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Abstract

Background: Idiopathic pulmonary arterial hypertension (IPAH) is a fatal illness. Despite many improvements in the
treatment of these patients, there is no unique prognostic variable available to track these patients. The aim of this
study was to evaluate the association between fractional exhaled nitric oxide (FeNO) levels, as a noninvasive
biomarker, with disease severity and treatment outcome.

Methods: Thirty-six patients (29 women and 7 men, mean age 38.4 ± 11.3 years) with IPAH referred to the outpatient’s
clinic of Masih Daneshvari Hospital, Tehran, Iran, were enrolled into this pilot observational study. Echocardiography,
six-minute walking test (6MWT), FeNO, brain natriuretic peptide (BNP) levels and the functional class of patients was
assessed before patients started treatment. Assessments were repeated after three months. 30 healthy non-IPAH
subjects were recruited as control subjects.

Results: There was no significant difference in FeNO levels at baseline between patients with IPAH and subjects in the
control group. There was also no significant increase in FeNO levels during the three months of treatment and levels
did not correlate with other disease measures. In contrast, other markers of disease severity were correlated with
treatment effect over the three months.

Conclusion: FeNO levels are a poor non-invasive measure of IPAH severity and of treatment response in patients in
this pilot study.
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Background
Pulmonary arterial hypertension (PAH), especially its
idiopathic form (IPAH), is a rare and progressive disease,
which increases lung vascular resistance, right heart fail-
ure, and eventually premature death [1–3]. The World
Health Organization (WHO) has divided pulmonary
hypertension (PH) into five groups based on the clinical
and pathophysiological characteristics of patients. PAH
is characterized by fibrosis, hypertrophy and network-
like lesions [2]. IPAH, refers to PAH where there is no
family history or known cause [1]. IPAH is very rare and

has a poor prognosis with an average life expectancy of
2.8 years with survival probabilities of 68, 48 and 35% at
one-year, 3 years and 5 years respectively [5]. The inci-
dence of IPAH is estimated at about 1 per million and
its prevalence is estimated to be 7 per million of the
population in each year [2].
As a consequence of the non-specific symptoms, the

diagnosis is usually delayed. The diagnosis is usually de-
termined with echocardiography and right heart
catheterization [4, 5]. Several clinical measures are used
to follow the severity, progression and treatment out-
come in these patients including echocardiography,
hemodynamic parameters, six-minute walk test (6MWT)
and biochemical markers such as troponin and natri-
uretic peptides [6–8]. Echocardiography is a noninvasive
technique used for initial screening assessment of

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: emortaz@gmail.com
5Clinical Tuberculosis and Epidemiology Research Center, National Research
Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti
University of Medical Sciences, Tehran, Iran
Full list of author information is available at the end of the article

Malekmohammad et al. BMC Pulmonary Medicine          (2019) 19:188 
https://doi.org/10.1186/s12890-019-0954-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-019-0954-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:emortaz@gmail.com


treatment outcomes because it provides valuable infor-
mation on the hemodynamic status of the right heart
such as pulmonary arterial pressure, size, and function
of the heart cavity [9]. The WHO functional capacity
(WHO-FC) test and the 6MWT are simple, repetitive
and inexpensive tests and are recognized by the Food
and Drug Administration and by the European Medical
Agency for the investigation of the outcomes in PAH.
Measuring exercise capacity in the early stages of PAH
is advisable prior to the use of surrogates and as a meas-
ure of response to treatment [10–13].
Several biomarkers for the diagnosis and prognosis of

