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Abstract We investigated the changes in the cardiovas-
cular system [resting blood pressure (BP) and heart rate
(HR), measured by means of a 24-h ambulatory BP and
a holter-electrocardiogram (ECG)], glycemic parame-
ters, and lipid metabolism of subjects suffering from
metabolic syndrome during a 3-week sojourn at 1,700 m
in the Austrian Alps. A total of 22 male subjects with
metabolic syndrome were selected. Baseline investiga-
tions were performed at Innsbruck (500 m above sea
level). During the 3-week altitude stay the participants
simulated a holiday with moderate sports activities.
Examinations were performed on days 1, 4, 9, and 19.
After returning to Innsbruck, post-altitude examinations

were conducted after 7–10 days and 6–7 weeks, respec-
tively. The 24-h ambulatory BP and holter ECG re-
vealed a decrease in average HR, BP, and rate pressure
product (RPP: systolic blood pressure · HR) after
3 weeks of altitude exposure. In some patients, an in-
crease in premature ventricular beats was observed at
the end compared to the beginning of the exposure to
moderate altitude. The ECG revealed no ischemic ST-
segment changes. Maximal physical capacity as mea-
sured by symptom-limited maximal cycle ergometry tests
remained unchanged during the study. Six weeks after
the altitude exposure the blood pressure increased again
and returned to pretest levels. The Homeostasis Model
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Assessment index, which is a measure of insulin resis-
tance, decreased significantly and glucose concentrations
obtained after an oral glucose tolerance test were sig-
nificantly lower after the stay at altitude compared to the
basal values. We conclude that after a 3-week exposure
to moderate altitude, patients with metabolic syndrome
(1) tolerated their sojourn without any physical prob-
lems, (2) exhibited short-term favorable effects on the
cardiovascular system, and (3) had significant improve-
ments in glycemic parameters that were paralleled by a
significant increase in high-density-lipoprotein-choles-
terol.

Keywords Altitude Æ Hypertension Æ Obesity Æ
Coronary heart disease Æ Metabolic syndrome

Introduction

Visits and vacations at moderate altitudes of 1,500–
2,500 m are very common among people who enjoy
mountains and mountainous scenery. Many of these
visitors are also patients with known or unknown arte-
rial hypertension, diabetes mellitus, obesity, and distur-
bances in lipid metabolism, who may exhibit known or
unknown signs and symptoms of heart disease. Several
studies have addressed the short-term effects of moder-
ate altitude in patients with known cardiovascular
problems (Morgan et al. 1990; Hultgren 1992; Alexander
1994; Pokan et al. 1994; Roach et al. 1995; Levine et al.
1997; Erdmann et al. 1998; Steinacker et al. 2000),
suggesting a small risk of acute cardiac events for
patients with stable, treated heart disease and arterial
hypertension. However, only limited data are available
on long-term effects and associated changes in cardio-
vascular variables at moderate altitude in this popula-
tion. A significant reduction in systolic blood pressure
(SBP) at rest (Inama and Halhuber 1975; Halhuber et al.
1985) and during submaximal exercise (Nikolowa et al.
1989) was reported in patients with coronary heart dis-
ease (CHD) after a sojourn of several weeks duration at
moderate altitude. Since cardiovascular and metabolic
disorders are most frequent in western civilized popu-
lations, and are on the increase (Björntorp 1999), it can
be assumed that among these mountain vacationers
quite a large percentage show the signs and symptoms of
metabolic syndrome. Metabolic syndrome is classified as
a disease where patients exhibit a combination of obe-
sity, hypertension, dyslipoproteinemia, and glucose in-
tolerance (Reaven 1996). This syndrome is strongly
related to an increase in sympathetic nervous activity
(Reaven 1996; Björntop 1999) leading finally to an in-
creased cardiovascular risk (DeFronzo and Ferrannini
1991). Acute hypoxia is known to increase SBP and di-
astolic blood pressure (DBP) and heart rate (HR) via
stimulation of sympathoadrenergic activity under rest-
ing conditions (Hultgren 1992; Mazzeo et al. 1998;
Duplain et al. 1999), while acclimatization under con-
ditions of moderate hypoxia may cause a reduction in

sympathetic tone, contributing to the decrease in blood
pressure (BP) observed in hypertensive patients (Inama
and Humpeler 1981). Remarkably, there are no reports
to date on how tourists with metabolic syndrome adapt
to and tolerate prolonged hypobaric-hypoxic exposure
combined with moderate physical exercise.

