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Abstract 

Objective/Background 

The Clinical Global Impression scale (CGI) reflects the clinician’s assessment of the disease impact on 

patient's global functioning. We assessed predictors of CGI scale rating in patients with obstructive 

sleep apnea (OSA).  

 

Patients/Methods 

Consecutive patients with suspected OSA (n=7581) were identified in the European Sleep Apnea 

Database (ESADA). Anthropometrics, comorbidities, apnea severity obtained by polygraphy or 

polysomnography, and daytime sleepiness [Epworth Sleepiness Scale (ESS)] were assessed. The CGI 

7-point scale was completed at the end of the diagnostic process (CGI-severity, ie, CGI-S) and, in a 

subpopulation, at treatment follow-up (CGI-Improvement). 

 

Results 

CGI-S was rated mild to moderate in 44% of patients. CGI rating at any given apnea intensity was 

worse in women than in men (p<0.01). Patients undergoing polygraphy (n=5075) were more 

frequently rated as severely ill compared to those studied with polysomnography (19.0% vs 13.0%, 

p<0.001). In patients aged ≤65 years, CGI scoring was generally better than in the elderly despite a 

similar degree of OSA (eg, ‘normal, not ill’ 24.2 % vs 15.3 %, p<0.01, respectively). Independent 

predictors of CGI rating included age, BMI, AHI, ESS, cardio-metabolic comorbidities, and diagnosis 

based on polygraphy. CGI-improvement rating (Beta= -0.406, p < 0.01) was superior to sleep apnea 

severity or ESS-score (Beta = 0.052 and -0.021, p = 0.154 and 0.538 respectively) at baseline for 

prediction of good CPAP compliance at follow-up. 

 

Conclusions 

CGI rating is confounded by gender, age class and the type of sleep diagnostic method. As OSA 

phenotypes differ, CGI may contribute as a clinical tool to reflect the significance of clinical disease. 

 

 
 

 

Key words 

Sleep apnea, diagnosis, comorbidities, disease severity, gender, age. 
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1. Introduction 

Obstructive sleep apnea (OSA) is a prevalent condition that affects up to 17% of adult women and 

34% of adult men [1]. The disorder is characterized by non-restorative sleep, excessive daytime 

sleepiness, impaired cognitive performance, irritability, depression, reduced quality of life, increased 

risk of traffic accidents [2, 3], and an elevated prevalence of cardiovascular and metabolic 

comorbidity [4-7]. 

The severity of OSA is conventionally expressed by the Apnea/Hypopnea Index (AHI) or by the 

Oxygen Desaturation Index (ODI), defined as the number of apneas and hypopneas or oxygen 

desaturations of ≥3/4% per hour of sleep, respectively [8]. However, this rating system relies only on 

the objective polysomnography (PSG) or home sleep testing with portable monitoring (PG), without 

taking subjective symptoms or the presence of known risk factors and comorbidities into account 

[9],[10].  

OSA is a heterogeneous disease with different phenotypes[9-11], According to a recent expert group 

statement, classification of OSA severity using the AHI alone is inappropriate and the need for 

improved tools that integrate known risk factors, associated comorbidities and patient’s complaints 

(Figure 1) is urgent [12]. 

The Clinical Global Impressions (CGI) scale is a well-established tool applied in the evaluation of 

mental disorders to rate the overall severity of illness in a particular patient [13]. The CGI score 

provides the physicians’ global impression of disease severity in a patient. The rating takes medical 

history, psychosocial circumstances, symptoms, behaviour, as well as the impact of the symptoms 

identified by the rater into  account [14]. 

The aim of this study was to introduce the CGI scoring as a diagnostic tool in the work-up of OSA and 

to evaluate how factors systematically may influence CGI-severity rating in OSA, how treatment 

decisions are influenced by CGI rating, and how OSA treatment is associated with CGI-change at 

follow up. To avoid misunderstanding, the CGI severity rating is not a tool to predict AHI. In fact, it is 

hypothesized that CGI severity rating is influenced by apnea intensity, anthropometrics, symptoms 

and comorbidities. Furthermore, CGI improvement ratings following PAP treatment are expected to 

reflect treatment compliance and changes in symptomatology. 
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2. Material and methods 

 

