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Objectives: The aims of this study were to describe changes in day- and nighttime symptoms 

and the adherence to nasal continuous positive airway pressure (nCPAP) during the first 3-month 

nCPAP therapy among newly diagnosed patients with obstructive sleep apnea/hypopnea 

syndrome (OSAS) and to identify the effect of adherence on the changes in day- and nighttime 

symptoms during the first 3 months.

Methods: Newly diagnosed OSAS patients were consecutively recruited from March to August 

2013. Baseline clinical information and measures of the Epworth Sleepiness Scale (ESS), 

Fatigue Severity Scale (FSS), Zung’s Self-Rating Depression Scale (SDS) and the Pittsburgh 

Sleep Quality Index (PSQI) at baseline and the end of 3rd, 6th, 9th and 12th week of therapy 

were collected. Twelve weeks’ adherence was calculated as the average of each 3-week period. 

Mixed model was used to explore the effect of adherence to nCPAP therapy on ESS, FSS, SDS 

and PSQI in each 3-week phase.

Results: Seventy-six patients completed the 12-week follow-up. The mixed-effects models 

showed that under the control of therapy phase adherence in the range of ,4 hours per night, 

using nCPAP could independently improve daytime sleepiness, in terms of ESS (coefficient, 

[95% confidence interval] unit; -4.49 [-5.62, -3.36]). Adherence at 4–6 hours per night could 

independently improve all variables of day- and nighttime symptoms included in this study, 

namely ESS -6.69 (-7.40, -5.99), FSS -6.02 (-7.14, -4.91), SDS -2.40 (-2.95, -1.85) and 

PSQI -0.20 (-0.52, -0.12). Further improvement in symptoms could be achieved at $6 hours 

per night using nCPAP, which was ESS -8.35 (-9.26, -7.44), FSS -10.30 (-11.78, -8.83), 

SDS -4.42 (-5.15, -3.68) and PSQI -0.40 (-0.82, -0.02). The interaction between adherence 

level and therapy phase was not significant in day- and nighttime symptoms.

Conclusion: The effect of adherence on the above-mentioned symptoms is stable through the 

first 3 months. Under the control of therapy phase, the nCPAP therapy effectively improves 

day- and nighttime symptoms with $4 hours adherence, and the patients can achieve a further 

improvement with $6 hours adherence.

Keywords: OSAS, nCPAP, Epworth Sleepiness Scale, Fatigue Severity Scale , Zung’s Self-

Rating Depression Scale, the Pittsburgh Sleep Quality Index

Background
Obstructive sleep apnea/hypopnea syndrome (OSAS) is characterized by repetitive 

obstruction of the upper airway during sleep, causing obstructive apneas leading to 
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oxygen desaturations and fragmentation of nocturnal sleep.1,2 

Snoring, excessive daytime sleepiness (EDS), fatigue and 

depression are frequently associated. The more serious 

consequences of OSAS are higher risk of cardiovascular, 

pulmonary, vascular and cerebral diseases in patients 

with OSAS.

Continuous positive airway pressure (CPAP) therapy 

has been proven to significantly reduce the risk of cardio-

vascular disease as well as improve daytime symptoms. 

Effective CPAP management reduces nighttime breathing 

disturbances and improves oxygenation, sleep architecture, 

daytime sleepiness, daytime performance and depression.3–8 

To achieve the effectiveness of CPAP therapy, OSAS patients 

are suggested to use CPAP during whole nights.

However, many patients could not follow this suggestion. 

Several previous studies have focused on the adherence to 

CPAP among OSAS patients.9–15 Some of the studies aimed 

to reveal the relationship between CPAP using hours and 

its effects on associated symptoms.10,11,16 Weaver et al11 

reported that after a 3-month therapy, a linear dose–response 

trend is observed between the increase in CPAP using hours 

and the cumulative proportion of participants obtaining 

normal values of Epworth Sleepiness Scale (ESS #10 is 

considered normal value), and they also found that 4 hours 

duration of using CPAP during the night was a cutoff point 

for normalized ESS score. A similar result was also reported 

by Antic et al.10 They found that of the OSAS patients using 

CPAP for .7 hours, 80.6% had a normal ESS score, and of 

those using CPAP between 2 and 4 hours, there were 52.4% 

of them with normalized ESS score after 3-month therapy. 

