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Background: Fractional exhaled NO (FENO) is a marker of airway inflammation. For successful use of this marker it is impor-
tant to have reference ranges from different healthy populations. The aim of this study was to establish these
in healthy Tibetan adults who had always lived at high altitude on the Qinghai-Tibet Plateau.

Materia/Methods: The study included 145 healthy Tibetan subjects, aged 18 to 75 years, who were non-smokers. FENO was mea-
sured at a flow rate of 50 mL/s using a chemiluminescence analyzer. Residential altitude was classified as:
Grade 1 (3678-3800 m), Grade 2 (3800-4200 m), or Grade 3 (>4200 m). Correlations between subject charac-
teristics (age, sex, height, and weight), altitude, and FENO were investigated.

Results: The geometric mean FENO (95% Cl) was 15.4 (7.0, 35.0) parts per billion (ppb). The 95% upper limit of the log-
transformed data was 33.0 ppb, which was slightly lower than that for Han Chinese, and much lower than in
the Northwest Han population. Mean FENO values were higher in males (16.8 ppb) than females (14.3 ppb)
and inversely related to altitude. Multiple linear regression analysis showed that FENO was predicted by the
equation Ln (FENO)=[2.844+0.161 x sex (1 for male; O for female) -0.111 x altitude grade]. The residual stan-
dard deviation (SD) was 0.048, and the explanatory value was 7%.

Conclusions: The upper limit of FENO in healthy Tibetan adults is 33 ppb. This value can be predicted on the basis of sex
and altitude.

MeSH Keywords: Altitude Sickness ¢ Nitric Oxide Synthase Type Il ¢ Tibet
Abbreviations: FENO - fraction of exhaled nitric oxide; NO - nitric oxide; ppb — parts per billion; Rl — reference interval
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Background

Measurement of fractional exhaled NO (FENO) is a useful mark-
er of airway inflammation [1-3]. Previous studies have shown
that FENO levels are increased in inflammatory lung diseases
such as asthma [1-3]. Establishing FENO reference ranges in
healthy individuals would be a useful aid for the interpretation
of data in the clinical context [4]. To this end, the European
Respiratory Society and the American Thoracic Society have
published guidelines for the measurement of FENO to allow
comparisons to be made between data from different studies
and different populations. However, these guidelines do not
make provision for subjects living at high altitude.

A previous multicenter study showed that the geometric mean
FENO in 2229 healthy Han Chinese adults was 16 ppb. The 95%
confidence interval (Cl) showed evidence of a skewed distribu-
tion, with upper and lower limits of 5 and 30 ppb, respectively
[5]. However, it has been demonstrated that subjects from the
Tibetan and the Andean plateaus, who live at high altitude, ex-
hale more NO than populations living at low altitude [6], and long-
term residence at high altitude results in increased exhalation
of NO, especially in subjects who are not prone to high-altitude
edema [7]. For these reasons, it has been proposed that FENO
values measured at high altitude may need to be corrected to
account for the physiological effects of living at high altitude [8].

Previous studies have demonstrated that the determinants of
FENO include age, sex, body height, atopy, and smoking status
[9-11]. The effects of high altitude are less well documented. A
small, previously published study estimated the mean partial
pressure of NO in 20 male and 37 female Tibetan subjects liv-
ing at >4500 m [12]. However, the study made no attempt to
estimate FENO at different altitude levels. The present study
was, therefore, undertaken to establish reference values for
FENO at an exhalation flow rate of 50 mL/s in a healthy adult
Tibetan population. We also investigated the factors that de-
termined FENO in this population, and discussed the rela-
tionship between FENO and residence at different altitudes.

Material and Methods

Study population

This single-center controlled study was conducted in the Lhasa
and NaQu District of Xizang Autonomous Region of China be-
tween from July to August, 2012. The enrollment protocol
was based on the Multicenter Study of FENO Normal Values
in Healthy Chinese Subjects [5].

The subjects included students, manual workers, farmers,
herdsman, commercial service workers, and civil servants.
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None were athletes. All subjects answered a questionnaire
that provided information on smoking status and past histo-
ry of disease. The subjects were between 18 and 75 years of
age, with a normal body mass index (16 to 26 kg/m?). None
of them had previously consumed more than 20 cigarettes a
day and none of them had smoked at all in the previous year.
In addition, none had suffered a respiratory, cardiac, or renal
disease or organ dysfunction.

