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Polysomnography Differences Between Sleepy and Non-Sleepy
Obstructive Sleep Apnea (OSA) Patients
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Abstract: Background/Objectives: Factors underlying excessive daytime sleepiness (EDS)
in obstructive sleep apnea (OSA) are not fully understood. We investigated whether
polysomnography (PSG) parameters differed between non-sleepy and sleepy (based on
the Epworth Sleepiness Scale (ESS)) OSA patients with the same disease severity, which
may play a role in the presence of EDS. Methods: A total of 1307 patients, without car-
diovascular, metabolic, respiratory, or inflammatory comorbidities, diagnosed with OSA
(apnea–hypopnea index (AHI) ≥ 5 per hour of sleep) with type 1 PSG were included.
Based on the AHI, patients were classified into mild- (AHI 5–14.9, n = 236), moderate- (AHI
15–29.9, n = 367), and severe-OSA (AHI ≥ 30, n = 704) groups. These groups were further
divided into two subgroups based on the ESS, the most convenient and widely used tool to
assess excessive daytime sleepiness: sleepy (ESS > 10) and non-sleepy (ESS ≤ 10). PSG data
were compared between groups, and multivariable logistic regression was used to identify
differences after adjustment for confounders. Results: For the entire population, male sex,
younger age, obesity, depression, increased wakefulness after sleep onset (WASO), the
arousal index, shorter sleep latency, and all indices of OSA severity (AHI, oxygen desat-
uration index, mean and lowest resting room air pulse oximetry (SpO2), and sleep time
with oxygen saturation < 90% (TST90)) were significantly associated with EDS. The arousal
index consistently showed a strong association with EDS across all OSA severity groups.
Moderate-OSA sleepy patients were younger, with shorter sleep latency and increased
indices of OSA severity, excluding the AHI. Severe-OSA sleepy patients were younger,
males, and obese; had depression, decreased slow-wave sleep (SWS) and sleep latency, and
increased WASO; and presented an increase in all indices of OSA severity. Conclusions:
Our results suggest that male sex, younger age, obesity, the presence of depression, WASO,
lower sleep efficiency, the arousal index, and all indices of OSA severity may account for
the presence or absence of EDS in OSA patients and could be useful for exploring the
underlying pathophysiological mechanisms for precision medicine.

Keywords: obstructive sleep apnea; excessive daytime sleepiness; sleep architecture;
indices of OSA severity; polysomnography; sleepy phenotype

1. Introduction
Obstructive sleep apnea (OSA) is a multifactorial disease characterized by recurrent

episodes of upper-airway obstruction during sleep, leading to apnea or hypopnea (com-
plete or partial cessation of airflow for 10 s or more during sleep), ultimately resulting in
intermittent hypoxia (periodic alternating exposures to hypoxia and normoxia), disrupted

Healthcare 2025, 13, 478 https://doi.org/10.3390/healthcare13050478
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sleep architecture (the structured organization of the various sleep stages), and intrathoracic
pressure swings [1]. The presence of OSA poses a significant challenge for physicians and
healthcare systems globally due to its increasing prevalence, ranging from 9% to 38% [2],
and associated mental and medical comorbidities [3,4]. Conventionally, the assessment of
OSA severity is based on the apnea–hypopnea index (AHI), the combined average number
of apnea and hypopnea events that occur per hour of sleep [5]. To meet the diagnostic
criteria for OSA, a person must have either more than 15 respiratory events per hour or
more than 5 events per hour along with typical symptoms of OSA, such as snoring, fatigue,
excessive daytime sleepiness (EDS), or comorbid conditions like hypertension, coronary
artery disease, or stroke [1,6,7]. However, nowadays, diagnostic polysomnography (PSG),
a multi-parameter type of sleep study used to diagnose sleep disorders, contains a plethora
of information that can be used for a more comprehensive analysis of OSA, moving beyond
the basic frequency-based measures like the AHI. This encompasses parameters such as
ventilatory, hypoxic, and arousal burden; ventilatory patterns; and Pulse Wave Amplitude
Drops (sudden drops in pulse wave amplitude that reflect peripheral vasoconstriction
resulting from sympathetic activation) [8].

