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Abstract

Background: Excessive elevation of arterial blood pressure (BP) at high altitude can be detrimental to our health 
due to acute mountain sickness (AMS) or some AMS symptoms. This prospective and observational study aimed 
to elucidate blood pressure changes induced by exposure to high-altitude hypoxia and the relationships of these 
changes with AMS prevalence, AMS severity, sleep quality and exercise condition in healthy young men.
Methods: A prospective observational study was performed in 931 male young adults exposed to high altitude at 
3,700 m (Lhasa) from low altitude (LA, 500 m). Blood pressure measurement and AMS symptom questionnaires were 
performed at LA and on day 1, 3, 5, and 7 of exposure to high altitude. Lake Louise criteria were used to diagnose 
AMS. Likewise, the Athens Insomnia Scale (AIS) and the Epworth Sleepiness Scale (ESS) were filled out at LA and on 
day 1, 3, and 7 of exposure to high altitude.
Results: After acute exposure to 3,700 m, diastolic blood pressure (DBP) and mean arterial blood pressure (MABP) 
rose gradually and continually (P<0.05). Analysis showed a relationship with AMS for only MABP (P<0.05) but not 
for SBP and DBP (P>0.05). Poor sleeping quality was generally associated with higher SBP or DBP at high altitude, 
although inconsistent results were obtained at different time (P<0.05). SBP and Pulse BP increased noticeably after 
high-altitude exercise (P<0.05).
Conclusions: Our data demonstrate notable blood pressure changes under exposure to different high-altitude 
conditions: 1) BP increased over time. 2) Higher BP generally accompanied poor sleeping quality and higher incidence 
of AMS. 3) SBP and Pulse BP were higher after high-altitude exercise. Therefore, we should put more effort into 
monitoring BP after exposure to high altitude in order to guard against excessive increases in BP.
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Background
Two cardinal challenges to life at high altitude are the low 
ambient temperature and hypobaric hypoxia. Temperature 
declines approximately 1℃ for each 150 m elevation. Barometric 
pressure also decreases progressively with increasing altitude. 
And harmful effects of hypoxia are experienced by most 
maladaptive subjects at high altitude [1, 2]. In response to a 
short-term hypoxic exposure, blood pressure either does not 
change or increases modestly, and currently, the consequences 
are not fully understood. Moreover, most researchers 
believe that blood pressure (BP) changes at high altitude are 
principally due to increases in autonomic and sympathetic 

activity [3-8]. Prolonged hypoxia for up to several days 
increases systemic pressure gradually, especially diastolic 
BP (DBP) and mean arterial BP (MABP), in parallel with 
increases in plasma concentrations of norepinephrine [9, 10]. 
In particular, excessive elevation of arterial BP is detrimental 
to our health and can cause acute mountain sickness (AMS) or 
some AMS symptoms, e.g., headache, dizziness, and insomnia. 
Some cases may even progress to life-threatening cerebral or 
pulmonary edema, known as high-altitude cerebral edema 
(HACE) and high-altitude pulmonary edema (HAPE).

Previous studies on systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) changes at different altitudes or 
different time courses of high altitude have been reported, the 
result is still controversial. One of the purposes of the present 
study was to confirm the SBP and DBP changes at different 
altitudes and different time courses of high-altitude exposure 
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and to analyze the MABP and Pulse BP changes. Furthermore, 
exposure of healthy subjects to high altitude affects arterial BP 
based on individual factors, the absolute altitude of exposure, 
the duration of stay at altitude, sleeping quality, and so on. 
Therefore, the second aim of our study was to investigate blood 
pressure changes and their relationship with AMS prevalence, 
AMS severity, sleeping quality and exercise conditions in 
healthy young men upon high-altitude exposure in order to 
avoid the risk of hypertension in a high-altitude clinical setting.

Methods
Population
Eligible participants had to be non-Tibetan, healthy, young 
and male lowland residents (18-45 years old). Before entering 
the high-altitude area, the inclusion criteria were as follows: 1) 
no organic disease; 2) age ≥18 years; 3) low-altitude dwellers 
from areas <400 m; and 4) had not been exposed to high 
altitudes in the previous year. The exclusion criteria were as 
follows: 1) the presence of autoimmune diseases, respiratory 
diseases, cardiovascular diseases, malignant tumors, liver and 
kidney dysfunction, and psychiatric disorders or neuroses that 
prevented the completion of the questionnaires; 2) age ≥45 
years; 3) were from elevations >500 m; 4) were exposed to 
high altitude in the previous 3 months; or 5) were reluctant to 
cooperate with the investigation.
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 Ethics Committee of Xinqiao 
Hospital, the Second Clinic Medical College of Third Military 

Medical University. Before the trial, each participant provided 
written informed consent and was conscious of his right to 
withdraw without prejudice at any time. The subjects did not 
take medication or receive any intervention, and all the data 
were anonymized prior to retrieval and analysis.
Randomization
The subjects were randomly assigned to three groups: a low-
altitude group (LA), a high-altitude non-exercise group (Day 1, 
Day 3, Day 5, Day 7) and a high-altitude exercise group (Day 7), 
using a computer generated random number list. 
Procedure
This study was performed at two locations that were separately 
defined as low altitude (Chongzhou, LA, 500 m) and high 
altitude (Lhasa, 3,700 m). Low-altitude subjects ascended 
to 3,700 m after approximately a week on the Chongzhou 
plain. Participants completed the Lake Louise Score (LLS) 
AMS self-assessment test, the Athens Insomnia Scale (AIS) 
questionnaire and the Epworth Sleepiness Scale (ESS) 
questionnaire. Arterial blood pressure measurements were 
carried out. All of the trial procedures were performed at 
500 m within one week before ascending in Chongzhou and 
within 24 h after arrival at 3,700 m (in Lhasa, approximately 
13:00 pm from June 21st to 25th, 2012, and examinations 
were performed at approximately 8:00–11:00 am on the 
next morning upon arrival. The minimal and maximal times 
from arrival to the examination were 19 hours and 22 hours, 
respectively). The subjects stayed at 3,700 m for a week before 
leaving for the next work place. An outline of the study design 
and testing schedule is shown in Figure 1.

