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Abstract: Background: Acute mountain sickness (AMS) is a common
disabling condition observed in people ascending to high altitudes.
However, a simple predictive test for AMS is not known. The aim of
this study was to assess the relationship between baseline exhaled
nitric oxide (FENO) and AMS occurrence. Methods: Eighty healthy
lowland Chinese adults were recruited for this study. FENO was
measured at baseline, as well as 6 and 24 hours after arrival in Tibet.
The standard Lake Louise Score (LLS) consensus symptoms ques-
tionnaire was used to assess the incidence and severity of AMS.
Results: Individuals with a high LLS (.3) had higher FENO levels at
baseline and after arrival in Tibet than people with a low LLS (#3)
(baseline: 22.9 6 11.9 versus 16.7 6 6.4; 6 hours: 26.2 6 16.7 versus
17.9 6 5.7; 24 hours: 24.9 6 13.1 versus 16.3 6 1.7; all P , 0.01).
Evaluation of risk factors revealed that female gender, diabetes and not
smoking were associated with a high AMS score (all P , 0.05), but that
hypertension showed no association (P . 0.05). Conclusions: This
prospective observational study suggests that baseline FENO levels may
be positively correlated with AMS in healthy Chinese lowlanders.

Key Indexing Terms: Acute mountain sickness; exhaled nitric oxide;
Lake Louise consensus symptoms questionnaire. [Am J Med Sci
2015;349(6):467–471.]

A cute mountain sickness (AMS) is a common disabling
condition observed in nonacclimatized people ascending

to high altitude. AMS can cause adverse health effects, in some
cases severely impacting on physical function.1,2 To date, it has
proven difficult to predict individual susceptibility to AMS, and
a number of different views and methods have been proposed.3

A screening method should ideally be noninvasive, convenient,
fast and of low cost, but no such method is currently available.

Nitric oxide (NO) is a gaseous signaling molecule
responsible for a variety of physiological functions, includ-
ing the regulation of airway vascular and smooth muscle
relaxation.4 The respiratory tract generates endogenous NO
that can be detected in exhaled gas. Studies have shown that
exhaled NO levels in a high-altitude pulmonary edema–
susceptible population were significantly lower than those
in controls, and that there was a negative correlation be-
tween NO levels and pulmonary artery pressure.5–7 It has

been assumed that NO production by pulmonary vascular
endothelial cells and airway epithelial cells is downregulated
after short-term exposure to high altitude and low pressure,
and that this is one of the possible reasons for excessive
hypoxic pulmonary hypertension.5–7 However, Donnelly
et al8 found that although baseline exhaled nitric oxide (FE-
NO) levels decreased and pulmonary artery pressure increased
at high altitude, the FENO level did not decrease in normo-
baric hypoxia despite an increase in pulmonary artery pres-
sure. Thus, the role of exhaled NO in AMS remains
undetermined. However, several studies performed in different
populations have suggested that baseline FENO levels may
predict AMS occurrence, that is, that lower baseline FENO levels
associate with a higher susceptibility to AMS.3,5–7,9,10

Taking into consideration the differing genetic and
environmental factors between Chinese and white lowlanders,
we hypothesized that FENO levels are associated with AMS
occurrence in Chinese lowlanders. The aim of this study was
to assess the relationship between baseline FENO leves and
AMS occurrence. To achieve this, we measured FENO levels
in a group of 80 healthy Chinese lowlanders at baseline, and
6 and 24 hours after their arrival in Tibet. The participants
were divided into groups according to their Lake Louise
Score (LLS).11

METHODS

Study Design
This was a prospective observational study. The

participants underwent FENO measurements at baseline
(in Beijing, at an altitude of 20–60 m, before taking the plane
to Tibet), and 6 hours and 24 hours after arrival in Tibet
(an altitude of 4,300 m). This study was approved by the
ethical committee of the People’s Liberation Army General
Hospital and was registered in the Chinese clinical trials
registration platform (ChiCTR-TRC-13003590). Each partic-
ipant provided written informed consent before participation.

Participants
We selected 80 apparently healthy volunteers (aged

20–50 years). There were an equal number of men and women.
All volunteers were Chinese individuals living in low-altitude
regions, who had not visited any high-altitude regions in the
year preceding their participation. The exclusion criteria were
(1) coronary heart disease, (2) severe hypertension (systolic/
diastolic blood pressure higher than 140/90 mm Hg), (3) uncon-
trolled diabetes, (4) anemia, (5) bronchial asthma, (6) chronic
obstructive pulmonary disease, (7) liver or kidney dysfunction,
(8) history of allergy or (9) a ratio of forced expiratory volume
in 1 second to forced vital capacity (FEV1/FVC) ,70.