Therefore, the purpose of the AMAS-2000 study was
to investigate (1) 24-h HR and BP changes via electro-
cardiogram (ECG)-holter monitoring, (2) changes in
physical capacity, and (3) metabolic changes focusing on
insulin resistance using the Homeostasis Model Assess-
ment (HOMA) index in patients with metabolic syn-
drome before, during, and 1 and 6 weeks after a
prolonged stay at 1,700 m in the Austrian Alps.

Methods

Study participants

In the area of Innsbruck, a city that is located 500 m above sea
level, volunteers were invited via a local newspaper to participate in
our pilot project evaluating the effect of a 3-week stay at moderate
altitude at Oberlech, Austria (1,700 m). Body-weight, body com-
position, BP, HR, and metabolic variables were measured. Forty
men were scheduled to participate, but due to acute infections and
schedule conflicts, and after laboratory and ergometric screening,
only 22 participated in this study. The Ethics Committee of the
Leopold-Franzens-University of Innsbruck approved the study and
written informed consent to participate was obtained from all
subjects before the commencement of our study.

Baseline investigations (t1) were conducted at the end of August
in Innsbruck, 1–2 weeks before the altitude sojourn. All partici-
pants were driven by bus to an altitude of 1,700 m (Oberlech,
Austria), where they remained for 3 weeks, simulating a holiday in
a comfortable resort hotel with moderate sports activities such as
mountain hiking (at an altitude between 1,500–2,500 m, 4–5 guided
mountain tours of 4–5 h duration per week). The sleeping altitude
was 1,700 m. Non-alcoholic fluid intake was allowed ad libitum and
nutrition was balanced with no specific dietary restrictions. For
technical reasons related to the time schedule of the investigations,
the subjects arrived at the health resort hotel in groups every 3 days
in the late afternoon (5 p.m.–7 p.m.). During the altitude stay, four
additional examinations were performed: after the first night at
altitude (15–17 h after arrival at 1,700 m; t2), on day 4 (t3), day 9
(t4), and day 19 (t5). All examinations were performed between
8 a.m. and 10 a.m. After the volunteers returned to Innsbruck,
post-altitude examinations were conducted after 7–10 days (t6) and
6–7 weeks (t7).

The baseline characteristics of the study participants are given
in Table 1. Four patients suffered from type 2 diabetes mellitus and
were being treated with oral antidiabetics, nine patients were on
antihypertensive medication (six with angiotensin-converting en-
zyme inhibitors, three with beta-blockers), nine patients took as-
pirin, six took allopurinol, and nine were on statin therapy.

Cardiovascular measurements

At 1–2 weeks before ascent to moderate altitude (t1), and 7–10 days
(t6) and 6 weeks [40.0 (2) days; t7] after exposure to altitude, all
patients were subjected to a bout of symptom-limited sitting cycle
ergometry (Ergoline, Germany) at increasing increments of 25 W
every 2 min. ECG recordings were monitored throughout all test-
ing at an altitude of 500 m (Innsbruck, Austria). The subjects
performed a 5-min effortless warm-up on the cycle ergometer.
Room temperature was comparable at all tests (18–20�C). Blood
pressure at rest was measured manually in the morning with the
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subjects in an upright sitting position according to the sixth report
of the Joint National Committee on the prevention, detection,
evaluation, and treatment of high BP (1997). During the 1st and
2nd day, and on the last 2 days of the 3 weeks of altitude exposure,
all patients underwent a 24-h continuous ECG-holter monitoring
(Delmar, Model 363, Digital recorder 483, USA) and 24-h con-
tinuous BP monitoring (Mobilgraph, IEM, UK) in randomized
order. From the 24-h continuous ECG holter monitoring, we
measured HR, the number of ventricular extrasystoles (VES), and
ST-segment changes. For the determination of myocardial isch-
emia, we used ECG recordings to determine episodes of horizontal
and descending ST-segment changes of 0.1 mV that lasted longer
than 1 min. From the 24-h continuous BP monitoring, we also
measured changes in HR, SBP, and DBP.

