decreased	protein	catabolism	in	sherpa	climb-
ers	during	acclimatization	reflects	a	better	metabolic	ad-
aptation	to	altitude	and	low	caloric	intake.	These	data	
support	the	assumption	of	other	authors	about	the	di-
rect	effect	of	severe	hypoxia	on	protein	metabolism	[8].	
In	a	recent	study	[4],	after	acclimatization	in	Everest	
BC,	it	was	not	observed	a	significant	increase	in	corti-
sone	in	lowlander	climbers	but	it	was	observed	a	sig-
nificant	decrease	in	testosterone.	It	is	likely	that	imbal-
ance	in	these	two	hormones	is	the	reason	for	the	high	
protein	catabolism	in	group	1.	But	the	basal	levels,	in	
the	aforementioned	study,	were	measured	at	sea	level	
making	it	difficult	to	interpret	the	results	and	to	com-
pare	them	with	our	study.

The	interpretation	of	the	parameters	of	CK	as	the	only	
indicator	of	muscle	damage	can	not	explain	the	changes	

in	the	opposite	direction	in	urea	concentration	and	CK	
activity	in	blood	of	group	1	compared	with	group	2.	We	
observed	changes	in	the	opposite	direction	in	CK	and	
urea	during	the	monitoring	of	top	athletes	in	endurance	
sports	when	maximum	training	loads	were	applied	(un-
published	study).	When	urea	level	was	low	and	CK	ac-
tivity	was	high	the	athlete	felt	subjectively	better	than	
in	the	opposite	case.	We	supposed	that	the	increased	
CK	level	reflects	in	significant	part	the	elevated	mus-
cle	membrane	permeability	and	consequently	the	bet-
ter	interchange	cell-blood	of	small	molecules	with	de-
crease	in	protein	catabolism.

A	tendency	to	the	increase	in	Mg²+,	Ca²+,	Cl–1	and	inor-
ganic	phosphorus	was	observed	during	the	first	3	weeks	of	
acclimatization	only	in	group	2	and	it	was	significant	in	
the	case	of	Mg²+.	The	concentration	of	Mg²+	in	group	1	
in	the	last	two	weeks	increased	drastically	while	in	group	
2	their	levels	were	stable.	That	is,	at	an	altitude	greater	
than	8000	m	dramatically	increases	the	level	of	Mg2+	
in	lowlander	climbers.	We	found	no	data	about	the	be-
havior	of	Mg²+	at	extreme	altitudes.	According	to	one	
study	[13],	the	concentration	of	Cl–1	increases	moderate-
ly	during	acclimatization.	In	our	study,	there	were	prac-
tically	no	changes	during	acclimatization	in	any	group.	
Only	in	group	1,	chloride	had	significantly	lower	levels	
than	in	group	2	in	some	weeks	during	acclimatization.

We	assume	that	our	data	are	the	first	ones	about	the	
response	of	Ca²+	during	acclimatization	to	extreme	al-
titudes	and	Ca²+	levels	increased	drastically	and	simi-
larly	in	both	experimental	groups	in	week	7	(after	el-
evating	to	8000	m).	It	seems	that	more	than	8000	m	
altitude	causes	an	excessive	release	of	Ca²+	in	muscle	
and	consequently	in	blood.	The	Ca²+	has	a	crucial	role	
in	muscle	contraction	and	stimulation	of	glycogenolysis	
in	muscle.	As	the	decrease	in	fat	parameters	in	group	1	
coincided	with	a	significant	decrease	in	Ca²+	it	is	like-
ly	that	the	decrease	in	the	level	of	Ca²+	depressed	gly-
cogenolysis	and	consequently	stimulated	the	use	of	fat	
in	this	group.

Most	studies	on	the	response	of	the	electrolytes	during	
acclimatization	were	devoted,	to	measure	the	response	
of	potassium,	 sodium,	aldosterone,	and	showed	 the	
strong	effect	of	extreme	altitude	on	the	balance	of	elec-
trolytes.	It	is	assumed	that	the	decrease	of	aldosterone	
is,	with	the	decrease	of	potassium,	the	principal	mech-
anism	of	development	of	pulmonary	or	cerebral	edema	
[1].	As	we	see,	a	drastic	change	in	the	electrolytes	mea-
sured	in	this	study	was	seen	mainly	in	altitudes	high-
er	than	8000	m.