All subjects underwent a simple physical examination including
blood pressure, heart rate, height, weight, external nasal inspec-
tion, and chest auscultation. A skin-pick test (Allergopharma,
Reinbek, Germany) was performed to test for allergy to wal-
nuts (production serial number (SN) 554), poultry meat (SN059),
goat skin (SN322), animal fur (SN033), mutton (SN501), grass
(No.015), beef (SN506), and weeds (SN014) [13].

To facilitate analysis, residential altitude was graded as follows:
Grade 1 (3678-3800 m), Grade 2 (3800-4200 m), and Grade 3
(»4200 m) based on the geographic characteristics of Tibet [14].

The study was approved by the Ethics Committee of the
General Hospital of the People’s Liberation Army (Beijing,
China). Informed consent was obtained from each participant.

Measurement of FENO

FENO was measured in a room maintained at a temperature
of 20-28°C, and at 20-60% humidity. The room was free from
flowers, dirt, and perfumes. The subjects had fasted for at least
1 h before the measurements.

An electrochemical NO analyzer (NIOX MINO; Aerocrine AB,
Stockholm, Sweden) was used to measure FENO, in accordance
with recommendations of the Multicenter Study of FENO Normal
Values in Healthy Chinese Subjects [5] and the guidelines of the
American Thoracic Society and European Respiratory Society.
Measurements were performed in the sitting position in ac-
cordance with the manufacturer’s guidelines. Participants were
asked to exhale into the device through a mouthpiece at a con-
stant flow rate of 50 mL/s for 10 s. The device included a dis-
play to help subjects maintain a rate of constant exhalation.
Gas exhaled during the last 4 s was analyzed. Measurements
were performed twice and the average of the 2 values was used
for the analysis. Lung function tests FEV1 (forced expiratory
volume in 1s), and FVC (forced vital capacity) were performed
using a dry, round spirometer (Minispir; MIR, Rome, Italy) [4].

Statistical analysis
Statistical analysis was performed using SPSS version 18.0 soft-

ware (SPSS Inc., Chicago, IL, USA). FENO values showed a skewed
distribution. Analysis was therefore performed on logarithmic
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Table 1. Baseline characteristics.

Variable All subjects

(n=145)

Age, years 40.1+£13.5
CHeighttem 163378
Cweight kg 602128
Attuden
"""" Gader w0
"""" Gade2  sa
"""" Gades o
R0 3931096
R 3001088
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Male Female
(n=68) (n=77)
38.9+13.6 41.1+13.5
© lee9s80 1602862
""""""""" 6631138 549:90°
"""""""""""" A
"""""""""""" v
"""""""""""" s e
""""""""" 353090 2701065
""""""""" 4431094 3a0s074°

Values are means +SD or number of subjects (n). Grade 1 (3678-3800 m), Grade 2 (3800-4200 m) or Grade 3 (4200 m). * P<0.01.

Table 2. FENO in healthy Tibetan adults at different altitude grades.

Altitude | Mean +SD 95% CI P-value*
Grade 1 70 16.9+1.5 8.0-35.0
Grade2  sa 140614 80-260 0.0001
Grades a1 144517 60-460

FENO values are geometric means+SD of logarithm-transformed values. Altitude Grade 1, 3678-3800 m; Grade 2, 3800-4200 m;

Grade 3, »4200 m; * Kruskal-Wallis H test.

transformed data. The data were back-transformed for presen-
tation [5]. Reference ranges for FENO are presented as geometric
means and 95% Cl and as the 95% upper limit of the log trans-
formation of the data [5]. Comparisons of mean FENO values
between sex and altitude grade were performed using Mann-
Whitney U test or Kruskal-Wallis test. A P value <0.05 was con-
sidered statistically significant. A multiple linear regression model
was used to determine factors influencing FENO. Variables were
included in the model using forward stepwise regression analysis.

Results

The initial study population included 170 healthy Tibetan sub-
jects. Nine subjects were excluded following a positive reac-
tion to the skin prick test. An additional 16 subjects failed to
complete the FENO and lung function measurements and were
also excluded from the analysis.