Compared with the major daytime symptom, sleepiness, the 

relationship between adherence and normalization of fatigue 

and depression was rarely reported. Wang et al9 reported 

that fatigue, depression and sleep quality were independent 

influencing factors of adherence. Conversely, the effect 

of adherence on fatigue and depression might impact the 

changes in symptoms as well as the subsequent adherence. 

Therefore, it is necessary to conduct a study to identify the 

effect of adherence not only on daytime sleepiness but also 

on fatigue, depression and sleep quality.

Furthermore, previous studies reported the effect of 

adherence to CPAP therapy on related clinical variables; 

these studies were of a before–after design and could not 

reveal the independent effect of adherence under the control 

of therapy phase on the changes in the variables over time 

or the interaction between adherence and therapy phase. 

Knowledge of the time frame for these clinical variables 

would be useful in the early evaluation of CPAP therapy.

Methods
study sample
According to the guideline of OSAS diagnosis and therapy,17 

newly diagnosed OSAS patients who met the criteria 

of CPAP therapy (apnea/hypopnea index [AHI] $15 or 

AHI ,15 with complications) were consecutively recruited 

from March to August 2013 at the Sleep Center of The First 

People’s Hospital of Yunnan Province and the Department 

of Respiratory Medicine of The Second Affiliated Hospital 

of Kunming Medical University. The patients with severe 

diseases or the patients who did not start nasal continuous 

positive airway pressure (nCPAP) therapy within 30 days 

after titration trial at the sleep center were excluded.

sleep test
The diagnostic polysomnography (Alice 5; Respironics, 

Murrysville, PA, USA) included electroencephalography, 

electrooculography, chin electromyography, airflow at the 

nose and mouth, abdominal and chest movements, electrocar-

diography, sleep position and snoring frequency. An apneic 

episode was defined as a complete cessation of airflow or 

reduction in airflow by .90% of the baseline for at least 

10 seconds; a hypopneic episode was defined as a reduction 

in airflow by .30% of the baseline for at least 10 seconds in 

association with a fall in arterial oxygen saturation of at least 

4% or 50% of the baseline for at least 10 seconds in associa-

tion with a fall in arterial oxygen saturation of at least 3%.17 

A titration trail would be conducted after sleep study, if the 

person met the criteria of taking CPAP therapy.17

Data collection
Demographic data, height, weight, circumferences of neck, 

waist and hip of each subject were recorded at the beginning 

and the end of the study at hospitals. Subjective daytime 

sleepiness, fatigue, depression and sleep quality were 

measured using the ESS18 (0–24, higher score indicated 

sleepier), Fatigue Severity Scale (FSS, 9–63, higher score 

indicated more fatigue),19 Zung’s Self-Rating Depression 

Scale (SDS, 20–80, higher score indicated more depressed)20 

and The Pittsburgh Sleep Quality Index (PSQI, 0–21, higher 

score indicated lower sleep quality)21 before the onset of 

therapy and at the end of 3rd, 6th, 9th and 12th week of 

therapy from the date of starting nCPAP therapy. After the 

patient had started nCPAP therapy, the well-trained research 

team members made appropriate appointments and then 

interviewed these patients via telephone at the end of 3rd, 

6th and 9th week of therapy. The first and last interviews 

took place at hospital before sleep studies. Use of nCPAP 
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was recorded by a memory card in the nCPAP, which stored 

the daily information on the times at pressure. Subjects were 

recommended to bring the nCPAP to the clinics to download 

the records at the end of the 12th week.

The protocol of this study was approved by the ethics 

committees of Prince of Songkla University and The Second 

Affiliated Hospital of Kunming Medical University. Written 

informed consent was obtained from all eligible participants.

Data analysis
ESS, FSS, SDS and PSQI scores were initially compared 

with 3-week-average nightly adherence hours using scatter 

plots and Spearman correlation coefficients. For conve-

nience in subsequent analysis, average adherence was cut 

into 3 ranges: ,4 hours, 4–6 hours and $6 hours. Four scores 

were compared across the 3 adherence ranges at each time 

using one-way analysis of variance (ANOVA) and F-test. 

