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Background: Fractional exhaled nitric oxide (FENO) has emerged as a promising marker in respiratory research. The aim of
this study was to determine the reference range values of FENO for healthy Saudi adults and the factors asso-
ciated with FENO levels.

Material/Methods: This cross-sectional study was conducted at the Department of Physiology, King Saud University, Riyadh, Saudi
Arabia, from January 2016 to August 2017. A total of 429 healthy Saudi adults were initially recruited. The fi-
nal selection included 412 participants, consisting of 307 men and 105 women. FENO measurements were per-
formed according to the current recommendations of the American Thoracic Society.

Results: We observed that the FENO levels of women were significantly lower than those of men (18.6 vs. 21.3, P=0.009).
In women, the measured FENO ranged from 5.7 ppb to 42 ppb, and in men from 5.0 ppb to 55.0 ppb. The mean
FENO level in the entire study population was 20.6, with a range of 5.0 ppb to 55.0 ppb. The difference became
non-significant when we calculated the FENO after adjusting for body surface area by different percentile dis-
tributions. Multiple linear regression analysis showed that body surface area and weight were significant pre-
dictors of FENO levels.

Conclusions: In this study, FENO levels were significantly affected by demographic variables. Therefore, it is important to
consider the factors influencing FENO values to make a valid clinical interpretation.
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Background

Fractional exhaled nitric oxide (FENO) is a molecule involved
in the regulation of bronchial and vascular tone and inflam-
mation of the bronchial mucosa [1,2]. FENO is a non-invasive
marker of inflammation driven by helper T cells in airways,
which are mediated by interleukin-4 and interleukin-13 [3,4].
It is currently one of the diagnostic tests used in clinical prac-
tice to determine the diagnosis and prognosis of many airway
diseases [5,6]. The role of FENO is also described in the process
of neurotransmission. Many diseases of the respiratory tract,
such as bronchial asthma [7] and chronic obstructive pulmo-
nary disease [8], are related to an increased concentration of
FENO [9]. The use of anti-inflammatory drugs has been shown
to reduce FENO levels [10,11]. In addition, FENO values are af-
fected by age, race, sex, anthropometric measurements, atopy,
and smoking habits [12]. These factors make the interpreta-
tion of diagnostic tests difficult. The diagnostic test can be in-
terpreted in many ways, and the American Thoracic Society
has suggested that using an absolute value for FENO is not
recommended, which is also the case for lung function tests.
Furthermore, fixed cutoff values for FENO are not specified in
the society’s guidelines [13]. Similarly, reports in the literature
differ regarding the normal FENO value among different popu-
lations, and there are different results reported for FENO val-
ues in various populations and in relation to confounding fac-
tors like smoking, which lowers FENO values [14,15].

FENO values have been very useful in assessing the diagnosis
and prognosis of asthma [16]. However, its use seems to be lim-
ited in other chronic respiratory diseases, like chronic obstruc-
tive pulmonary disease and bronchiectasis [17]. We previously
published the reference range values for the healthy male adult
Saudi population [18]. However, differences in FENO levels due
to sex and reference ranges for the healthy adult female pop-
ulation and their relation to age, height, weight, and BMI have
not been evaluated in detail. Therefore, this study aimed to de-
termine the reference range values of FENO for healthy Saudi
adults and to determine the factors associated with FENO levels.

Material and Methods

This cross-sectional study was conducted at the Department
of Medicine and Physiology, King Saud University Medical City,
King Saud University in Riyadh, Saudi Arabia, from Jan 2016 to
Aug 2017. The study was approved by the Ethics Review Board
of the College of Medicine, King Saud University. Written in-
formed consent was obtained from all participants and a brief
questionnaire was completed for all. Healthy adult partici-
pants (minimum age of 18 years) with normal spirometry re-
cordings were included in the study. A special clinic was set up
in the Department of Physiology of the King Saud University.
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Participants were informed about the study through poster
advertisements and the internet. Because the main focus of
the study was to determine reference ranges for healthy Saudi
adults and to determine the confounding factors for FENO
values, we excluded individuals with (1) age under 18 years;
(2) history of smoking; (3) airway obstruction with forced ex-
piratory volume in 1 s (FEV1) <80% of the predicted normal
value; (4) any clinical manifestation of allergy from atopy or
history of allergic diseases such as asthma, allergic rhinitis,
urticaria, and allergic dermatitis; (5) infection within the previ-
ous 3 weeks; (6) associated lung pathologies including chron-
ic obstructive pulmonary disease, bronchiectasis, and chronic
bronchitis; and (7) corticosteroid usage.