2.1 The European Sleep Apnea Database (ESADA)  

The European Sleep Apnea Database (ESADA) has been described elsewhere in detail [15]. In short, 

the ESADA is a multi-centre, prospective patient cohort study that currently involves 30 sleep centres 

distributed across 20 countries in Europe and Israel [15]. Patients with suspected OSA and aged 

between 18 and 80 years old are eligible for inclusion in the study [15]. The collected data includes 

anthropometrics, details of daytime symptoms and health-related lifestyle, such as smoking and 

alcohol consumption, blood tests, medical history, and concomitant medication. The prevalence of 

psychiatric comorbidity as well as any cardiovascular disease, including systemic and pulmonary 

hypertension, ischemic heart diseases, left ventricular hypertrophy, valvular heart disease, transient 

ischemic attack or stroke, post myocardial infarction status, cardiac failure or other cerebrovascular 

disease was assessed. Metabolic diseases like diabetes, hyperlipidemia and hyperuricemia are 

determined. The degree of daytime sleepiness is quantified by means of the Epworth Sleepiness 

Scale (ESS) [16], whereas the degree of sleep apnea is assessed by sleep polygraphy (PG) or 

polysomnography (PSG) according to the prevailing clinical routine at each participating sleep centre 

[17]. 

The data are entered, stored and reviewed in a central web-based database. The ESADA protocol was 

approved by the respective research ethics committee at each participating site, and informed 

consent was obtained from all included patients. 

 

2.2 The Clinical Global Impressions scale 

The Clinical Global Impressions (CGI) scale was developed to assess the global disease severity in a 

particular patient, independent of ratings on questionnaires [13]. The CGI rating requires the clinician 

to rate the overall disease severity in a particular patient at the time of assessment. The scale 

consists of two subscales used to rate the global patient’s condition either before or during a given 

therapy: the CGI-Severity (CGI-S) or the CGI-Improvement (CGI-I), respectively [13, 18]. The CGI-S 

used in our study is a 7-point scale ranging from 1 being ‘normal, not at all ill’ to 7 being ‘among the 

most extremely ill patients’ [13, 18]. The CGI-I is another 7-point scale assessing the effect of therapy 

on the overall disease severity, ranging from 1 ‘very much improved’ to 7 ‘very much worse’ with 4 

denoting ‘no change’ [18]. In this analysis, data on CGI scores were limited to assessments made by 

physicians aware of the results of the sleep study and using all available clinical information to rate 

the overall OSA condition (Figure 1).  
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2.3 Statistics 

Descriptive analysis of anthropometrics and sleep data (AHI, ODI) are presented for the different CGI-

S classes. Spearman correlation was performed to assess the correlation between the CGI-S rating 

and established parameters related to OSA severity, such as AHI, ODI, mean and lowest oxygen 

saturation. Differences in the prevalence of comorbidities were assessed with the Chi square test. 

CGI-S rating was compared between groups stratified for gender (male vs. female), diagnostic 

method (PG vs. PSG) and age (cut-off point 65 years) based on established factors to influence OSA 

severity. An ordinal regression analysis was used to study the independent predictors of the CGI 

score including age, BMI, AHI, ESS score, and comorbidities as cofactors. In addition, CGI-S and CGI-I 

ratings were used to predict compliance with PAP treatment using multivariate modelling. 
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3. Results 

3.1 Patient characteristics and Clinical Global Impression scale 

The total patient population reviewed in the current study included 18 314 patients from 30 centers. 

However, the final analysis on the Clinical Global Impression (CGI) scale was restricted to the eight 

centers where the CGI rating was performed in a standardized manner, where the sleep physician 

had completed a comprehensive rating based on the overall clinical information, including OSA 

related symptoms, physical examination and the sleep test results.  

The final analysis cohort included 7581 patients (median age 52.0 years (quartile 1: 43.0; quartile 3: 

61.0), mean body mass index (BMI) 30.6 ± 6.8 kg/m², Table 1), and was not significantly different 

from the total patient population included in the ESADA database.  

Approximately one out of four patients (22.8%) of this study population was rated as ‘normal’ or ‘not 

at all ill’ on the CGI rating scale (Table 1). An additional 15.1 % of patients were scored as ‘borderline 

ill’. Most of the patients were scored as mildly to moderately ill (44.3 %), while 17.8% was scored as 

markedly ill or even worse. Anthropometric measures and the frequency of comorbidities differed 

significantly among the seven CGI classes (Table 1, p<0.001 for all parameters).  

3.2 Predictors of CGI rating 

Age, BMI, AHI, ESS, a cardiovascular diagnosis, metabolic comorbidity and PG as diagnostic method 

were all independent predictors of a higher CGI score in the ordinal regression analysis (Table 2).  

Gender and driving exposure did not independently affect the score. Entering ODI or other measures 

of nocturnal hypoxia instead of AHI did not increase the predictive power of the final model 

(sensitivity analysis).  Psychiatric comorbidity was associated with higher ESS ratings but did not 

come out as an independent predictor of CGI score. A more detailed description of influences is given 

below. 