Where the F-test was significant, pairwise comparisons were 

tested using two-sample t-test. Comparisons across therapy 

phases were made and tested by fitting mixed-effects random-

intercept linear regression models in which adherence range 

and therapy phase and their interaction were fitted. This was 

necessary because the patient composition in any one adher-

ence range changed from phase to phase.

As measurements were taken for each patient on 5 occasions 

(at baseline, 3rd, 6th, 9th and 12th week of therapy), the relation-

ships of adherence, therapy phase and baseline variables with 

outcome parameters were modeled using mixed-effects random-

intercept linear regression models in which the need for fitting 

an interaction between adherence range and therapy phase was 

explored. Mixed-effects regression was used to identify the effect 

of adherence level on ESS, FSS, SDS and PSQI. Adherence level, 

therapy phase and their interaction and other potential influencing 

factors were initially included in the models and considered to act 

as fixed-effect variables, whereas patients’ common variable (the 

order of patient recruited in this study) was considered to be the 

random-effect variable. The covariance structure of mixed-effect 

model enables investigation of the assumption of equal variance 

for random effects. Manual backward exclusion method was used 

to refine the models, the variables without significant contribution 

to the fit of model being removed sequentially according to log-

restricted maximum likelihood values. All the significance tests 

were 2-sided, and P-values ,0.05 were considered as indicating 

statistical significance.

Results
In this study, 80 newly diagnosed OSAS patients were recruited 

and 76 patients completed a 12-week follow-up. Among 

76 patients, over three quarter of them were middle-aged 

males, and most of them were office workers. At the base-

line, the mean values of body mass index (BMI) and waist-

and-hip-ratio were approximately 27 kg/m2 and 1, respectively 

(Table 1). The overall mean of the average duration of nightly 

use of nCPAP during 12 weeks was 5.60±1.99 hours.

Figure 1 shows the crude relationship between adherence 

and ESS and FSS scores in each 3-week period. After first 

3-week therapy, the lower adherence was related to greater 

concurrent sleepiness and more fatigue. As shown in Figure 2, 

with the progress of therapy, the good adherence correlated 

with low SDS scores, meanwhile the poor adherence cor-

related with high SDS scores. Similar relationship was also 

observed for the PSQI scores (Figure 2). These relationships 

were evident from the second 3-week period onward.

Subsequent analysis was based on the adherence cut 

into 3 ranges: ,4 hours, 4–6 hours and $6 hours. Table 2 

shows the distributions of adherence levels in each of the 

fourth 3-week therapy. During the first 3 weeks of therapy, 

~8% of the patients used nCPAP for ,4 hours per night 

(mean [SD], 3.57 [0.41]), while ~17% of the patients used 

nCPAP $6 hours per night (6.37 [0.20]), and three quarter 

patients used it 4–6 hours per night (5.44 [0.38]). However, 

the proportion of adherence of 4–6 hours per night decreased 

through subsequent therapy phases. This was demonstrated 

by an increase in patients using nCPAP ,4 hours and an 

increase in patients using it for $6 hours. After the first 

3-week therapy, over 50% of the patients in each 3-week 

period used nCPAP $6 hours.

Table 3 shows ESS, FSS, SDS and PSQI scores through-

out the 3-month nCPAP therapy. During first therapy phase, 

Table 1 Demographic and relative clinical information of 76 
OsAs patients at baseline

Items Value

Age (years) 48.12±14.46
sex

Male 58 (76.3)
Female 18 (23.7)

Occupation
Official 39 (51.3)
Businessmen 17 (22.4)
Freelance 8 (10.5)
retired 6 (7.9)
Others 6 (7.9)

BMi (kg/m2) 26.97±3.33
Waist-and-hip-ratio 0.96±0.06

Ahi (hour-1) 51.24±27.24 

Notes: Mean ± standard deviation; n (%).
Abbreviations: OsAs, obstructive sleep apnea/hypopnea syndrome; BMi, body 
mass index; Ahi, apnea/hypopnea index.
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ESS score rapidly reduced from a mean of 12.6 at baseline 

to between 5 and 6 in all adherence levels, and there were no 

significant differences among 3 adherence levels. However, 

with the progression of therapy, the adherence levels showed 

significantly different effects on ESS score. After first therapy 

phase, adherence $6 hours level maintained the efficacy of 

first therapy phase, but ,4 hours level was associated with 

increase in ESS score at the second therapy phase, which was 

maintained at 8–9. The lack of statistical significance in the 

ESS score at ,4 hours level over the therapy phases was a 

result of the different patient compositions in this adherence 

range, with additional patients occupying this adherence 

range after the 3rd week. However, the beneficial effect of 

increased adherence was evident from the second 3-week 

period onward (Table 3).

