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Background. The prevalence of rhinitis is high and frequently observed in association with asthma. Although the persistence of predisposing factors such as rhinitis is frequently observed in adults, this has not yet been confirmed in children. Aims. The aim of this present work is to show the relationship between rhinitis and asthma control in asthmatic children. Methods. The authors carried out a cross-sectional study by collecting clinical, spirometric, and fractional exhaled nitric oxide (FeNO) data in children aged from 4 to 17 years. Results. One hundred seventeen children were included. Asthma control was optimal in 37.6%, suboptimal in 55.5% and poor in 7.3% of cases. A 74.3% of children were atopic and 62.5% had symptoms 34 of rhinitis. Rhinitis was more frequent when control of asthma was worse (p = .0001). Age (p = .002), asthma control (p < .001), atopy (p = .001), and presence of rhinitis (p = .012) were significantly associated with FeNO. Conclusions. Our study confirms the strong relationship between upper airways and poor asthma control in the asthmatic child. Symptoms of rhinitis may be partly responsible for the increased fractional exhaled nitric oxide (FeNO) level, independently of the control of asthma. Evaluation of rhinitis should be included to improve assessment of asthma control in children. Keywords



atopy, nitric oxide, rhinitis score, upper airways



Introduction Asthma is one of the most frequent chronic diseases (1). It is responsible for absenteeism from school and work and reduces the quality of life. Asthma management is based largely on inhaled drug therapy, control of environmental and triggering factors, and patient education (2). Different methods have been deployed and numerous guidelines published during the last 10 years to promote the primary goal of asthma management, which is improved asthma control. However, recent international studies have shown that despite all the strategies implemented, asthma is not fully controlled in many patients. This requires clinicians to focus on reasons for poor asthma control (3, 4). Apart from environmental, allergic factors, or poor adherence with treatment, rhinitis were recognized to be a cause of poor asthma control (5). The prevalence of rhinitis is high and it affects approximately 20% of the general population (6). Moreover, a pathophysiological relationship between upper and lower airways is now well established in adults (7). However, at present, the extent relationship between asthma control and manifestations of rhinitis in asthmatic children is not clear (8). Likewise, the relationship between presence of rhinitis symptoms and a validated marker of asthma-related inflammation, fractional exhaled nitric oxide (FeNO), has not been clearly established.



The objective of our study was to evaluate possible association between the presence of rhinitis symptoms and asthma control in children, including FeNO measurements. Methods Study Design We carried out a cross-sectional study of 117 asthmatic children consecutively recruited in the specialist pediatric asthma out-patient clinic in the Respiratory Disease Department at Arnaud de Villeneuve University Hospital, Montpellier, France, from June to December 2008. We evaluated the impact of rhinitis on the control of asthma. Patient Population Asthmatic children aged from 4 to 17 years were assessed, whether or not they were receiving treatment with inhaled corticosteroid. All children able to perform spirometry and FeNO measurements were included in our study. All patients and their parents were orally informed about the proposed investigations, and gave their signed informed consent. Definitions Asthma was defined according to the Global Initiative for Asthma (GINA) 2004 criteria and classified in four severity classes: intermittent, mild, moderate, or severe persistent asthma. Asthma control was evaluate by a pediatric chest physician (R.C.). Briefly, asthma control was assessed for the previous 4 weeks using the criteria proposed by the ANAES (now named HAS [Haute Autorit´e de Sant´e]) in September 2004 (2), defining three levels of asthma control: namely optimal (no asthma symptoms and normal lung function) and
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acceptable (all criteria fulfilled) and unacceptable (at least one criterion unfulfilled) control. The Asthma Control Questionnaire (ACQ) was also completed in the waiting room with the parents (9). Even if the test is not yet validated in pediatric population, it has been used in a recent study (10). Rhinitis was defined by the presence of symptoms reported at the visit (obstruction, rhinorrhea, sneezing, and/or nasal pruritis). Atopy was defined by at least one positive skin prick R encountered in test using aeroallergens from Stallergen the Languedoc-Roussillon region. Skin tests were performed using the standardized method with a positive test being a wheal of greater size than the positive control (histamine) after 20 minutes of reaction. All tests were performed out of allergic season. NO Measurements FeNO was measured using a chemiluminescence’s R R analyzer (NIOX analyzer; Aerocrine , Sweden) during single-breath exhalations before spirometry and bronchodilators. We used the recommended technique involving inhalation of NO-free air to total lung capacity, followed immediately by full exhalation against a positive mouthpiece counter pressure at a flow rate of 50 ml/s into an on-line chemiluminescence’s analyzer to avoid any nasal contamination (11, 12). Normal ranges of FeNO level were considered to be from 4 to 25 ppb. The measurement was performed three times and considered validated when less than 10% variability was obtained. Nasal NO was measured using the nasal mode view of the R R system (Aerocrine ) (13). The ambient NO value NIOX was read and then subtracted from thenasal NO value. The NIOX nasal olive was inserted in one nostril and the children performed tidal breathing for 5 s. NO was measured at an aspiration flow rate of 5 ml/s, and the result was obtained when the steady NO plateau was reached and maintained for