Laboratory measurements

Metabolic parameters were measured in Innsbruck before the stay
at moderate altitude (t1) and 7–10 days (t6) after return from
1,700 m. Blood samples were taken from an antecubital vein in the
morning after a 10-h overnight fasting period. Serum samples from
all study participants were stored at –70�C. Plasma glucose was
measured, and liver and kidney function tests were performed
according to routine procedures.

Glycosylated hemoglobin (HbA1c) was measured by high-per-
formance liquid chromatography (HPLC; Diamat; Bio-Rad;
Richmond, Calif., USA), with a reference range of 4.2–6.0%.
Cholesterol and triglyceride levels were determined by enzymatic
methods (Cholesterol PAP, MA Kit 100; Roche; Triglyceride PAP,
UNi-Kit II, Roche), and high-density lipoprotein cholesterol
(HDL-C) was assayed using a precipitation procedure with dextran
sulfate and manganese chloride (Patsch et al. 1989). Levels of low-
density lipoprotein cholesterol (LDL-C) were calculated according
to the Friedewald equation (Friedewald et al. 1972). Plasma con-
centration of lipoprotein a [Lp (a)] was determined by an enzyme-
linked immunosorbent assay (ELISA; Immuno, Vienna, Austria).

Plasma apolipoproteins (apo) A1 and B100 were determined by
immunoturbidometric tests (Tina-quant, Boehringer Mannheim,
Mannheim, Germany). A Cobas Mira Autoanalyzer (Roche, Basel,
Switzerland) was used for all above-mentioned plasma measure-
ments. Insulin was determined by the IMX Insulin assay (Abbott,
Vienna, Austria) and C-peptide by a radioimmunoassay (C-PEP-
RIA-CT, Biosource, Belgium).

The oral glucose tolerance test was performed after measure-
ment of capillary fasting glucose by ingestion of 75 g glucose dis-
solved in 250 ml tea. Capillary glucose values were determined after

30, 60, 90, and 120 min. The oral glucose tolerance test was not
carried out for the four patients with manifestation of type 2 dia-
betes mellitus. HOMA was measured for determination of insulin
resistance according to Matthews et al. (1985) and Bonora et al.
(2000): fasting plasma glucose (mmolÆl–1) · fasting serum insulin
(UÆml–1)/25.

Statistics

Anthropometric and metabolic data are presented as median values
and the range; cardiovascular variables are shown as mean (SD).
Repeated measures analysis of variance was applied to significant
time effects with subsequent evaluation of linear contrasts to
baseline. A significance level of 5% (P<0.05) was applied in all
studies.

Results

Cardiovascular measurements

Figure 1 shows the time course of changes in SBP and
DBP at rest. A significant decrease of resting SBP was
measured on day 4 at altitude and remained decreased in
the first post-altitude examination (t6). DBP did not
change. The results of the 24-h monitoring of SBP and
DBP, HR, and RPP at the start and at the end of the
3-week altitude sojourn are shown in Figs. 2, 3 and 4.
For all variables, the measured values were lower at the
end compared to the start of altitude exposure, which
was significant mainly between the hours of 6 p.m. and
midnight. In several participants, three of whom had
documented CHD, we observed a small yet significant
increase in VES. However, we did not observe any
couplets, triplets, ventricular tachycardia, ventricular
and atrial flutter, or ischemic ST-segment changes dur-
ing the 24-h monitoring. The maximal cycle ergometry
expressed in Watts (W) in absolute (Wmax) and relative
(WmaxÆkg

–1) values was unchanged during the study
[baseline values: 180 (52) W and 1.9 (0.5) W, respec-
tively]. The total time of cycle ergometry also remained
unchanged [t1: 863 (250) s; t2: 875 (286) s; t3: 901

Table 1 Anthropometric data and baseline metabolic profile of the
AMAS-2000 volunteers (n=22 patients with metabolic syndrome;
data are presented as median and range). (BMI Body mass index,
BP blood pressure, HDL-C high-density lipoprotein cholesterol,
LDL-C low-density lipoprotein cholesterol, Apo apoprotein,
[Lp(a)] concentration of lipoprotein a, ApoA1 apolipoprotein A1,
ApoB100 apolipoprotein B100)

