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Background

I Nitric oxide (NO) is a gaseous molecule produced by certain cell
types in an inflammatory response.

I The Fraction of exhaled NO (FeNO) is an aspecific, non-invasive
biomarker that can be used for asthma diagnosis, follow-up and
therapy; it correlates with bronchial hyperresponsiveness and with
sputum eosinophilia [Kaiser et al. 2008, Taylor et al. 2006].

I To measure FeNO in exhaled air, subjects are asked to inhale NO
free air deeply to total lung capacity through a filter connected to an
analyzer, and to exhale slowly through the filter for 10s.

I Different expiratory flow rates are ensured by placing expiratory
resistors in the exhalation circuit, which yield expiratory flow rates of
50, 100, 200 and 250 ml/s.

I FeNO:

1. is usually modified by smoking habits and asthma
2. is usually higher in atopic subjects
3. is flow-dependent (higher at lower flow rates and vice versa)

I Measurements are normally set up at 50 ml/s, but the flow rate that
better discriminates between asthmatic and non asthmatic subjects
is still unknown.
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Aim

To test the power of different flow rates of FeNO to discriminate between
asthmatic subjects and controls.



GEIRD Study Design
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Cases and Controls - Selection Criteria

Asthma case: if a subject

I has current asthma-like symptoms or had asthma attacks in the last
12 months

I took respiratory drugs in the last 12 months

I was positive to the methacoline bronchial provocation test
(PD20<1mg)

I has a pre-bronchodilator FEV1/FVC<LLN or <70% and a positive
reversibility test

Control: if a subject

I does not report any respiratory symptoms during the clinical
interview

I does not take respiratory drugs

I has a FEV1/FVC≥70% and ≥LLN and a FEV1 ≥70% predicted
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Cases and controls

Asthma cases and controls by cohorts (absolute frequencies and
percentages unless stated otherwise):

Pre-existing New
Cohorts Cohorts Total

Controls 80 (31.8) 56 (22.2) 116 (46.0)
Cases of Asthma 55 (21.8) 61 (24.2) 136 (54.0)
Total 135 (53.6) 117 (46.4) 252 (100)



Materials and Methods - Measurements

I FeNO at 50, 100, 200 and 250 ml/sec was measured according to
ERS/ATS guidelines [ATS/ERS 2005]

I Atopy (by means of Skin Prick Test for 14 allergens)

I Standardized clinical interview (sex, age and other anthropometric
values)

I Data from the Verona centre only

I Collection time: from April 2008 to July 2009
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Methods - Statistical Analysis

I Test performance → Receiver Operative Characteristic (ROC)
curves.

I ROC curve for a marker → plot of the true positive rate versus the
false positive rate for a thresholding cut-off.

I Best marker → higher area under the ROC curve.

I Adjusted ROC curves [Janes et al. 2009] corrected for potential
confounders (sex, age, smoking habits, atopy, cohort).

I p-value for curves’ comparison → Wald statistics compared to the
standard normal distribution [Pepe et al. 2008]
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Results - I

Main characteristics of asthma cases and controls (absolute frequencies
and percentages unless stated otherwise):

Cases Controls p-value
(n=116) (n=136)

Females 58 (50.0) 87 (64.0) 0.03
Age (mean ± S.D.) 41.3 (0.95) 44.1 (0.79) 0.02
BMI (mean ± S.D.) 24.6 (0.37) 24.5 (0.37) 0.83
Atopy 93 (80.2) 48 (35.3) <0.01
Smoking habits: <0.01
· Non-smokers 52 (44.8) 73 (54.1)
· Past-smokers 32 (27.6) 38 (28.1)
· Current smokers 32 (27.6) 24 (17.8)

Median of cigarettes per day (IQR)† 10 (5-17.5) 7 (3-10)

†Current smokers only.



Results - II

Geometric Means of Different FeNO Concentrations (ppb)
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Results - III ROC Estimation (adjusted)

0

1
Se

ns
ist

ivi
ty

0 1

1−Specificity

FeNO 50

FeNO 100

FeNO 200

FeNO 250

Markers

®

Figure:



Results - IV

Area under the adjusted ROC curve (95% bootstrapped bias corrected CI)
sensitivity and cut-off at a 70% specificity of different FeNO flow rates:

AUR curve p-value∗ Sensitivity Cut-Off

FeNO 50 0.73 (0.60, 0.83) 0.2 65% 14.7
FeNO 100 0.77 (0.64, 0.86) - 67% 10.6
FeNO 200 0.72 (0.59, 0.83) 0.036 62% 6.8
FeNO 250 0.54 (0.35, 0.74) 0.02 54% 5.9

* using FeNO 100 as reference.

I best marker (higher AUR): FeNO 100.

I AUR significant differences: FeNO 100 vs FeNO 200 and FeNO 100
vs FeNO 250.
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FeNO 100 vs FeNO 50
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Figure: AUR for the NO100 and the NO50 flow rates



FeNO 100 vs FeNO 200
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FeNO 100 vs FeNO 250
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Results - V

Area under the ROC curve for FeNO 100 stratified for smoking habits
and atopy (adjusted for potential confounders):

Covariates AUR curve

Smoking Habits∗

Current Smokers 0.70 (0.53, 0.87)
Ex-Smokers 0.55 (0.21, 0.97)
Non Smokers 0.74 (0.55, 0.88)
Atopy∗

Atopic 0.77 (0.62, 0.86)
Non Atopic 0.50 (0.30, 0.68)

∗ p-value>0.05.



Conclusions

I FeNO 100: best performance.

I FeNO 50 and FeNO 100 have a similar validity in identifying
subjects with current asthma.

I FeNO 100 has a statistically significant greater AUR than FeNO
200 and than FeNO 250.
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Greetings

Thank you for your time!
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