3.2.1 OSA disease severity and comorbidities 

Conventional measures of OSA disease severity such as AHI and ODI, as well as mean and lowest 

oxygen saturation all correlated with CGI severity score (r=0.528, r=0.534, r=-0.426, r=-0.325, all 

p<0.001, respectively, Table 1). For example, a ‘normal’ CGI score corresponded to a mean AHI of 

10.8 ± 18.2/h, whereas the most severe CGI score (‘among the most extremely ill patients’) 

corresponded to a mean AHI of 76.5 ± 31.1/h (p<0.001). Furthermore, the CGI score was associated 

with subjective complaints of daytime sleepiness assessed as the ESS score (r=0.186 and p<0.01). 

There was a stepwise increase in the prevalence of metabolic and cardiovascular diseases across the 

CGI scoring classes (p<0.001, respectively, Table 1). The prevalence of comorbid psychiatric disease 

(based on the physicians’ diagnosis) was similar in the CGI scores ‘borderline’ to ‘among the most 
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extremely ill patients’ (between 10.2 and 12.7%) with a lower prevalence in the ‘normal’ group 

(6.7%). 

3.2.2 Diagnostic method 

Home sleep testing with portable monitoring was used in 5075 patients (67.8%) in the total 

population, while 2411 patients (32.2%) underwent PSG. Patients with PG were more frequently CGI 

scored as ‘normal’, or ‘not at all ill’ compared with the PSG group (25.6% vs. 16.3%), (p<0.001). 

Furthermore, the proportion of patients with a ‘markedly ill to extremely ill’ CGI score was higher 

among patients diagnosed with PG (19.9% vs 13.5%), (p<0.001). In addition, within a given CGI 

category, except for the most extremely ill patients, the AHI was higher if the diagnosis had been 

made by PSG rather than PG (p<0.01, Figure 2). In contrast, mean ESS score for each CGI category 

was consistently higher for the group diagnosed with PG (p<0.01). 

3.2.3 Age 

Among subjects below the age of 65 years, a higher proportion of patients were scored as ‘normal, 

not ill’ compared with patients aged >65 years (24.2% vs. 15.3% respectively, p<0.01). More elderly 

patients were scored as markedly or severely ill compared with the middle aged individuals (Figure 

3). Within the CGI categories, AHI was comparable between age groups whereas the ESS score was 

higher in middle-aged compared to elderly OSA patients (p<0.01). 

3.2.4 Gender 

Although gender did not independently predict CGI score, a number of important gender differences 

for the CGI Score were observed. The analysed patient population had a male predominance (5 290 

(69.8%) males, p<0.001) and among men a slightly higher proportion (40.3%) were scored as 

'moderately ill' to 'among the most extremely ill patients' compared to women (32.7%) (p<0.01). This 

higher CGI rating among men is in line with the higher AHI recorded in male compared to female 

patients (AHI 26.4 ± 25.3/h and 16.7 ± 21.5/h, p<0.01, respectively). We identified a gender related 

interaction with a lower AHI mean for a given CGI score in women. For example, mean AHI for the 

CGI score “marked sleep apnea” is 42.6 ± 24.4 events/hour for men compared to 29.9 ± 25.3 in 

females (p<0.01, Figure 4). In contrast, women reported a slightly higher degree of daytime 

sleepiness (ESS score) at any CGI score (p<0.01). The prevalence of comorbidities like metabolic and 

cardiovascular disease at any CGI level did not differ between genders. However, psychiatric 

comorbidity was more prevalent in women irrespective of CGI category (p<0.01). Predictors of CGI 

score in the ordinal regression analysis were different in males and females (Table 2). Cardio-

metabolic comorbidities were strong predictors of CGI class in males but not in females. In contrast, 

BMI was an independent predictor of CGI score in females, not in males. 
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3.3 CGI scoring and CPAP therapy – treatment indication and longitudinal data 

Overall, therapy was prescribed in almost two thirds of all patients (CPAP 50.5 %, oral appliances 7%, 

surgery 4%, active weight reduction 2% and drug treatment in 3%). CPAP prescription rate and CGI 

rating scores showed a linear relationship whereas the association was non-linear with traditional 

AHI severity classes (Table 3).  