PAH have been introduced including N-terminal pro-
brain natriuretic peptide (NT-ProBNP) and troponin
tests which correlate well with mortality [11, 14]. Despite
this, there is still a requirement for a cheap and reliable
relatively non-invasive marker that measures disease se-
verity and progression and/or the response to treatment.
Such a biomarker may significantly reduce the economic
burden and help improve the outcome of PAH patients.
The gaseous mediator nitric oxide (NO) is important in
the pathogenesis of PAH as it is produced by epithelial
and endothelial cells following enzymatic conversion of
citrulline and arginine [15] and maintains low blood
pressure in the pulmonary system [16–18]. Some studies
have shown reduced expression of endothelial NO syn-
thase (eNOS) in PAH and that eNOS mRNA expression
correlates with exacerbations of PH. In contrast, other
studies have reported increased eNOS expression in
PAH patients and in animal models of PAH [18]. NO
regulates the pulmonary circulation in response to hyp-
oxia, vasodilatation and smooth muscle cell proliferation
[19]. Fractional exhaled NO (FeNO) is routinely mea-
sured in many respiratory clinics [20] and some, but not

all, studies indicate that FeNO levels in PAH patients
are inversely related to disease severity and alter during
treatment [20–22].
Considering the importance of PAH and the need for

a noninvasive biomarker, we examined whether FeNO
was a good biomarker of disease severity and response
to treatment in a small cohort of IPAH patients in Iran.

Materials and methods
This observational study was performed on 36 IPAH
patients recruited from the pulmonary arterial hyper-
tension clinic of the Masih Daneshvari Hospital, affili-
ated to Shahid Beheshti University of Medical Sciences,
Tehran, Iran between 2015 and 2017. The sample size
was powered according to previous studies measuring
the difference in FeNO levels between PAH patients
and healthy subjects. IPAH patients were selected from
all the patients referred to the pulmonary arterial
hypertension clinic from April 2015 to 2017 according
to the standard hospital protocol and guidelines which
required rejection of pulmonary embolism and diagnosis of
heart disease as a cause of PAH. Subjects were invited to
take part in the study after providing written informed con-
sent under local ethics (IRSBMU.NRITLD.REC.1394.162).
Exclusion criteria included very sick patients, a history

of asthma or seasonal allergies, history of respiratory in-
fections in the last 6 weeks, age less than 16 years,
current smoking and the presence of secondary causes
of IPAH such as, heart embolism, lupus, HIV, and liver
cirrhosis. Demographic information including age, sex,
height and weight was recorded on admission as were
the WHO-FC class, 6MWT (including distance traveled
and oxygen saturation), pulmonary artery pressure dur-
ing right ventricular catheterization and the Pro-BNP
values at baseline and after 3 months of treatment.
FeNO was measured using a portable device (NO

breath, Bedfont, UK) within the clinic. In brief, after
deep inhalation for 2–3 s to achieve near to total lung
capacity, the patient immediately exhaled into the NO
analyzer with a constant flow rate (0.05 l per second)

Table 1 Patient Demographics

Variable Mean ± SD/n (%)

Gender (M/F) 7 (18%)/ 30 (81%)

Age (years) 38.4 ± 11.3

Height (cms) 163.0 ± 8.0

Weight (Kg) 64.0 ± 9.4

BMI (Kg/m2) 23.9 ± 3.0

Disease Duration (years) 3.0 ± 1.0

NYHA functional classification

Class I 3 (8%)

Class II 22 (60%)

Class III 12 (32%)

NT-ProBNP at baseline (pg/ml) 549 ± 562

mPAP (mmHg) 57.0 ± 12.0

Systolic PAP (mmHg) 89 ± 16

Diastolic PAP (mmHg) 37 ± 12

NYHA New York Heart Association, mPAP mean pulmonary arterial pressure

Table 2 Fractional nitric oxide (FeNO) measurements over time

Time Mean (ppb) Max Min SD P value

Start of study 5.5 9 2 1.8

After 3 months 6.5 16 2 2.3 0.272

Healthy subjects 8.1 20 5 4.1 0.632

Table 3 WHO functional class changes after 3 months therapy

Time WHO Class P-
valueI II III

Start of Study 3 (8%) 22 (61%) 11 (30%)

After 3 months 5 (14%) 18 (48%) 14 (38%) 0.539
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using a visual indicator as described previously [23].
FeNO was measured twice, with at least 30 s between
tests, and the mean recorded. If there was > 10% vari-
ability the FeNO measurement was repeated.
For ethical reasons we did not alter the treatment

regimens of the IPAH patients even if they had been
on the same treatment for several years. Treatments
included endothelin receptor antagonists (ERAs) such
as bosentan, guanylate cyclase stimulants such as rio-
ciguat, phosphodiesterase type 5 (PDE5) inhibitors
such as sildenafil and prostanoids such as epoproste-
nol, treprostinil and iloprost.