A similar pattern of FSS score and adherence was seen 

over the fourth 3-week periods. However, the FSS became 

significantly reduced over time in the $4 hours adherence 

patients and was significant in the 4–6 adherence patients 

only at the last therapy phase, whereas the $6 hours adher-

ence patients showed a steady improvement throughout. 

Through the 4 therapy phases, the FSS scores of ,4 hours 

adherence patients consistently had higher FSS scores than 

the patients with better adherence (Table 3).

The distributions of SDS score over the fourth 3-week 

period were consistent with FSS score. The SDS scores across 

3 adherence ranges differed significantly from each other 

in each of the 4 therapy phases. The $6 hours adherence 

patients had a steadily reduced SDS over time, while patients 

adhering for ,4 hours or 4–6 hours group had a significantly 

reduced score only at the 10- to 12-week phase (Table 3).

After first 3-week therapy, PSQI scores significantly 

reduced in all 3 adherence ranges, and the reduced scores were 

maintained through to the end of the 12th week. However, 

from the 2nd phase on, the reduction was significantly greater 

with greater adherence hours (Table 3).

In multivariate modeling, the potential influence predictors 

on ESS, FSS, SDS and PSQI initially included in mixed-effects 

Figure 1 The crude relationship between adherence and ess and Fss scores in each 3-week period.
Notes: each point represents one study subject. ess, epworth sleepiness scale (0–24, higher score indicated sleepier); Fss, Fatigue severity scale (9–63, higher score 
indicated more fatigue).
Abbreviations: h, hour; wk, weeks.
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models were age, sex, BMI, AHI, adherence levels, therapy 

phases and the interaction between adherence level and 

therapy phase. Variables not showing significant contribution 

to the fit of the model were removed. To obtain an adjusted 

relationship between adherence range and the change in score 

from baseline for each scale, the initial influencing continuous 

variables, age, BMI and AHI were managed as the distance 

from mean, for example, age
cen

 = age − mean of age.

ess score
As shown in Table 4, after model refinement, adherence level, 

therapy phase and BMI remained. The final model shows that 

nCPAP therapy could effectively reduce ESS score even 

at ,4 hours adherence level; and with the increase in adherence 

levels, further reduction in ESS score could be achieved.

Figure 3A shows the adjusted relationship between the 

change from baseline of ESS score and adherence levels at 

each 3-week period. Controlling for BMI, the ESS scores 

decreased slightly with the increase in adherence, and this 

relationship was stable throughout the 4th to 12th week 

of therapy.

Fss score
The final mixed-effects model showed that FSS score was 

influenced by adherence range and therapy phase. Unlike the 

ESS score, the lowest adherence range showed a nonsignifi-

cant effect on decreasing FSS score, but with the increase in 

adherence ranges, the FSS score improved significantly. Also 

Figure 2 The crude relationship between adherence and sDs and PsQi scores in each 3-week period.
Notes: each point represents one study subject. sDs, Zung’s self-rating Depression scale (20–80, higher score indicated more depressed) and PsQi, The Pittsburgh sleep 
Quality index (0–21, higher score indicated lower sleep quality).
Abbreviations: h, hour; wk, weeks.

Table 2 Distributions of adherence levels at each therapy phase 
(n=76 in each therapy phase)

Adherence Therapy phases (week)

0 
n (%)

1–3
n (%)

4–6
n (%)

7–9
n (%)

10–12
n (%)

Adherence range 
0 hour 76 (100) – – – –
,4 hours – 6 (7.9) 15 (19.7) 18 (23.7) 15 (19.7)
4–6 hours – 57 (75.0) 23 (30.3) 12 (15.8) 14 (18.4)
$6 hours – 13 (17.1) 38 (50.0) 46 (60.5) 47 (61.8)
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different from the trend of ESS score in therapy phases, the 

FSS score decreased significantly at 10- to 12-week therapy 

phase, compared with the first 3-week therapy phase (Table 4). 

