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Introduction

Moderate to severe obstructive sleep apnea hypopnea syndrome (OSA) prevalence is 10 to 17% among men, and 3 to 9% among women and was increasing over the last two decades [START_REF] Franklin | Obstructive sleep apnea is a common disorder in the population-a review on the epidemiology of sleep apnea[END_REF][START_REF] Young | The occurrence of sleepdisordered breathing among middle-aged adults[END_REF][START_REF] Peppard | Increased prevalence of sleep-disordered breathing in adults[END_REF]. The severity of OSA is assessed using two parameters: the apnea hypopnea index (AHI) and daytime sleepiness [START_REF]Recommendations for clinical practice. Obstructive sleep apnea hypopnea syndrome in adults][END_REF]. Untreated or undertreated OSA is associated with excessive daytime sleepiness, increased risk of cardiovascular disease [START_REF] Lindberg | Sleep apnea and glucose metabolism: a long-term follow-up in a community-based sample[END_REF][START_REF] Loke | Association of obstructive sleep apnea with risk of serious cardiovascular events: a systematic review and metaanalysis[END_REF][START_REF] Trzepizur | Independent association between nocturnal intermittent hypoxemia and metabolic dyslipidemia[END_REF], and increased risk of traffic accidents, impacting survival and health-related quality of life [START_REF] Smolensky | Sleep disorders, medical conditions, and road accident risk[END_REF][START_REF] Tregear | Obstructive sleep apnea and risk of motor vehicle crash: systematic review and meta-analysis[END_REF][START_REF] Howard | Sleepiness, sleep-disordered breathing, and accident risk factors in commercial vehicle drivers[END_REF][START_REF] Teran-Santos | The association between sleep apnea and the risk of traffic accidents. Cooperative Group Burgos-Santander[END_REF]. Treatment with positive airway pressure (PAP) has proved to be effective in reducing daytime sleepiness, and risk of traffic accidents [START_REF] Loredo | Effect of continuous positive airway pressure versus supplemental oxygen on sleep quality in obstructive sleep apnea: a placebo-CPAP-controlled study[END_REF][START_REF] Tregear | Continuous positive airway pressure reduces risk of motor vehicle crash among drivers with obstructive sleep apnea: systematic review and meta-analysis[END_REF][START_REF] Giles | Continuous positive airways pressure for obstructive sleep apnoea in adults[END_REF].

An evaluation of the impact of PAP on daytime sleepiness is recommended after its initiation.

The evaluation relies either on objective measures such as the Maintenance of Wakefulness Test (MWT) or a questionnaire such as the Epworth Sleepiness Scale (ESS) [START_REF] Bonsignore | New rules on driver licensing for patients with obstructive sleep apnoea: EU Directive 2014/85/EU[END_REF]. The MWT is a daytime polysomnographic test done in a laboratory. It measures the patient's ability to remain awake in an environment with a low level of stimulation [START_REF] Littner | Practice parameters for clinical use of the multiple sleep latency test and the maintenance of wakefulness test[END_REF]. The test was designed to assess daytime wakefulness when there are clinical concerns about treatment efficacy or patient safety. Previous studies have shown that pathological sleep latencies shown on the MWT predicted driving impairment in patients suffering from hypersomnia of central origin or OSA [START_REF] Philip | Modafinil improves real driving performance in patients with hypersomnia: a randomized double-blind placebo-controlled crossover clinical trial[END_REF][START_REF] Philip | Maintenance of Wakefulness Test scores and driving performance in sleep disorder patients and controls[END_REF][START_REF] Philip | Maintenance of Wakefulness Test, obstructive sleep apnea syndrome, and driving risk[END_REF][START_REF] Sagaspe | Maintenance of wakefulness test as a predictor of driving performance in patients with untreated obstructive sleep apnea[END_REF]. However, ESS is a patient-reported questionnaire assessing the subjective propensity to fall asleep in eight situations that may be encountered in daily life [START_REF] Johns | Sleepiness in different situations measured by the Epworth Sleepiness Scale[END_REF][START_REF] Johns | Reliability and factor analysis of the Epworth Sleepiness Scale[END_REF][START_REF] Johns | A new method for measuring daytime sleepiness: the Epworth sleepiness scale[END_REF]. ESS changes may be influenced by PAP treatment, compliance, general health status, and lifestyle during the period of assessment. Despite being widely used as a substitute for objective tests, very few studies have validated the correlation between ESS and MWT in patients treated for OSA. Previous studies have relied mainly on patients suffering from narcolepsy or untreated OSA [START_REF] Erman | Correlation between the Epworth Sleepiness Scale and the Maintenance of Wakefulness Test in patients with narcolepsy participating in two clinical trials of sodium oxybate[END_REF][START_REF] Kendzerska | Evaluation of the measurement properties of the Epworth sleepiness scale: a systematic review[END_REF]. The main aim of this study was therefore to evaluate the correlation between ESS and the gold-standard, MWT, in a population of OSA patients treated with PAP. The secondary aim was to evaluate the change in ESS (between diagnosis and MWT), and its correlation with MWT.

