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					Abstract

					Background: The Nijmegen questionnaire is one of the most common tools for diagnosing hyperventilation syndrome (HVS). However, there is no precise cut-off score for differentiating patients with HVS from those without HVS. This study was conducted to evaluate the accuracy of Nijmegen questionnaire for detecting patients with HVS and to provide the best cut-off score for differentiating patients with HVS from normal individuals using a Bayesian model in the absence of a gold standard. Materials and Methods: A total of 490 students from a rehabili-tation center in Tehran, Iran, were asked to participate in this case study of HVS from January to August 2018. Results: A total of 215 students (40% male and 60% female) completed the Nijmegen questionnaire. The area under the receiver operating characteristic curve (AUC) was 0.93 (male: 0.95; female: 94) for all of the cut-off scores. The optimal cut-off score of ≥20 could predict HVS with sensitivity of 0.91 (male: 0.99; female: 91) and specificity of 0.92 (male: 96; female: 89). Conclusion: Accurate differentiation of HVS patients from individuals without HVS can be accomplished by estimating the cut-off score of Nijmegen questionnaire based on a non-parametric Bayesian model. [GMJ.2020;9:e1738] DOI:10.31661/gmj.v9i0.1738
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				Introduction

				Dysfunctional breathing (DB), as a multi-dimensional disease, refers to a group of breathing disorders, in which chronic changes in breathing patterns can produce dyspnea and respiratory and/or non-respiratory symptoms [1]. Hyperventilation syndrome (HVS) is the 

			

		

		
			
				most common form of DB. In this condition, the patient’s breathing rate is higher than the metabolic requirements of the body [2, 3], and alveolar ventilation is excessive, leading to a decrease in arterial carbon dioxide ten-sion (hypocapnia (and an increase in blood pH (respiratory alkalosis) [4]. Hyperventila-tion usually occurs as a reaction to emotion-
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				al states, such as anxiety, depression, and stress [5], followed by symptoms including breathlessness, chest pain, and feeling light-headed [6]. One of the most common tools to diagnose HVS is the Nijmegen questionnaire. This questionnaire is a self-report 16-symp-tom scale. The frequency of symptoms can be indicated by the following options (score): never (0), rarely (1), sometimes (2), often (3), and very often (4). This questionnaire was developed to screen individuals complain-ing of shortness of breath with several signs and symptoms of HVS, such as tense feeling, dizziness, fast and deep breathing, feeling of tightness around the mouth, and anxiety. In-dividuals with a higher score (usually>23 out of 64) on this questionnaire are more prone to HVS. However, there is no gold standard for detecting HVS, and consequently, there is no precise cut-off score for differentiating patients with HVS from individuals without HVS. Moreover, the optimal cut-off score of the Nijmegen questionnaire does not always apply to all populations, and the mean score is dependent on the culture where the question-naire is being employed [7]. These limitations, especially the absence of a gold standard for the diagnosis of HVS based on the Nijmegen questionnaire, lead to inaccurate estimates of its prevalence. Nevertheless, the prevalence of HVS is estimated at 6-10% in the general population, with a higher prevalence reported in women than men [8-11]. The burden of all DB types, including HVS, is very heavy on patients. In addition, these conditions are as-sociated with significant morbidity, which can be prevented by an accurate diagnosis. Mis-diagnosis of HVS, resulting from incorrect cut-off score determination, may lead to in-appropriate treatment and higher costs for the patients [12]. Generally, patients with HVS use a significant amount of hospital resources and emergency services, which are very cost-ly; therefore, it is important for paramedics to avoid these problems by determining the exact cut-off score of Nijmegen questionnaire [13]. From a statistical perspective, there are different ways to evaluate the accuracy of a method to diagnose the disease status (HVS patients versus normal individuals) in the ab-sence of a gold standard. One of the recent methods is the Bayesian estimation of disease 

			

		

		
			
				status, which can provide accurate measures in the absence of a gold standard [14, 15]. Therefore, in the current study, we aimed to evaluate the accuracy of the Nijmegen ques-tionnaire in detecting HVS and to provide the best cut-off score for differentiating patients with HVS from normal individuals in Iran us-ing a Bayesian model.