The	initial	level	of	HCT	was	significantly	higher	in	group	
1	during	the	first	4	weeks	compared	with	groups	2	and	
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3,	this	confirms	that	the	sherpas	are	adapted	and	econ-
omize	 the	use	of	oxygen	during	acclimatization.	The	
HCT	increase	and	the	MCHC	decrease	were	mainly	de-
termined	by	the	stay	at	BC	altitude.	The	average	ini-
tial	level	of	HB	was	lower	in	group	2	and	all	along	re-
mained	below	group	1	level;	this	coincides	with	a	study	
showing	that	the	natives	of	the	Himalayas	have	a	lower	
HB	level	(two	digits)	than	the	natives	of	the	Peruvian	
Andes	and	the	native	lowlanders	living	at	altitude	[3].	
In	response	to	acclimatization	to	the	altitude	of	8000	
m	in	the	group	of	sherpa	climbers	the	polycythemia	was	
stronger	than	in	the	lowland	climbers	group,	especially	
in	regard	to	granulocytes	and	platelets.	The	increase	of	
agranulocytes	was	similar	in	both	experimental	groups	
and	there	was	no	change	in	the	control	group.	In	most	
studies	the	stability	of	leukocytes	and	platelets	has	been	
observed,	but	they	have	been	carried	out	at	lower	alti-
tudes	of	4500	m,	with	relatively	short	residence	times	
and	with	people	not	trained	in	mountaineering	[12,23].

conclusions

Differences	in	metabolic	response	between	the	experi-
mental	groups	are:

1.		The	response	of	energy	substrates	in	the	blood	was	
stable	in	the	sherpa	climbers	while	there	are	signs	of	
stimulation	of	fat	metabolism	in	the	Lowland	climb-
ers	from	week	5.

2.		The	level	of	protein	catabolism	was	significantly	low-
er	in	sherpas	during	the	acclimatization	period	while	
the	activity	of	the	muscle	enzyme	CK	was	higher	than	
in	the	lowlander	climbers.

3.		The	adaptation	to	altitudes	over	8000	m	causes	a	dras-
tic	increase	in	Mg²+	only	in	the	lowlander	climbers.

4.		The	polycythemia	in	response	to	the	ascent	to	8000m	
was	higher	in	the	sherpa	climbers.

	 1.	Ayers	P,	Hunter	R,	Williams	E,	Rundo	J:	Aldosterone	
excretion	and	potassium	retention	in	subjects	liv-
ing	at	high	altitude.	Nature,	1961;	191–78

	 2.	Basu	M,	Pal	K,	Malhotra	AS	et	al:	Free	and	total	
thyroid	hormones	in	humans	at	extreme	altitude.	
Intern	J	Biometeor,	1995;	39:	17–21

	 3.	Beall	C,	Strohl	K,	Brittenham	G:	Reappraisal	
of	 Andean	 high	 altitude	 erythrocytes	 from	 a	
Himalayan	perspectiva.	Sem	Respir	Med,	1983;	
5:	195–201

	 4.	Benso	A,	Broglio	F,	Aimaretti	G	et	al:	Endocrine	and	
metabolic	response	to	extreme	altitude	and	physi-
cal	exercise	in	climbers.	Eur	J	Endocrin,	2007;	157:	
733–40

	 5.	Blume	F:	Metabolic	and	endocrine	changes	at	al-
titude.	In:	Westt	J,	Lahiri	S.	(eds.):	High	altitude	
and	man.	Bethesda,	MD.;	American	Physiological	
Society,	1984;	37–45

	 6.	Brooks	GA:	Increased	glucose	dependency	in	circula-
tory	compensated	hypoxia.	In:	Sutton	JR,	Houston	
CS,	 Coates	 G	 (eds.):	 Hypoxia	 and	 Mountain	
Medicine.	Queen	City	Printers,.	Burlington,	VA,	
1992;	213–16

	 7.	Cerreteli	P,	Prampero	O:	Aerobic	and	anaerobic	me-
tabolism	during	exercise	at	altitude.	In:	Rivolier	J,	
Ceretelli	P,	Foray	J,	Segantine	P	(eds.):	High	alti-
tude	deterioration.;	S	Karger.,	Basel,	1985;	55–89

