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function, including neurotransmission, vasodilation, and 

immunoregulation.6 Moreover, FENO is implicated in the 

pathophysiology of airway disease, and elevated FENO level 

is found in inflammatory lung disorders such as asthma, pul-

monary hypertension, and cystic fibrosis.7 The measurement 

of FENO has been suggested as a simple and noninvasive 

test in eosinophilic airway inflammation, and the utility in 

aiding diagnosis and monitoring of asthma has also been 

confirmed.7,8 However, limited by the inconsistent results of 

FENO level in COPD, the value and application in this case 

still remains unknown. Interestingly, it was reported that 

FENO levels in patients with COPD could be reduced by 

smoking and inhaled corticosteroids, which indicated they 

were confounding factors in measuring FENO levels in 

COPD. COPD involves excessive inflammation in airway 

and lung, which induces the release of numerous proinflam-

matory cytokines. Yet, the available studies regarding FENO 

levels are controversial and conflicting in their conclusions. 

To address this issue, we performed a systematic review and 

meta-analysis of published studies to determine the levels of 

FENO in COPD, aiming to further the understanding of the 

role of FENO in patients with COPD.

Methods
Search strategy
A systematic search of PubMed, Embase, and Cochrane 

Library was conducted up to January 2018. We searched 

for the terms (“chronic obstructive pulmonary disease” or 

“COPD”) and (“fractional exhaled nitric oxide” or “exhaled 

nitric oxide” or “nitric oxide” or “FENO”). The search was 

limited to articles published in the English language and 

conducted in humans. To ensure that all relevant studies 

were included, we screened bibliographies of relevant 

review articles and searched the clinical trial registry (www.

ClinicalTrials.gov) for additional studies. Case reports, 

reviews, editorials, comments, practice guidelines, historical 

articles, and news were excluded.

Study selection
Two reviewers (ZL and CC) screened titles and abstracts 

independently to identify potential relevant citations. Then, 

the full texts were retrieved and reviewed to confirm eligi-

bility. Differences between the reviewers were resolved by 

discussion and, if necessary, in consultation with a senior 

investigator (QD). Studies were included if they met the 

following criteria: 1) Studies reported FENO levels in both 

patient group and control group quantitatively. 2) FENO 

levels were expressed as mean ± standard deviation, median 

and range, or median and interquartile range. 3) Patients 

with COPD and controls had no history of asthma or other 

respiratory disease.

Data extraction and quality assessment
The extracted information included study source (surname 

of first author and year of publication), study design, study 

population, gender, sample size, diagnostic standard of 

COPD, FENO measurement, and FENO levels (in parts 

per billion or ppb) in patients with COPD and in controls. 

We derived FENO levels expressed as mean ± standard 

deviation preferentially. If not available, the median and 

range, or median and interquartile range were extracted. If 

multiple flow rates were applied in FENO, we then derived 

the data at 50 mL/s flow rate. Quality assessment of cross-

sectional studies was conducted by using an 11-item check-

list recommended by Agency for Healthcare Research and 

Quality. Article quality was assessed as follows: low quality 

ranged from 0 to 3, moderate quality ranged from 4 to 7, and 

high quality ranged from 8 to 11. As for case–control stud-

ies, we applied the Newcastle–Ottawa Quality Assessment 

Scale, with a total score of 0–3, 4–6, and 7–9 considered 

low, moderate, and high quality, respectively. The quality 

of all studies was evaluated by a consensus meeting with 

all authors. Low-quality studies were excluded from our 

meta-analysis.

Data analysis
The means and standard deviation were pooled and calcu-

lated between patients with COPD and controls. For studies 

reporting median and range, or median and interquartile 

range, we analyzed means and standard deviation based on 

the method proposed by Hozo et al.9 For studies reporting 

FENO levels in stable and exacerbated COPD, both levels 

were calculated. If there were 2 or more control groups in 

the included studies, we chose the best match for each group 

(ex-smokers group and current smokers group). Furthermore, 

we performed subgroup analyses regarding COPD status 

including stable and exacerbated COPD, as well as smok-

ing status (ex-smokers and current smokers) in patients with 

COPD. According to the included studies, stable status was 

free from no exacerbation of symptom (increased breathless-

ness, increased cough, and increased sputum production) 

before research. Exacerbated COPD was defined as acute 

exacerbation, with a symptom of increased breathlessness, 

increased cough, and increased sputum production. Het-

erogeneity was assessed by the I2 statistics, with a value 

of 25%–49% representing low heterogeneity, 50%–75% 
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moderate heterogeneity, and .75% high heterogeneity. 