Materials and Methods

Study population: inclusion and exclusion criteria

This study retrospectively reviewed medical charts of adult (≥ 18 years) patients with documented OSA requiring PAP treatment who were diagnosed in our sleep unit from January 2015 to December 2016. According to French guidelines, patients were treated with PAP if they presented with at least three clinical symptoms (excessive daytime sleepiness, severe snoring, suffocating during sleep, diurnal asthenia, nocturia, or morning headaches) associated with either AHI > 30 or 15 ≤ AHI ≤ 30 with an arousal index > 10, or 15 ≤ AHI ≤ 30 with severe cardiovascular comorbidities [START_REF]Recommendations for clinical practice. Obstructive sleep apnea hypopnea syndrome in adults][END_REF]. Patients without a driver's license were excluded from this study since MWT were not performed as part of their follow-up in our institution. This study was conducted in accordance with French laws and was approved by the local ethical research committee (CPP Ile de France III -3482-NI). Oral and written information was delivered to each eligible patient before chart review. All data on polysomnography, MWT, ESS, and treatments were extracted from a prospectively implemented database.

Endpoints

The primary endpoint was the correlation between ESS and the gold standard MWT in a population of OSA patients treated with PAP.

Secondary endpoints were: 1) the diagnostic accuracy of ESS under PAP treatment; and 2) the correlation between change in ESS (under PAP treatment compared to baseline evaluation) and MWT results.

Polysomnography and pre-treatment evaluation

All patients were diagnosed with OSA after a routine overnight polysomnography using a commercially available polysomnography system (Medatec®, Belgium). Polysomnography was done in our sleep unit. Prior to polysomnography, height and weight were recorded, and body mass index calculated. The baseline Epworth Sleepiness Scale (ESSbaseline), was recorded. Patients filled in a standardized questionnaire regarding their smoking status and medical history, and were asked to list all medications being used. Obstructive apneas and mixed apneas and hypopneas were defined according to the 2014 American Academy of Sleep Medicine standard criteria [START_REF] Berry | AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications[END_REF]. Using the recommended rule 1A, hypopneas were scored if the all the following criteria were met: a) the peak signal excursions dropped by ≥ 30% of pre-event baseline using nasal pressure; b) The duration of the ≥ 30% drop in signal excursion was ≥ 10 seconds; or c) there was ≥ 3% oxygen desaturation from pre-event baseline and/or the event was associated with an arousal. We also analyzed the cumulative percentages of time at saturation below 90% (CT90%).

MWT studies and post-treatment evaluation

MWT studies were performed at least 4 weeks after initiation and titration of PAP treatment using standard American Academy of Sleep Medicine practice procedures [START_REF] Littner | Practice parameters for clinical use of the multiple sleep latency test and the maintenance of wakefulness test[END_REF]. A standardized questionnaire was filled by each patient to evaluate sleep duration the days before MWT. In case of unusual sleep deprivation, the test was postponed. The MWT procedure consisted of four trials performed at 2-hour intervals with the patient seated in a quiet, low-lit room. Biocalibrations were performed, and the patient was instructed to remain still and to stay awake for as long as possible. Sleep [START_REF] Littner | Practice parameters for clinical use of the multiple sleep latency test and the maintenance of wakefulness test[END_REF][START_REF] Philip | Maintenance of Wakefulness Test scores and driving performance in sleep disorder patients and controls[END_REF][START_REF] Sagaspe | Maintenance of wakefulness test as a predictor of driving performance in patients with untreated obstructive sleep apnea[END_REF][START_REF] Doghramji | A normative study of the maintenance of wakefulness test (MWT)[END_REF]. At the time of MWT, the Epworth Sleepiness Scale under PAP treatment (ESSPAP) was recorded.