	 8.	Cerretelli	P,	Hoppeler	H:	(Morphologic	and	meta-
bolic	response	to	chronic	hypoxia:	the	muscle	sys-
tem.	In:	Fregly	MJ,	Blatteis	CM	(eds.):	Handbook	of	
Physiology.	Oxford	University	Press,	1996;	1155–81

	 9.	Hansen	J,	Sander	M:	Sympathetic	neural	overactiv-
ity	in	healthy	humans	after	prolonged	exposure	to	
hypobaric	hypoxia.	J.	Physiol.	2003;	546:	921–29

	10.	Hochachka	PW,	Gunga	HC,	Kirsch	K:	Our	ances-
tral	physiological	phenotype:	an	adaptation	for	hy-
poxia	 tolerance	and	for	endurance	performance?	
Proc	Natl	Acad	Sci,	1998;	95:	1915–20

	11.	Hoppeler	H,	Vogt	M:	Muscle	tissue	adaptations	to	
hypoxia.	J	Exp	Biol,	2001;	204:	3133–39

	12.	Hultgren	H:	High	Altitude	Medicine.	Stanford	
University,	CA,	1997;	86–108

	13.	Janovski	 W,	 Witten	 B,	 Shields	 J,	 Hannon	 J:	
Electrolyte	patterns	and	regulation	in	man	during	
acute	exposure	to	high	altitude.	Fed	Proc,	1969;	
28:	1185–89

	14.	Kayser	B,	Hoppeler	H,	Claassen	H,	Ceretelli	P:	
Muscle	 structure	and	performance	capacity	of	
Himalayan	Sherpas.	 J	Appl	Physiol,	1992;	70:	
1938–42

	15.	MazzeoRC,	Reeves	 JT:	Adrenergic	 contribution	
during	acclimatization	 to	high	altitude:	perspec-
tives	from	Pikes	Peak.	Exper	and	Sport	Sci	Reviews,	
2003;	31:	13–18

	16.	Mazzeo	RS:	Physiological	responses	to	exercise	at	
altitude.	Update	Sports	Med,	2008;	38(1):	1–8

	17.	Mordes	JP,	Blume	FD,	Boyer	S	et	al:	High	altitude	
pituitary	thyroid	dysfunction	on	Mount	Everest.	
New	England	J	Med,	1983;	308:	1135–38

	18.	Pugh	L:	Blood	volumen	and	haemoglobin	concen-
tration	at	altitude	above	18000	feets	(5500m).	J	
Physiol	(London),	1964;	170:	344–54

	19.	Pugh	L:	The	Silver	Hut:	Physiological	and	med-
ical	 aspects	 of	 the	 Himalayan	 Scientific	 and	
Mountaineering	Expedition.	Sem	Respir	Med,	
1983;	5:	113–21

	20.	Reynafarje	C,	Lozano	R,	Valduieso	J:	The	policy-
themia	of	high	altitudes:	iron	metabolism	and	re-
lated	aspects.	Blood,	1959;	14:	433–55

	21.	Roberts	ACV,	Butterfield	GE,	Gymerman	A	et	al:	
Acclimatization	to	4300m	altitude	decreased	reli-
ance	on	fat	as	substrate.	J	Appl	Physiol,	1996;	81:	
1762–71

	22.	Rose	M,	Houston	C,	Fulco	C	et	al:	Operation	
Everest	II:	nutrition	and	body	composition.	J	Appl	
Physiol,	1998;	65:	2545–51

	23.	Staines	M,	 James	T,	Rosenberg	C:	Lymphocytes	
increase	and	altitude.	Arch	 Int	Med,	1914;	14:	
376–82

	24.	Westerterp	KR,	Kayser	B:	Body	mass	regulation	at	
altitude.	Europ	J	Gastroent	Hepatol,	2006;	18:	1–3

	25.	Young	AJ,	Reeves	 JT:	Human	acclimatization	 to	
high	terrestrial	altitude.	In:	Lounsbury	DE	(eds.),	
Textbook	of	Military	Medicine:	Medical	Aspects	of	
Harsh	Enviroments.	Falls	Curch.	2002;	2:	644–88

references:

Kormanovski A et al – Survival adaptation in Everest: Metabolic…

VOLUME 6 | ISSUE 2 | 2010 | 89© ARCHIVES OF BUDO | HEALTH PREVENTION

   

   
   

 -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
   

   
   

  -
   

   
 