Figure 1.　Data collection schedule. This research utilized an all-around design on selected young Chinese men for the test condi-
tion. The test conditions were defined as LA (500 m, Control group) for baseline testing and abrupt exposure to 3,700 m after ap-
proximately a week at LA.
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Outcome measures
The primary outcome measure was the change of blood 
pressure. The secondary outcome measures were as follows: the 
incidence of acute mountain sickness at altitude; its severity 
reflected by the LLS score; SaO2; sleep quality assessed by 
questionnaires; and age (y/years), weight (W/g), and height 
(H/cm) according to the AMS symptoms Questionnaire. The 
body mass index (BMI) was calculated as weight in kilograms 
divided by the square of height in meters.
Blood pressure measurement
All selected subjects, both at low altitude and high altitude, were 
on the same standard diet, which included a fixed amount of 
daily proteins, carbohydrates, and fat, but the measurements 
were performed after a 4-hour fast and at least an 8-hour 
abstinence from caffeine and a 24-hour abstinence from alcohol. 
After the subjects had been seated in a chair at rest for at least 
15 minutes, non-invasive measurements of resting systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) were 
obtained by a wrist sphygmomanometer (OMRON HEM-
6,200) at the same time of day. All subjects completed the full 
study at altitude. Optimal blood pressure was defined as a SBP 
<120 mmHg and a DBP <80 mmHg. Prehypertension was 
defined at a SBP of 120 to 139 mmHg and/or a DBP of 80 to 
89 mmHg, and hypertension was diagnosed at a SBP ≥140 
mmHg and/or a DBP ≥90 mmHg, according to international 
guidelines [11, 12]. MABP (mean arterial blood pressure) values 
were calculated from SBP and DBP values with the following 
equation: MABP=[(SBP-DBP)/3] + DBP; Pulse BP (Pulse 
blood pressure) values were also calculated from SBP and DBP 
values with the following equation: Pulse BP=SBP-DBP.
Oxygen saturation (SO2) measurement
The second day after the subjects arrived at the destination, 
SaO2 was measured by Pulse Oximeter (NONIN-9550, Nonin 
Onyx, America) in triplicate after the subjects had rested in a 
seated position for 15 minutes.
Acute mountain sickness assessment
Acute mountain sickness was diagnosed by the Lake Louise 
Scoring System (LLS). This is a five-item self-administered 
questionnaire on the basis of the most frequent symptoms of 
AMS: headache, gastrointestinal problems (anorexia, nausea, 
or vomiting), insomnia, weakness or fatigue, and dizziness 
or light-headedness. Every item is scored by the subject on a 
scale from 0 to 3, with each integer having a specific descriptor. 
The minimum LLS score is 0, and the maximum score is 15; 
clinical AMS was diagnosed when headache and one or more 
other symptoms occurred and reached a Lake Louise score 
of ≥3 (range, 0 to 15) at any time point. Severity was assessed 
according to the following categories: mild (3-4), moderate (5-

10), and severe (11-15) [13].
Epworth Sleepiness Scale (ESS) assessment
The Epworth Sleepiness Scale [14, 15] is a measurement of 
daytime somnolence that includes eight items. Items 1 to 8 
are as follows: 1) sitting and reading, 2) watching television, 
3) sitting inactive in a public place (e.g., a theater or meeting), 
4) sitting as a passenger in a car for an hour without a break, 
5) lying down to rest in the afternoon when circumstances 
permit, 6) sitting and talking to someone, 7) sitting quietly 
after a lunch without alcohol, 8) sitting in a car while stopped 
for a few minutes in traffic. Each item is scored as 0 to 3, where 
0 represents would never doze, 1 represents a slight chance 
of dozing, 2 represents a moderate chance of dozing, and 3 
represents a high chance of dozing. The ESS score is the sum of 
items 1 to 8.
Athens Insomnia Scale (AIS) assessment
The AIS [15, 16] also includes eight items: 1) difficulty in sleep 
duration, 2) awakening during the night, 3) final awakening 
earlier than desired, 4) insufficient total sleep duration, 5) 
dissatisfaction with overall quality of sleep, 6) decreased 
sense of wellbeing during the day, 7) decreased functioning 
during the day, and 8) sleepiness during the day. Each item is 
measured on a 4-point Likert scale. A total score of 6 or higher 
is recognized as insomnia [15,17].
Exercise condition
At high altitude, before the first step test, blood pressure was 
recorded (Pre-exercise). According to the velocity control 
of the metronome at 30 times per minute, subjects began to 
do the first step test with 0.3-meter-high steps for 5 minutes, 
and then, the first measure of blood pressure was recorded 
immediately after exercise [Post-exercise (1)]. After a rest 
for 5 minutes, subjects continued to do the second step test 
at 0.3-meter-high steps for 5 minutes, and then, the second 
measure of blood pressure was recorded immediately after 
exercise [Post-exercise (2)].
Statistical analysis
All analyses were conducted using the SPSS 19.0 software 
(Chicago, IL, USA). The results were presented as the mean 
± standard deviation. To apply parametric tests dealing 
with continuous variables, we assessed the normality of 
distributions using the one-sample Kolmogorov-Smirnov test. 
Data were analyzed using nonparametric statistics for non-
normally distributed variables. Four variables of time (SBP, 
DBP, MABP and Pulse BP) were estimated for each station as 
well as the between-subject changes using a repeated measure 
ANOVA and the Kruskal-Wallis H test. Differences in the 
mean values between the two groups of subjects with and 
without AMS were compared by the independent-samples 
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t-test or the Mann-Whitney test. The significance level was 
established at P-value <0.05.