OSA is considered a heterogeneous disease, characterized by diverse symptoms,
anthropometric features, polysomnographic findings, long-term outcomes, and comorbidi-
ties [9]. The symptoms of OSA can vary widely, and they may not necessarily reflect the
severity of the disease [10]. The presence of EDS is common among patients with OSA,
affecting 40.5–58% at initial diagnosis, and is recognized as a primary symptom of the syn-
drome [11]. If it is present, it can result in diminished quality of life and increased societal
burden, which may impact healthcare utilization and costs. More specifically, patients with
OSA and EDS are more prone to reporting lower mental well-being, impaired cognitive
abilities, decreased productivity, and increased rates of work and car accidents [11–14].

The factors underlying EDS in OSA are not fully understood. Existing research sug-
gests a possible relationship between polysomnographic measures (sleep architecture and
OSA severity parameters) and EDS in these patients, but findings have been inconsistent.
More specifically, several studies have revealed a lack of strong or consistent associa-
tion among the indices of OSA severity, such as the AHI, and subjective EDS [15–18].
The presence of EDS has been also attributed to chronic intermittent hypoxia and sleep
fragmentation [19]. OSA patients with EDS often exhibit alterations in macrostructural char-
acteristics, including increased sleep efficiency, reduced sleep latency, a greater proportion
of NREM, stage N1 sleep, and a decline in slow-wave sleep (SWS), as well as alterations in
the microarchitecture, including an elevated arousal index, compared with those without
EDS [18,20–22]. However, research findings on these associations have yielded mixed
results [16,23,24]. The variability in findings may be attributed to discrepancies in the
definition and measurement of EDS across studies or to methodological variations in the
evaluation of sleep quality and architecture, which are susceptible to experimental and
technical influences.

Given the serious public health implications of EDS and its medicolegal aspects [25],
understanding the determinant of this OSA phenotype is an area of important future
research. Such insights may be gained by investigating the association between the sleepy
phenotype, OSA severity indices, and sleep architecture parameters. Exploring the sleepy
phenotype within groups with different OSA severity could also yield valuable findings.
Therefore, the aim of our study was to investigate whether PSG parameters differed
between non-sleepy and sleepy OSA patients with the same OSA disease severity at the
time of diagnosis, in a large cohort of newly diagnosed OSA patients, without comorbidities
and before treatment initiation. We hypothesized that identifying the PSG characteristics
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of the patients with sleepiness is an essential step in elucidating the link between OSA
pathophysiology and the EDS experienced by these patients.

2. Materials and Methods
2.1. Design and Sample

A cross-sectional study of individuals visiting the University of Crete’s Sleep Disorders
Center (Department of Respiratory Medicine, School of Medicine) in Greece for assessment
of suspected OSA was conducted over an eight-year period (2015–2023). The inclusion
criteria were (1) above 18 years of age, (2) with OSA diagnosis according to standard criteria
(AHI ≥ 5 on PSG), and (3) treatment-naïve OSA.

Participants were excluded if they refused participation; had central sleep apnea
syndrome, restrictive ventilatory syndrome, or any cardiovascular (coronary disease, atrial
fibrillation, Cerebro-Vascular Accident/Transient Ischemic Attack, and/or heart failure),
metabolic (except for hyperlipidemia), respiratory, or inflammatory comorbidities; had a
personal or family history of mental illness, intake of benzodiazepines or similar sleep-
inducing drugs, drug or alcohol abuse, or severe cognitive impairment; or had a history
of narcolepsy or restless legs syndrome. Ethical approval (number 7370/04-06-2014) was
granted by the University Hospital Ethics Committee, and all participants provided written
informed consent.

Out of the 2884 adults who were assessed for suspected OSA, 2619 of them (91%)
received a confirmed diagnosis of OSA. Following the exclusion of patients with specific
comorbidities and missing data, our final sample comprised 1307 patients (Figure 1).
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Figure 1. The flowchart of patients finally included. PSG: polysomnography; AHI: apnea–hypopnea
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2.2. Data Collection

A comprehensive evaluation was performed on all patients, including age, anthropo-
metric data (body mass index (BMI) and circumferences of neck, waist, and hip), sleep-
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related symptoms, relevant medical history (including comorbidities), and histories of
smoking, alcohol consumption, and substance abuse. Furthermore, attended overnight
polysomnography (PSG) studies were performed. Participants’ subjective daytime sleepi-
ness levels were determined with the Epworth Sleepiness Scale (ESS).