A CGI-Improvement rating was performed in 1455 patients at a first follow-up visit using CPAP 

therapy (Table 4). Any improvement (minimal to very much improved) was rated in most patients 

(84.3 %) by the sleep expert. CGI-I rating identified only 3.0 % of patients where CPAP caused a 

worsening of symptoms. CPAP compliance differed significantly between CGI rating classes (p<0.01, 

Table 4) and there was a strong correlation between CPAP use and CGI-I with the highest CPAP use in 

very much improved patient (Correlation coefficient= -0.412, p < 0.01, Figure 5). In line with these 

findings, CGI rating at baseline predicted CPAP compliance in multiple regression analysis. CGI-I 

rating was a stronger predictor of CPAP compliance (Beta= -0.406, p < 0.01) when compared to AHI 

or ESS at baseline (Beta = 0.052 and -0.021, p = 0.154 and 0.538 respectively).  

 

 
 

 

 

 

 

 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

10 
 

4. Discussion 

This is, to the best of our knowledge, the first study to apply the CGI scale in a large, unselected 

clinical cohort of OSA patients referred to academic sleep centres or tertiary level hospitals. Our 

study has provided five major findings. First, sleep physicians rate OSA severity based mainly on 

traditional anthropometric data, the frequency of respiratory events during sleep, and the degree of 

daytime sleepiness. The presence of cardiovascular or metabolic comorbidities had a differential 

impact in the two genders. Second, in the view of the rater, women needed a lower degree of 

apneic/hypopneic events than men to meet a given CGI severity class. Third, the use of polygraphic 

sleep recordings as the primary diagnostic method resulted in more “normal cases”, but also in the 

rather unexpected finding of more severe cases, despite the less sensitive event detection. Fourth, 

and contrary to recent epidemiological findings suggesting a lower impact of OSA on adverse 

outcomes in the elderly, OSA disease severity was rated as more severe in this group compared to 

middle aged patients. Fifth, our findings suggest that the CGI-I scale can be used to monitor the 

evolution of OSA disease severity over time or under a given therapy. As OSA is expressed in several 

phenotypes, the CGI may be a complementary tool to better differentiate clinical significance of the 

disease by not only reflecting conventional sleep study based event frequency indices. 

 

Factors influencing the CGI-S score 

The CGI scale is a well-established rating tool which originally was applied in psychiatric disorder 

research to assess the global disease severity[13]. The main current use of the CGI is in clinical drug 

trials [14]. In our study, the CGI rating was applied as part of the regular diagnostic evaluation of 

patients with suspected OSA, recruited in the large European Sleep Apnea Database (ESADA).  The 

sample is therefore representative of clinical referrals to European sleep medicine tertiary referral 

centres. 

Approximately one out of four patients with suspected OSA was found to be rated ‘normal´ or ´not at 

all ill’. These patients tended to be younger, less obese with smaller neck, waist and hip 

circumference, and to have lower AHI and ODI values. This finding is in line with previous studies 

demonstrating that higher age and overweight are important risk factors for the development of 

significant OSA [1, 19]. Furthermore, a lower AHI and ODI, both classical parameters for the objective 

diagnosis of OSA, correlated with a lower CGI score. Notably, mean AHI levels for no, borderline or 

mild sleep apnea did not differ largely which may reflect the ongoing discussion on the clinical 

significance of mild sleep apnea [20]. Finally, a higher prevalence of known OSA-related co-

morbidities was found among patients with a higher CGI score. Taken together, our findings suggest 

that the process of CGI rating incorporates assessment of several different components and the 
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multivariate analysis identified apneic event frequency, anthropometrics and daytime symptoms as 

the most important ones.  

 

Gender analysis 

OSA is overrepresented among males [19, 21-23] while an atypical clinical presentation has been 

proposed in females [24].  Hence, women with OSA are more likely to have insomnia, depression and 

morning headaches. This gender difference appeared to be recognized by the CGI score, which 

classified 40.3% of men and 32.7% women as moderately to extremely ill. The clinical presentation 

differed between the sexes and at a similar AHI, the CGI score was lower in men than in women. This 

finding could in part be explained by the higher ESS value (p<0.01) and the higher degree of 

psychiatric co-morbidity in women (16% vs 8%, respectively). Unfortunately, we do not have more 

detailed information on specific symptom burden of depression and/or anxiety as this is usually not 

assessed in the routine management of sleep apnea in the ESADA centers.  It may be speculated that 

physicians systematically include gender as an important component behind OSA disease severity. 

However, the influence of gender on rating may be more complex, as gender did not constitute an 

independent predictor of CGI in the final regression model. In line with this, we identified different 

influences of BMI and cardio-metabolic comorbidity on CGI score in the gender specific analysis of 

CGI predictors. 