Results
We collected 931 AMS symptom questionnaires (excluding 
40 lost follow-up and 23 uncompleted) valid at both 500 m 
and 3,700 m. General basal features in the studied group were 
rather homogeneous (P>0.05).
The incidence of acute mountain sickness
On day 1, 3, 5, and 7 at 3,700 m, AMS was present in 62.75% 
(128/204), 20.97% (13/62), 25% (14/56), and 13.33% 
(8/60) of subjects.

Blood pressure
Systolic blood pressure

1) Altitudes: On day 1 at 3,700 m, high-altitude SBP 
(121.25±12.69 mmHg) was significantly higher than that 
at LA (115.15±10.53 mmHg, P=0.000, Table 1). Although 
the mean SBP value at 3,700 m (Day 1) was within normal 
range, an interclass analysis illustrated that a proportion of the 
subjects (51.96%) with SBP values over 120 mmHg was higher 
than that at LA (30.81%, Figure 2). Moreover, the mean SBP 
value of over 120 mmHg at 3,700 m (Day 1) (129.98±10.07 
mmHg) was higher than that at LA (127.42±7.99 mmHg, 
P=0.037).

Table 1　Time course of blood pressure changes (mmHg, x±s)

Index LA
High altitude 3,700 m

Day 1 Day 3 Day 5 Day 7
SBP 115.15±10.53 121.25±12.69a 116.47±10.07 121.02±9.58 119.75±9.36
DBP 72.50±9.56 79.41±9.45a 79.18±9.96a 81.04±8.80a 78.48±9.11a

MABP 86.71± 8.93 93.36±9.55a 90.47±8.47a 94.36±8.56a 92.24±7.81a

Pulse BP 42.65±8.06 41.84±9.98a 39.00±8.04a 39.98±6.43a 41.27±10.28

　　SBP, Systolic blood pressure; DBP, Diastolic blood pressure; MABP, Mean arterial blood pressure; Pulse BP, Pulse blood pressure. 
Values are means±SD (standard deviation). aP<0.05 compared with LA.

Figure 2.　Interclass distribution of arterial blood pressure at different altitudes and time courses. (A) SBP. systolic blood 
pressure, mmHg), (B) DBP. diastolic blood pressure, mmHg; LA: Low altitude (500 m); HA-3,700 m: High-altitude 3,700 m. Day 1, Day 3, 
Day 5, Day 7: all at high-altitude 3,700 m. Values are proportions. aP<0.05 compared with LA.

80

70

60

50

40

30

20

10

0

Po
pu

la
tio

n 
pe

rc
en

ta
ge

 (%
)

LA        Day 1     Day 3      Day 5      Day 7

HA-3,700m

<120
120-129
130-139
≥140n=

27
4

n=
88

n=
29

n=
5

n=
98

n=
59

n=
29

n=
18

n=
35

n=
23

n=
4

n=
23

n=
22

n=
9

n=
2

n=
27

n=
25

n=
7

n=
1

SBP

A

100
90
80
70
60
50
40
30
20
10
0

Po
pu

la
tio

n 
pe

rc
en

ta
ge

 (%
)

LA        Day 1     Day 3      Day 5      Day 7

HA-3,700m

<80
80-89
≥90

n=
31

6
n=

61
n=

19

n=
10

6
n=

71
n=

27

n=
36

n=
22

n=
4

n=
25

n=
24

n=
4

n=
28

n=
26

n=
6

DBP

B

2) Time courses: After acute exposure to 3,700 m (Day 
1), SBP rose noticeably and then slightly decreased on Day 3 
(P>0.05). Thereafter, it began to slightly increase again on Day 
5 (P>0.05, Table 1). Although the mean SBP values on day 1, 
3, 5, and 7 at 3,700 m were within normal ranges, an interclass 
analysis indicated a high proportion of the subjects on day 5 
and 7 at 3,700 m (>50%) with SBP values of over 120 mmHg 
(Figure 2). The mean SBP value of over 120 mmHg on day 1 
at 3,700 m (129.98±10.07 mmHg) was higher than that on 
day 3 at 3,700 m (125.19±4.85 mmHg, P=0.001) while it was 

similar to that on day 5 and 7 at 3,700 m (127.21±5.90 and 
126.42±6.47 mmHg; P=0.054, P=0.059, respectively). 

3) AMS prevalence: There was no difference in the SBP 
between the AMS and non-AMS groups at any period (P>0.05, 
Table 2). 

4) AMS severity: On day 1 at 3,700 m, SBP was higher in 
the severe AMS group than that in the mild or moderate AMS 
group (P=0.033, P=0.013, respectively, Table 3).

5) Sleep quality: On day 7 at 3,700 m, SBP in the sleepiness 
group was higher than that in the non-sleepiness group 
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(P=0.007).
6) Exercise Group: Compared with the Low altitude SBP 

(EG1), the Post-exercise (2) SBP increased at 3,700 m (Day 
2, P=0.001, Table 4). Compared with the Pre-exercise SBP, 
the Post-exercise (1) and Post-exercise (2) SBPs were higher 
(P=0.006, P=0.000). Compared with the Low altitude SBP 
(EG2), the Pre-exercise, Post-exercise (1) and Post-exercise 
(2) SBPs were higher (P=0.045, P=0.001, P=0.000) at 3,700 
m (Day 7), and the Post-exercise (2) SBP was higher than the 
Pre-exercise SBP (P=0.009).
Diastolic blood pressure

1) Altitudes: On day 1 at 3,700 m, DBP (79.41±9.45 
mmHg) was higher than that at LA (72.50±9.50 mmHg) 
(P=0.000, Table 1). Although the mean DBP value on day 1 at 
3,700 m was within normal range, an interclass analysis showed 
that the proportion of the subjects with DBP values over 120 
mmHg on day 1 at 3,700 m (48.04%) was higher than that at 
LA (30.81%, Figure 2). 

