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Introduction

Chronic obstructive pulmonary disease (COPD) is a leading 
cause of mortality and morbidity throughout the world 
causing higher medical costs and social economic bur-
dens.1-3 In 2005, 5% of all deaths worldwide were due to 
COPD complications.4 This percentage is predicted to 
increase by 30% by 2020, and COPD is on target to become 
the third leading cause of death worldwide.4

COPD is often under- or misdiagnosed in the primary 
care setting.5-7 For example, in the United States, for every 
1 person diagnosed with COPD, there are another 1.4 peo-
ple who have not been diagnosed and therefore not captured 
by health care system.8 Spirometry, the current gold stan-
dard for diagnosing COPD, is often underutilized or used 
incorrectly in primary care settings5,7 due to lack of exper-
tise and/or difficulty in its use by COPD patients. Therefore, 
a noninvasive method that is quick and easy to use is needed 
to diagnose COPD in primary care settings.

Nitric oxide (NO) and NO derivatives are known mark-
ers of airway inflammation present in exhaled breath con-
densate of asthma patients.9 NO is a noninvasive, 
time-saving, highly reproducible, and cost-effective method 
for assessing inflammation.9,10 Measuring NO in exhaled 
breath condensate (eNO) is a promising noninvasive 
method that would allow physicians and public health pro-
fessionals to monitor the progression of COPD in outpatient 

settings with minimal training. However, studies relating 
NO derivatives to COPD, and COPD severity remain incon-
clusive; some have shown an association between eNO and 
COPD,9,11 whereas others have not.10 Since, there is no cure 
of COPD, early diagnosis and treatment remains the only 
viable option to controlling and decreasing COPD inci-
dence and prevalence rates.

The purpose of this study was to determine if there is an 
association between eNO, COPD, and COPD severity, 
using the National Health and Nutrition Examination 
Survey (NHANES) 2007 to 2010 data.

Methods

The NHANES is an ongoing, stratified, multistage proba-
bility program of studies that examines 5000 civilian, non-
institutionalized adults and children every year in the 
United States. Fifteen counties/locations are visited annu-
ally where participants are interviewed to gather 

624922 JPCXXX10.1177/2150131915624922Journal of Primary Care & Community HealthArif and Mitchell
research-article2015

1University of North Carolina at Charlotte, Charlotte, NC, USA
2Walden University, Minneapolis, MN, USA

Corresponding Author:
Ahmed A. Arif, Department of Public Health Sciences, University of 
North Carolina at Charlotte, 9201, University City Boulevard, CHHS 
429, Charlotte, NC 28223, USA. 
Email: aarif@uncc.edu

Use of Exhaled Nitric Oxide as a  
Biomarker in Diagnosis and Management  
of Chronic Obstructive Pulmonary  
Disease

Ahmed A. Arif1 and Colin Mitchell2

Abstract
Background: Chronic obstructive pulmonary disease (COPD), a progressive and nonreversible disease, is a leading cause of 
mortality and morbidity throughout the world. Because airway inflammation is a hallmark of COPD, it has been proposed that 
measuring exhaled nitric oxide, a marker of inflammation, in exhaled breath condensate could prove to be an inexpensive and 
efficient method to detect COPD in outpatient settings. Methods: This study used secondary data on a sample of 10,214 
individuals 30 years and older from the National Health and Nutrition Examination Survey 2007 to 2010. Binary and ordinal logistic 
regression analyses were used to test the association of exhaled nitric oxide (eNO) with COPD and COPD severity. Results: 
The prevalence of COPD was 7.2%, based on self-reported physician diagnoses and 11.4% based on prebronchodilator spirometry 
analysis. This study found no statistically significant association between eNO, COPD, and COPD severity (P > .05). Conclusions: 
The findings of this study do not support use of eNO as a biomarker of inflammation in diagnosis and management of COPD.

