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Abstract
Background and Aims: Definitive diagnosis of IBD requires
endoscopic and pathologic confirmation. These tools are also used to
classify disease activity. Our aim was to determine if the fractional
exhaled nitric oxide (FeNO) could be utilized to screen for IBD and
assess for disease activity.
Methods: We matched weighted IBD cases and controls from the
2009-2010 NHANES dataset. All subjects underwent measurement
of FeNO using standardized techniques. We assessed for potential
confounders for FeNO measurement including age, height, and
asthma. For IBD subjects, we used the presence of diarrhea, fatigue,
and weight loss as a proxy for IBD activity. Laboratory parameters
examined to estimate disease activity included anemia (≤ 10 g/dl),
iron deficiency (ferritin ≤ 20 ng/ml), hypoalbuminemia (≤ 3.2 g/dl),
and CRP (≥ 1.1 mg/dl).

Results: The weighted sample represented 199,414,901
subjects. The weighted prevalence of IBD was 2,084,895 (1.0%). IBD
subjects had nearly the same FeNO level as those without IBD (17.0
± 16.2 vs. 16.7 ± 14.5 ppb). The odds of a FeNO > 25 ppb was half
(OR=0.501; 95% CI 0.497-0.504) for subjects with IBD compared
to those without IBD after controlling for confounders. The AUROC
curve for FeNO was 0.47 (0.35-0.59). FeNO levels were not higher
in patients with laboratory values suggestive of active disease. FeNO
levels were higher in IBD patients with diarrhea, rectal urgency, and
fatigue but were lower in those with unintentional weight loss.
Conclusion: Measurement of FeNO does not appear to be useful
to screen for IBD or assess disease activity.
Keywords: Biomarker; Crohn’s disease; Inflammation;
Inflammatory bowel disease; Nitric oxide; Ulcerative colitis

Abbreviations

IBD: Inflammatory bowel disiease; CD: Crohn’s Disease;
CDAI: Crohn’s Disease Activity Index; CRP: C-reactive protein;
ESR: erythrocyte sedimentation rate; FENO: fractional exhaled
nitric oxide; NHANES: National Health and Nutrition Examination
Survey; ROC: receiver operator characteristic

Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory
Symbiosis Group

disorder. In ulcerative colitis (UC), the inflammation is confined
to the colon mucosal layer, while in Crohn’s disease (CD),
the inflammation is transmural and may involve the entire
gastrointestinal tract [1]. Medical and surgical management of
IBD is primarily driven by an accurate assessment of disease
activity. The gold standard tools used to assess disease activity are
cross-sectional imaging and mucosal inspection via endoscopy.
Unfortunately, these tests are costly, cumbersome to use serially,
and have the potential for adverse events. For many years,
clinicians have relied on non-invasive tests to estimate disease
activity. For example, laboratory tests may reveal iron deficiency
anemia. Elevations of the erythrocyte sedimentation rate (ESR)
and/or C-reactive protein (CRP) often correlate with disease
activity although either may be normal in the setting of active
disease. Studies suggest that CRP is the most sensitive marker in
detecting active IBD but values range from 50% to 60% for UC
and 70% to 100% for CD, depending on the cutoff value used [2].
Recently, evaluation of stool concentrations of lactoferrin and
calprotectin has become routine with the commercial availability
of kits for their measurement. D’Haens, et al., using a cutoff
value for calprotectin of 250 µg/g of stool, found the presence of
active colonic CD with a sensitivity of 60.4% and a specificity of
79.5% and active UC with a sensitivity of 71.0% and specificity
of 100.0% [3].
A new potential non-invasive marker of IBD disease activity
is nitric oxide (NO). NO is produced from L-arginine by three
nitric oxide synthases (NOS), including endothelial, neuronal
and inducible subtypes. The former two are constantly active in
endothelial cells and neurons, while the latter can be activated
in response to microbes, cytokines, and other stimuli in many
cell types including epithelial cells [4]. Colonic NO can be
measured using a chemiluminescence technique [5]. One study
demonstrated that colonic NO levels in six adults with UC were
100-fold higher compared to twelve controls [6]. Similar results
have been reported in children where it was found that those with
active UC and CD had greatly increased rectal NO concentrations
compared with controls (8,840 ± 5,120 and 15,170 ± 4,757 vs. 77
± 17 ppb; P < 0.001) [5]. Children with inactive UC and CD had
levels in between (356 ± 110 and 188 ± 55 ppb respectively). For
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reference, the ambient concentration of NO in room air is 5-10
ppb [6].