A total of 429 participants were initially recruited and 412 (307
men and 105 women) met the inclusion and exclusion criteria
and were selected to participate in the study. We excluded 17
participants from the study either because of exclusion criteria
or because they were unable to perform the test procedures
in accordance with the American Thoracic Society guidelines.

Measurement of fractional exhaled nitric oxide

FENO measurements were performed and calculated as per the
current American Thoracic Society guidelines (6) using an EVA
Nox 4000 chemiluminescence analyzer (Seres, France), which
has the sensitivity to measure FENO in 1 part per billion (ppb)
of exhaled air. All participants were asked to rest and avoid
eating, drinking, and any strenuous exercise for about 3 h be-
fore the measurement of FENO levels. All measurements were
performed between 9-11 a.m., to minimize possible effects of
the circadian rhythm. In addition, diet history was obtained to
avoid any alterations in FENO levels due to nitrate-containing
foods. To calculate the slow vital capacity, participants were
asked to fill their lungs from the residual lung volume to to-
tal lung capacity and then perform slow expiration. They were
asked to keep a constant expiratory flow rate of about 0.05 L/s,
and to maintain it for at least 15 s, exhaling into a Teflon cyl-
inder connected to Teflon tubing. An expiratory resistance of
10 cm to 20 cm was applied to exclude any nasal contamination.
The resistance was detected by a Samba sensor 3200 (Samba
Sensors AB, Vastera Frolunda, Sweden), a special sensor for
making flow rate recordings. The expiratory flow rate for each
participant was measured by a computerized data acquiring
software system (BIOPAC MP-100, BIOPAC Systems Inc, Goleta,
GA, USA). The plateau levels of FENO against time were deter-
mined, and FENO levels were calculated as ppb. FENO concen-
trations were graphed and averaged from 5 to 15 s after the
start of expiration. The average values of 3 successive samples
taken with at least a 1-min interval in between were calcu-
lated. For standardization, the EVA Nox machine was calibrat-
ed daily before each experiment, and the variation between
tests was kept within the range of 10%.
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Table 1. Clinical and demographic characteristics and FENO
levels of all participants (n=412).

Variables MeantSD Min-Max

Age 36.9415.2 18.0-72.0
Height 167.9:85 147.0-187.0
Body surfacearea 28103 2035
Weight kg) 7674175 183-1400
 Obesity degree (%) 127.64268 740-2680
el 272887 156-554
Fitness Score 702475 200-950
CFENO (pb)  206:91  50-550

BSA — body surface area; BMI — body mass index;
FENO — fractional exhaled nitric oxide; ppb — parts per billion.

Ventilatory functions

All spirometric recordings including FEV1, peak expiratory flow
(PEF), forced vital capacity (FVC), and FEV1/FVC ratio were per-
formed using an electronic spirometer (Vitalograph, Ireland)
after FENO recordings. All measurements were taken 3 times
and with participants in a seated position.

Statistical asnalysis

Data were entered in Microsoft excel and data analyses were
performed using SPSS for windows version 20.0. Prior to the
final analysis, data were screened for normality assumption,
homogeneity of variance, and presence of extreme scores.
The homogeneity of the variance test and test of normality
were done using the Shapiro-Wilk test. If these results were
significant, defined as a P value less than 0.05, then the non-
parametric Mann-Whitney U test was used to compare the dif-
ferences by sex; otherwise, an independent ¢ test was used
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for normally distributed data. For multiple group comparisons,
one-way ANOVA was used, along with a post hoc Bonferroni
test. Spearman and Pearson correlations were performed as
necessary. Multiple linear regression analysis was performed
with FENO as the dependent variable and age, sex, body sur-
face area, height, weight, and body mass index (BMI) as inde-
pendent variables. Frequency distributions at different range
values were computed for FENO. All tests were 2-tailed with a
P value of <0.05 considered as statistically significant.

Results

In this study, we determined the reference range values of
FENO and their distribution in adult female Saudi partici-
pants. All participants were healthy and nonsmokers. Table 1
shows the clinical characteristics and FENO levels of all par-
ticipants. The mean FENO level of the entire study population
was 20.6+9.1 ppb, ranging from 5.0 ppb to 55.0 ppb. Table 2
shows the comparison of clinical characteristics and FENO
levels between male and female participants. We observed
that women had significantly lower FENO levels compared to
those of men (18.6 vs. 21.3; P=0.009). In women, FENO levels
ranged from 5.7 to 42.0 ppb, and in men they ranged from 5.0
to 55.0 ppb. However, after adjusting for body surface area,
the difference was non-significant (7.3+4.4 ppb in women vs.
7.4+3.4 ppb in men; P=0.784). Figure 1 shows the data distri-
bution histogram of different ranges of FENO levels with the
percentage of distribution in each group. The mean age of the
entire study population was 36.9+15.2 years (range, 18 to 72
years); height, 171.79+8.3 cm; weight, 80.17+18.38 kg; BMI,
27.23+6.64; and FEV1/FVC, 85% (81-92%) (Table 1). Figure 2
shows the distribution of FENO levels according to different cat-
egories of BMI. Participants who were overweight had slightly
higher FENO levels than participants who were normal weight,
and participants with third degree obesity had slightly lower