Considering the high heterogeneity, a random-effects model 

was applied to combine the overall effect. In addition, 2 

reviewers (ZL and CC) independently used the funnel plot 

to check the publication bias, and Egger’s test was done to 

access the asymmetry of funnel plots. A 2-sided P-value 

,0.05 was judged to indicate statistical significance. Dif-

ferences between the reviewers were resolved by discussion 

and, if necessary, in consultation with a senior investigator 

(QD). We also performed a sensitivity analysis to explore the 

stability of the meta-analysis. All statistical analyses were 

conducted with Review Manager version 5.3 (The Cochrane 

Collaboration, London, UK) and Stata version 13 (StataCorp 

LLC, College Station, TX, USA).

Results
Study selection
Figure 1 shows details of literature and study selection. 

Initially, we identified 2,073 records in the electronic data-

bases. After removing duplicates, 1,466 records were left 

for title and abstract screening. Then, 1,426 citations were 

discarded, as they were not related to the topic. The remaining 

40 studies were retrieved for full-text evaluation. No avail-

able data was provided in 4 studies. Nine studies were not 

related to our study. Two studies reported that patients with 

COPD had other respiratory disease, and 1 study reported 

that participants in the control group had respiratory disease. 

Eventually, 24 studies were included in this systematic 

review and meta-analysis, with 22 cross-sectional studies10–31 

and 2 case–control studies.32,33 As for quality assessment, all 

the cross-sectional studies had a relatively moderate quality 

while the case–control studies (Agency for Healthcare 

Research and Quality score ranged from 4 to 7) had a rela-

tively high quality (Newcastle–Ottawa Quality Assessment 

Scale score .7).

Detailed characteristics of included studies are provided 

in Table 1. The sample size across studies varied from 21 to 

212, with a total number of 1,669. The majority of studies 

were from Europe,10–12,15,18–20,22,23,26–30,33 with 1 study from 

Australia,17 1 study from America,13 2 studies from Africa,21,32 

and 5 studies from Asia.14,16,24,25,31 In terms of diagnosis 

of COPD, 9 studies used doctor-diagnosis,13,15,17,21,23,29,31,32  

8 studies used GOLD guideline,10,12,14,18,22,24,26,30,33 2 applied 

American Thoracic Society criteria,11,16 2 applied European 

Respiratory Society criteria,20,27 2 applied British Thoracic 

Society guidelines,19,28 and 1 applied Chinese Medical Asso-

ciation guidelines.25

FeNO in patients with COPD
A total of 24 studies evaluated FENO levels in patients with 

COPD and controls. Due to the evidence of great hetero-

geneity (I2=96%), a random-effect model was used in this 

meta-analysis. The pooled standard mean difference (SMD) 

was 1.28 (95% confidence interval [CI] 0.60–1.96), which 

indicated FENO levels were slightly elevated in patients with 

COPD compared with controls (Figure 2 and Table 2).

Subgroup analyses
Based on COPD status (stable or exacerbated), we conducted 

subgroup analyses to evaluate the association between COPD 

status and FENO levels. Twenty studies were included in the 

subgroup of stable COPD, contributing 1,393 participants for 

this meta-analysis. The calculated SMD was 1.21 (95% CI 

0.47–1.96), which meant FENO levels were 1.21 (95% CI 

0.47–1.96) higher than those in the control group (Figure 3 

and Table 2). As for subgroup of exacerbated COPD, 2 stud-

ies were enrolled and 53 participants were included. The 

calculated SMD (3.20, 95% CI -3.22 to 9.61) indicated that 

there was no association between exacerbated COPD and 

FENO levels in our meta-analysis (Figure 3 and Table 2).

Considering the smoking status in patients with COPD, 

we performed another subgroup analysis to compare FENO 

levels between ex-smokers and current smokers in COPD. 
Figure 1 Flow diagram of literature search and study selection.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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not perform analyses assessing FENO levels in subjects free 

from inhaled steroid treatment. Additionally, the association 

between FENO levels and quality of life and pulmonary func-

tion were also unevaluable due to the amount of information 

available. It is necessary to acknowledge another limitation in 

our search strategy. We did not search the Chinese database. 