One non-invasive approach to measuring NO production
from mucosal surfaces is to calculate the fractional concentration
of exhaled nitric oxide (FeNO). The most widely used technique
is a chemiluminescence reaction [7]. FeNO is already in use to
quantify airway inflammation, and increased levels have been
reported in asthma and acute exacerbations of chronic obstructive
pulmonary disease [8]. In asthma, elevation is typically found in
the setting of eosinophil-driven inflammation [9]. Eosinophilic
airway inflammation results from the activation of mast cells and
antigen-specific Th2 cells resulting in the production of cytokines
and up-regulation of epithelial inducible NO [10].

A recent study reported a significant increase in exhaled FeNO
levels (median, [interquartile range]) in steroid-free CD patients
with clinically active (n=16) disease (Crohn’s Disease Activity
Index (CDAI) >150; 22 [8] ppb) compared with CD patients
(n=34) in clinical remission (CDAI<150; 11 [6] ppb; P<0.001) and
healthy (n=25) controls (17 [9] ppb; P<0.05) [11]. The authors
found a correlation (r=0.68) between FeNO and the CDAI but no
correlation with fecal calprotectin.
Koek, et al. performed FeNO measurements on patients
with CD (n=31), UC (n=24) and healthy non-smoking controls
(n=27). CD and UC patients had mild activity based on CDAI and
Ulcerative Colitis Activity Index scores. For CD patients their
mean FeNO level was 13.5 ± 4.6 ppb and for UC the level was 15.8
± 6.2 ppb. In healthy controls the FeNO was significantly lower at
10.2 ± 2.5 ppb (P < 0.05 compared to CD and P < 0.01 compared
to UC) [12].
Two theories have been proposed to explain the correlation
between FeNO levels and IBD activity although the underlying
mechanism is poorly understood. One proposed mechanism
is that both colonic and respiratory epithelium originate from
primitive foregut and include goblet cells, submucosal glands
and lymphoid tissue that play a role in host mucosal defense.
Secondly, an injury to the intestinal barrier due to circulating
immune complexes in IBD may result in an entry of antigens that
can induce both local and systemic inflammation [13].
Our primary aim was to explore whether FeNO levels could
be used as a screening test for IBD. Our hypothesis was that FeNO
levels would be significantly higher in IBD subjects than control
subjects without IBD. A second aim was to explore whether
FeNO levels directly correlate with individual symptoms and
laboratory measures of active IBD. Our hypothesis was that FeNO
levels would be higher in subjects experiencing symptoms or labs
consistent with active disease.

Materials and Methods
Sample Population

The National Health and Nutrition Examination Survey
(NHANES) is a major program of the National Center for Health
Statistics (NCHS), part of the Centers for Disease Control and
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Prevention (CDC), and it has the responsibility for producing vital
health statistics for the US population. The yearly survey is unique
in that it performs medical interviews, physical examinations
and laboratory testing on a nationally representative sample of
US citizens. Recently, as part of the NHANES laboratory testing,
FeNO levels have been obtained from participants.

Aim 1: Use of FeNO to Screen for IBD

We restricted our analysis of cases and controls to subjects
between the ages of 16-65. For the 2009-2010 iteration of the
NHANES, patients were asked whether they have been told
they have CD or UC. Those answering yes were included as the
study group. Remaining subjects who responded that they were
never told they had CD or UC and completed all parts of the
questionnaire, laboratory and physiologic measurements were
eligible to be controls. We utilized the SPSS 22 (IBM Corporation,
Armonk, New York) extension utility bundle “Fuzzy” to perform
random draws without replacement to match cases and controls
exactly for age and gender.
Several variables were utilized from the NHANES dataset to
control for potential confounders in the measurement of FeNO.
These included subject height and weight, history of asthma or
COPD, participation in vigorous exercise as a proxy for physical
fitness, and lifetime smoking history. We also controlled for the use
of inhaled corticosteroids ≤ 2 days before testing or consumption
of NO-rich foods or beverages ≤ 3 hours of measuring FeNO.