Statistics
The data were analyzed using the statistical package
IBM SPSS version 22.0 (Statistical Package for the Social
Sciences, Chicago, IL). The categorical variables are
expressed as proportions and frequencies. The continu-
ous variables are summarized as means ± standard devi-
ation. To explore the independent nature of categorical
variables, the chi square test was used. P values < 0.05
were considered significant. Normal distribution of vari-
ables was assessed using the Kolmogorov-Smirnov test.
The changes in echocardiographic parameters and the
FeNO and NTpro-BNP variables during follow-up were
analyzed using repeated measures ANOVA with Pearson
correlation coefficients. Dunnett’s test was used as a
post-test analysis following ANOVA assessment of be-
tween group data.

Results
Baseline demographics of the patients are shown in
Table 1. 29 female and 7 male subjects were recruited
with a mean age of 38.4 ± 11.3 years. There was no sig-
nificant difference in baseline FeNO between IPAH pa-
tients (5.5 ± 1.8 ppb) and healthy controls (8.1 ± 4.1 ppb)
(Table 2). At the start of the study the mean duration of
the disease was 3 ± 1 years with 12 patients (32%) with
class III disease, 22 patients (60%) with class II disease
and 3 patients (8%) with class I disease according to the

New York Heart Association (NYHA) functional classifi-
cation (Table 3) with baseline NT-ProBNP levels at
549 ± 562 pg/ml (Table 4). IPAH patients had a mean
6MWT of 373 ± 100 m at baseline (Table 5) and a mean
pulmonary arterial pressure of 85.7 ± 18.5 mmHg
(Table 6).
Continuing patients’ therapy for 3 months had no ef-

fect on FeNO levels (5.5 ± 1.8 versus 6.5 ± 2.3 ppb, P =
0.272) (Table 2) nor on the percentages of patients in
each WHO functional class (Table 3, P = 0.539) com-
pared to baseline. In addition, there was no difference in
the mean 6MWT distance after 3 months extended ther-
apy (Table 5, P = 0.328). In contrast, BNP levels before
and after 3 months follow-up were significant decreased
(549 ± 562 versus 462 ± 484 pg/ml, P = 0.03) (Table 4) as
was mean pulmonary arterial pressure measured by
echocardiography (PAPecho) (85.7 ± 18.5 versus 78.7 ±
20mmHg, P = 0.011) (Table 6).
In contrast to the group mean data, there were signifi-

cant differences in these parameters in patients across
the WHO-FC groups although these did not vary signifi-
cantly with treatment (Table 7).
The decrease in NTproBMP levels had a significant

and strong correlation with WHO-FC before (r = 0.7,
p = 0.001) and after treatment (r = 0.6, P = 0.001)
(Table 7 and Fig. 1). In addition, there was an inverse
correlation between the level of NT-ProBNP and the
6MWT (r = − 0.67, P = 0.001) at baseline and after 3
months of observation (Fig. 2). The level of NT-
ProBNP was also significantly correlated with PAP in
angiography (r = 0.78, P = 0.011) and negatively corre-
lated with the 6MWD (r = − 0.8, P = 0.001). This indi-
cates that higher NT-ProBNP levels associate with
lower distances covered in the 6MWD test and with
higher WHO-FC.