				Materials and Methods 

				This cross-sectional study was conducted on 490 students of a rehabilitation center affiliat-ed to Shahid Beheshti University of Medical Sciences, Tehran, Iran, using the Nijmegen questionnaire from January to August 2018. The most important eligibility criterion was the absence of asthma; therefore, patients with asthma were excluded from the study. Census sampling was carried out, and a larger sample size than similar studies was selected. All stu-dents were asked to participate in an HVS case study. The Iranian version of the Nijmegen questionnaire was used with an internal con-sistency of 0.7 and acceptable validity, which was not clearly reported [16]. This question-naire consists of 16 items rated on a five-point Likert scale, with scores in the range of 0-4: never (0), rarely (1), sometimes (2), often (3), and very often (4). This questionnaire evaluates three factors, with seven, four, and five questions, respectively. The total score is within the range of 0-64. If a non-asthma individual obtains a score above 23 (out of 64), he/she will be diagnosed with HVS. A total of 215 non-asthma students complet-ed and returned the questionnaires (response rate=43%). All of the questionnaire respons-es were reviewed by medical evaluators, and a score was given to each subject. Also, the patients' demographic variables, such as sex, body mass index (BMI), and history of respi-ratory disease, were recorded. In this study, a simple Bayesian model was developed in or-der to estimate the test properties, such as sen-sitivity and specificity, for detecting HVS in the absence of gold standard. In this Bayesian model, a single continuous test was used, in which the non-informative prior distribution of prevalence/sensitivity/specificity were de-termined by beta distribution (1, 1). The test results are presented as (x1,...,xn), where xi=1 

			

		

	
		
			
				and xi=0 denote individuals with and with-out the disease, respectively. The continuous score of each patient and each normal subject had distributions of N‌(μ+,σ2+) and N(μ-,σ2-), respectively. The parameters of this normal distribution were defined as follows: 

				μ+ ~‌ N(μ0+,σμ2+) and σ+ ~ U(σ1+,σμ+)

				μ- ~ N(μ0-,σμ2+) σ+ ~ U(σ1+,σμ-)

				Where μ0+(σμ2+) and μ0-(σμ2-) are the prior mean (variance) of continuous test results for non-HVS and HVS subjects. The precision of sensitivity and specificity measurements can be determined based on Mont Carlo er-ror and standard deviation (SD) estimations; the latter was used in the current study [15, 17]. Furthermore, a semi-parametric approach was applied to estimate the receiver operating characteristic (ROC) curve for continuous test results. The accuracy of each cut-off score for detecting HVS was also determined [18]. This study was approved by the Ethics Commit-tee of Shahid Beheshti University of Medical Sciences (IR.SBMU.REC.1397.507). All ana-lyzes were performed in R version 3.6.2 and OpenBUGS version 3.2.3 and p-value less 

			

		

		
			
				than 0.05 was considered as significant. 

				Results

				A total of 215 students completed the Ni-jmegen questionnaire from January to Au-gust. The HVS and non-HVS groups includ-ed 22 (89.8%) and 193 (89.8%) students with the mean±SD scores of 29.32±6.59 and 11.42±6.14, respectively. Among 129 (60.0%) female students, 18 (14.0%) HVS patients were diagnosed, with the mean±SD score of 29.89±7.10. The mean score of 111 (86.0%) non-HVS female patients was 12.59±6.14. Among 86 (40.0%) male cases, 4 (4.7%) and 82 (95.3%) were HVS and non-HVS subjects, respectively. In addition, the mean question-naire score was 26.75±2.75 in the HVS group and 9.84±5.81 in the non-HVS group. BMI as another characteristic, was evaluated in male/female and HVS/non-HVS subjects, with the mean±SD scores of 23.71±3.47/21.95±305 and 21.86±2.26/22.75±3.43, respectively (Ta-ble-1). In the next step, the Bayesian model was applied to the total score of the Nijmegen questionnaire in order to determine the best 

			

		

		
			
				Table 1. The Summarizing of Questionnaire Characteristics by Sex and Disease Status

				
					Characteristics

				

				
					Category

				

				
					Disease Status

				

				
					Non-HVS

				

				
					HVS

				

				
					Total

				

				
					Mean ± SD/ N (%) 

				

				
					Mean ± SD/ N (%)

				

				
					Mean ± SD/ N (%)

				

				
					Sex

				

				
					Male

				

				
					82 (95.3%)

				

				
					4 (4.7%)

				

				
					86 (100.0%)

				

				
					Female

				

				
					111 (86.0%)

				

				
					18 (14.0%)

				

				
					129 (100.0%)

				

				
					Total

				

				
					193 (89.8%)