Aim 2: Use of FeNO in IBD Subjects to Assess Disease
Activity

NHANES does not record IBD disease activity per se and
therefore we relied on several available indirect parameters.
Clinical symptoms used as a proxy for IBD disease activity
included the presence or absence of diarrhea (defined as an
average of ≥ 2 loose bowel movements per day), fatigue, and
unintentional weight loss. Laboratory parameters examined
to estimate disease activity included anemia (≤ 10 g/dl), iron
deficiency (ferritin ≤ 20 ng/ml), hypoalbuminemia (≤ 3.2 g/dl),
and elevated CRP (≥ 1.1 mg/dl).

Fractional Exhalation of Nitric Oxide (FeNO)

The procedure for FeNO measurement is fully available
at
(http://wwwn.cdc.gov/nchs/nhanes/2009-2010/ENX_F).
In brief, FeNO levels were measured using the Aerocrine NIOX
MINO®, a portable, hand-held NO analyzer (Aerocrine AB,
Morrisville, NC) approved by the FDA in 2008. This device relies
on an electrochemical sensor to detect exhaled NO levels and
provides measurements from 5 to 300 ppb in whole numbers.
Participants were asked to first empty their lungs, then to place
their mouth on the disposable analyzer’s filter mouthpiece
and to fill their lungs to capacity with NO-free air. Assisted by
technicians, participants are then asked to blow out all of their air
at a constant pressure. The standard exhalation time, as specified
by the manufacturer, was 10 seconds for examinees who were at
or above 130 cm in height, and 6 seconds for those below 130 cm.
The NHANES protocol required two valid FeNO measurements
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that were reproducible, in accordance with testing procedures
recommended by the manufacturer and similar to those published
by the American Thoracic Society and European Respiratory
Society. If either or both of the first two valid FeNO measurements
was below 30 ppb and the measurements were within 2 ppb of
each other, or if both measurements were over 30 ppb and within
10% of each other, then the test was considered reproducible and
complete. If the reproducibility criteria were not met within the
first two exhalations, a participant had 2 additional exhalations
to satisfy the criteria (up to a total of 4 trials). For analysis, we
used the mean of two reproducible measurements.

Procedure for NHANES Complex Sampling

NHANES utilizes a multi-stage probability sampling design
and assigns individual weights to study participants. Weighting
takes into account several features of the survey: the specific
probabilities of selection for the individual domains that were
oversampled, as well as nonresponse and differences between
the sample and the total (i.e. US) population. Interviews took
place in the home or at a Mobile Exam Center where subjects also
undergo laboratory and physiological testing. For this study, we
only included subjects who were both interviewed and examined.
This represented approximately 98.0 ± 0.2% of all NHANES
participants for 2009-2010. The Complex Sampling module of
SPSS v.22 was utilized to provide accurate error estimates of
the weighted data. We designated SDMVSTRA as the “strata”
variable, and SDMVPSU as the “clusters” variable. The variable
WTMEC2YR was chosen for sample weighting. Sample weight
was matched for IBD cases and controls to give an approximate
1:1 ratio. For estimation of parameter error margins, we chose
the method of sampling with replacement.

Statistical Analysis

We first performed an exploratory data analysis to identify
miscoded data. We also performed histograms and calculated
skewness on weighted continuous data to confirm parametric
data distribution. Descriptive and inferential analyses were
performed after weighting. For all bivariate calculations of
continuous data, we used Student’s t-test and crosstabs was
performed for categorical data. We first explored whether FeNO
could be used to screen a population for IBD. We performed a
bivariate analysis comparing the groups and then calculated
the area under the receiver operator characteristic (ROC) curve
for FeNO. CRP was used as a comparator predictor variable.
We performed a multivariate logistic regression analysis to
determine if IBD status was an independent predictor of having
a FeNO > 25 ppb after controlling for potential confounders. We
then compared FeNO measurements for all subjects with IBD
and stratified results by abnormal symptom or lab result. All
calculations were performed 2-tailed and measurements of error
were calculated (standard deviation, 95% confidence interval)
where appropriate.