Keywords
exhaled nitric oxide (eNO), chronic obstructive pulmonary disease (COPD), GOLD, COPD severity

mailto:aarif@uncc.edu


Arif and Mitchell	 103

demographic, socioeconomic, dietary, and health-related 
information, physical examinations conducted, and labora-
tory tests completed.12,13 The total sample size for NHANES 
2007 to 2010 was 20 686 (10 149 for 2007-2008 and 10 537 
for 2009-2010). The sample was restricted to adults 30 
years and older because COPD can be present in younger 
patients. The final analytic sample consisted of 10  214 
individuals.

Dependent Variables: COPD and COPD Severity

The main dependent variable, COPD, was constructed 
using these 2 questions: “Ever told you had emphysema?” 
and “Ever told you had chronic bronchitis?” The binary 
variable was formed by coding individuals with positive 
responses to either of these questions as 1. Individuals 
who responded negatively to both questions were coded as 
0.

COPD severity was calculated using individual prebron-
chodilator spirometry data for the COPD population from 
NHANES 2007 to 2010, converted from milliliters to liters. 
A ratio was calculated by dividing FEV

1
 (forced expiratory 

volume in 1 second) by FVC (forced vital capacity). 
Observed values less than 70% were divided by predicted 
values and aligned to the GOLD (Global Initiative for 
Chronic Obstructive Lung Diseases) standard to determine 
severity as Stage I, II, III, or IV for analysis.14 Predicted 
values were calculated by dividing the observed FEV

1
 value 

by the predicted FEV
1
 value estimated for an individual of 

similar age, height, gender, and race, using gender- and 
race-specific reference equations.15 A correction factor of 
0.88 was applied for race/ethnicity category listed as 
“other.”15. Since there were few observations for stages III 
and IV, data for these 2 categories were combined into 1 
category, stage III.

Independent Variable: Exhaled Nitric Oxide

Exhaled NO readings, measured in ppb (parts per billion), 
were taken during the physical examinations, and the mean 
of 2 reproducible readings was recorded. For the purpose of 
this analysis, eNO, a continuous variable, was converted 
into a categorical variable and grouped into quartiles.

Covariate Variables

Covariates included age, gender, race/ ethnicity, tobacco 
smoking, body mass index, whether someone smoked in the 
home, whether the subject ate or drank within the last hour, 
ate nitrogen rich foods within the last 3 hours, ate nitrogen-
rich vegetables within last 3 hours, smoked within the last 
hour, exercised strenuously in the last hour, used steroids 
within the last 2 days, had a cough, cold or other respiratory 
illness in last 7 days, or had ever been told by a health care 
professional they had asthma.

Statistical Analysis

Data were described using descriptive statistics. Univariable 
and multivariable binary (COPD) and ordinal (COPD 
severity) logistic regression analysis were used to calculate 
unadjusted and adjusted odds ratios, respectively, to test the 
association of eNO with COPD and COPD severity. Data 
analysis was performed using Stata statistical software 
package version 13.0 taking into account survey feature of 
NHANES. Four-year weights were constructed by taking 
one-half of 2-year weights of the 2 survey cycles.16

Results

The average age of study participants was 55.1 years (SD = 
15.2 years). Women made up 52% (n = 5230) of the sam-
ple, while 48% were male (n = 4984). Non-Hispanic whites 
made up most of the sample at 71% (n = 4982), followed 
by non-Hispanic blacks at 11% (n = 1951). Fifty-three per-
cent of the study sample were nonsmoker (n = 5287) fol-
lowed by 27% ex-smokers (n = 2815) and 20% current 
smokers (n = 2106). Thirty-five percent of responders were 
overweight (n = 3446) and 37% were obese (n = 4274) 
(Table 1).