Protocol
Figure 1 shows the study protocol. On the day before

departure, all volunteers were interviewed to provide a medical
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history and received a physical examination that included meas-
urements of vital signs, pulmonary function and FENO. On
day 1, participants boarded the plane in Beijing at 8 AM and
arrived in Lhasa at 2 PM Six hours after arrival (8 PM), FENO,
heart rate, blood pressure and blood oxygen saturation were
measured. From day 2 onward, LLS was assessed every morn-
ing. On the afternoon of day 2, the group took a bus journey to
Nyingchi (an altitude of 3,100 m; the average altitude of the
route was about 3,500 m). At 2 PM (or 24 hours after arrival),
the FENO levels were measured. On day 3, the group traveled
back to Lhasa by bus. On day 4, the group traveled by bus
from Lhasa to Nam Co (an altitude of 4,300 m, with a peak at
5,018 m), before returning to Lhasa in the evening. The return
flight to Beijing was on day 6.

Indicators and Assessments
The severity of AMS was assessed based on LLS,11

including the occurrence of headaches in combination with at
least one of the following symptoms: (1) gastrointestinal upset
(loss of appetite, nausea and/or vomiting), (2) fatigue/weakness,
(3) dizziness/light-headedness or (4) insomnia (more than usual).

Hemoglobin was determined using routine blood flow
cytometry, and oxygen saturation was measured using a pulse
oximeter (Radical-7; Masimo, Irvine, CA).

A chemiluminescence analyzer (Bedfont Scientific, Kent,
United Kingdom) was used to measure FENO, in compliance
with the current guidelines of the American Thoracic Society/
European Respiratory Society (ATS/ERS). The measurement
process using the chemiluminescence analyzer was repeated at

least 3 times to ensure reproducibility (the correlation coefficient
was 0.960, P , 0.001). The exhalation time for each participant
was 12 seconds, with a flow of 50 mL/s.

The participants were assessed using a computerized
spirometer (Chest Graph HI-701; Chest M.I. Inc, Hongo,
Bunkyo-Ku-Tokyo, Japan). Information concerning the partic-
ipant’s age, gender, height and race was entered directly into the
spirometer to calculate the predicted normal lung function value
and to determine the percentage of the predicted value. Spirom-
eter calibration was performed with a 3-L calibration pump
before each testing session. The lung function parameters exam-
ined were FEV1 and FVC.

Blood pressure (systolic or diastolic) changes (%) were
calculated as (blood pressure at 6 hours 2 baseline blood
pressure)/baseline blood pressure. Changes in heart rate (%)
were calculated as (heart rate at 6 hours 2 baseline heart
rate)/baseline heart rate.

Data Analyses
Data were analyzed using SPSS 18.0 statistical software

(SPSS Inc, Chicago, IL). The highest LLS of each participant
during their stay at the plateau was recorded, and the
participants were divided into a low LLS group (LLS #3)
and a high LLS group (LLS.3). All data were compared using
the 2-tailed Student’s t test for paired or unpaired data, as
appropriate, and are presented as mean 6 standard deviation.
Differences in proportions were evaluated using the Fisher’s
exact test or the x2 test, as appropriate. A P value ,0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics of the Participants
Table 1 shows the baseline characteristics of the entire

group (n 5 80), the low LLS group (n 5 45) and the high
LLS group (n 5 35). There were no significant differences in
age, body mass index, heart rate, hemoglobin, oxygen satu-
ration, FVC or FEV1 between the low LLS and high LLS
groups at baseline (all P . 0.05). However, there were
marked differences between the 2 groups in baseline systolic
and diastolic blood pressures and baseline FENO level
(at Beijing) (all P , 0.01).

Comparison of FENO Levels and Physiological
Indices Between Participants With Low and High
LLS After Arrival at the Plateau

Table 2 presents the FENO levels and physiological
indices measured 6 or 24 hours after arrival in Lhasa. At
6 hours after arrival in Lhasa, participants in the high LLS
group had a higher FENO level (P 5 0.008), lower diastolic
blood pressure (P , 0.001) and higher heart rate (P , 0.001),
compared with the low LLS group. After 24 hours in Lhasa,
the FENO levels were still elevated in participants in the high
LLS group (P , 0.001), but there were no significant
differences in the other indices between the 2 groups (all
P . 0.05; Table 2).

Factors Associated With AMS Severity
Among the participants in the high LLS group,

less were male (25.7% versus 48.9%, P 5 0.035), more
suffered from mild well-controlled type II diabetes
(14.3% versus 0%, P 5 0.031) and less were smokers (8.6%
versus 28.9%, P 5 0.024). Mild hypertension (systolic/
diastolic blood pressure between 130/85 and 140/90 mm
Hg) was not associated with LLS (P 5 0.453; Table 3).FIGURE 1. Study protocol.
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