 

 

The impact of diagnostic tests 

The ESADA protocol states that any sleep investigation should be performed in accordance with local 

practice [17]. However, the ESADA protocol mandates that respiratory events are scored using the 

2007 American Association of Sleep Medicine (AASM) criteria [15, 17, 25].  In this study, more 

patients investigated by a PG method were scored as ‘normal, not at all ill’ compared to patients 

undergoing PSG. This finding is in line with a previous study of the ESADA cohort demonstrating a 

substantially higher AHI in patients diagnosed with PSG compared to those investigated with PG [17]. 

Conversely, the systematic use of PG may result in false negative sleep study results in a significant 

number of patients [12]. In the current study, mean AHI increased linearly within CGI severity 

categories in patients diagnosed by either PSG or PG.  However, those diagnosed with PG more 

frequently complained of excessive daytime sleepiness and this may explain why they were scored 

similarly on the CGI scale, despite a lower AHI. In addition, it may be argued that the trained sleep-

physician may re-adjust the CGI scoring to the lower sensitivity for AHI detection of the PG method. 

 

Age related differences 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 
 

Several studies demonstrated an approximately 2 to 4-fold higher prevalence of OSA in people aged 

above 65 years [26-28]. The current study confirmed a higher prevalence of mild to severe OSA in the 

elderly. However, the AHI was comparable for both age classes among the different CGI classes, and, 

as expected, younger patients had more severe excessive daytime sleepiness compared to the 

elderly [29]. Higher CGI scores in older patients may be attributed to the higher prevalence of 

comorbidities or other active diseases. However, recent studies showed that the impact of OSA on 

the cardiovascular outcome like blood pressure or disease incidence, is more pronounced in the 

middle aged population, not in the elderly [30, 31].  

Improvement by CPAP treatment 

The CGI-Improvement rating was strongly associated with CPAP adherence. Importantly, CGI-I rating 

predicted CPAP compliance better than the AHI or the severity of daytime sleepiness. The relatively 

poor prognostic value of these conventional OSA severity measures has also been described 

previously [32-34]. Yet, it is noteworthy that even the CGI severity rating at baseline, an assessment 

that includes multiple dimensions of disease severity, did not predict CPAP compliance at follow up. 

Other factors like personality traits or family support may strongly influence CPAP compliance [35] 

and they are not captured in the routine diagnostic work up in most OSA patients. 

 

Strengths and limitations 

Our study has several strengths, including the, by far, largest sample size of CGI ratings in an OSA 

patient population. In addition, the study was multi-centric, covering several European countries, and 

included unselected patients, thereby strongly increase the validity of our findings. Second, our data 

reflect multiple clinical aspects of OSA, including respiratory event frequency, daytime symptoms, 

traffic exposure and important comorbid conditions. Data has also been collected according to a 

standardized clinical protocol. Study limitations include the fact that there are no universally 

accepted scoring guidelines for the seven anchor points of the CGI scale. Therefore, the rating 

requests the clinician to rate the overall disease severity relative to his/her experience [13, 18]. In 

this study, different clinicians were involved in the CGI rating, at least one for each of the eight 

participating centres. Variable clinical experience may have led to a higher variability in CGI rating. A 

questionnaire regarding the CGI assessment was sent to all centres in the ESADA study in order to 

minimize this influence. For the final analysis, we selected only the eight centres that verified rating 

of the “overall sleep apnea severity”, in a manner that included results from the objective diagnostic 

method (PSG or PG), the medical history, including regular drug intake, and the subjective symptom 

evaluation.  Furthermore, the CGI rating scale is frequently used in clinical trial protocols, where 

training of the use of the scale is provided during the study start up process. In the ESADA network, 
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use of the CGI scale was mandated by the study protocol. However, a specific training session was 

not offered to all physicians involved during the course of such a long term study. Lastly, we did not 

include CGI data from OSA patients derived from the general population. In fact, we were mostly 

interested if the CGI can reflect different clinical characteristics within a typical European sleep apnea 

patient cohort. 

 

Clinical implication and future research 

Although the diagnostic work-up of OSA follows both subjective and objective appraisal, the severity 

of OSA is conventionally expressed by the number of respiratory events per hour of sleep [8], 

without taking the subjective symptoms or both cardiovascular and metabolic comorbidities into 

account. This practice has recently been challenged [12]. The CGI score, in contrast, provides a 

method to express the clinician’s global impression of the disease and could act as a qualitative 

instrument to rate the overall impact of OSA on the patients’ health status [14]. Our data suggest 

that factors like gender, age and the diagnostic method used (PG vs. PSG) systematically affect the 

sleep physician’s perception of OSA severity – irrespective of the AHI as the traditional disease 

severity measure. In fact, the CGI classification may significantly contribute to better patient 

management. For example, the CGI score may be useful to better predict individuals with the rating 

“normal, not ill at all” prior to the diagnostic procedure. According to our data, a substantial part of 

patients may not need a full sleep diagnostic work up. Another area of interest is to further evaluate 

the potential of the CGI scale to better identify patients with potential non-adherence to CPAP 

therapy.   