Discussion
This study was conducted to examine whether FeNO
levels had any association with IPAH disease presence or
outcomes following 3 months continued therapy with
the same treatment patients were on at baseline. Al-
though the mean level of FeNO in IPAH patients at
baseline was lower than in healthy subjects, this was not
statistically significant, nor did FeNO significantly alter
over the 3 months study duration. FeNO was not cor-
related with 6MWD, NT-proBNP, WHO-FC class,

Table 4 Changes in NT-ProBNP (pg/ml) levels in patients
following the treatment

Time Mean (pg/ml) Max Min SD P Value

Start of study 549 2450 62 562

After 3 months 462 2085 70 484 0.030

Table 5 Distance travelled in metres (m) in the 6MWD test of
patients after treatment

Time Mean (m) Max Min SD P value

Start of study 373 543 150 100

After 3 months 383 550 174 99 0.328

Table 6 Changes in pulmonary arterial pressure (mmHg) in
patients undergoing echocardiography

Time Mean (mmHg) Max Min SD P value

Start of study 85.7 115 55 18.5

After 3 months 78.7 120 50 20 0.011
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PAPecho and mean pulmonary arterial pressure mea-
sured with angiography, either before or after treatment.
In the current study we demonstrated that NT-

proBNP, 6MWD, WHO-FC, systolic PAPecho measures
were significantly correlated and increases in NT-
proBNP, PAPecho and WHO-FC were inversely corre-
lated with the distance walked in the 6MWT. The
correlation did not change with 3months continued
therapy possibly reflecting either too short a duration of
treatment or the fact that patients were maintained on
the same treatment and any changes that could poten-
tially result from treatment may already have occurred.
Thus, potential changes that would otherwise have oc-
curred with the onset of changes in treatment may not
have been seen in these patients.
Previous studies examining the levels of FENO or

exhaled NO in PH have reported increased, decreased
and similar levels compared to healthy non-PAH
controls. This may reflect the different types of PH

investigated in class 1 PH (PAH) since PAH may be
classified into subgroups of IPAH such as PAH caused
by certain drugs, PAH associated with connective tis-
sue diseases or with congenital heart disease [24, 25].
Small studies in IPAH patients including that of

Kaneko on 8 patients with IPAH [26], the Girgis study
on 10 patients with PAH (8 patients with IPAH and 2
patients with PAH related to medicine) [22] and the
Ozkan study with slightly larger studies on 22 patients
[27] all indicated that FeNO levels were lower in PAH
patients compared with healthy subjects.
In contrast, FeNO levels were similar in healthy sub-

jects and in patients with IPAH at rest [28] and in pa-
tients with PAH associated with scleroderma [29]. FeNO
levels did not rise in patients with IPAH after exercise
whereas they increased in healthy subjects following ex-
ercise [28]. These results are similar to our data as all
subjects were studied at rest despite the fact that they
examined ILD-related PAH patients [28]. Furthermore,

Table 7 Comparison expiratory NO and hemodynamic variables in the three WHO functional classes before and after treatment

Time Items I II III P value

before Mean SD Mean SD Mean SD

NT-ProBNP 170 96 324 209 963 849 0.003*

6MWD 409 66 433 78 285 68 0.001*

PAPS 68 7 82 15 95 20 0.030*

FeNO 9 3 5 2 9 6 0.050*

MPAP 55 7 53 12 58 14 0.311

after NT-ProBNP (pg/ml) 197 88 353 155 895 749 0.001*

6MWD 441 72 426 69 306 70 0.001*

PAPS 66 40 71 13 92 21 0.040*

FeNO 7 2 6 2 8 6 0.478

MPAP 48 13 56 10 56 12 0.659

Fig. 1 N-terminal pro b-type natriuretic peptide (NT-ProBNP) changes in the three WHO functional classes before and after treatment. Levels of
NT-ProBNP before and after treatment in class I (n = 8 subjects), II (n = 17 subjects) and III (n = 11 subjects). Data are reported as mean ± sem
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21 patients with scleroderma-associated PAH had simi-
lar FeNO levels to healthy subjects [29]. Finally, at least
two studies in drug- and heart disease-associated PH
demonstrated enhanced FeNO levels compared to
healthy controls [30, 31]. These differences may be due,
at least in part, to differences in flow rates used for the
detection of FeNO which highlights the need to use
standardized flow rates [32]. Other factors such as con-
suming nitrate-rich foods, drinking water and caffeine
and alcohol consumption can also affect FeNO levels
and should be measured as confounders [33, 34].
Although we report no statistically significant decrease