2) Time courses: After acute exposure to 3,700 m (Day 1), 
DBP escalated noticeably and, thereafter, increased gradually 
and persistently, above the level of LA (P>0.05, Table 1). 
Although the mean DBP values on day 1, 3, 5, and 7 at 3,700 

m were within normal ranges, an interclass analysis indicated 
that a high proportion of the subjects had DBP values of over 
80 mmHg on day 5 (55.36%) and day 7 (53.33%) at 3,700 m 
(Figure 2). The mean DBP value of over 80 mmHg on day 1 at 
3,700 m (87.06±5.67 mmHg) was higher than that on day 3 
(84.65±4.88 mmhg) (P=0.049) while it was similar to that on 
day 5 and 7 (86.77±5.47 and 85.03±4.55 mmHg) (P=0.805; 
P=0.068, respectively). 

3) AMS: At no period did we find an association of DBP 
values with AMS (P>0.05, Table 2).

4) AMS severity: On day 1 at 3,700 m, DBP showed 
no differences among the three AMS subgroups (P>0.05, 
respectively, Table 3). 

5) Sleep quality: On day 1 and 3 at 3,700 m, DBP in the 
insomnia group was higher than that in the non-insomnia 
group (P=0.049, P=0.024, respectively). 

6) Exercise Group: At 3,700 m (Day 2, Day 7), there was no 
difference in DBP between the low altitude, Pre-exercise, Post-
exercise (1) and Post-exercise (2) groups (P>0.05, Table 4).
Mean arterial blood pressure

1) Altitudes: On day 1 at 3,700 m, MABP (93.36±9.55 
mmHg) was noticeably higher than that at LA (86.71±8.93 

Table 2　Blood pressure, SaO2 and AMS at HA-3,700 m Day 1 (mmHg, x±s, n=204)
Grade SBP DBP MABP Pulse BP SaO2

Non-AMS 118.77±11.00 77.76±10.08 91.43±9.56 41.01±8.67 88.88±3.77
AMS 122.69±13.41 80.37±8.97 94.48±9.40 42.32±10.67 87.66±3.64
P value 0.068 0.057 0.028 0.699 0.024

　　HA-3,700 m: High-altitude 3,700 m. Values are means ± SD (standard deviation).

Table 3　Blood pressure, SaO2 and severity of AMS at HA-3,700 m Day 1 (mmHg, %, x±s, n=204)
Grade SBP (mmHg) DBP (mmHg) MABP (mmHg) Pulse BP (mmHg) SaO2 (%)
Mild AMS 122.89±13.98 79.44±8.89 93.92±9.18 43.45±12.27 87.37±3.67
Moderate AMS 121.73±12.43 81.14±8.97 94.67±9.51 40.59±8.14 87.93±3.57
Severe AMS 144.50±4.94ab 89.50±2.12 107.83±0.24a 55.00±7.07b 90.5±4.95

　　HA-3,700 m: High-altitude 3,700 m. Values are means ± SD (standard deviation). aP<0.05 compared with mild AMS. bP<0.05 com-
pared with moderate AMS.

Table 4　High-altitude blood pressure changes and Exercise (mmHg, x±s)

Item SBP (mmHg) DBP (mmHg) MABP (mmHg) Pulse BP (mmHg)

EG1 3,700 m Day 2 (n=100)

Low altitude (n=100) 117.59±11.75 76.44±11.08 90.19±10.80 41.10±6.92
Pre-exercise 114.76±11.15 75.44±8.98 88.55±8.85 39.32±8.71
Post-exercise (1) 119.61±13.32b 77.37±10.28 91.45±10.06b 42.24±11.28b

Post-exercise (2) 123.13±12.47ab 75.46±11.15 91.35±10.08b 47.67±12.21ab

EG2 3,700 m Day 7 (n=53)

Low altitude (n=53) 111.60±10.15 70.00±8.09 83.87±8.16 41.60±7.14
Pre-exercise 116.08±12.45c 74.38±10.96c 88.28±10.26c 41.70±10.90
Post-exercise (1) 120.26±15.77c 75.89±11.71c 90.68±12.26c 44.38±10.41
Post-exercise (2) 122.38±11.97cd 75.26±11.76c 90.97±10.37c 47.11±12.08cd

　　EG: Exercise Group. Pre-exercise: before the first exercise at high-altitude 3,700 m; Post-exercise (1): after the first exercise at high-
altitude 3,700 m; Post-exercise (2): after the second exercise. aP<0.05 compared with low altitude (EG1). bP<0.05 compared with high-
altitude 3,700 m Day 2 (EG1) Pre-exercise. cP<0.05 compared with Low altitude (EG2). dP<0.05 compared with high-altitude 3,700 m Day 
7 (EG2) Pre-exercise.
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mmHg, P=0.000, Table 1). 
2) Time courses: After acute exposure to 3,700 m (Day 1), 

MABP increased rapidly, and remained persistently elevated. 
Its change was analogous to DBP (Table 1). 

3) AMS: MABP on day 1 at 3,700 m was much higher in 
the AMS group (P=0.028). See Table 2. 

4) AMS severity: On day 1 at 3,700 m, MABP was higher 
in the severe AMS group than that in the mild AMS group 
(P=0.000). See Table 3.

5) Sleep quality: High-altitude MABP showed no difference 
between the insomnia and non-insomnia groups and between 
the sleepiness and non-sleepiness groups (P>0.05).