No other factors were identified as being significantly associ-

ated with FSS score.

Figure 3B shows the relationship between the change in 

FSS score from baseline and adherence range, which was 

stratified by therapy phases. With the increase in adherence 

range, the FSS score decreased. The most significant improve-

ment was at 10- to 12-week therapy.

sDs score
Table 4 shows the result of refined model. SDS score was 

influenced by adherence range, therapy phase, age and sex. 

The nCPAP therapy could significantly reduce SDS score 

with $4 hours adherence and the effects enhanced with the 

increasing adherence. The multivariate model also revealed 

a significantly reduced SDS score at the last therapy phase. 

Female sex and increasing age correlated with higher 

SDS scores.

Figure 3C shows the adjusted relationship between 

adherence range and the change in SDS scores from baseline 

in 4 therapy phases in males adjusted for age. The lines in 

the figure of females would be parallel ~3.6 units higher 

(Table 4) compared with the figure of males. The SDS 

scores slightly decreased with the increasing adherence, but 

a significant drop from baseline occurred at the last therapy 

phase (10–12 weeks).

PsQi score
Table 4 shows that adherence range, therapy phase and sex 

influenced PSQI score. Different from ESS scores, PSQI 

Table 3 Distributions of ess, Fss, sDs and PsQi scores across adherence levels through 12-week ncPAP therapy

Items Adherence levels P*-value

0 hour ,4 hours  4–6 hours $6 hours

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

ess
0 12.66 (4.92)
1–3 weeks 5.17 (1.72) 5.96 (2.54) 5.69 (2.25) 0.725
4–6 weeks 8.13 (2.72)a 6.96 (2.40)a 5.45 (2.73)b 0.003
7–9 weeks 8.44 (2.68)a 6.75 (2.99)a,b 5.98 (2.76)b 0.009
10–12 weeks 8.93 (2.60)a 6.43 (3.08)b 5.26 (2.59)b ,0.001
P# 0.126 0.078 0.498

Fss
0 44.39 (11.60)
1–3 weeks A,B39.67 (14.40) A37.93 (13.40) A38.54 (9.67) 0.946
4–6 weeks A51.67 (11.36)a A41.96 (11.95)b A,B30.32 (11.67)c ,0.001
7–9 weeks A50.39 (13.14)a A46.08 (11.52)a B29.41 (12.52)b ,0.001
10–12 weeks B45.33 (11.81)a B35.86 (11.43)b c26.55 (11.56)c ,0.001
P# ,0.001 ,0.001 ,0.001

sDs
0 37.39 (5.17)
1–3 weeks A42.67 (2.88)a A34.98 (5.91)b A31.23 (5.33)c 0.001
4–6 weeks A44.73 (4.23)a A35.96 (5.67)b B29.29 (4.36)c ,0.001
7–9 weeks A44.56 (5.38)a A37.08 (5.03)b B29.54 (5.14)c ,0.001
10–12 weeks B41.40 (4.84)a B33.79 (5.25)b c26.57 (4.30)c ,0.001
P# ,0.001 ,0.001 ,0.001

PsQi
0 5.25 (2.58)
1–3 weeks A7.17 (2.79) A5.00 (2.79) A4.31 (2.21) 0.104
4–6 weeks B5.87 (2.67)a B2.30 (1.77)b B1.05 (1.18)c ,0.001
7–9 weeks B5.67 (2.89)a B2.50 (1.62)b B1.22 (1.07)c ,0.001
10–12 weeks B6.67 (2.64)a B2.00 (1.18)b B0.83 (0.84)c ,0.001
P# ,0.001 ,0.001 ,0.001