Several studies aiming at the association between COPD and 

FENO levels in Chinese might have been excluded from this 

study. Our funnel plot showed an obvious publication bias, 

which may result from clinical and methodological differ-

ences among studies. Another source of asymmetry may be 

from the studies where the sample size was small but the 

result showed a strong effect.

Future practice
The usefulness of FENO measurement in clinical manage-

ment of COPD still needs to be evaluated in a long term of 

practice and requires more high-quality studies. Importantly, 

the association between exacerbated COPD and FENO 

levels and the underlying mechanism in COPD exacerbation 

should be further investigated and explained. Since COPD 

is a neutrophilic airway inflammation, it is interesting that 

antioxidants and theophylline may have an effect on COPD 

since they may interfere with neutrophilic inflammation.

Conclusion
Our findings indicated a mild elevation in FENO levels in 

patients with COPD compared with controls, as well as in 

patients with stable COPD. No association was observed 

in exacerbated COPD, which might result from the limited 

studies assessed. With regard to difference in smoking status 

in COPD, we concluded that ex-smokers had higher levels 

of FENO than current smokers.

Funding
We acknowledge funding from the program for the 

National Natural Science Foundation of China (81700025), 

Medical and Health Science and Technology Project of 

Zhejiang (2018245859), Beijing Medical Health Founda-

tion (YWJKJJHKYJJ-HX32), and the Medical Science and 

Technology Plan Projects of Ningbo (2016A03).

Author contribution
ZL, QD, and CC conceived the study. ZL, WH, and LW 

selected studies and collected data. ZL and NX conducted the 

statistical analyses. ZL wrote the first draft, and all authors 

contributed to the final manuscript. All authors contributed 

toward data analysis, drafting and critically revising the paper 

and agree to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Mathers CD, Loncar D. Projections of global mortality and burden of 

disease from 2002 to 2030. PLoS Med. 2006;3(11):e442.
 2. Guo Y, Zhang T, Wang Z, et al. Body mass index and mortality in 

chronic obstructive pulmonary disease: a dose-response meta-analysis. 
Medicine. 2016;95(28):e4225.

 3. Barnes PJ. Inflammatory mechanisms in patients with chronic obstruc-
tive pulmonary disease. J Allergy Clin Immunol. 2016;138(1):16–27.

 4. Cazzola M, Calzetta L, Bettoncelli G, et al. Cardiovascular disease in 
asthma and COPD: a population-based retrospective cross-sectional 
study. Resp Med. 2012;106(2):249–256.

 5. Cazzola M, Bettoncelli G, Sessa E, Cricelli C, Biscione G. Prevalence 
of comorbidities in patients with chronic obstructive pulmonary disease. 
Respiration. 2010;80(2):112–119.

 6. Stewart L, Katial R. Exhaled nitric oxide. Immunol Allergy Clin North 
Am. 2007;27(4):571–586.

 7. Guo Z, Wang Y, Xing G, Wang X. Diagnostic accuracy of fractional 
exhaled nitric oxide in asthma: a systematic review and meta-analysis 
of prospective studies. J Asthma. 2016;53(4):404–412.

 8. Saito J, Sato S, Hasunuma H, et al. Off-line fractional exhaled nitric 
oxide measurement is useful to screen allergic airway inflammation in 
an adult population. J Asthma. 2007;44(10):805–810.

 9. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from 
the median, range, and the size of a sample. BMC Med Res Methodol. 
2005;5(1):13.

 10. Brindicci C, Ito K, Resta O, Pride NB, Barnes PJ, Kharitonov SA. 
Exhaled nitric oxide from lung periphery is increased in COPD. Eur 
Respir J. 2005;26(1):52–59.

 11. Clini E, Bianchi L, Vitacca M, Porta R, Foglio K, Ambrosino N. 
Exhaled nitric oxide and exercise in stable COPD patients. Chest. 2000; 
117(3):702–707.

 12. de Laurentiis G, Maniscalco M, Cianciulli F, et al. Exhaled nitric oxide 
monitoring in COPD using a portable analyzer. Pulm Pharmacol Ther. 
2008;21(4):689–693.

 13. Delen FM, Sippel JM, Osborne ML, Law S, Thukkani N, Holden WE. 
Increased exhaled nitric oxide in chronic bronchitis: comparison with 
asthma and COPD. Chest. 2000;117(3):695–701.