Table 1 presents the baseline characteristics of the 145 subjects
included in the analysis. The geometric mean FENO for the whole
population was 15.4 ppb (95% Cl: 7.0-35.0 ppb). Mean values were
higher in subjects living at altitude level 1 than in those living at
altitude levels 2 and 3 (Table 2). Subgroup analysis showed that

FENO values decreased as altitude increased, especially among
male participants (Table 3). As shown in Table 3, FENO values in
male subjects were higher than in females. The upper 95% con-
fidence limits were 33.0 ppm in the total population compared
with 34.5 ppm in men and 25.0 ppm in women (Figure 1).

Forward and backward stepwise selections were used to test
for factors that affected FENO in order to develop reference
equations. The results from both procedures were the same.
The analyses indicated that age, height and weight, FVC, and
FEV1 did not contribute significantly to the variance. Sex and
altitude grade were selected as explanatory variables. FENO
was defined by the equation:

Ln (FENO)=[2.844+0.161 x sex (1 for male; O for female) —0.111
x altitude grade]

The residual SD was 0.048, and the explanatory value was 7%.

Discussion

The present study is one of the first community-based stud-
ies to investigate the effect of altitude on reference values of
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Table 3. Geometric mean FENO values according to sex and altitude grade a.

Group | Geometric mean SD 95% Cl P value
All 145 154 (1.5) 7.0-35.0

CFemale
"""" AL 77 13 @8 se3so 003
"""" Atitudel 34 164 (18  so3s0
"""" Atitude2 37 139 (14 80260
"""" Atitudes 6 143 (14 90248
CMale
"""" AL e 168 a8 70340 o003
"""" Atitudel 3% 191 an 90340
"""" Atitwde2 17 131 (1§ 80240 €0.0001
"""" Atitudes 15 129 (14 60460

Values of FENO are the means +SD of logarithm-transformed values. Grade 1, 3678-3800 m; Grade 2, 3800-4200 m;
Grade 3, 4200 m.

A B C

References rangers for exhaled nitic oxide of healthy Tibetan
301 159 20

30 40 50 35 45 55
Al Male

10 20 30 40 50 60
Female

Figure 1. Distribution of FENO values in all subjects (A), male subjects (B), and female subjects (C). Dotted lines show 95% upper Cl
limits of the reference range for logarithm-transformed FENO values in each subgroup.

FENO in healthy Tibetan adults. A previous study found that
Tibetan subjects living at a fixed altitude of 4200 m had >10-
fold higher circulating concentration of NO products than U.S.

that the population included in this study was comparable to
those in other areas of the world.

subjects living at 206 m. It was proposed that this was an adap-
tive mechanism to living at high altitude without developing
symptoms of hypoxia [15].

Subjects were enrolled in the study on the basis of the crite-
ria used in the MSSTNVHCS study. We used a simple skin prick
test to exclude atopy, but due to the lack of medical resourc-
es we were unable to quantitate allergen levels or undertake
IgE tests [5]. In accordance with Multicenter Study of FENO
Normal Values in Healthy Chinese Subjects, the study includ-
ed subjects who had formerly smoked <20 cigarettes a day.
As in similar studies in other regions, we excluded subjects
with symptoms of lung disease, those receiving inhaled med-
ications, and those with allergic rhinitis. These steps ensured

It has previously been proposed that an NO analyzer should be
used to measure the partial pressure of NO [8]. As with oth-
er metabolically produced or consumed gases (such as CO,,
CO and 0,), there are a number of reasons why the standard
FENO procedure may lead to different results at high altitude.
Molecular oxygen is necessary for the synthesis of NO and it
has been shown that the partial pressure of exhaled NO de-
creases during the first hours at altitude. For this reason, mea-
surement of FENO at high altitude using a NIOX MINO analyz-
er may produce misleading results, necessitating corrections
to ensure that the data are comparable with those measured
at lower altitudes [16]. By keeping the mass flow constant
between altitudes, the dilution effect of the carrier gas can
be standardized, which results in comparable fractional NO
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concentrations at different altitudes. For this reason, constant
flow was adopted in our study.