Treatment compliance and residual device apnea-hypopnea index (AHIFlow) through the PAP report were also recorded.

Statistical Analysis

We first tabulated baseline characteristics of the patients. Continuous variables are expressed throughout as mean (± standard deviation) or as median [interquartile range] depending on their distribution. Categorical variables were expressed as frequencies and percentages.

Changes in the ESS score was calculated (ΔESS = ESSbaseline -ESSPAP). A Wilcoxon rank test

was performed to compare the changes in ESS between baseline and MWT. Spearman correlations were computed between MWT scores, ESSPAP, and ΔESS. The alpha risk threshold was set at 0.05 (two-tailed). Given that the result of the MWT is considered to be the gold standard (threshold < 19.4 min to define the sleepy group), we calculated sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive (LR+), and negative likelihood ratio (LR-), of ESSPAP (using the commonly recognized ESS threshold of ≥ 11). Receiver operating characteristics (ROC) analysis was performed and area under the curve (AUC) values (including 95% CI) were displayed for ESSPAP values.

Results

Study cohort characteristics

As previously described for inclusion criteria, 134 patients with OSA requiring PAP were included between 2015 and 2016. The median AHI was 33.6 [23.8 -61.7]. Fifty-five patients (41%) presented with moderate OSA (15 ≤ AHI < 30) and 79 (59%) presented with severe OSA (AHI ≥ 30). At the time of the MWT, the mean age was 55.6 ± 11.8 years, and the mean body mass index (BMI) was 35.9 ± 7.8 kg/m². Only 4.5% of the study cohort was not overweight, and 26.9% were severely obese. Patients were treated with ResMed® or Philips® devices. Median delay between PAP initiation and MWT was 45 [35 -59] days. The mean PAP compliance was 6.43 ± 1.87 hours per night, and 89.6% of the patients were compliant (PAP ≥ 4 hours/night). Over a one-month timeframe, the median residual device apneahypopnea index (AHIFlow) was 2.65 [1.4 -5]. Only 5.2% of the patients had a AHIFlow > 10.

According to the MWT results, 9 patients (6.7%) were sleepy despite PAP treatment, whereas 27 (20.1%) were in the intermediate group. Characteristics of the study population are summarized in Tables 1 and2. Among the 9 patients in the sleepy group, 4 were noncompliant with PAP (PAP use < 4 hours per night) and none had a AHIFlow ≥ 10. However, 2 patients were using at least one treatment with a potential sedative effect (one was using hypnotics only, and the other was using hypnotics and an opioid). AHIFlow did not differ between the sleepy and the alert group (p=0.175), but we found significantly higher compliance in the alert group compared to the sleepy group (respectively 6. More ESS score ≥ 11 were found at diagnosis (44.8%) than at the time of MWT (17.9%), which was performed after at least 1 month of PAP treatment (p<0.001). The mean ΔESS was 4.8 ± 5.4. Results of the ESS evaluation at baseline and at MWT are reported in Table 3.

Correlation between ESS and MWT

In PAP-treated patients, we observed a significant correlation of moderate strength (Spearman's correlation coefficient = -0,42; p<0,001), indicating an inverse non-linear relationship between ESSPAP and MWT (i.e. a higher ESSPAP score, suggesting greater sleepiness correlated with lower MWT scores, thus an increased risk of falling asleep) (Figure 1). When using the ESS threshold of 11 at the time of MWT, sensitivity, specificity, PPV, and NPV were respectively 55.6%, 84.8%, 20.8%, and 96.4%. LR+ and LR-were respectively 3.65 and 0.52 (Table 4). The area under the ROC curve (AUC) for ESSPAP was 0.8 (95% CI 0.66 -0.99) (Figure 2). The mean decrease in the ESS score (ΔESS) was 4.8 ± 5.4, but does not appear to correlate with MWT (Spearman correlation of 0.07; p=0.410).