 14. Hirano T, Matsunaga K, Sugiura H, et al. Relationship between alveolar 
nitric oxide concentration in exhaled air and small airway function in 
COPD. J Breath Res. 2013;7(4):046002.

 15. Hogman M, Holmkvist T, Wegener T, et al. Extended NO analysis 
applied to patients with COPD, allergic asthma and allergic rhinitis. 
Respir Med. 2002;96(1):24–30.

 16. Kanazawa H, Shoji S, Yoshikawa T, Hirata K, Yoshikawa J. Increased pro-
duction of endogenous nitric oxide in patients with bronchial asthma and 
chronic obstructive pulmonary disease. Clin Exp Allergy. 1998;28(10): 
1244–1250.

 17. Liu J, Sandrini A, Thurston MC, et al. Nitric oxide and exhaled breath 
nitrite/nitrates in chronic obstructive pulmonary disease patients. Respi-
ration. 2007;74(6):617–623.

 18. Maricic L, Vceva A, Visevic R, et al. Assessment of endothelial dys-
function by measuring von Willebrand factor and exhaled nitric oxide in 
patients with chronic obstructive pulmonary disease. Coll Antropol. 2013; 
37(4):1153–1160.

 19. Montuschi P, Kharitonov SA, Barnes PJ. Exhaled carbon monoxide 
and nitric oxide in COPD. Chest. 2001;120(2):496–501.

 
In

te
rn

at
io

na
l J

ou
rn

al
 o

f C
hr

on
ic

 O
bs

tr
uc

tiv
e 

P
ul

m
on

ar
y 

D
is

ea
se

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
3.

80
.2

23
.1

23
 o

n 
23

-M
ay

-2
01

9
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2703

A mild elevation of FeNO levels in COPD

 20. Papi A, Romagnoli M, Baraldo S, et al. Partial reversibility of airflow 
limitation and increased exhaled NO and sputum eosinophilia in chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med. 2000;162(5): 
1773–1777.

 21. Rawy AM, Mansour AI. Fraction of exhaled nitric oxide measurement 
as a biomarker in asthma and COPD compared with local and systemic 
inflammatory markers. Egypt J Chest Dis Tuberc. 2015;64(1):13–20.

 22. Rouhos A, Kainu A, Piirila P, et al. Repeatability of exhaled nitric oxide 
measurements in patients with COPD. Clin Physiol Funct Imaging. 
2011;31(1):26–31.

 23. Rutgers SR, Meijer RJ, Kerstjens HA, van der Mark TW, Koëter GH, 
Postma DS. Nitric oxide measured with single-breath and tidal-breathing 
methods in asthma and COPD. Eur Respir J. 1998;12(4):816–819.

 24. Shrestha SK, Shrestha S, Sharma L, Pant S, Neopane A. Comparison of 
fractional exhaled nitric oxide levels in chronic obstructive pulmonary 
disease, bronchial asthma and healthy subjects of Nepal. J Breath Res. 
2017;11(4):047101.

 25. Sun Y, Wang XM, Chen YH, Zhu RX, Liao CC. Exhaled hydrogen 
sulfide in patients with chronic obstructive pulmonary disease and its 
correlation with exhaled nitric oxide. Chin Med J (Engl). 2013;126(17): 
3240–3244.

 26. Ziora D, Dworniczak S, Kaczmarczyk G, Jastrzebski D, Krzywiecki A, 
Kozielski J. Correlation of exhaled nitric oxide with nitrogen oxides 
and selected cytokines in induced sputum of chronic obstructive pul-
monary disease patients. J Physiol Pharmacol. 2007;58 Suppl 5(Pt 2): 
791–799.

 27. Zietkowski Z, Kucharewicz I, Bodzenta-Lukaszyk A. The influence 
of inhaled corticosteroids on exhaled nitric oxide in stable chronic 
obstructive pulmonary disease. Resp Med. 2005;99(7):816–824.

 28. Corradi M, Majori M, Cacciani GC, Consigli GF, de’Munari E, Pesci A. 
Increased exhaled nitric oxide in patients with stable chronic obstructive 
pulmonary disease. Thorax. 1999;54(7):572–575.

 29. Agusti AG, Villaverde JM, Togores B, Bosch M. Serial measurements 
of exhaled nitric oxide during exacerbations of chronic obstructive 
pulmonary disease. Eur Respir J. 1999;14(3):523–528.