Exhaled NO data were provided by 81% (n = 7474) of the 
sample. These results were grouped into quartiles: quartile 1 
ranged from 3.5 to 9.5 ppb (mean = 6.3), quartile 2 from 9.5 
to 14.5 ppb (mean = 11.8), quartile 3 from 14.5 to 22.5 ppb 
(mean = 17.6), and quartile 4 ranged from 22.5 to 301 ppb 
(mean = 36.5). Frequency distribution of factors that could 
directly affect eNO levels ranged from as low as 0.6% for 
those reporting exercising strenuously in the last hour to as 
high as 52% for those reporting eating or drinking within the 
last 3 hours before beginning the examination (Table 1).

The prevalence of COPD, based on self-reported 
response to questions on chronic bronchitis and emplysema, 
was 7.2% (n = 805). Whereas, based on the prebronchodila-
tor spirometry analysis, the prevalence of COPD was 11.4% 
(n=1160). The prevalence rates for different stages of 
COPD severity were 6.9% for stage I, 4.8% for stage II, and 
0.7% for stage III/IV (Table1).

The odds of COPD decreased as the amount of eNO 
increased from as high as 0.68 (95% CI = 0.51-0.92) for 
quartile 2 to as low as 0.53 (95% CI = 0.39-0.73) for quar-
tile 4. When adjusted for age, gender, race, and smoking 
status, all odds ratios became statistically nonsignificant 
(model 2). The odds ratio of COPD for the second and the 
third quartiles of eNO exposure remained statistically non-
significant for models 3 and 4, and only reached statistical 
significance for the fourth quartile with a 40% decline in the 
odds of COPD observed for both models (Table 2).

Table 3 illustrates association of eNO quartiles with 
COPD severity stages. A 48% decline in COPD severity was 
observed for exposure to third quartile of eNO in the unad-
justed analysis only (unadjusted OR=0.52, 95%CI=0.34-
0.80) (Table 3).
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Discussion

The prevalence of COPD in this study was 7.2% based on 
physician diagnoses. However, based on prebronchodilator 
spirometry analysis, 11.4% of the study population was 

diagnosed with some form of COPD. The prevalence of 
COPD severity was 6.9% for stage I, 4.8% for stage II, and 
0.7% for stage III. These results are similar to the ones 
reported by Lindberg et al,17 who reported the prevalence of 
mild, moderate, and severe GOLD-COPD as 8.2%, 5.3%, 
and 0.7%, respectively. The findings from this study further 
supports the argument made by earlier researchers that 
COPD is often under- or misdiagnosed in the clinical set-
ting.5,6,18 Routine use of spirometry testing in outpatient set-
tings should be encouraged to diagnose, treat, and manage 
COPD cases early in the disease process to prevent the dis-
ease from progressing to a later, more severe stage.

When examining the unadjusted analysis of eNO and 
COPD, all eNO quartile P values were statistically signifi-
cant (quartile 2 P = .013, quartile 3 P = .010, and quartile 4 
P <.001). ORs decreased from 0.68 in quartile 2 to 0.53 in 
quartile 4. However, when adjusted for factors directly 
affecting eNO (model 3) and for all variables (model 4), 
only quartile 4 remained statistically significant at P < .05. 
These results demonstrate that only higher concentrations 
of eNO are associated with lower odds of COPD. The 
inverse relationship observed in the current study could 
possibly be because only 4% of COPD patients were report-
edly using steroids prior to the spirometry testing during the 
NHANES examination and were likely to be clinically sta-
ble; eNO levels rise during acute exacerbations, especially 
in patients hospitalized with severe COPD.19 Similar find-
ings were also reported by Beg et al9 who found a negative 
correlation between FEV1/FVC ratio and eNO concentra-
tion in patients with COPD (P = .028). In a small clinical 
study of 32 Dutch subjects (16 with COPD and 16 controls), 
Rutgers et al20 reported no significant difference in eNO 
concentrations between subjects with and without COPD 
consistent with the results from the current study.