Discussion

We observed a moderate correlation between ESSPAP and MWT in a population of 134 patients with well-controlled OSA: 89.6% showed good compliance (≥ 4 hours per night), only 5.2 % had AHIFlow ≥ 10, and prevalence of persistent sleepiness was low (6.7%). Similar results were found by Kendzerska et al., who reported a pooled correlation of -0.43 (95% CI [-0.52; -0.34]) between ESS and MWT [START_REF] Kendzerska | Evaluation of the measurement properties of the Epworth sleepiness scale: a systematic review[END_REF]. More recently, Erman et al. found significant correlations of low to moderate strength (-0.432 to -0.272) between ESS and MWT in narcoleptic subjects [START_REF] Erman | Correlation between the Epworth Sleepiness Scale and the Maintenance of Wakefulness Test in patients with narcolepsy participating in two clinical trials of sodium oxybate[END_REF]. Poor agreement between the various measures of sleepiness, both subjective and objective, may reflect differences in ESS and MWT which measure different aspects of sleepiness and are affected differently by various conditions. ESS explores the propensity to fall asleep in various situation of daily life and may be influenced by various condition such as depression, obesity, or diabetes [START_REF] Bixler | Excessive daytime sleepiness in a general population sample: the role of sleep apnea, age, obesity, diabetes, and depression[END_REF]. MWT explores the ability to stay awake, and is highly affected by the patient's motivation [START_REF] Arzi | Forty-versus 20-minute trials of the maintenance of wakefulness test regimen for licensing of drivers[END_REF]. These differences may explain the poor diagnostic performance of ESS compared to MWT as a gold standard. ESS has a low sensitivity and PPV (55.6% and 20.8%, respectively) despite fairly good specificity and NPV (84.8% and 96.4%, respectively). PPV and NPV may also be greatly influenced by the low proportion of patients with an abnormal MWT (6.7%) in our study population.

While most studies have focused on a single measurement of ESS of patients under treatment to evaluate persistent sleepiness, we also explored whether the change in the ESS score may correlate with MWT results. We observed a significant decrease in the ESS score (-4.8 ± 5.4), but no correlation between the ΔESS and the MWT results. This could be partly explained by the fact that in our study only 45% of the patients showed a baseline ESS ≥ 11, thus reducing the amount of change in ESS when on PAP treatment. Another explanation may be the poor measurement properties of ESS itself. The test-retest reliability is limited, as shown by Nguyen et al. who reported, in patients referred to them because of suspicion of sleep apnea, that a ΔESS ≥ 3 occurred in 41% and a ΔESS ≥ 7 was seen in up to 10% [START_REF] Nguyen | Clinical reproducibility of the Epworth Sleepiness Scale[END_REF].

Our results are strengthened by the use of a 40-min MWT trials as a gold standard to identify persistent excessive daytime sleepiness in our population of treated OSA patients. MWT is better adapted to evaluating the severity of sleepiness in patients suffering from OSA or hypersomnia of central origin than the Multiple Sleep Latency Test (MSLT), designed to measure the physiologic sleep tendency in the absence of alerting factors [START_REF] Wise | Objective measures of sleepiness and wakefulness: application to the real world?[END_REF]. In addition, the MWT is not subject to a "floor effect" as is the MSLT. A "ceiling effect" may occur with the 20-min protocol, but is less likely to occur with the 40-min version. Some may argue that the ability of a subject to remain awake or go to sleep in a darkened sleep laboratory environment may not correlate with sleep-wake behavior in the "real world", where a variety of stimuli, motivations, and other factors are operating. Nevertheless, previous studies have shown that abnormal sleep latency during the 40-min MWT correlates with impaired driving, as measured both on a driving simulator and in real driving conditions in patients with OSA [START_REF] Philip | Maintenance of Wakefulness Test scores and driving performance in sleep disorder patients and controls[END_REF][START_REF] Philip | Maintenance of Wakefulness Test, obstructive sleep apnea syndrome, and driving risk[END_REF][START_REF] Sagaspe | Maintenance of wakefulness test as a predictor of driving performance in patients with untreated obstructive sleep apnea[END_REF]. MWT is, however, not ideal due to the absence of well-defined cut-off values in patients with OSA. We used the classification of MWT latencies published by Doghramji, where the normal lower cut-off point was 19.4 minutes (based on a definition of normality of 2 SDs lower than the mean) [START_REF] Littner | Practice parameters for clinical use of the multiple sleep latency test and the maintenance of wakefulness test[END_REF][START_REF] Doghramji | A normative study of the maintenance of wakefulness test (MWT)[END_REF]. A previous study by Philip et al. showed that patients with MWT sleep latencies under this cut-off exhibited impaired driving performance [START_REF] Philip | Maintenance of Wakefulness Test scores and driving performance in sleep disorder patients and controls[END_REF].