Variable Median Range

Median age (years) 54 40–65
Median BMI (kgÆm–2) 30.3 23.7–50.5
BP systolic (mmHg) 140 112–172
BP diastolic (mmHg) 87 80–115
Cholesterol (mgÆdl–1) 205.5 152–282
Triglycerides (mgÆdl–1) 176.5 91–655
HDL-C (mgÆdl–1) 43.5 36–72
LDL-C (mgÆdl–1) 125.7 62–201
ApoA 1 (mgÆdl–1) 135.5 113–177
ApoB 100 (mgÆdl–1) 122.5 81–187
[Lp(a)] (mgÆdl–1) 9.0 6.0–114.0
Fasting plasma
glucose (mgÆdl–1)

95.0 80–226

HbA1c (%) 5.7 4.8–9.5

Fig. 1 Time course of changes in blood pressure (BP) before (t1),
on day 1 (t2), day 4 (t3), day 9 (t4) and day 19 (t5) at altitude and
1 week (t6) and 6 weeks (t7) post-altitude. (SBP Systolic blood
pressure, DBP diastolic blood pressure). *P<0.05 compared to
baseline values (t1)
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(272) s]. Resting HR, submaximal HR (100 W), and
maximal HR remained unchanged from t1 to t6 and t7
after altitude exposure [baseline values of HR at rest,
submaximal and maximal HR: 83.1 (20.1) beatsÆmin–1;
123.1 (21.0) beatsÆmin–1, and 159.1 (24.4) beatsÆmin–1,
respectively]. The SBP during ergometry remained the
same between both post-altitude tests compared to pre-
altitude ergometry [SBP at t1 submaximal and maximal:
174.5 (21.0) mm Hg and 208.2 (29.2) mm Hg, respec-
tively]. DBP was unchanged during submaximal and
maximal cycle ergometry at t1 as compared to t2 (DBP at
t1, submaximal and maximal: 87.5 (12.7) mm Hg and
89.5 (13.1) mm Hg, respectively). At t3, maximal DBP
was significantly higher as compared to t1 and t2
(P<0.05). There were no horizontal or descending ST-
segment changes present in excess of 0.1 mV during any
cycle ergometry tests. In addition, we observed no HR
abnormalities. During altitude exposure, we reduced
antihypertensive drug therapy in three cases due
to symptomatic BP reduction. These reductions in

antihypertensive drug therapy remained effective for at
least 6 weeks post-altitude. No patient required an in-
crease or intervention of antihypertensive or anti-
ischemic drug therapy. Angina pectoris did not occur in
any patient at altitude or during maximal (Wmax) or
submaximal (100 W) cycle ergometry.

Biochemical measurements

Fasting plasma glucose, fasting insulin levels, and
C-peptide of the study participants did not change dur-
ing the entire study. HbA1c values were 5.7% (range 4.8–
9.5%) at baseline and did not change after the altitude
sojourn. The HOMA index as a measure of insulin re-
sistance showed a significant decrease from 4.0 (range
1.1–17.7) before ascent to altitude to 1.9 (range 0.5–8.4)
after return (P<0.04). The capillary blood glucose levels
obtained in the course of an oral glucose tolerance test
were lower after the stay at moderate altitude, a change

Fig. 2 Time course of changes
in (A) SBP and (B) DBP over a
24-h period before (closed dia-
monds) and at the end (closed
squares) of 3 weeks exposure to
moderate altitude. Asterisks in-
dicate statistically significant
differences between the start vs
the end of altitude stay:
*P<0.05; **P<0.01; P<0.001
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that was statistically significant for glucose concentra-
tions measured 60 min and 90 min after glucose inges-
tion (Table 2). No significant changes were observed in
total cholesterol and LDL-C levels when the values ob-
tained before and after the stay at moderate altitude were
compared. Serum triglyceride levels did not change. In
contrast, HDL-C values increased significantly from
43.5 mgÆdl–1 (range 26.0–74.0 mgÆdl–1) to 48.5 mgÆdl–1

(range: 26.0–102.0 mgÆdl–1; P<0.001). Altitude exposure
resulted in an increase in HDL-subfractions, HDL2-C
(from 4.0 mgÆdl–1, range 2.0–13.0 mgÆdl–1, to 6.0 mgÆdl–1,
range 3.0–23.0 mgÆdl–1; P<0.002) and HDL3-C (from

39.0 mgÆdl–1, range 24.0–59.0 mgÆdl–1, to 45.6 mgÆd–1,
range 34–79 mgÆdl–1; P<0.03). Serum levels of apo A 1,
apo B 100, and [Lp(a)] exhibited no significant differ-
ences comparing baseline values to post-altitude values.
Serum concentrations of leptin remained unchanged.