6) Exercise Group: On day 2 at 3,700 m, the Post-
exercise(1) and Post-exercise (2) MABPs were higher than 
the Pre-exercise MABP (P=0.031, P=0.038, Table 4). On 
day 7, the Pre-exercise, Post-exercise (1) and Post-exercise 
(2) MABPs were higher than the low altitude (EG2) MABP 
(P=0.016, P=0.001, P=0.000).
Pulse blood pressure

1) Altitudes: After acute exposure to 3,700 m, the Pulse 
BP (41.84±9.98 mmHg) was below that at LA (42.65±8.06 
mmHg, P=0.000, Table 1). 

2) Time courses: On day 1 at 3,700 m, the Pulse BP 
was lower than that at LA, and for approximately a week, it 
remained below that at LA (Table 1). 

3) AMS: At no period did we find an association of the 
Pulse BP between the AMS and non-AMS groups (P>0.05, 
Table 2). 

4) AMS severity: On day 1 at 3,700 m, the Pulse BP was 
lower in the severe AMS group than that in the moderate AMS 
group (P=0.017, Table 3).

5) Sleep quality: The High-altitude Pulse BP showed no 
difference between the insomnia and non-insomnia groups and 
between the sleepiness and non-sleepiness groups (P>0.05). 

6) Exercise group: Compared with low altitude (EG1), 
the Post-exercise (2) Pulse BP at high altitude was higher 
(P=0.000); the Post-exercise (1) and Post-exercise (2) Pulse 
BPs were higher than the Pre-exercise Pulse BP (P=0.042, 
P=0.000). On Day 7, the Post-exercise (2) Pulse BP was higher 
than the Pre-exercise BP (P=0.017, Table 4).
SaO2

The SaO2 level on day 1 was much higher in the AMS group 
than that in the non-AMS group (P=0.024). There was no 
difference in the SaO2 level between the mild, moderate and 
severe AMS groups (P>0.05). See Table 2, 3.

Discussion
This study principally contributes to the comprehensive 

knowledge of BP changes in a relatively large number of young 
male subjects during high-altitude exposure. The initial phase 
of exposure to altitude was connected with a noticeable rise 
in systolic and diastolic blood pressure and has been noted in 
other studies [8,18].

SBP increases as an acute phenomenon on account of an 
increased and dominant sympathetic activation by hypoxic 
stress, which is congruous with some reports [7,19,20]. It 
was reported that an elevation of SBP tends to normalize 
or decrease after a few days at altitude [21-24], which was 
observed in the current study. Furthermore, our research did 
not show that any SBP value had an association with AMS; 
however, in the severe AMS group, SBP was higher. 

The DBP analysis is highly relevant for young adults, and 
this seems to be the most important BP component [21]. 
Our results show that DBP behaves variably on different 
occasions. Other researchers have investigated the relationship 
of BP behavior with altitude, age, and gender in acute hypoxic 
environments. According to the results of our study, DBP 
at rest increased gradually with time after high-altitude 
exposure. This phenomenon has also been reported by other  
studies [2,10,25,26] . The explanations for the sustained 
DBP increase observed after more than a week at 3,700 m 
may chiefly be a consequence of a persistent sympathetic 
stimulation [21,27]. This indicates that hypoxia may be a 
continual stimulus for an organism, as suggested by Sique 
et al. [21], who demonstrated a relationship between lower 
SaO2 values and hypertensive DBP values. Furthermore, the 
increase of sympathetic tone may be a natural response by non-
adapted subjects to counteract the effects of hypoxia. Indeed, 
hypoxia directly affects the vascular tone of systemic resistance 
vessels and increases ventilation and sympathetic activity 
via the stimulation of peripheral chemoreceptors [24,26]. 
Interactions occur between the hypoxic vasodilatation of 
systemic arterioles and the chemoreceptor-mediated responses 
in the systemic circulation [2,21,28]. This, in turn, leads to 
baroreceptor-mediated sympathetic excitation. Alterations 
in baroreflex function, an increase in the “set point” and 
possibly a decrease in gain, are also likely to contribute. These 
autonomic adaptations may have a role in an escalation in BP 
during sustained hypoxia [2,29]. It has been reported that 
hypoxia-induced hypertension is linked with a transient rise in 
plasma endothelin and a depressed production of nitric oxide 
in rats [2,30]. Moreover, the subsequent decrease of DBP is 
potentially secondary to the circulation of hypoxia-induced 
inflammatory markers that have vasodilating properties and 
cause an overall reduction in DBP.

The change pattern of MABP bears a resemblance to that 
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of DBP. Acute exposure to altitude was associated with a rise 
in MABP. Sizlan et al. [2] highlighted the gradual increase in 
MABP at rest with time at altitude, which was also observed 
in other studies [2,10,19,31]. This also occurred in our 
subjects. Our research demonstrated that blood pressure 
tends to be higher in the AMS group, especially MABP, as was 
previously reported by Beidleman et al. [32]. The mechanism 
of this relationship between blood pressure and AMS could 
be associated with an exaggeration in sympathetic tone that 
causes peripheral vasoconstriction and, thus, an increase in 
blood pressure. However, a few studies have reported that signs 
of exaggerated [33] or decreased [34] sympathetic response at 
altitude are related to increased or decreased AMS, respectively 
[27,35]. One hypothesis regarding the inhibition of AMS 
through altitude acclimatization involves downregulation of 
efferent renal sympathetic nerve activity so that the kidneys 
can sustain diuresis and prevent or limit the edema associated 
with high-altitude illness [36,37]. Beidleman et al. [32] 
suggest that decreased or increased MABP in the present study 
may also be a marker of decreased or increased sympathetic 
activation, respectively.

The decrease in peripheral vascular resistance causes 
an increase in cardiac output, which is likely related to the 
decrease in DBP and the subsequent increase in pulse blood 
pressure (pulse BP). Nevertheless, the gradual decline in pulse 
BP from low altitude to high altitude may be due to an increase 
in vasomotor tone caused by the release of catecholamine. 
Although the altitude-induced increase in BP has been 
predominantly ascribed to sympathetic activation [2,7,38-
42], there might also exist some other mechanisms, e.g., the 
activation of the renin-angiotensin system (RAS) and the 
release of vaso-active substances.