Another strength of our study relies on our department policy, which was to always perform both objective and subjective evaluations of sleepiness in each treated OSA patient (if they had a driver's license). We can therefore assume that there is no selection bias in this study.

Moreover, we used a prospectively implemented database, resulting in an extremely low rate of missing data.

We acknowledge that there are certain limitations to this study that must be addressed. First, we included patients in a single sleep unit, which may limit generalizability. Our study population, however, presented baseline characteristics similar to the general OSA population (age, sex-ratio, BMI, and comorbidities). Second, we observed relatively good compliance in our study (89.6% of patients, with a compliance > 4 hours/night) compared to that reported in the literature [START_REF] Delanote | Adherence to CPAP therapy: comparing the effect of three educational approaches in patients with obstructive sleep apnoea: Effect of group therapy on CPAP adherence[END_REF]. Different factors may explain this high compliance rate: 1) the fairly short time between the initiation of PAP treatment and MWT; 2) the role of our dedicated (para)medical team in educating and motivating the patients; and, 3) various unmeasured psychological and social factors. The high compliance rate in our study led to a low prevalence of sleepiness on MWT (6.7%) and modified both positive and negative predictive value of ESS (NPV was inflated and PPV was decreased). Considering the reported high variability observed in the literature (29 to 83% non-adherence), our results can therefore only be generalized to compliant patients. Third, total sleep time during the night prior to the test was not evaluate through objective measures like polysomnography or actimetry.

Nevertheless, patients were asked to fill a questionnaire before MWT. Since MWT was postponed when patient reported unusual sleep deprivation the days before test, we can assume that the quality of the test was not impaired. Fourth, we used AHIflow to describe residual events and PAP efficiency. Despite being recommended by the 2013 American Thoracic Society statement, AHIflow is not a true surrogate of AHI measured by polysomnography and previous studies have reported that both values were not always correlated or concordant [START_REF] Schwab | An Official American Thoracic Society Statement: Continuous Positive Airway Pressure Adherence Tracking Systems. The Optimal Monitoring Strategies and Outcome Measures in Adults[END_REF].

Conclusion

This study demonstrates that, at best, ESS correlates moderately with MWT in a population of OSA patients compliant with PAP therapy. In this type of population, ESS has poor diagnostic performance in identifying patients with persistent excessive daytime sleepiness.

We therefore recommend that assessment of ability to remain awake in PAP-treated patients should not only rely on ESS results, but should also take into account clinical history, comorbidities, compliance with PAP therapy, AHIFlow, and if necessary an objective confirmatory test such as MWT. 
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Figure 2 :

 2 Figure 2: ROC AUC curves of ESS for diagnosis of excessive sleepiness in PAP-treated

  onset was determined as the first epoch (≥ 30 seconds) of any stage of sleep on quantifying electroencephalogram, electrooculogram, and electromyogram recordings. The test continued until three consecutive epochs of N1 sleep or one epoch of any other stage of sleep was observed. The assessment was ceased after 40 min if no sleep occurred. Between tests, patients were not allowed to sleep. The mean of the four sleep onset latencies was considered to be the primary outcome measure of the MWT.

	The patients were divided into 3 MWT groups according to the classification of MWT
	latencies published by Doghramji: sleepy group (MWT score < 19.4 min), intermediate group
	(19.4 ≤ MWT score < 34 min), and alert group (MWT score ≥ 34 min)

Table 1 :

 1 Baseline characteristics and results of the Maintenance of Wakefulness Test for the 134 study patients Condition not met to use a Fisher's exact test † Patiens were categorized as diabetic or non-diabetic for this comparison # Patients were categorized in two groups for this comparison: BMI < 35kg/m² or BMI ≥ 35kg/m²