Discussion

The main findings of our AMAS-2000 pilot study were
that (1) all patients with metabolic syndrome tolerated
the habituation at moderate altitude without any

Fig. 3 Average heart rate (HR)
values measured during 24-h
holter electrocardiogram moni-
toring before (closed diamonds)
and at the end (closed squares)
of the 3-week sojourn to mod-
erate altitude. Asterisks indicate
statistically significant differ-
ences between the start vs the
end of altitude stay: *P<0.05;
**P<0.01; ***P<0.001

Fig. 4 Rate pressure product
(RPP: SBP·HR) calculated
from 24-h R–R holter moni-
toring of HR and BP before
and after a 3-week of exposure
to moderate altitude. Asterisks
indicate statistically significant
differences between the start vs
the end of altitude stay:
*P<0.05; **P<0.01;
***P<0.001
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significant cardiovascular and metabolic problems, and
(2) that beneficial effects were observed, as evidenced by
reductions in HR, BP, and RPP, and by a reduction in
the HOMA index as a measure of insulin resistance.

Altitude exposure and cardiovascular adaptation

Exposure to high altitude induces a stimulation of the
sympathetic pathways in healthy subjects that remains
elevated for several weeks (for review see Smith and
Muenter 2000), resulting in an increase in pulse rate and
BP (Bernardi et al. 1998). At altitudes below 3,000 m,
sympathoadrenal stimulation is less pronounced, even
an initial short-term vagotonia may be detected (Pokan
et al. 1994). Thus, in the early phase of altitude adap-
tation, resting HR and BP were reported to be either
increased or unchanged (Palatini et al. 1989; Savonitto
et al. 1991; Veglio et al. 1999). During acclimatization to
moderate altitude, most hemodynamic variables were
reduced towards pre-altitude levels within 1–2 weeks
(Inama and Halhuber 1975; Halhuber et al. 1985). Most
patients with CHD can expect similar changes in he-
modynamic variables to occur because of acute altitude
exposure (Pokan et al. 1994). However, the physical
capacity of these patients is reduced at altitude. Morgan
et al. (1990) investigated nine patients with documented
CHD and subjected these patients to ergometry tests at
both 1,600 m and 3,100 m. They observed ST-segment
changes at both altitudes and the occurrence of RPP at
the same intensity as the ST-segment depression. How-
ever, they reported both ST-segment depression and
RPP at significantly lower intensity during ergometry at
3,100 m. The maximal performance of these patients
was 11% below the test conducted at 1,600 m. Levine
et al. (1997) studied 20 subjects with an average age of
68 years, 9 of whom were known to be CHD patients.
They were exposed to an altitude of 2,500 m for 5 days
in a hypobaric chamber and tested at sea level. The
cardiocirculatory variables after exposure to altitude
were similar to those of healthy subjects. They observed
several episodes of VES during the acute phase of
adaptation, with no occurrence of arrhythmia. However,
after 5 days these changes returned to pre-test level in
these subjects. They suggested that older subjects with