Table 2. Differences by sex in demographic characteristics, and FENO levels in all participants.

Women (n=105)

Variables
MeanxSD Min-Max
Age (years) 30.7+9.9 14.0-53.0
Height@m) 1504155 1480-1730
BSA 2502 2230
CWeight (kg) 662:151 36
 Obesity Degree (%) 1268+306  78.0-2680
T 261562 156-554
CFENO(ppb) 186:93  57-420
CFENO/BSA  73:44 224177

Men (n=307)

MeanSD Min-Max

39.1+16.1 13.0-72.0 0.001
""""" 170873 147.0-1870 0001
""""""" 29:03 2335 0001
"""""" 803:168  183-1357 0025
""""" 12794255 740-2110 0001
"""""" 276:54  156-459 0036
"""""" 213:89 50550 0009
""""""" 74834 16319 o784

BSA — body surface area; BMI — body mass index; FENO — fractional exhaled nitric oxide; ppb, parts per billion.
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307

Percentage distribution

Figure 1. Ranges of fractional exhaled nitric oxide (FENO) values
at different levels of distribution in females.

NW ow 0b1 0b2 0b3

Figure 2. Distribution of fractional exhaled nitric oxide (FENO)
according to different categories of body mass index
(BMI). NW — normal weight; OW — overweight; Ob1,
Ob2, and Ob3 - Obesity class 1, 2, and 3.

FENO levels than participants who were overweight (overall
ANOVA P value=0.007). Post hoc analysis revealed that the dif-
ferences between the groups were non-significant. The rela-
tionship between FENO and body surface area showed a signif-
icant positive correlation for all participants (r=0.188; P=0.001).
The relationship was significant for men (r=0.142; P=0.013),
while for women it was non-significant (r=0.118; P=0.229)
(Figure 3). When adjusted for body surface area, the correla-
tion became non-significant for all (r=-0.019; P=0.126), men
(r=—0.150; P=0.126), and women (r=—0.153; P=0.119) (Figure 4).
The relationship between FENO and age was also non-signifi-
cant (r=—0.052; P=0.029) (Figure 5). Multiple linear regression
analysis showed that body surface area and weight were sig-
nificant predictors of FENO levels (Table 3).

Figure 6 shows the comparison of FENO levels between male
and female participants according to different percentiles of
body surface area, with mean values and 95% confidence in-
tervals. It was observed that at <25%, 25-50%, 50-75%, and

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€926382-4

60 r=0.118

o
Males . p=0.22

= Females

50

. r=0.142
p=0.013

All subjects
r=0.188
p=0.001

Figure 3. The relationship between fractional exhaled nitric
oxide (FENO) levels and body surface area (BSA) in all
participants, men and women.
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Figure 4. The relationship between adjusted fractional exhaled
nitric oxide (FENO) levels and body surface area (BSA)
in all participants, men and women.

>75% of body surface area the difference was non-significant
with P values of P=0.9645, P=0.0572, P=0.4451, and P=0.0631,
respectively. This revealed that our results showed significant-
ly lower FENO levels in women compared to those in men.
However, adjusting for body surface area made the differ-
ence non-significant in the different percentile distributions.
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Figure 5. The relationship between fractional exhaled nitric
oxide (FENO) levels and age in years in all participants.