The CGI scale should be further validated as a research tool for OSA patients, including inter- or intra-

rater variability. Prospective analysis on the evolution of the CGI score under different treatment 

modalities is another area of research. Furthermore, the appropriateness of current practice in OSA 

severity scoring, like the observed differences by age and gender, need further evaluation. Finally, 

the CGI may be helpful in the differentiation of clinical OSA phenotypes and thereby better predict 

treatment outcome.   

 

5. Conclusion 

The CGI rating scale was associated with objective measures of OSA event frequency, daytime 

symptoms, anthropometric data, as well as with cardiovascular and metabolic comorbidities. Our 

study identified systematic differences in OSA severity scoring among factors like gender, age, and 

type of sleep diagnostic test. CGI-Improvement ratings were significantly modified by treatment 
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effects and compliance. The CGI scale may provide a new tool to more broadly assess the various 

aspects of the clinical burden of OSA. 
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7. Figure legends and Tables  

 

 

 

 

Figure 1. Variety of factors potentially influencing the CGI classification of OSA disease severity 

 
 
 
 
 
 
Figure 2. Mean Apnea Hypopnea Index (y-axis) given for each rating of the CGI-Severity scale at 

baseline (y-axis). AHI values are given for the two different sleep test diagnostic methods (polygraphy 

(PG, blue) vs polysomnography (PSG, yellow)) 

 

 

Figure 3. Bars represent the prevalence (y-axis) of different CGI-Severity rating (x-axis) in the OSA 

patient population at baseline. Results are shown separately for patients below (red) and above 

(blue) the age class cut-off of 65 years.  

 

 

Figure 4. Mean Apnea Hypopnea Index (y-axis) given for each rating of the CGI-Severity scale at 

baseline (y-axis). AHI values are given separately for males (yellow) and females (blue). 

 

 

 

Figure 5.  Mean use of CPAP in hours/night (y-axis) given for the different CGI-Improvement ratings 

(x-axis).  
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Table 1. Anthropometric data including comorbidities and baseline sleep test results in the 7 CGI categories. 

 
Normal 

n = 1725 

(22.8 %) 

Borderline 

n = 1146 

(15.1 %) 

Mildly ill 

n = 1830 

(24.1 %) 

Moderately ill 

n = 1530  

(20.2 %) 

Markedly ill 

n = 885  

(11.7 %) 

Severely ill 

n = 407  

(5.4 %) 

Among the most 

extremely ill 

patients 

n = 59 (0.8 %) 

Total group 

n = 7581 

Mann 

Whitney U-

test 

Anthropometrics and comorbidities 

Age (years) 47.7 ± 13.5 51.2 ±  12.6* 51.8 ±  12.4* 53.9 ±  11.8*
,
°

,#
 54.7 ±  12.2*

,
°

,#
 55.0 ±  12.2*

,
°

,#
 54.2 ±  11.6* 51.7 ± 12.8 p < 0.001 

BMI (kg/m²) 28.8 ±  5.3 30.4 ±  7.6* 29.8 ±  5.9*
,
° 30.7 ±  7.3*

,#
 32.6 ±  6.4*

,
°

,#,£
 35.8 ±  7.2*

,
°

,#,£,/
 40.6 ±  9.4*

,
°

,#,£,/,-
 30.6 ± 6.8 p < 0.001 

Waist circumference (cm)  100.5 ± 14.2 105.6 ± 16.0* 104.6 ± 14.8* 107.2 ± 14.6*
,
°