		Overall cohort	Alert group	Intermediate	Sleepy group	Between group comparison (p value)
		N = 134	N = 98 (73.1)	group	N = 9 (6.7)	Alert VS.	Intermediate	Alert VS.
				N = 27 (20.1)		Intermediate	VS. Sleepy	Sleepy
	Gender, male	98 (73.1)	70 (71.4)	21 (77.8)	7 (77.8)	0.629	*	*
	Gender, female	36 (26.9)	28 (28.6)	6 (22.2)	2 (22.2)			
	Age	55.6 ± 11.8	50.1 ± 9.6	58.1 ± 10.7	55.4 ± 12.2	0.298	0.056	0.210
	Initial AHI	33.6 [23.8 -61.7] 31.2 [23.8 -61.7] 40.7 [23.6 -61.0] 27 [22.5 -69.00]	0.596	0.914	0.897
	OSA severity							
	Moderate OSA	55 (41)	41 (41.8)	9 (33.3)	5 (55.6)	0.509	0.267	0.494
	Severe OSA	79 (59)	57 (58.2)	18 (66.7)	4 (44.4)			
	CT90	5.2 [0.9 -23.9]	6.1 [0.8 -25.5]	4.5 [2.4 -25.2]	8.1 [4.1 -19.4]	0.845	0.455	0.450
	Dyslipidemia	43 (32.1)	31 (31.6)	9 (33.3)	3 (33.3)	1	1	1
	Diabetes mellitus							
	No	100 (74.6)	71 (72.4)	22 (81.5)	7 (77.8)	0.457 †	*	*
	Type 1	3 (2.2)	3 (3.1)	0 (0)	0 (0)			
	Type 2	31 (23.1)	24 (24.5)	5 (18.5)	2 (22.2)			
	Hypertension	66 (50.7)	48 (49.0)	12 (44.4)	6 (66.7)	0.828	0.443	0.489
	Obesity							
	Normal weight (BMI < 25 kg/m²)	6 (4.5)	4 (4.1)	1 (3.7)	1 (11.1)	0.050 #	0.049 #	0.298 #
	Overweight (BMI = 25 to 30 kg/m²)	26 (19.4)	20 (20.4)	6 (22.2)	0 (0)			
	Obese class I (BMI = 30 to 35 kg/m²)	31 (23.1)	19 (19.4)	11 (40.7)	1 (11.1)			
	Obese class II (BMI = 35 to 40 kg/m²)	35 (26.1)	28 (28.6)	6 (22.2)	1 (11.1)			

*

Table 2 :

 2 Baseline characteristics and results of the Epworth Sleepiness Scale at the time of the Maintenance of Wakefulness Test for the 134 study patients Categorical variables are presented as No. (%). Continuous variables are presented as mean ± standard deviation or as median [interquartile range] depending on their distribution. ESS: Epworth Sleepiness Scale, PSG: polysomnography, MWT: Maintenance of Wakefulness Test, AHI: apnea hypopnea index, AHIFlow: residual device apnea hypopnea index, CT90%: cumulative percentages of time at saturations below 90%, BMI: body mass index, PAP: positive airway pressure.

	Overall cohort	ESS <11	ESS ≥11	p value
	N = 134	N =110 (82.1)	N = 24 (17.9)	

* Condition not met to use a Fisher's exact test † Patiens were categorized as diabetic or non-diabetic for this comparison # Patients were categorized in two groups for this comparison: BMI < 35kg/m² or BMI ≥ 35kg/m²

Table 3 :

 3 Results of the Epworth Sleepiness Scale at diagnosis (polysomnography) and at the time of the Maintenance of Wakefulness Test

	Polysomnography	Maintenance of
		P
	(reference)	Wakefulness Test

Table 4 :

 4 Correlation table for ESS and MWT in PAP-treated patients, and evaluation of the diagnostic accuracy of ESS (threshold of ≥ 11)

		No. of patients					
		MWT ≥ 19.4 minutes	MWT < 19.4minutes	Total	
	ESS < 11	106		4		110	
	ESS ≥ 11	19		5		24	
	Total	125		9		134	
		Sensitivity Specificity	PPV	NPV	LR+	LR-
	ESS ≥ 11	55.6%	84.8%	20.8%	96.4%	3.65	0.52

ESS: Epworth Sleepiness Scale, MWT: Maintenance of Wakefulness Test, PPV: positive predictive value, NPV: negative predictive value, LR+: positive likelihood ratio, LR-: negative likelihood ratio
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