Results

Our 2009-2010 NHANES study group, restricted to ages 16-
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65, consisted of 5,346 participants. Weighted, this represents
199,414,901 US citizens. The weighted prevalence of IBD was
2,084,895 (1.0%), including 1,220,442 (58.5%) females and
a mean age 46.7 ± 13.3 years. The racial/ethnicity distribution
of IBD subjects was: non-Hispanic white – 77.4%, non-Hispanic
black – 9.1%, and Hispanic/Mexican – 12.3%.

Aim 1: Use of FeNO to Screen for IBD

Table 1 shows the characteristics of the subjects stratified by
IBD status. Our demographic matching process was successful.
As expected, subjects with IBD had a higher prevalence of
diarrhea, unintentional underweight status, and fatigue. On labs,
IBD subjects had lower levels of ferritin and higher levels of CRP.
There were no differences in albumin or hemoglobin levels. With
regards to potential confounders when measuring FeNO, those
subjects with IBD had a higher use of inhaled corticosteroids
before the test, corresponding to a higher prevalence of chronic
pulmonary disorders. Although a higher percentage of controls
ever smoked, there were more current smokers in the IBD group.
Mean levels of FeNO for IBD cases and controls were nearly
identical, (17.0 ± 16.2 vs. 16.7 ± 14.5 ppb). The proportion of
subjects with the highest quartile of FeNO (≥19.1 ppb) was
actually higher in the controls vs. those with IBD (33.7 vs.
23.9%). A value ≥ 25 ppb is established as a cutoff in the asthma
literature [14]. Nearly twice as many subjects without IBD had
a value above that threshold (18.6 vs. 9.7%) compared to those
with IBD. By multivariate logistic regression analysis the odds
of having a FeNO > 25 ppb was half (OR=0.501; 95% CI 0.4970.504) for subjects with IBD compared to those without IBD after
controlling for age, gender, smoking and asthma/COPD status,
height, weight, and NO-rich meal before testing. Another way to
evaluate the discriminant value of FeNO for identifying subjects
with IBD is to determine the area under ROC for that parameter.
Figure 1 demonstrates that FeNO performed no better than
chance (0.5) and was inferior to CRP.

Aim 2: Determining Whether FeNO Can Identify Active
Disease

Figure 2 includes only subjects with IBD. Those individuals
with diarrhea, fecal urgency, and fatigue had higher FeNO
levels. Individuals self-defined as unintentionally underweight,
however, had far lower FeNO levels. For lab parameters, in theory
associated with more active disease, FeNO levels were uniformly
higher on average for those with values in the normal range.

Discussion

Using a population-based sample, we were unable to reject
the null hypothesis for the use of FeNO as a test to discriminate
individuals with and without IBD. Additionally, in a group of
subjects with known IBD, FeNO levels were not higher in patients
with laboratory values suggestive of active disease. FeNO levels
were higher in IBD patients with diarrhea, rectal urgency, and
fatigue but were lower in those with unintentional weight loss.
As such, FeNO appears to not be a useful test for the evaluation
of IBD.
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Table 1: Characteristics of IBD Patients and Controls.

Weighted n

Age, y (± SD)
Gender (% female)

Total
n=4,098,796

IBD Subjects
n=2,084,895

Controls
n=2,013,901

46.7 (13.3)

46.7 (13.3)

46.7 (13.5)

71.9
9.9
12.8

77.4
9.1
12.3

66.2
10.6
13.3

59.7

Race (%)
non-Hispanic white
non-Hispanic black
Hispanic
Ratio Income: Poverty Level (± SD)

3.2 (1.7)

Education beyond high school (%)

41.0

IBD Activity Parameters
Diarrhea (%)*

5.7

Underweight without intention (%)

2.4

Generalized Fatigue (%)

59.7

Hemoglobin, g/dl (± SD)

14.4 (1.3)

Ferritin (ng/ml)

86.29 (64.3)

C-reactive protein, mg/dl (± SD)

0.35 (0.44)

Albumin, g/dl (± SD)

4.2 (0.3)