,#
 112.6 ± 14.9*

,
°

,#,£
 119.8 ± 15.4*

,
°

,#,£,/
 130.3 ± 18.1*

,
°

,#,£,/,-
 106.2 ±15.8 p < 0.001 

Hip circumference (cm) 107.0 ± 10.7 109.5 ± 12.5* 108.8 ± 11.7* 110.0 ± 11.9*
,#

 113.6 ± 13.1*
,
°

,#,£
 117.8 ± 13.0*

,
°

,#,£,/
 127.2 ± 19.7*

,
°

,#,£,/,-
 109.9 ± 12.4 p < 0.001 

Neck circumference(cm) 39.7 ± 4.5 40.9 ± 5.4* 40.7 ± 4.7* 41.4 ± 4.1*
,
°

,#
 42.8 ± 4.3*

,
°

,#,£
 44.2 ± 4.2*

,
°

,#,£,/
 46.0 ± 4.0*

,
°

,#,£,/,-
 41.1 ± 4.7 p < 0.001 

Cardiovascular diseases (%) 29.8 43.4 42.5 48.8 60.1 65.5 76.5  44.5 p < 0.001 

Metabolic diseases (%) 18.6 27.6 30.5 33.8 36.8 37.8 42.4 29.3 p < 0.001 

Psychiatric diseases (%) 6.7 11.7 10.8 12.7 12.7 11.9 10.2 10.7 p < 0.001 

Sleep Apnea Indices 

Apnea/Hypopnea Index (/h) 10.8 ±  18.2 20.1 ±  23.9* 18.1 ±  19.2*
,
° 26.4 ±  20.1*

,
°

,# 39.4 ±  25.2*
,
°

,#,£ 57.1 ±  25.0*
,
°

,#,£,/ 76.5 ±  31.1*
,
°

,#,£,/,- 23.5 ± 24.6 p < 0.001 

Oxygen Desaturation Index (/h) 7.6 ±  14.0 15.1 ±  21.5* 13.1 ±  17.6*
,
° 19.3 ±  17.6*

,
°

,# 33.3 ±  23.5*
,
°

,#,£ 52.7 ±  24.8*
,
°

,#,£,/ 71.6 ±  31.8*
,
°

,#,£,/,- 18.3 ± 22.4 p < 0.001 

Mean Oxygen saturation (%) 94.6 ± 1.9 93.8 ± 2.9* 93.9 ± 3.8* 93.4 ± 3.8*
,
°

,#
 92.4 ± 4.6*

,
°

,#,£
 90.4 ± 3.8*

,
°

,#,£,/
 85.8 ± 7.3*

,
°

,#,£,/,-
 93.5 ± 3.7 p < 0.001 

Lowest Oxygen Saturation (%) 86.0 ± 7.5 86.0 ± 7.5* 83.1 ± 8.4* 80.8 ± 8.7*
,
°

,#
 77.0 ± 10.0*

,
°

,#,£
 70.1 ± 11.9*

,
°

,#,£,/
 62.7 ± 14.7*

,
°

,#,£,/,-
 81.7 ± 10.0 p < 0.001 

Polysomnographic results in patients studied with polysomnography 

 n = 394 n = 471 n = 672 n = 547 n = 230 n = 84 n = 13 n=2411  

Apnea/Hypopnea Index (/h) 18.0 ±  23.7 27.6 ± 27.6 24.6 ± 22.7 37.2 ± 21.6 54.5 ± 25.6 62.9 ± 27.9 64.7 ± 45.3 31.3  ± 27.1 p < 0.001 

Oxygen Desaturation Index (/h) 11.3 ±  18.4 21.1 ± 26.1 15.8 ± 23.1 21.6 ± 21.8 38.5 ± 27.7 49.0 ± 27.6 46.8 ± 34.3 21.0 ± 25.4 p < 0.001 
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Sleep Efficiency (%) 84.8 ± 15.8 82.3 ± 15.3 82.0 ± 14.6 82.9 ± 12.0 80.7 ± 13.9 79.0 ± 16.7 80.5 ± 12.1 82.5 ± 14.4 p < 0.001 

Sleep stage N1 (%) 10.6 ± 10.5 10.1 ± 9.5 9.7 ± 9.0 11.8 ± 10.7 16.3 ± 14.4 19.3 ± 18.5 16.8 ± 15.1 11.4 ± 11.2 p < 0.001 

Sleep stage N2 (%) 58.3± 13.9 58.3 ± 13.9 58.6 ± 12.8 53.6 ± 12.3 56.7 ± 14.5 56.0 ± 16.3 56.4 ± 13.7 55.8 ± 13.6 p < 0.001 

Sleep stage N3 (%) 15.2 ± 9.1 15.5 ± 8.2 18.8 ± 9.5 16.8 ± 8.8 12.1 ± 8.6 13.6 ± 10.0 14.0 ± 14.0 16.2 ± 9.1 p < 0.001 

Sleep stage REM (%) 17.5 ± 10.4 16.8 ± 8.7 18.0 ± 7.9 17.4 ± 7.0 15.2 ± 7.5 12.8 ± 7.6 12.8 ± 6.4 17.0 ± 8.4 p < 0.001 

Data are presented as mean ± standard deviation. Mann-Whitney U-test is performed to compare the anthropometric data and baseline polysomnographic 

parameters between the different CGI categories, with Bonferroni correction. Comorbidity prevalence across CGI classes were analysed by Chi-Square test.  