known CHD should avoid intense physical exertion
during the acute phase of altitude exposure. CHD pa-
tients who exhibit a reduced physical performance at sea
level can be exposed to the upper limits of their aerobic
capacity when performing their daily lifestyle activities,
especially at higher altitudes (at or above 4,000 m), al-
though they can adapt quite well to moderate altitude
(Fischer 1998). Erdmann et al. (1998) compared 23
healthy subjects to 23 CHD patients with reduced left-
ventricular function (average ejection fraction of 39%)
and without resting ischemia who underwent an erg-
ometry test at 1,000 m and 2,500 m. There were no
significant differences between the two groups; however,
the maximal performance was reduced as a function of
altitude. In a different study, Roach et al. (1995) studied
97 participants (average age 69 years; 21% with as-
ymptomatic CHD) who rapidly ascended to an altitude
of 2,500 m and exhibited an initial increase in RPP.
Five days later, the RPP returned to pre-altitude level.
No abnormal changes in ECG recordings were observed
in patients with asymptomatic CHD. The authors con-
cluded that in patients with asymptomatic CHD, a short
stay at moderate altitude does not constitute an addi-
tional coronary risk. In contrast to Roach et al. (1995),
Hultgren (1992) reported 21 coronary episodes, 17 oc-
currences of angina pectoris, 2 heart attacks, and 2
sudden deaths in patients staying at 2,800 m. Most of
these patients had an increased SBP and HR.

In our 3-week study at moderate altitude in subjects
with metabolic syndrome, we observed a reduction in
pulse rate and BP as well as reduction in RPP (Figs. 1, 2,
3, and 4). Moreover, we demonstrate that the circadian
rhythm of these variables was maintained after accli-
matization to altitude. We contribute these changes
mainly to the effect of altitude exposure rather than
physical activity, which can be deduced from the data
derived from cycle ergometry. Remarkably, the maximal
performance test (Wmax, WmaxÆkg

–1) was nearly identical
in all three tests, indicating that the degree of intensity of
the guided hiking tours was too low to increase maxi-
mum physical capacity. Similarly, HR and BP during
exercise were unchanged compared to the post-altitude
tests with baseline ergometry. One may postulate that
the reduction in resting SBP may have resulted from the
reduction in body weight (Gunga et al. 2002, this issue).
However, this is unlikely since there were further body
weight reductions 6 weeks after altitude exposure, but
blood pressure returned to pre-altitude values (Fig. 1).
Aerobic exercise is known to reduce blood pressures in
hypertensive individuals (Whelton et al. 2002), although
there are no consistent findings concerning the type and
duration of exercise necessary to effect significant
changes. Reductions in BP after a bout of exercise have
been described in hypertensive middle-aged and older
people (‘‘post-exercise hypotension’’, PEH; for details
see Thompson et al. 2001). PEH may persist for up to
16 h after exercise. Since BP was measured at least 24 h
after the hiking tours, PEH as main contributor for our
BP findings can be excluded.

Table 2 Capillary glucose concentration after oral glucose inges-
tion. The P value compares baseline data (obtained before the
altitude sojourn) with post-altitude data (obtained 7–10 days after
return from altitude). Data are presented as the median (range) of
n=22 patients with metabolic syndrome

Variable Baseline (t1) Post-altitude (t6) P-value

Fasting glucose
(mgÆdl–1)

99 (86–163) 98 (84–118) P<0.129

30 min 164 (106–228) 160 (139–228) P<0.097
60 min 172 (101–276) 166 (87–276) P<0.031*
90 min 151 (75–234) 140 (75–162) P<0.021*
120 min 113 (63–205) 106 (63–207) P<0.145

*Significant difference
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Moderate altitude stimulated erythropoiesis in our
vacationers similar to healthy subjects, as evidenced by a
long-lasting increases in serum EPO and reticulocyte
count. We did not measure any changes in iron status
(serum-iron, serum-ferritin, transferrin), hemoglobin
concentration, packed cell volume (PCV), red cell count,
and vascular endothelial growth factor (for details see
Gunga et al. 2002, this issue). An increase in hemoglobin
concentration, PCV, and red cell count would adversely
affect patients with metabolic syndrome since the ac-
companying changes in blood rheology could reduce
cardiac performance.