				

				
					22 (10.2%)

				

				
					215 (100.0%)

				

				
					BMI

				

				
					Male

				

				
					23.74 ± 3.55

				

				
					23.02 ± 1.31

				

				
					23.71 ± 3.47

				

				
					Female

				

				
					22.01 ± 3.15

				

				
					21.60 ± 2.37

				

				
					21.95 ± 3.05

				

				
					Total

				

				
					22.75 ± 3.43

				

				
					21.86 ± 2.26

				

				
					22.66 ± 3.33

				

				
					Total Score

				

				
					Male

				

				
					9.84 ± 5.81

				

				
					26.75 ± 2.75

				

				
					10.63 ± 6.73

				

				
					Female

				

				
					12.59 ± 6.14

				

				
					29.89 ± 7.10

				

				
					15.00 ± 8.68

				

				
					Total

				

				
					11.42 ± 6.14

				

				
					29.32 ± 6.59

				

				
					13.25 ± 8.23

				

			

		

	
		
			
				cut-off score for the diagnosis of HVS, based on sensitivity and specificity criteria. The results showed that the area under the ROC curve (AUC) was 0.93 (male: 0.95; female: 94) for all of the cut-off scores, which indi-cates the desirable performance of the diag-nostic test. In addition, the best cut-off score, based on the intersection of sensitivity and specificity lines, ranged from a total score of 19 to 21 (Figure-1 and Figure-2). According to the Youden index, the optimal cut-off score for HVS prognosis was 20 with sensitivity of 0.91 (male: 0.99; female: 0.91) and specificity of 0.92 (male: 0.96; female: 0.89). With the exception of sensitivity in men, SD of sensi-

			

		

		
			
				tivity and specificity for all criteria was below 0.1, which indicates the high precision of es-timations. The highest sensitivity and speci-ficity for differentiating HVS from non-HVS subjects were observed for the cut-off scores of 17 and 23, respectively. Furthermore, there was no significant difference in terms of sen-sitivity and specificity between the cut-off scores of 19-22 (Table-2).

				Discussion 

				The findings of this study showed that accord-ing to AUC (0.93), differentiation of HVS from non-HVS was desirable in all students, 

			

		

		
			
				Figure 1. The intersection of sensitivity and specificity for diagnosing HVS in (A) male, (B) female and (C) Total cases
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				Table 2. The Sensitivity and Specificity of Differentiating HVS to Non-HVS for Different Cut-off Points

				
					Group

				

				
					Criteria

				

				
					SD 

					of estimates

				

				
					Cut-offs

				

				
					AUC

				

				
					17

				

				
					18

				

				
					19

				

				
					20

				

				
					21

				

				
					22

				

				
					23

				

				
					Male

				

				
					Sensitivity

				

				
					0.16

				

				
					0.99

				

				
					0.99

				

				
					0.99

				

				
					0.99

				

				
					0.97

				

				
					0.95

				

				
					0.91

				

				
					0.95

				

				
					Specificity

				

				
					0.01

				

				
					0.89

				

				
					0.92

				

				
					0.94

				

				
					0.96

				

				
					0.97

				

				
					0.98

				

				
					0.99

				

				
					Female

				

				
					Sensitivity

				

				
					0.06

				

				
					0.96

				

				
					0.94

				

				
					0.93

				

				
					0.91

				

				
					0.88

				

				
					0.85

				

				
					0.82

				

				
					0.94

				

				
					Specificity

				

				
					0.01

				

				
					0.76

				

				
					0.81

				

				
					0.85

				

				
					0.89

				

				
					0.91

				

				
					0.94

				

				
					0.95

				

				
					Total

				

				
					Sensitivity

				

				
					0.05

				

				
					0.96

				

				
					0.95

				

				
					0.93

				

				
					0.91

				

				
					0.88

				

				
					0.85

				

				
					0.82

				

				
					0.93

				

				
					Specificity

				

				
					0.01

				

				
					0.82

				

				
					0.86

				

				
					0.89

				

				
					0.92

				

				
					0.94

				

				
					0.96

				

				
					0.97

				

			

		

		
			