We also observed that high SBP and DBP were correlated 
with poor sleep quality. Numerous studies have established 
an association between insomnia and hypertension [43-47]. 
Insomnia is a common disorder characterized by subjective 
symptoms of problems in initiating or maintaining sleep, often 
associated with states of “hyperarousal.” Elevated BP occurring 
in association with insomnia may mirror the effects of sleep 
curtailment and/or sleep disruption on sympathetic activity 
[44]. Moreover, a report demonstrated that ESS was positively 
correlated with BP at all time points. In healthy older adults, 
Goldstein et al. predicted that, compared with individuals who 
showed few signs of daytime sleepiness, those who were sleepy 
during the day would have higher BP and would be more likely 
to develop hypertension after 5 years [48].

According to our findings, we also see that at high altitude, 
Post-exercise SBP and Pulse BP surpassed Pre-exercise SBP. 

On the one hand, this is due to the reinforcement of cardiac 
contractility and the increase of stroke volume, which result 
in high BP; on the other hand, the increase of skeletal muscle 
sympathetic activity could result in muscle contractibility 
during exercise at high-altitude 3,700 m, which causes some 
vasoconstrictive metabolites and Ang Ⅱ to be produced. 
However, we did not find any changes in DBP. The reason may 
be that after exercise, heart rate increased, myocardial systolic 
time was shortened, and cardiac contraction was strengthened 
in order to ensure normal blood circulation. Most of the 
contractile force was used to pump the blood into the systemic 
circulation (SBP), while the absorption force of aortic 
dilatation (the DBP force) was relatively small. Therefore, SBP 
increased significantly after high-altitude exercise while DBP 
displayed no obvious changes.
Limitations
There are several limitations to our study. One practical 
limitation was that our study was not an anterior-posterior 
self-control study. One other potential limitation is that BP 
responses in the current study were only observed in young 
male subjects, and the fact that BP remains elevated for longer 
than expected cannot be used to conclude how older people 
will respond over a similar time period. The BP response 
to high altitude of older travelers who might have baseline 
hypertension has recently been addressed by Luks [49]; 
however, some aspects of BP at high altitude are yet to be 
elucidated. Moreover, the lack of significance in the prevalence 
of AMS between men and women existed in a study when 
AMS severity was increased in men [50]. Although the 
existence of a sex difference in the context of this study is 
unclear, a sex difference does exist in AMS incidence [51]. 
Consequently, further studies incorporating female subjects 
need to be carried out to corroborate the current findings.

Conclusions
Taken together, our study suggested that blood pressure did 
not manifest significant monotonic changes with time and 
increasing altitude. Moreover, there was a trend for higher 
blood pressure in the AMS group. And the degree of BP 
alteration appears to be related to the severity of the AMS 
symptoms (LLS), which suggest their utility in high-altitude 
clinical settings. Simultaneously, a higher BP response to 
hypoxia seems to identify subjects prone to develop AMS, and 
potentially, an exaggerated chemoreflex sympathetic vascular 
response is implicated in the genesis of AMS. Based on this 
study, higher BP at high altitude leads to lower sleep quality. 
BP should be considered as a parameter to be monitored in 
all adults who ascend to high elevations. Further studies are 
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needed to take sex, age, and ethnicity into consideration.

Abbreviations

AMS: acute mountain sickness; HA: high altitude; LA: low altitude; 
BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; MABP: mean arterial blood pressure; Pulse BP: pulse blood 
pressure; SO2: oxygen saturation; LLS: Lake Louise Score; ESS: epworth 
sleepiness scale; AIS: Athens Insomnia Scale; HACE: high-altitude 
cerebral edema; HAPE: high-altitude pulmonary edema; Ang II: 
angiotensin II; RAS: renin-angiotensin system.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

YL and LH designed this research. YL performed the statistical analysis 
and drafted the manuscript. JZ, XW, XG, JY, JC and LH critically 
reviewed and revised this manuscript for important intellectual input. 
YL, SB and XD conducted the completion of questionnaires and the BP 
measurements . All authors read and approved the final manuscript.

Acknowledgments

This work was supported by grants from the Special Health Research 
Project, Ministry of Health of China (201002012). The authors 
appreciate the invaluable assistance of all involved researchers, 
particularly Professor Huang, who allowed the study to be conducted. 
The dedication and efforts of the test participants for their unrestricted 
collaboration in completing this study are also acknowledged and 
appreciated.

References

1.	 Hainsworth R, Drinkhill MJ, Rivera-Chira M: The autonomic 
nervous system at high altitude. Clin Auton Res 2007, 17: 13-19.

2.	 Sizlan A, Ogur R, Ozer M, Irmak MK: Blood pressure changes in 
young male subjects exposed to a median altitude. Clin Auton 
Res 2008, 18: 84-89.

3.	 Faoro V, Lamotte M, Deboeck G, Pavelescu A, Huez S, Guenard H, 
Martinot JB, Naeije R: Effects of sildenafil on exercise capacity in 
hypoxic normal subjects. High Alt Med Biol 2007, 8: 155-163.

4.	 Hansen J, Sander M: Sympathetic neural overactivity in healthy 
humans after prolonged exposure to hypobaric hypoxia. J 
Physiol 2003, 546: 921-929.

5.	 Naeije R, Melot C, Mols P, Hallemans R: Effects of vasodilators 
on hypoxic pulmonary vasoconstriction in normal man. Chest 
1982, 82: 404-410.