Notes: in the row with P,0.05, the values that do not share a common superscript (right side small letters, such as a, b, c) differ significantly from one another (P,0.05, 
two-sample t-test). in the column with P,0.05, the values that do not share a common superscript (left side capital letters, such as A, B, C) differ significantly from one 
another (P,0.05, mixed-effects regression). *, One-way AnOVA analysis; #, mixed-effect regression. ess, epworth sleepiness scale (0–24, higher score indicated sleepier); 
Fss, Fatigue severity scale (9–63, higher score indicated more fatigue); sDs, Zung’s self-rating Depression scale (20–80, higher score indicated more depressed); PsQi, The 
Pittsburgh sleep Quality index (0–21, higher score indicated lower sleep quality).
Abbreviations: ncPAP, nasal continuous positive airway pressure; AnOVA, analysis of variance; sD, standard deviation.
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Figure 3 Adjusted relationships between adherence range and the changes in ESS, FSS, SDS and PQSI scores from baseline within each 3-week period during first 3 months 
of ncPAP therapy.
Notes: (A) Adjusted relationship between the change in ESS score from baseline and adherence range within each 3-week period during first 3 months of nCPAP therapy; 
the mean of adjusted ess score at baseline was 12.66. (B) Adjusted relationship between the change in Fss score from baseline and adherence range within each 3-week 
period during first 3 months of nCPAP therapy; the mean of adjusted FSS score at baseline was 44.40. (C) Adjusted relationship between the change in sDs score from 
baseline and adherence range within each 3-week period during first 3 months of nCPAP therapy among males; the mean of adjusted SDS score at baseline was 36.55. 
(D) Adjusted relationship between the change in PSQI score from baseline and adherence range within each 3-week period during first 3 months of nCPAP therapy among 
males; the mean of adjusted PsQi score at baseline was 4.73. ess, epworth sleepiness scale (0–24, higher score indicated sleepier); Fss, Fatigue severity scale (9–63, higher 
score indicated more fatigue); sDs, Zung’s self-rating Depression scale (20–80, higher score indicated more depressed); PsQi, The Pittsburgh sleep Quality index (0–21, 
higher score indicated lower sleep quality).
Abbreviations: ncPAP, nasal continuous positive airway pressure; h, hours; wk, weeks.

Table 4 Mixed-effects models of influencing factors of ESS, FSS, SDS and PSQI scores during 3-month nCPAP therapy

Variables ESS P-value FSS P-value SDS P-value PSQI P-value

Adherence range ,0.001 ,0.001 ,0.001 0.023
0 hour 0a 0a 0a 0a

,4 hours -4.49 (-5.62, -3.36)b 0.70 (-1.18, 2.59)a 1.35 (0.41, 2.29)b 0.30 (-0.24, 0.83)a

4–6 hours -6.69 (-7.40, -5.99)c -6.02 (-7.14, -4.91)b -2.40 (-2.95, -1.85)c -0.20 (-0.52, -0.12)b

$6 hours -8.35 (-9.26, -7.44)d -10.30 (-11.78, -8.83)c -4.42 (-5.15, -3.68)d -0.40 (-0.82, -0.02)b

Therapy phases 0.030 ,0.001 ,0.001 ,0.001
1–3 weeks 0a 0a 0a 0a

4–6 weeks 0.86 (0.11, 1.62)b 0.49 (-0.71, 1.69)a -0.37 (-0.97, 0.22)a -2.67 (-3.01, -2.32)b

7–9 weeks 1.20 (0.40, 2.00)b -0.36 (-1.65, 0.93)a -0.37 (-1.01, 0.27)a -2.57 (-2.94, -2.21)b

10–12 weeks 0.84 (0.04,1.63)b -5.08 (-6.35, -3.81)b -3.66 (-4.29, -3.03)b -2.83 (-3.19, -2.47)b

Agecen, years ns ns 0.12 (0.04, 0.21) 0.003 ns
sex 0.013 ,0.001

Female ns ns 3.57 (0.77, 6.38) 2.21 (1.07, 3.35)
BMicen, kg/m2 0.36 (0.20, 0.52) ,0.001 ns ns ns
constant 12.65 (11.97, 13.34) ,0.001 44.40 (41.59, 47.20) ,0.001 36.55 (35.18, 37.92) ,0.001 4.73 (4.14, 5.31) ,0.001