 30. Santini G, Mores N, Shohreh R, et al. Exhaled and non-exhaled 
non-invasive markers for assessment of respiratory inflammation in 
patients with stable COPD and healthy smokers. J Breath Res. 2016; 
10(1):017102.

 31. Beg MF, Alzoghaibi MA, Abba AA, Habib SS. Exhaled nitric oxide in 
stable chronic obstructive pulmonary disease. Ann Thorac Med. 2009; 
4(2):65–70.

 32. Moussa SB, Sfaxi I, Tabka Z, Saad HB, Rouatbi S. Oxidative stress 
and lung function profiles of male smokers free from COPD compared 
to those with COPD: a case-control study. Libyan J Med. 2014;9(1): 
23873.

 33. Lehouck A, Carremans C, De Bent KD, Decramer M, Janssens W. 
Alveolar and bronchial exhaled nitric oxide in chronic obstructive 
pulmonary disease. Resp Med. 2010;104(7):1020–1026.

 34. Berlyne GS, Parameswaran K, Kamada D, Efthimiadis A, Hargreave FE. 
A comparison of exhaled nitric oxide and induced sputum as markers of 
airway inflammation. J Allergy Clin Immunol. 2000;106(4):638–644.

 35. Warke T, Fitch P, Brown V, et al. Exhaled nitric oxide correlates with air-
way eosinophils in childhood asthma. Thorax. 2002;57(5):383–387.

 36. Pesci A, Balbi B, Majori M, et al. Inflammatory cells and mediators in 
bronchial lavage of patients with chronic obstructive pulmonary disease. 
Eur Respir J. 1998;12(2):380–386.

 37. Hogg J, Chu F, Utokaparch S, et al. The nature of small-airway obstruc-
tion in chronic obstructive pulmonary disease. N Engl J Med. 2004; 
350(26):2645–2653.

 38. Carraro S, Andreola B, Alinovi R, et al. Exhaled leukotriene B4 in 
children with community acquired pneumonia. Pediatr Pulmonol. 2008; 
43(10):982–986.

 39. Papi A, Bellettato CM, Braccioni F, et al. Infections and airway inflam-
mation in chronic obstructive pulmonary disease severe exacerbations. 
Am J Respir Crit Care Med. 2006;173(10):1114–1121.

 40. Hoyt JC, Robbins RA, Habib M, et al. Cigarette smoke decreases 
inducible nitric oxide synthase in lung epithelial cells. Exp Lung Res. 
2003;29(1):17–28.

 41. Hutchison SJ, Sievers RE, Zhu BQ, et al. Secondhand tobacco smoke 
impairs rabbit pulmonary artery endothelium-dependent relaxation. 
Chest. 2001;120(6):2004–2012.

 42. Pedoto A, Caruso JE, Nandi J, et al. Acidosis stimulates nitric oxide 
production and lung damage in rats. Am J Respir Crit Care Med. 1999; 
159(2):397–402.

 43. Lim CS, Rani FA, Tan LE. Response of exhaled nitric oxide to inhaled 
corticosteroids in patients with stable COPD: a systematic review and 
meta-analysis. Clin Respir J. 2018;12:218–226.

 44. Yates DH, Kharitonov SA, Thomas PS, Barnes PJ. Endogenous nitric 
oxide is decreased in asthmatic patients by an inhibitor of inducible nitric 
oxide synthase. Am J Respir Crit Care Med. 1996;154(1):247–250.

 45. Keatings VM, Barnes PJ. Granulocyte activation markers in induced 
sputum: comparison between chronic obstructive pulmonary disease, 
asthma, and normal subjects. Am J Respir Crit Care Med. 1997;155(2): 
449–453.

 46. Silkoff PE, Wakita S, Chatkin J, et al. Exhaled nitric oxide after 
β2-agonist inhalation and spirometry in asthma. Am J Respir Crit Care 
Med. 1999;159(3):940–944.

 
In

te
rn

at
io

na
l J

ou
rn

al
 o

f C
hr

on
ic

 O
bs

tr
uc

tiv
e 

P
ul

m
on

ar
y 

D
is

ea
se

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
3.

80
.2

23
.1

23
 o

n 
23

-M
ay

-2
01

9
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2704

Lu et al

Supplementary materials

Figure S1 Sensitivity analysis of included studies by omitting each study.

Figure S2 Funnel plot of exhaled nitric oxide in COPD.
Abbreviations: Se, standard error; SMD, standard mean difference.
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