in FeNO measurements in our IPAH patients versus
controls, there was a small difference in the mean levels
(5.5 vs 8.1). Smaller studies may have reported an erro-
neous significant decrease in FeNO as a result of the
number of subjects in each group. It is possible that a
much larger study group would show significance but
the difference in mean FeNO levels is small and its use-
fulness as a biomarker would still be questionable at the
individual subject level. In addition, other factors that
affect FeNO measurements including exercise, current
smoking and viral infections of the upper and lower re-
spiratory tract [35] should be treated as confounders in
all future studies.
NT-proBNP is a widely used PH biomarker that has

been shown to have prognostic value in several studies
and can indicate a response to treatment [35]. In this
study, although other parameters did not change, NT-
proBNP was significantly decreased over 3 months. This
correlated with changes in a number of clinical variables
such as PAPecho, 6MWD and WHO-FC. Although BNP
is a relatively good biomarker, there is still a need for an
ideal biomarker with a high sensitivity and specificity for
different types of IPAH, easy and rapid measurement in
breath or in a simple blood assay and, ideally, with little
or no overlap in values between health and disease. In

addition, there is a need for a biomarker of potential
treatment response to distinct therapies including pros-
tanoid therapy, combination therapy and/or non-group
1 patients who are likely to benefit from off-label use of
oral therapy.
There are several strengths to this study. This is the

first investigation of the use of FeNO as a biomarker
for PAH in Iran and we also studied more IPAH pa-
tients than in most previous studies using standard-
ized flow rates. In contrast, most previous studies
were conducted in patients with PAH due to other
causes and were not restricted to IPAH. However,
many factors can affect FeNO measures and these
need to be considered in all future studies which
makes generalization difficult and may affect the com-
parison of the results.
FeNO measurements may potentially vary according to

the device(s) used in the cited PAH/FeNO literature. The
NObreath® device is similar to other devices used in the
field with a concentration range of 0-500 ppb and a re-
peatability of, and accuracy of, ±5 ppb for values ≤50 ppb
and can be used between 15 and 35 °C [36]. This device is
recommended by the UK National Institute for Clinical
Excellence (NICE) and conforms to American Thoracic
Society (ATS) and European Respiratory Society (ERS)
guidelines [37]. The major difference between the
NObreath® device and other devices such as the NIOX-
MINO® device is that these other devices will only provide
data at a given exhaled flow rate. In contrast, NObreath
accepts samples produced using poor exhalation maneu-
vers but this does, however, allow detection of FENO in
subjects such as children and those with severe disease
where flow rate compliance is sub-optimal [38].

Conclusion
This study reports no differences in FeNO between
healthy controls and IPAH patients. In addition,

Fig. 2 Six minute walk distance (6MWD) changes in the three WHO functional classes before and after treatment. The effects of treatment on the
6MWD in class I (n = 8 subjects), II (n = 17 subjects) and III (n = 11 subjects). Data are presented as mean ± sem
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continued treatment for 3 months had no significant ef-
fect on FeNO levels in IPAH patients. FeNO did not sig-
nificantly correlate with other biomarker or clinical
variables such as NT-proBNP, 6MWD, WHO-FC or
PAPecho. Despite the limitations of the study around
low patient numbers, short duration of follow-up, the
use of multiple treatment regimens and no switch of
treatment, the data do not support the use of FeNO in
motoring IPAH. Further larger studies of a longer dur-
ation are needed to confirm these results.
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