Notes: The potential influence predictors on ESS, FSS, SDS and PSQI initially included in mixed-effects models were age, sex, BMI, AHI, adherence levels, therapy phases and 
the interaction between adherence level and therapy phase. For these variables with .2 levels, coefficients not sharing a common superscript (a,b,c, or d) differ significantly 
(P,0.05, Wald test). Agecen, deviation of age from mean; BMicen, deviation of BMi from mean. ess, epworth sleepiness scale (0–24, higher score indicated sleepier); Fss, 
Fatigue severity scale (9–63, higher score indicated more fatigue); sDs, Zung’s self-rating Depression scale (20–80, higher score indicated more depressed); PsQi, The 
Pittsburgh sleep Quality index (0–21, higher score indicated lower sleep quality).
Abbreviations: nCPAP, nasal continuous positive airway pressure; NS, nonsignificant; BMI, body mass index; AHI, apnea/hypopnea index.
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score did not show a significant decrease unless the adher-

ence was $4 hours per night. Controlling for adherence 

range, therapy phase was an independent factor that signifi-

cantly decreased PSQI score compared with the first 3-week 

therapy. Worse sleep quality occurred in females.

Figure 3D shows the adjusted relationship between adher-

ence range and the change in PSQI score from baseline at 

each therapy phase in males. The lines in the figure of females 

would be parallel 2.2 units higher (Table 4) compared with 

the figure of males. The extent of reduction in PSQI score 

at 4–6 hours adherence was greater than that at ,4 hours; 

however, adherence of $6 hours did not show a further 

benefit. The effect of therapy phase was significantly differ-

ent from first to second 3-week period. No more benefit was 

seen after the 6th week.

Discussion
In this study, the mixed-effect models revealed the inde-

pendent effect of adherence range, ,4 hours, 4–6 hours 

and $6 hours per night using nCPAP, on day- and night-

time symptoms. Even ,4 hours adherence could improve 

ESS score significantly. The significant improvement in FSS 

and SDS scores required a higher adherence ($4 hours) than 

that of ESS score. With increasing adherence, more benefit 

could be achieved in ESS, FSS and SDS. Compared with the 

effect of adherence on daytime symptoms, the improvement 

in nighttime symptom, in terms of PSQI score, was mainly 

influenced by the progress of therapy phases.

The effect of adherence to nCPAP therapy on daytime 

sleepiness has been studied, especially the relationship 

between adherence levels and normalization of ESS 

score.10,11,15,22–25 Two important studies had been reported 

by Weaver et al11 and Antic et al,10 which demonstrated that 

using CPAP $4 hours per night could normalize 60%–70% 

of EDS patients’ ESS score after 3-month therapy. Compared 

with previous studies10,11 that categorized ESS score into 

normal or abnormal, in this study we focused on the relation-

ship between average adherence at each 3-week period and the 

exact ESS score measured at the end of each 3-week period. 

Despite the different types of ESS data between previous 

studies10,11 and the current study, a similar relationship was 

found that with the increase in adherence, the patients obtained 

significant further improvement in ESS score. Moreover, the 

interaction between adherence ranges and therapy phases 

was nonsignificant in this study, which suggested that this 

relationship was stable through the therapy phase.

In this study, after the first therapy phase, the mean of ESS 

score among OSAS patients (mean [SD], 5.85 [2.43]) was 

close to the result of local 3085 university teachers and staff 

population (5.14 [3.78]),26 which indicated that the ESS score 

of OSAS patients achieved an average level of community 

population. After that, patients had to take therapy continu-

ally to maintain this therapy result in the subsequent phases. 

To maintain the therapy result of first 3 weeks, patients need 

to retain the adherence to nCPAP therapy at least .4 hours 

per night to overcome the increasing trend of ESS caused by 

OSAS; this result also supported the definition of adherence 

in previous studies.10,11,15,22–25

Fatigue as a frequent complaint in OSAS patients7,27–32 

has been studied in the recent decade.30,33–35 In this study, we 

found that the most significant improvement in FSS score 

was at 10- to 12-week therapy phase, which was in agreement 

with the previous study.13 In contrast, ESS score improved 

most notably at the 3rd week therapy. If fatigue was mostly 

caused by unrefreshing fragmented sleep, the FSS score 

and ESS score might be expected to have similar timing of 

improvement. Therefore, the causation of fatigue and daytime 

sleepiness might be not identical in OSAS patients. However, 

we found that the most improvement in SDS and FSS scores 

was at the same therapy phase, which was between 9th and 

12th week of therapy. This is consistent with the report that 

depression was one cause of fatigue.36 Moreover, Mills et al37 

reported that the collapse of upper airway could increase not 

only local inflammation but also systemic inflammation. 