3 seconds. Normal range values are setup around 450 ppb for 108 children between 6 and 17 years old. Pulmonary Function Test Spirometry was then performed and results for forced expiratory volume in one second (FEV1 ) were expressed as R , Germany) (14). percentage of predicted values (Jaeger Statistical Analysis A brief description (median and interquartile range) of the study population was obtained. Comparison of mean and test of independence (Kruskal-Wallis test and exact Fisher test depending on the asthma control levels) were used. A bilateral test was considered significant when its level of significance p was lower than the 5% threshold (α < .05). Tests were carried out using the different levels of asthma control as reference. Variables with a p value less than 10% were included in a logistic regression model (the reference variable was optimal asthma control) to study the relation between asthma control and the explanatory variables. Variables used to measure asthma control were excluded (colinearity). Results were expressed as odds ratios, 95% confidence intervals. Results General Characteristics of the Population General characteristics of the 117 asthmatic children (41 girls/76 boys) are shown in Table 1. The median age at the time of the study was 10 years (range 7–14 years). Eighty-six children (74.5%) had at least one positive skin test with respect to the aeroallergens tested and represented the atopic population. Asthma was considered to be intermittent in 11.1% (13/117), mild persistent in 44.4% (52/117), persistent moderate in 38.4% (45/117), and severe persistent in 5.9% of 133 cases (7/117). Asthma control was considered to be optimal, suboptimal, or unacceptable in 44 (37.6%), 65 (55.5%), and 8 (6.9%) of the 117 children, respectively.



Table 1.—General characteristics of the population stratified by different levels of asthma control. Level of asthma control Variables



Age in years Median (min–max) Sex (girls/boys) % of atopic subjects (atopic/non–atopic) % Pred. FEVla Median (min–max) Severity of asthmaa Intermittent Persistent mild Persistent moderate Persistent severe Rhinitis symptoms (% subjects)a (Yes/no) ICS consumption (% subjects) (Yes/no) Nasal CS consumption (% subjects) (Yes/no) Night symptomsa (% subjects) (Yes/no) Episodesa (% subjects) (Yes/no) Flare–upsa (% subjects) (Yes/no) Symptoms during exercisea (% subjects) (Yes/no) Use of inhaled B2 agonistsa (% subjects) (Yes/no) ACQ score FeNO in ppba Median (min–max) Nasal NO in ppb Median (min–max) a b



Significant difference by Kruskal-Wallis test. Significant difference by Fisher test.



All subjects N = 117 Optimal N = 44 (37.6%) Suboptimal N = 65 (55.5%) Unacceptable N = 8 (6.9%)



10(7–14) 41/76 73.5(86/31) 96(90–105)



11(7.5–13.5) — 65.9(29/15) 100(95–110)



10(8–14) — 78.4(51/14) 94.5(87–102)



9(7–13) — 87.5(7/1) 86(82–93)



13 52 45 7 60.6(71/46) 59.8(70/47) 22.2(26/91) 11.9(14/103) 43.6(51/66) 37.6(44/73) 41.8(49/68) 21.3(25/92) 3(0–7) 21.0(9.05–39.6) 898(459–1350)



10 20 11 3 36.3(16/28) 72.7(32/12) 20.4(9/35) 0(0/44) 9.1(4/40) 11.4(5/39) 6.8(3/41) 2.3(1/43) 0(0–3) 14.4(8.6–26) 778(465–1390)



3 29 30 3 72.3(47/18) 53.8(35/30) 26.1(17/48) 16.0(9/56) 60.1(39/26) 47.7(31/34) 61.5(40/25) 30.7(20/45) 4(2–8) 23(9.2–42.4) 903(493–1339)



0 3 4 1 100(8/0) 37.5(3/5) 0(0/8) 62.2(5/3) 100(8/0) 100(8/0) 75.0(6/2) 50.0(4/4) 13(9–15) 77.2(37.6–94.5) 1078(580–1283)



p values



.81 .41 .0004a .06 
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