Discussion

The primary objectives of this study were to determine dif-
ferences in FENO levels according to sex, and to develop ref-
erence ranges of FENO levels in healthy female Saudi partic-
ipants, measured in accordance with current recommended
standards. Our results showed that women had significantly
lower FENO levels than did men. However, when adjustments
were made for body surface area, the difference in FENO lev-
els between female and male participants was non-signifi-
cant. To the best of our knowledge, the current study is the
first to analyze body surface area adjustments for FENO. In
our previous study, FENO levels ranged between 7.66 ppb and
46.6 ppb (mean 22.79+8.13 ppb) in adult men, levels correlat-
ed negatively with body weight (r=0.388, P=0.001) and BMI
(r=0.238, P=0.009), and no correlations were observed among
FENO, FEV1/FVC ratio, age, and height [18]. The present study
showed similar mean values for men (21.3+8.9). In a study by
Toren et al,, the population median FENO value was 16.5 ppb,

Mean FENO levels with 95% confidence interval by
gender and body surface area
) & Male
0 ® Female
BSA <25% 7 * p=0.9645
BSA <25% [ ]
—509
BSA 25-50% p=0.0572 .
BSA 25-50% L]
BSA 50-75% *
1 p=0.4451
BSA 50-75% [ ]
BSA >75% p=0.0631 *
BSA >75% °
15 17 19 2 3 2
FENO (ppb) least square means

Figure 6. Comparison of mean fractional exhaled nitric oxide
(FENO) level distribution between men and women
according to different percentiles of body surface area
(BSA).

with 7.2 ppb and 39.0 ppb as the 5% and 95t percentile values,
respectively. FENO levels were significantly (P<0.0001) higher
in men than in women in their study [19]. However, they did
not adjust the values for body surface area as we have done
in our current study.

Low levels of FENO in women have been previously reported,
but the findings of our current study are novel because when
we adjusted for the total body surface area, the absolute FENO
values of women were not significantly different from those
of men. This effect can be partly explained by differences in
height, because the differences between male and female par-
ticipants were not consistent after an adjustment was made for
height. This probably points to a difference in NO production

Table 3. Multiple linear regression analysis with FENO as dependent variable with demographic factors as independent variables.

Beta standardized coefficients

95.0% Confidence interval for B

P value lower bound - upper bound

-.114-.014

—-.148-.812

BSA — body surface area; BMI — body mass index.
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between the sexes [20], a relationship that has been attrib-
uted to the smaller airway size in females, as airway surface
is one source of NO production [21]. The current findings are
also consistent with the strong relationship between height
with FENO that was observed in children [21]. However, with
adjustments for body surface area, the differences related to
male or female sex were insignificant, although the absolute
levels were significantly lower in female participants. This sug-
gests that not only the airway surface area, but also the whole
body surface affects FENO production.

Jo et al. reported that the significant factors for FENO are
weight, height, BMI, and atopy, while age is not a significant
determinant. In their multiple linear regression analysis, sex
and weight were found to have significant associations with
FENO [14]. Their observations support our results, but with
some differences. In our current study, weight and body sur-
face area were the only independent factors associated with
FENO levels. The effect of collinearity could have made the
predictive value of other factors in our study non-significant.
The different results between the studies could be also be at-
tributable to our analyzing for the effect of body surface area,
whereas the other researchers did not [14].

NO formation is already detected at birth [22,23] and is im-
portant in humans, which are under strict biological control.
NO formation is a complex and energy consuming process
whereby NO is produced by inducible NO synthase in the air-
way epithelium. This indicates that the total surface area of
the airway epithelium/mucosa is important in the detection
of FENO levels, and was theoretically shown to negatively cor-
relate with the anatomic dead space volume in healthy chil-
dren [24]. Therefore, it is assumed that anthropometric factors
are important in evaluating FENO levels, as was previously ob-
served for lung function parameters [19]. This was also dem-
onstrated in linear regression models of FENO levels in many
studies which had results similar to our current study [25,26].
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Recently, the lambda-mu-sigma method of model adjustment
for FENO levels predicted slightly lower values for both sexes
without a statistically significant difference, which was attrib-
uted to the skewed distribution of the FENO levels. The ad-
justments of the lambda-mu-sigma model were done to as-
sess the differences with this method. It was observed that a
significant proportion of the individuals with normal levels of
FENO, according to the current recommendations, were clas-
sified as having intermediate levels [27]. Our study supports
the inference of an extensive systematic review that showed
the effect of all significant determinants of FENO values, in-
cluding age, height, atopy, smoking, weight, sex, and race [28].
The present study suggests that the absolute values obtained
for FENO may not provide an exact status of the respiratory
airways, and adjustments for body surface area and demo-
graphic variables should be considered along with sex, eth-
nicity, smoking status, and age.

Conclusions

Our results revealed that FENO levels are significantly affect-
ed by demographic variables. Women have lower FENO values
than do men. However, after adjusting for body surface area,
the difference becomes non-significant. Therefore, it is impor-
tant to consider the factors influencing FENO values to make
valid clinical interpretations. Future studies should consider
racial and genetic differences. Larger sample sizes are needed
to develop standard reference equations based on predeter-
mined physiological models for the evaluation of normal FENO.
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