Fatigue as one of the results of inflammation,38 the FSS score 

also might be influenced by the local and/or systemic inflam-

mation; and a systemic review indicated that the significant 

improvement in systematic inflammation needed at least 

3 months adequate ($4 hours per night) CPAP therapy,39 

which was potentially consistent with the most significant 

improvement phase of this study. Therefore, the improvement 

in fatigue in OSAS patient might require a better adherence 

and a longer term than daytime sleepiness.

The effect of CPAP therapy on improvement in depres-

sion has been studied.8,40–43 However, the effect of CPAP 

on depression remains controversial.8 In this study, after 

controlling for age and sex and therapy phase, the adherence 

level was an independent influencing factor of SDS score, 

and more improvement in SDS score could be achieved by 

an increase in adherence. Female sex and aging were also 

reported as risk factors of depression among OSAS patients 

by previous study.16 This result might hint the importance 

of controlling the effect of females and elderly patients in 

related studies. Another confusion of the effectiveness of 

nCPAP on SDS was that ,4 hours adherence could signifi-

cantly increase SDS score in the first 9 weeks. One potential 
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explanation was that some OSAS patients’ depression status 

might not be caused by OSAS, but it might be primary 

depression coexisting with OSAS. It was also reported that 

depression was a risk factor of poor adherence to CPAP,14 

so that primary depression status might reduce the patients’ 

level of adherence, and these primary depression patients 

would obtain limited benefit of nCPAP therapy. Hence, the 

effectiveness of CPAP therapy on depression status might 

be underestimated when pooling primary and nonprimary 

depression patients together.

As mentioned earlier, we observed that the most improve-

ment in SDS score was at 10- to 12-week therapy phase. 

Because of the few studies designed as multiple measure-

ments of depression with a 3-week interval, we could not 

compare the effect of therapy phase within 1 study. Nev-

ertheless, some previous studies might support our finding. 

According to the literature,44 2- to 3-week therapy might not 

show a specific therapeutic effect on mood symptoms;40,44  

4- to 6-week therapy might produce a significant improve-

ment in depression score under the condition of high 

adherence of therapy ($6 hours per night);41 8 weeks42,45 or  

3 months43 could significantly improve depression score with 

appropriate adherence (.4 hours). Therefore, the timing of 

evaluation was also important for the assessment of effective-

ness of CPAP therapy on depression status.

The significant effectiveness of CPAP therapy on objective 

sleep quality such as rapid eye movement sleep and arousal has 

been proved by previous studies;5,46–48 however, the effective-

ness on subjective sleep quality has not often been reported.34,49 

Previous studies reported that subjective sleep quality of 

newly diagnosed OSAS patients significantly improved after 

nCPAP therapy.34,49 This finding was similar to the result of 

univariate analysis in this study. However, the result of mixed-

effect model showed a limited effect of adherence level on 

the improvements in PSQI score, and the main improvement 

was caused by the progress of therapy phases. CPAP could 

significantly improve objective sleep quality; however, using a 

CPAP device during sleep might lead patients to feel uncom-

fortable and thus decrease subjective sleep quality despite the 

correction of apnea. The benefit of improvement in objective 

sleep quality might improve subjective sleep quality only 

if the patient was accustomed the sleeping with the CPAP 

device. This might be partially supported by the results of the 

above-mentioned 2 long-term studies.34,49

Conclusion
The nCPAP therapy could effectively improve daytime 

sleepiness in first 3-week therapy phase even the adherence 

level ,4 hours per night. However, the significant improve-

ments in fatigue and depression required a better adherence 

and longer term. The changes in sleep quality mostly depended 

on whether the patient was accustomed the sleeping with the 

nCPAP device. In addition, the mixed-effects models showed 

the nonsignificance of interaction between adherence level and 

therapy phase in day- and nighttime symptoms, which suggested 

that this relationship was stable through the therapy phase.

limitations of this study
The results of this study were based on a 12-week follow-up, 

which might limit the ability to generalize from our results to 

long-term effect of adherence on the abovementioned clinical 

symptoms. This study repeated 5 times the measurements 

among 76 OSAS patients. According to the study design, 

the sample size could meet the sufficient power of univariate 

analysis; however, for the multiple analysis, it was related to 

the lack of statistical power.
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