				Figure 2. The receiver operating characteristic (ROC) curve of the Nijmegen questionnaire’s score in (A) male, (B) female and (C) Total cases
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				based on the total score of Nijmegen ques-tionnaire in the absence of a gold standard. In addition, the optimal cut-off score for the detection of HVS was 20. The AUC of Ni-jmegen questionnaire for diagnosis of HVS was higher in male individuals, compared to females; however, both genders had a sim-ilar optimal cut-off score to the total popu-lation of students. Our findings showed that the mean Nijmegen score of females was higher than that of males in both HVS and non-HVS groups. Our findings showed that HVS patients were mostly women, with mild-ly lower BMI. These findings are consistent with studies, which reported a higher preva-lence of HVS in women [2, 19, 20]. In this regard, Cowley and Roy-Byrne showed that the prevalence of HVS was the highest in pa-tients with psychological pathologies. In addi-tion, mental disorders had a higher prevalence among women than men [21, 22]. Therefore, one of the reasons for the higher prevalence of HVS in women may be the higher preva-lence of mental disorders in this group. In the current study, there was no gold standard for HVS; consequently, the mean scores of the Nijmegen questionnaire were not precise in HVS and non-HVS individuals. However, the total mean score was lower than that reported in asthmatic patients in similar studies [9, 16]. This may be due to poor asthma control, which leads to an increase in the score of the Nijme-gen questionnaire [8, 9, 23]. Consequently, a single cut-off score cannot be considered for all HVS patients, and the patient’s initial in-formation should be taken into consideration in order to determine the best cut-off score, as used in our model. In almost all studies in this area, differentiation of patients with hy-perventilation from others is accomplished using the Nijmegen questionnaire, and AUC is usually more than 0.9 [9, 24]. The findings of the present study were in agreement with the aforementioned studies, and the estimat-ed AUC exceeded 0.90 in males and females, indicating the high capacity of the Nijmegen questionnaire in differentiating patients with HVS from others in the absence of a gold standard. In this study, it was found that the Nijmegen questionnaire with a cut-off score of ≥20 could diagnose patients with HVS, 

			

		

		
			
				using a Bayesian model in the absence of a gold standard, with the estimated sensitivity and specificity of 91% and 92%, respectively. Our findings are not in agreement with stud-ies conducted by Grammatopoulou el al., in which the cut-off score of ≥18 differentiated patients with HVS from normal individuals, with 92.73% sensitivity and 91.59% spec-ificity [9]. Another study by Dixhoorn and Folgering showed an optimal cut-off score of ≥19, with 90% correct classification of HVS [7]. Moreover, in some studies, various cut-off scores, such as 22 and 23, have been used [8, 10, 25, 26, 27]. This discrepancy could be due to the absence of a gold standard for the Nijmegen questionnaire and inclusion of asth-matic patients in the study, which can increase the Nijmegen questionnaire score. However, our findings showed that the accuracy of cut-off scores ≥20 and 19 were very close. There were some potential limitations in the current study, such as non-random selection of sam-ples and non-inclusion of asthmatic patients in the study, which can prevent generalization of our results to other populations. On the oth-er hand, this is the first study measuring AUC to provide the best cut-off score in the absence of a gold standard, using the Nijmegen ques-tionnaire. 

				Conclusion

				Based on the findings, accurate differentia-tion of HVS from non-HVS individuals can be performed based on the estimated cut-off score of ≥20 on the Nijmegen questionnaire, using a Bayesian model.
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Abstract

Background: The Nijmegen questionnaire is one of the most common tools for diagnosing
hyperventilation syndrome (HVS). However. there is no precise cut-off score for differentiating
patients with HVS from those without HVS. This study was conducted to evaluate the accuracy
of Nijmegen questionnaire for detecting patients with HVS and to provide the best cut-off score
for differentiating patients with HVS from normal individuals using a Bayesian model in the
absence of a gold standard. Materials and Methods: A total of 490 students from a rehabili-
tation center in Tehran. Iran. were asked to participate in this case study of HVS from January
to August 2018. Results: A total of 215 students (40% male and 60% female) completed the
Nijmegen questionnaire. The area under the receiver operating characteristic curve (AUC) was
0.93 (male: 0.95: female: 94) for all of the cut-off scores. The optimal cut-off score of 220 could
predict HVS with sensitivity of 0.91 (male: 0.99: female: 91) and specificity of 0.92 (male: 96:
female: 89). Conclusion: Accurate differentiation of HVS patients from individuals without
HVS can be accomplished by estimating the cut-off score of Nijmegen questionnaire based on
a non-parametric Bayesian model. [GMJ.2020;9:e1738] DOI:10.31661/amj.v9i0.1738
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