6.	 Bernardi L, Passino C, Spadacini G, Calciati A, Robergs R, Greene R, 
Martignoni E, Anand I, Appenzeller O: Cardiovascular autonomic 
modulation and activity of carotid baroreceptors at altitude. 
Clin Sci (Lond) 1998, 95: 565-573.

7.	 Kanstrup IL, Poulsen TD, Hansen JM, Andersen LJ, Bestle 
MH, Christensen NJ, Olsen NV: Blood pressure and plasma 
catecholamines in acute and prolonged hypoxia: effects of 
local hypothermia. J Appl Physiol (1985) 1999, 87: 2053-2058.

8.	 Rhodes HL, Chesterman K, Chan CW, Collins P, Kewley E, Pattinson 
KT, Myers S, Imray CH, Wright AD: Systemic blood pressure, 
arterial stiffness and pulse waveform analysis at altitude. J R 
Army Med Corps 2011, 157: 110-113.

9.	 Shrestha S, Shrestha A, Shrestha S, Bhattarai D: Blood pressure 
in inhabitants of high altitude of Western Nepal. JNMA J Nepal 
Med Assoc 2012, 52: 154-158.

10.	 Wolfel  EE,  Selland MA, Mazzeo RS,  Reeves JT:  Systemic 
hypertension at 4,300 m is related to sympathoadrenal 
activity. J Appl Physiol (1985) 1994, 76: 1643-1650.

11.	 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 
Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella 
EJ: Seventh report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure. Hypertension 2003, 42: 1206-1252.

12.	 European Society of Hyper tension-European Society of 
Cardiology Guidelines Committee: 2003 European Society of 
Hypertension-European Society of Cardiology guidelines for 
the management of arterial hypertension. J Hypertens 2003, 21: 
1011-1053.

13.	 Bartsch P, Bailey DM, Berger MM, Knauth M, Baumgartner RW: 
Acute mountain sickness: controversies and advances. High Alt 
Med Biol 2004, 5: 110-124.

14.	 Johns MW: A new method for measuring daytime sleepiness: 
the Epworth sleepiness scale. Sleep 1991, 14: 540-545.

15.	 Dong JQ, Zhang JH, Qin J, Li QN, Huang W, Gao XB, Yu J, Chen GZ, 
Tang XG, Huang L: Anxiety correlates with somatic symptoms 
and sleep status at high altitudes. Physiol Behav 2013, 112-113: 
23-31.

16.	 Soldatos CR, Dikeos DG, Paparrigopoulos TJ: Athens Insomnia 
Scale: validation of an instrument based on ICD-10 criteria. J 
Psychosom Res 2000, 48: 555-560.

17.	 Soldatos CR, Dikeos DG, Paparrigopoulos TJ: The diagnostic 
validity of the Athens Insomnia Scale. J Psychosom Res 2003, 55: 
263-267.

18.	 D'Este D, Mantovan R, Martino A, D'Este F, Artusi L, Allibardi P, 
Franceschi M, Zerio C, Pascotto P: The behavior of the arterial 
pressure at rest and under exertion in normotensive and 
hypertensive subjects exposed to acute hypoxia at a median 
altitude. G Ital Cardiol 1991, 21: 643-649.

19.	 Mazzeo RS, Bender PR, Brooks GA, Butterfield GE, Groves 
BM, Sutton JR, Wolfel EE, Reeves JT: Arterial catecholamine 
responses during exercise with acute and chronic high-
altitude exposure. Am J Physiol 1991, 261: E419-424.

20.	 Antezana AM, Kacimi R, Le Trong JL, Marchal M, Abousahl I, Dubray 
C, Richalet JP: Adrenergic status of humans during prolonged 
exposure to the altitude of 6,542 m. J Appl Physiol (1985) 1994, 
76: 1055-1059.

21.	 Siques P, Brito J, Banegas JR, Leon-Velarde F, de la Cruz-Troca 
JJ, Lopez V, Naveas N, Herruzo R: Blood pressure responses in 
young adults first exposed to high altitude for 12 months at 
3550 m. High Alt Med Biol 2009, 10: 329-335.

22.	 Roach RC, Houston CS, Honigman B, Nicholas RA, Yaron M, 
Grissom CK, Alexander JK, Hultgren HN: How well do older 
persons tolerate moderate altitude? West J Med 1995, 162: 32-
36.

23.	 Palatini P, Mos L, Mormino P, Di Marco A, Munari L, Fazio G, 
Giuliano G, Pessina AC, Dal Palu C: Blood pressure changes 
during running in humans: the "beat" phenomenon. J Appl 
Physiol (1985) 1989, 67: 52-59.

24.	 Bartsch P, Gibbs JS: Effect of altitude on the heart and the lungs. 
Circulation 2007, 116: 2191-2202.

25.	 Levine BD, Zuckerman JH, deFilippi CR: Effect of high-altitude 
exposure in the elderly: the Tenth Mountain Division study. 



97

Liu et al. Mil Med Res 2014, 1:19
http://www.mmrjournal.org/content/1/1/19

Circulation 1997, 96: 1224-1232.
26.	 Heistad DD, Abboud FM: Dickinson W. Richards Lecture: 

Circulatory adjustments to hypoxia. Circulation 1980, 61: 463-
470.

27.	 Calbet JA: Chronic hypoxia increases blood pressure and 
noradrenaline spillover in healthy humans. J Physiol 2003, 551: 
379-386.

28.	 Marshall JM: Peripheral chemoreceptors and cardiovascular 
regulation. Physiol Rev 1994, 74: 543-594.

29.	 Mazzeo RS, Wolfel EE, Butterfield GE, Reeves JT: Sympathetic 
response during 21 days at high altitude (4,300 m) as 
determined by urinar y and ar terial  catecholamines. 
Metabolism 1994, 43: 1226-1232.