FeNO Measurement Parameters
Body weight, lbs. (± SD)
Body Height, inch (± SD)
Ate NO-rich food 3 hours before measurement (%)
Used inhaled steroid ≤ 2 d before measurement (%)
Asthma/COPD/Chronic Bronchitis (%)
Participate in vigorous exercise (%)
Lifetime use > 100 cigarettes (%)
Current smoking (%)
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58.5

60.9

3.0 (1.6)

3.4 (1.8)

9.0

2.3

40.5

41.5

4.7

71.9

14.5 (1.4)

0.0

47.6

14.4 (1.3)

70.2 (27.9)

101.5 (82.7)

4.2 (0.3)

4.2 (0.4)

0.42 (0.48)

0.28 (0.38)

176.3 (45.0)

177.0 (42.7)

175.6 (47.4)

8.4

8.3

8.5

66.3 (3.7)

66.3 (3.6)

9.5

14.5

20.0

18.7

26.8
49.6
48.0

66.3 (3.7)
4.7

30.9

22.6

46.6

52.6

54.8

21.2
41.6

Figure 1: Area under the receiver operator characteristic curve (with 95% CI) for FeNO as a predictor of IBD status. CRP included as a reference.
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Figure 2: Relationship between symptoms and signs of IBD and FeNO levels in subset of subjects with IBD.

FeNO levels can be affected by several factors including
exhalation flow rate, nasal NO contamination, the NO analyzer
used, age, height, current smoking, and anti-inflammatory
medications. Less studied factors include gender, weight and pretest diet [14]. The role of FeNO has been established in diagnosing
asthma and can aid in predicting which patients may respond
better to corticosteroid treatment [14]. There is evidence that
eosinophilic airway inflammation increases FeNO levels by
inducing NOS2 (nitric oxide synthase 2) expression or activity
via specific interleukins [10]. In the largest study (n = 566) to
date, a positive correlation was found between FeNO and sputum
eosinophil count (r2=0.26, P<0.001) [9,15]. Furthermore, FeNO of
36 ppb had a sensitivity of 78% and specificity of 72% for sputum
eosinophilia of > 3%. In another study by Shaw and colleagues,
a FeNO of < 26 ppb had a negative predictive value of 85% for
sputum eosinophils < 3% [16]. Interestingly, few studies point to
the role of mucosal eosinophilia, yet this usually represents only
a small percentage of the infiltrating leukocytes [17].
Previous studies by Quenon, et al. and Koek, et al. demonstrated
higher FeNO levels in patients with active IBD compared to those
with inactive disease and healthy controls. In contrast, our study
found a trend toward lower values especially in those with
laboratory parameters consistent with active disease [11,12].
For example, mean FeNO levels were lower in IBD subjects with
a CRP ≥ 1.1 mg/dl compared to those with a value below this cutpoint (9.3 ± 4.2 vs. 17.7 ± 16.9 ppb). Additionally, IBD subjects
had nearly the same FeNO level as those without IBD (17.0 ±
16.2 vs. 16.7 ± 14.5 ppb). Our IBD subjects were well-matched
with controls on several parameters known to affect FeNO levels.
Asthma, a factor which should increase FeNO levels, was more
common in IBD subjects and should have biased the results in
the expected direction. This effect may have been attenuated by
higher inhaled corticosteroid use in IBD subjects. These variances
were controlled for in the statistical analysis. The most likely

explanation for our finding is that GI luminal mucosal activity is
simply not reflected in the FeNO.