*Statistically significant as compared to normal; °Statistically significant as compared to borderline; #Statistically significant as compared to mildly ill; 
£Statistically significant as compared to moderately ill; /Statistically significant as compared to markedly ill; -Statistically significant as compared to severely ill
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Table 2. Results of the ordinal regression analysis predicting the CGI scoring set by the sleep physician 

 
 

 

 

Parameter Odds ratio p-value 95% Confidence interval 

Gender 1.122 0.015 1.022; 1.231 

Age 1.017 
♂ 1.013 

< 0.001 
♂ < 0.001 

1.013; 1.021 
♂ 1.008; 1.017 

♀ 1.027 ♀ < 0.001 ♀ 1.020; 1.034 

Body Mass Index (BMI) 1.010 
♂ 0.999 

< 0.01 
♂ NS 

1.003; 1.017 
♂ 0.990; 1.007 

♀ 1.028 ♀ < 0.001 ♀  1.016; 1.040 

Apnea/Hypopnea Index (AHI) 1.041 
♂ 1.040 

< 0.001 
♂ < 0.001 

1.039; 1.044 
♂ 1.037; 1.042 

♀ 1.049 ♀ < 0.001 ♀ 1.044; 1.054 

Epworth Sleepiness Scale (ESS) 1.070 
♂ 1.072 

< 0.001 
♂ < 0.001 

1.061; 1.079 
♂ 1.060; 1.083 

♀ 1.072 ♀ < 0.001 ♀ 1.056; 1.089 

Presence of cardiovascular 
comorbidities 

1.189 
♂ 1.239 

< 0.05 
♂ < 0.001 

1.079; 1.310 
♂ 1.104; 1.390 

♀ 1.061 ♀ NS ♀ 0.886; 1.271 

Presence of metabolic comorbidities 1.136 
♂ 1.195 

< 0.05 
♂ < 0.01 

1.030; 1.253 
♂ 1.064; 1.343 

♀ 1.019 ♀ NS ♀ 0.848; 1.271 

Diagnostic method 1.633 
♂ 1.711 

< 0.001 
♂ < 0.001 

1.485; 1.795 
♂ 1.531; 1.912 

♀ 1.452 ♀ < 0.001 ♀ 1.210; 1.743 
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Table 3. Prescription of continuous positive airway pressure (CPAP) for the different CGI-S subgroups and traditional OSA severity classes. 

Normal 92 / 702 (13.1%) 

Borderline 143 / 430 (31.1%) 

Mildly ill 371 / 836 (44.4 %) 

Moderately ill 546 / 688 (79.4 %) 

Markedly ill 265 / 302 (87.7 %) 

Severely ill 148 / 157 (94.3 %) 

Among the most extremely ill patients 22 / 25 (88.0 %) 

No OSA (AHI < 5 /h) 66 / 803 (8.2 %) 

Mild OSA (5 < AHI < 15/h) 212 / 748 (28.3 %) 

Moderate OSA (15 < AHI < 30/h) 469 / 648 (72.4 %) 

Severe OSA (AHI > 30/h) 788 / 848 (92.9 %) 
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Table 4. Distribution of the Clinical Global Impression-Improvement (CGI-I) rating for patients treated with continuous positive airway pressure (CPAP). 

 
Number of 

patients 

Percentage of 

study population 

Chi square <0,01 

Compliance with 

CPAP (h/night) 

ANOVA p<0.01 

Very much improved 522 40.6 5.8 ±1.5 

Much improved 385 29.9 5.2 ± 2.0 

Minimally improved 205 15.9 3.8 ± 2.2 

No change 152 11.8 2.6 ± 2.4 

Any worsening 23 1.8 1.5 ± 1.6 

Total 1 287 100.0 5.2 ± 2.0 
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- Sleep physicians rate OSA severity mainly based on traditional anthropometric data, the 

frequency of respiratory events during sleep, and the degree of daytime sleepiness. The 

presence of cardiovascular or metabolic comorbidities had a differential impact in the two 

genders.  

- Women needed a lower degree of apneic/hypopneic events than men to meet a given CGI 

severity class.  

- CGI-Improvement scale can be used to monitor the evolution of OSA disease severity over 

time or under a given therapy.  

- The CGI may be a complementary tool to better differentiate clinical significance of the 

disease by not only reflecting conventional sleep study based event frequency indices. 

 