30.	 Ni Z, Bemanian S, Kivlighn SD, Vaziri ND: Role of endothelin 
and nitric oxide imbalance in the pathogenesis of hypoxia-
induced arterial hypertension. Kidney Int 1998, 54: 188-192.

31.	 Mazzeo RS, Child A, Butterfield GE, Mawson JT, Zamudio S, Moore 
LG: Catecholamine response during 12 days of high-altitude 
exposure (4, 300 m) in women. J Appl Physiol (1985) 1998, 84: 
1151-1157.

32.	 Beidleman BA, Fulco CS, Muza SR, Rock PB, Staab JE, Forte VA, 
Brothers MD, Cymerman A: Effect of six days of staging on 
physiologic adjustments and acute mountain sickness during 
ascent to 4300 meters. High Alt Med Biol 2009, 10: 253-260.

33.	 Loeppky JA, Icenogle MV, Maes D, Riboni K, Scotto P, Roach RC: 
Body temperature, autonomic responses, and acute mountain 
sickness. High Alt Med Biol 2003, 4: 367-373.

34.	 Fulco CS, Rock PB, Reeves JT, Trad LA, Young PM, Cymerman A: 
Effects of propranolol on acute mountain sickness (AMS) and 
well-being at 4,300 meters of altitude. Aviat Space Environ Med 
1989, 60: 679-683.

35.	 Purkayastha SS, Ray US, Arora BS, Chhabra PC, Thakur L, 
Bandopadhyay P, Selvamurthy W: Acclimatization at high 
altitude in gradual and acute induction. J Appl Physiol (1985) 
1995, 79: 487-492.

36.	 Hackett PH, Rennie D, Hofmeister SE, Grover RF, Grover EB, Reeves 
JT: Fluid retention and relative hypoventilation in acute 
mountain sickness. Respiration 1982, 43: 321-329.

37.	 Ledderhos C, Pongratz H, Exner J, Gens A, Roloff D, Honig A: 
Reduced tolerance of simulated altitude (4200 m) in young 
men with borderline hypertension. Aviat Space Environ Med 
2002, 73: 1063-1066.

38.	 Bernardi L, Passino C, Wilmerding V, Dallam GM, Parker DL, Robergs 
RA, Appenzeller O: Breathing patterns and cardiovascular 
autonomic modulation during hypoxia induced by simulated 
altitude. J Hypertens 2001, 19: 947-958.

39.	 Hughson RL, Yamamoto Y, McCullough RE, Sutton JR, Reeves JT: 
Sympathetic and parasympathetic indicators of heart rate 
control at altitude studied by spectral analysis. J Appl Physiol 
(1985) 1994, 77: 2537-2542.

40.	 Kanai M, Nishihara F, Shiga T, Shimada H, Saito S: Alterations in 

autonomic nervous control of heart rate among tourists at 
2700 and 3700 m above sea level. Wilderness Environ Med 2001, 
12: 8-12.

41.	 Perini R, Milesi S, Biancardi L, Veicsteinas A: Effects of high 
altitude acclimatization on heart rate variability in resting 
humans. Eur J Appl Physiol Occup Physiol 1996, 73: 521-528.

42.	 Ponchia A, Noventa D, Bertaglia M, Carretta R, Zaccaria M, Miraglia G,  
Pascotto P, Buja G: Cardiovascular neural regulation during and 
after prolonged high altitude exposure. Eur Heart J 1994, 15: 
1463-1469.

43.	 Uchimura N: Hypertension and insomnia. Nihon Rinsho 2011, 69: 
2275-2281.

44.	 Prejbisz A, Kabat M, Januszewicz A, Szelenberger W, Piotrowska AJ, 
Piotrowski W, Piwonski J, Makowiecka-Ciesla M, Widecka K, Patera 
B, Bieniaszewski L, Narkiewicz K, Tykarski A, Piejko A, Grodzicki 
T, Czerwieńska B, Wiecek A: Characterization of insomnia in 
patients with essential hypertension. Blood Press 2006, 15: 213-
219.

45.	 Kato M, Phillips BG, Sigurdsson G, Narkiewicz K, Pesek CA, Somers 
VK: Effects of sleep deprivation on neural circulatory control. 
Hypertension 2000, 35: 1173-1175.

46.	 Knutson KL, Van Cauter E, Rathouz PJ, Yan LL, Hulley SB, Liu K, 
Lauderdale DS: Association between sleep and blood pressure 
in midlife: the CARDIA sleep study. Arch Intern Med 2009, 169: 
1055-1061.

47.	 Gottlieb DJ, Redline S, Nieto FJ, Baldwin CM, Newman AB, Resnick 
HE, Punjabi NM: Association of usual sleep duration with 
hypertension: the Sleep Heart Health Study. Sleep 2006, 29: 
1009-1014.

48.	 Goldstein IB, Ancoli-Israel S, Shapiro D: Relationship between 
daytime sleepiness and blood pressure in healthy older 
adults. Am J Hypertens 2004, 17: 787-792.

49.	 Luks AM: Should travelers with hypertension adjust their 
medications when traveling to high altitude? High Alt Med Biol 
2009, 10: 11-15.

50.	 Beidleman BA, Tighiouart H, Schmid CH, Fulco CS, Muza SR: 
Predictive models of acute mountain sickness after rapid 
ascent to various altitudes. Med Sci Sports Exerc 2013, 45: 792-
800.

51.	 Imray C, Wright A, Subudhi A, Roach R: Acute mountain sickness: 
pathophysiology, prevention, and treatment. Prog Cardiovasc 
Dis 2010, 52: 467-484.

doi: 10.1186/2054-9369-1-19
Cite this article as: Liu et al .: Correlation between blood 
pressure changes and AMS, sleeping quality and exercise 
upon high-altitude exposure in young Chinese men. Mil 
Med Res 2014, 1: 19


	MMR2014-01
	MMR2014-02
	MMR2014-03
	MMR2014-04