Altitude exposure and metabolism

The most striking change of the measured metabolic
variables was a significant decrease in insulin resistance
accompanied by an increase in HDL-C after the 3 weeks
at moderate altitude. Our study participants underwent
a simulated holiday stay at moderate altitude without
special intervention procedures such as strict dietary
recommendations or physical fitness program. They
performed moderate guided walking tours for several
hours 4–5 times per week. Individual physical activity
was controlled by pulse rate registration during hiking.
Little is known about the effect of moderate hypoxia on
insulin sensitivity. A loss of body weight has been de-
scribed during high mountain expeditions, but it remains
to be seen whether this weight loss is due to a loss of
appetite at high altitude or a discrepancy between energy
intake and energy expenditure following an increased
metabolic rate (Kayser 1992). Leptin is known to be a
key mediator in the neuroendocrine regulation of energy
homoeostasis and appetite (Auwerx and Staels 1998).
Recently it was shown that serum leptin increased in
mountaineers after climbing to 4,559 m as well as in
subjects who were passively transported to 4,559 m
(Tschopp et al. 1998). Elevation in serum leptin corre-
lated with loss of appetite. This is in contrast to our
observation of unchanged plasma leptin concentrations
despite weight loss after the 3-week sojourn at moderate
altitude. Whether the degree of hypoxia or physical
work is responsible for these differences remains unclear.
On ascent to high altitude, fasting blood glucose is re-
ported either to remain unchanged, including normal
glucose tolerance curves (Consolazio et al. 1972), or to
increase on ascent (Sawhney et al. 1991). Elevated blood
glucose in sojourners to 3,500 m was paralleled by high
insulin concentrations until day 7 at altitude, and sub-
sequently returned to baseline values (Sawhney et al.
1991). Larsen et al. (1997) described a reduced rate of
insulin-stimulated glucose uptake in the early phase of
altitude acclimatization, which was partly restored
within 1 week of hypoxic exposure. It was concluded
that the activity of insulin decreases markedly during
acute hypoxia, which was explained partly by changes in
counter-regulatory hormones. Acclimatization to
4,300 m resulted in a depressed arterial glucose

concentration and an increased resting glucose appear-
ance (Brooks et al. 1991). Corresponding data for
moderate altitudes are lacking. In our volunteers, fasting
blood glucose remained unchanged during altitude ac-
climatization. However, after return to 500 m, an im-
provement in the oral glucose tolerance test was
observed and the decrease of fasting insulin concentra-
tion was of borderline significance. The mechanism for
this improvement in glucose homeostasis remains to be
clarified. Whether our improvements in lipid and glucose
metabolism are the consequences of the exercise pro-
gram itself remains questionable. Endurance exercise
acutely increases HDL-C and may improve insulin re-
sistance (Thompson et al. 2001). These effects can be
observed for at least 48 h after exercise. Thus, we cannot
exclude the influence of the exercise bouts on changes in
HDL-C and the HOMA index.

Some studies focused on a possible correlation be-
tween hypoxia and lipid metabolism: higher levels of
serum HDL-C were reported in populations living at
high altitude (Sharma 1990) and increases in HDL-C
have been observed in a population migrating from
lower altitudes to high mountain regions (Aitbaev et al.
1990). This effect of hypoxia on serum HDL-C was not
only observed for high altitude but also for lower alti-
tudes. At low altitudes up to 1,500 m, HDL-C levels
were linearly and significantly dependent on the residing
altitude, indicating that mild sustained hypoxia may
induce an increase of HDL-C levels (Dominguez Coello
et al. 2000). Ferezou et al. (1993) reported a decrease of
triglyceride-rich lipoproteins accompanied by elevated
HDL-C concentrations in healthy volunteers who were
transported from low altitude to 4,350 m in the Alps.
However, the mechanisms underlying these findings are
at present unclear. It is possible that hypoxia-induced
changes in key enzymes in fat utilization and oxidation
are involved (Kennedy et al. 2001).

Limitations of this pilot project

We cannot discriminate between altitude-specific and
recreational effects. One needs to consider that the re-
peated tests and measurements performed in this study
could explain the improved metabolic profile in that the
patient’s compliance including reduction in snacks and
alcohol was improved by the medical control proce-
dures. Therefore, a prospective randomized study should
be performed using the same or similar protocol at dif-
ferent locations (i.e., moderate altitude and low altitude).

In conclusion, we found that a 3-week exposure to
moderate altitude had a short-term favorable effect on
the cardiovascular system in patients with metabolic
syndrome, and that cardiovascular risk was not in-
creased. The favorable insulin-sensitivity-improving ef-
fects of a 3-week stay at moderate altitude are of great
importance regarding the increasing number of patients
with insulin resistance and their leisure-time activities at
moderate altitudes.
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