In a previous study, FENO was shown to be reduced after ex-
posure to intermittent hypoxia in well-acclimatized mine work-
ers in Kyrgyzstan [17]. Another study showed that long resi-
dence time at high altitude can result in increased elimination
of NO, especially in subjects not prone to high altitude edema
[7]. However, there is lack of consensus regarding FENO val-
ues in lifelong high-altitude dwellers in comparison with sub-
jects living at sea level. Natives of Tibet living at a fixed alti-
tude of 4105 m were shown to exhale 18.6 ppb NO (range:
5.5-55.7 ppb), which was more than twice as high as val-
ues seen in low-altitude residents in the U.S. (7.4 ppb, range:
4.5-14.6 ppb) [6], but the study did not document the type of
analyzer used or its flow speed.

The published literature includes few studies providing refer-
ence values for FENO at altitude that were measured accord-
ing to current guidelines [7,18,19]. Our results are similar to
those from studies in Sweden (16.6 ppb, 95% Cl: 5.87-47.14
ppb) and Japan (15.4 ppb, mean +2SD 6.5-36.8 ppb) [9,10],
and to a 2001 study from Tibet [6]. Values in our study were
lower than those reported in male (33.9+14.3 ppb) and fe-
male (24.1+10.6 ppb) Korean subjects. In all cases, values were
higher than those obtained at low altitude from U.S. subjects.
Interestingly FENO values were found to be higher at low alti-
tude in European children than in European adults [20].

The present study is the first to statistically associate altitude
level with FENO. We demonstrated an inverse relationship be-
tween FENO and altitude, which is consistent with previous
findings [6]. In our study, all participants lived at an altitude
of 3678 m or above, and most lived in the Lhasa district at an
altitude of 3678-3800 m [14]. Altitude was an independent
explanatory variable in the multiple linear regression analysis.
This is especially relevant in Tibet, where altitude changes play
an important role in the lifestyle of its inhabitants.

Previous studies have shown that there are several determi-
nants of FENO levels, such as age, sex, body height, atopy,
smoking, and diet [5]. Lack of correlation between age and
FENO has been reported previously. Our results also suggest
that normal ranges for FENO are dependent on sex, which is
similar to results seen in Korean and Chinese Han popula-
tions [5,11], but different from results obtained in Japan and
Sweden [9,10]. In our population, FENO was 1.17-times high-
er in men than in women. The sex difference remained signif-
icant after adjusting for other variables such as body weight,
height, FVC, and FEV1. One reason for the sex difference may
be related to the fact that males are more influenced by ex-
posure to a passive smoking environment than women [21].

CLINICAL RESEARCH

Other sex-specific life-style traits may also contribute to the
differences. Environmental factors such as climate changes and
pollution levels also determine FENO values. For example, re-
search has also shown that traffic pollution increases the re-
spiratory load of children with asthma.

Based on our questionnaire, a history of smoking was more
common in Tibetan men than in women. Because of our limited
medical resources, we recorded smoking history using a ques-
tionnaire and were unable to verify smoking information by test
procedures in advance of the study. However, we speculate that
passive smoking is one of the main causes of the sex difference.

The FENO values in Tibetan adults were slightly lower than
those seen in Chinese Han populations [6]. Both studies dem-
onstrated a sex difference, and in Han Chinese adults, FENO
was significantly higher in the subgroup living in the north-
west of China than in other regions. This difference was at-
tributed to climatic and environmental factors. As the climate
of northwest China is similar to that in Tibet, we attribute the
observed difference between the 2 districts to altitude and
genetic characteristics.

A shortcoming of the present study is that the number of sub-
jects included from areas at altitude Grade 3 was relatively
small, possibly resulting in bias. In addition, no comparable
data are available for Han Chinese subjects who have always
lived at high altitude or for Tibetans who live at altitudes well
below 3678 m. Furthermore, the study was predominantly un-
dertaken in July, which was during the pollen season in Tibet,
and this may have resulted in higher than normal FENO in
some participants [10].

Conclusions

Our results indicate that the upper limit of FENO in healthy
Tibetan adults is 33 ppb. This value can be predicted on the
basis of sex and altitude grade. Values at high altitude were
lower than those at low altitude, indicating that FENO is in-
versely correlated to altitude level.
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