When looking at FeNO levels in subjects with known IBD,
the presence of abnormal laboratory tests did not correlate with
higher FeNO level. This is in contrast to what would be expected
if FeNO were a good marker of active IBD. While one explanation
for this finding would be that these lab values were not a good
indication of disease activity, they are all common, accepted
findings of patients with active IBD. A more likely explanation is
that FeNO does not adequately predict disease activity.
One aim was to examine if FeNO could be used as a noninvasive screening test for IBD. The rationale for this investigation
is that current modalities are inadequate. Traditional blood tests
ordered when considering a diagnosis of IBD usually include the
ESR and CRP. A pediatric study by Beattie, et al. found that at
the time of diagnosis, 100% of CD patients but only 60% of UC
patients had increased CRP compared with none of the children
without IBD. ESR proved to be the second best marker, with
85% of CD and 23% of UC patients positive compared to none
of the children in the control group [18]. More commonly, CRP
and ESR are used to non-invasively monitor disease activity. A
prospective study by Fagan, et al. measured serum levels of both
markers in 64 patients with CD and 50 with UC and compared
the results with the clinical assessment of disease activity.
They found that CRP values did correlate with disease activity.
ESR was also higher in CD but did not closely reflect disease
activity in individual patients [19]. The GETAID group further
looked at both of these markers in predicting disease relapse
and found that when combined they had a sensitivity of 89%
but a specificity of only 43% [20]. Serologic markers including
perinuclear antineutrophil cytoplasmic antibody (pANCA) and
anti-Saccharomyces cerevisiae antibody (ASCA) have been used
for many years to screen and classify patients with possible
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IBD. Peeters, et al. found that when these markers are used for
differentiating patients with IBD from healthy controls they had
50-60% sensitivity and 91-95% specificity [21]. A third antibody,
anti-OmpC, has been shown to have low sensitivity for both
CD (24%) and UC (11%); however, when the three antibodies
are combined in a panel, the overall sensitivity was 65-75%
and specificity 94% for diagnosing IBD when one or more is
found to be present [22]. Genetic testing has identified only the
nucleotide binding oligomerization domain protein 2 (NOD2) as
a meaningful predictor for CD [23]. A population-based, casecontrol study of NOD2 mutations found that 14% of healthy
controls carried a mutation compared to 37% of CD patients
[24]. Currently, Prometheus Labs, Inc. (San Diego, CA) offers the
IBD sgi Diagnostic™ which assesses 18 serologic, genetic and
inflammatory markers in one blood test to differentiate IBD vs.
non-IBD and to clarify IBD-subtype (CD vs. UC). Using their Smart
Diagnostic Algorithm, the company reports sensitivity values for
IBD of 74%, CD 89% and UC 98% and specificity values for IBD
90%, CD 81% and UC 83% (Prometheus Lab data).
Stool testing, including fecal calprotectin and lactoferrin, is a
more recent tool both to differentiate IBD from non-IBD patients
and to non-invasively assess disease activity. Calprotectin is
stable in stool samples for up to seven days at room temperature
making it a reliable measurement of active intestinal inflammation
[25]. In one meta-analysis, the presence of fecal calprotectin was
93% sensitive and 96% specific for identifying patients with IBD
[26]. Lactoferrin is used similarly to fecal calprotectin. In a study
of 104 CD patients, 80 UC patients, 31 IBS patients and 56 healthy
controls the mean fecal lactoferrin value (µg/g fecal weight) was
440±128 for CD patients, 1125±498 for UC patients, 1.27±0.29
for IBS patients, and 1.45±0.4 for healthy controls [27]. Fecal
lactoferrin was 90% specific in identifying inflammation in IBD
and 100% specific in ruling out IBS.
Weaknesses of our study may explain why our findings are
inconsistent with previous studies. For example, we did not have
access to traditional measures of disease activity such as the
CDAI and relied on non-specific symptoms and labs. Similarly,
NHANES does not provide endoscopic data and therefore
mucosal disease activity was unknown. Moreover, without
biopsy data, the extent of mucosal eosinophilia is not known.
An additional confounder is the use of anti-TNF, corticosteroid,
and immunomodulator therapy which potentially could reduce
FeNO levels by down-regulating inducible nitric oxide synthase.
Finally, misclassification is an important consideration; subjects
were asked if they had IBD but this was not confirmed with
clinical data. Subject reported data is a problem universal to
database research like ours; however, we would expect that
participants in a large, nationwide survey like NHANES would be
able to appropriately categorize themselves into having or not
having IBD.
In summary, we did not find that FeNO levels could be used
clinically to identify individuals with IBD vs. those without the
disease. Similarly, in individuals with IBD, we did not find that
FeNO could be used as a marker of disease activity. Though we
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acknowledge potential weaknesses of using our dataset, it does
represent an unbiased sample of US citizens, and we did control
for important known confounders. Measurement of FeNO
requires a significant amount of resources as well as patient
cooperation relative to available non-invasive alternatives. Until
there is more confirmatory evidence of its utility, we recommend
that it not be used to screen for IBD or assess disease activity.
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