The current study did not find any association between 
eNO and severity of COPD, as determined by the GOLD 
criteria. Inflammation in COPD is mostly present in small 
airways and lung parenchyma. Brindicci et al11 found that 
COPD severity correlated with an increase in the alveolar 
fraction of exhaled NO, CalvNO. However, their results 
were not confirmed by Lehouck et al6 and Bazeghi et al10 
who found no correlation between eNO, CalvNO, and 
COPD severity, consistent with the results of the current 
study. Hence, the findings of this current study confirm pre-
vious data and weaken the prospect of using eNO as a bio-
marker for COPD.

There were some limitations to this study. In NHANES, 
participants were not diagnosed with COPD using objective 
clinical measures. Hence, misclassification bias cannot be 
ruled out. However, any misclassification is likely to be 
nondifferential resulting in underestimation of ORs. This 
was evident from the fact that prevalence of self-report 
COPD was underestimated when compared with the preva-
lence based on spirometry data. We were not able to esti-
mate the prevalence of GOLD stage IV (very severe) 

Table 1.  Descriptive Characteristics of the Study Sample.

Variable
n 

(Unweighted)
Weighted 

%

Age, years
  30-39 2045 22.5
  40-49 2057 25.0
  50-59 1876 22.7
  60-69 1960 15.1
  70+ 2267 14.7
Gender
  Female 5230 52.3
  Male 4984 47.7
Race
  Non-Hispanic white 4892 70.8
  Other Hispanic 1081 4.6
  Mexican American 1723 7.5
  Non-Hispanic black 1951 10.9
  Other race/ethnicity 477 6.2
Smoking status
  Nonsmoker 5287 53.1
  Ex-smoker 2815 27.0
  Current smoker 2106 19.8
Body mass index
  Normal (<25 kg/m2) 2494 27.9
  Overweight (25-29.9 kg/m2) 3446 34.8
  Obese (≥30 kg/m2) 4274 37.4
Factors that can directly affect NO levels
  Ate or drank within the last hour 4525 51.9
  Ate nitrogen-rich meats 3 hours 

  before
257 3.0

  Ate nitrogen-rich vegetables 3  
  hours before

311 4.0

  Exercised strenuously last hour 61 0.6
  Used steroids in last 2 days 369 4.1
  Cough, cold, or respiratory  

  illness last 7 days
1620 15.5

Ever been told you have asthma 1294 12.9
Exhaled nitric oxide
  First quartile (mean = 6.2) 2042 22.1
  Second quartile (mean = 11.8) 1797 20.5
  Third quartile (mean = 17.6) 1842 20.0
  Fourth quartile (mean = 36.5) 1793 18.8
Chronic obstructive pulmonary disease (COPD)
  No 9373 92.5
  Yes 805 7.2
COPD severity based on 

prebronchodilator spirometry
1160 11.4

  Stage I 608 6.9
  Stage II 477 4.8
  Stage III/IV 75 0.7
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category since data for GOLD stage IV severity were few 
and was combine with stage III category to provide stable 
prevalence estimates. Also, we were not able to use post-
bronchodilator data due to small numbers. Asthma and 
COPD can coexist, and sometimes it is difficult to separate 
them clinically.21,22 There were 366 subjects in the current 
study who had both asthma and COPD. Removing asthmat-
ics from the analyses did not change the results. Therefore, 
to maintain the appropriate power, we chose to leave the 
asthma variable in multiple logistic regression analyses as a 
potential confounder. Although the current study included a 
large number of potential confounding variables, residual 
confounding due to unmeasured variables could not be 
ruled out. Lastly, because of the cross-sectional nature of 
the data, reverse causation cannot be ruled out.

In conclusion, this study found no association of eNO 
with COPD and COPD severity. Use of eNO as a noninva-
sive biomarker of COPD or COPD severity is not supported 
by our findings. However, our results suggest that COPD is 
underdiagnosed in clinical settings. Therefore, routine use 
of spirometry should be encouraged for diagnosis and man-
agement of COPD in outpatient settings. Future studies 
should also explore the role of high levels of eNO in exclud-
ing the diagnosis of COPD.
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