Epworth Sleepiness Scale

The ESS is presently the most frequently employed self-reported measure of daytime
sleepiness in clinical practice. This self-administered assessment consists of a concise
eight-question questionnaire. The tool measures how likely someone is to fall asleep in
eight typical situations. A score under 10 is within the normal range. Subjective daytime
sleepiness increases proportionally with scores ranging from 10 to 24. An ESS score
exceeding 10 points (ESS ≥ 11) suggests excessive daytime sleepiness (EDS) [26].

2.3. Polysomnography

Each patient received a single-night, full diagnostic PSG study using the Alice 5 Diag-
nostics System (Respironics, Murrysville, PA, USA), adhering to standard protocols and
including the monitoring of the electroencephalogram (EEG; using 3 electroencephalogram
derivations: frontal, central, and occipital), electro-oculogram, electromyogram, flow (by
oronasal thermistor and nasal air pressure transducer), thoracic and abdominal respiratory
effort (by respiratory inductance plethysmography), pulse oximetry (SpO2), and body
position. A microphone positioned on the anterior neck documented instances of snor-
ing. Apnea and hypopnea were defined according to the American Academy of Sleep
Medicine’s standard criteria including the hypopnea rule, which requires ≥3% desatu-
ration or EEG-based arousal [27]. The analysis included the following parameters: total
sleep time (TST), sleep efficiency [SE (%), percentage of total time in bed actually spent in
sleep], wakefulness after sleep onset (WASO, the amount of wake periods after sleep onset),
arousal index (AI), apnea–hypopnea index (AHI), oxygen desaturation index (ODI), resting
room air pulse oximetry (SpO2), and sleep time with oxygen saturation < 90% (TST90).
The AHI, computed as the hourly frequency of apnea and hypopnea events during sleep,
served as the diagnostic criterion for OSA and its severity assessment. The severity of
OSA was categorized according to the AHI: mild (5 to <15 events/h), moderate (15 to
<30 events/h), and severe (≥30 events/h). Only participants with an AHI of at least
5 events per hour were included in our study.

2.4. Statistical Analysis

For continuous variables, means and standard deviations (mean ± SD) are reported
if they are normally distributed; otherwise, medians and interquartile ranges (25th–75th
percentile) are given. The qualitative variables are represented by absolute numbers and
percentages. Normally distributed variables were analyzed with ANOVA to determine
differences among mild-, moderate-, and severe-OSA patient groups. Significant ANOVA
results were followed by pairwise comparisons using the Tukey–Kramer post hoc test. For
non-normally distributed variables, the Kruskal–Wallis test was used for comparing the
three groups. Following a significant Kruskal–Wallis test, Dunn’s pairwise comparisons
were performed for the three group pairs, adjusting for multiple testing with the Bonferroni
correction. Chi-square analysis was used to compare the three groups on categorical
variables. Each of the three OSA severity groups was examined for association with
prevalent EDS. A logistic regression analysis was conducted to determine the variables
associated with EDS, controlling for age, gender, obesity indicators (BMI, waist-to-hip
ratio, and neck circumference), smoking status, and comorbidities. An assessment of
multicollinearity among predictors was conducted by using tolerance and the variance
inflation factor (VIF) to maintain acceptable levels of collinearity. Age was categorized into

4
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groups of 18–59 and ≥60 years; the BMI was categorized as obese (BMI ≥ 30 kg/m2) and
non-obese (BMI < 30 kg/m2); and EDS was categorized as sleepy (ESS >10) and non-sleepy
(ESS ≤ 10). Statistical significance was established for p-values less than 0.05. Data analysis
was conducted by using SPSS version 25 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Patient Characteristics

The descriptive characteristics of the study population and the distribution of co-
variates are shown in Table 1. Overall, participants were predominantly males (79%),
middle-aged (50 ± 14 years), and obese (BMI of 33 ± 7 kg/m2). The majority of the
participants (89%) had a spouse and had a higher level of education (68%). Individuals
in the severe-OSA group were older and more obese, were more frequently males, and
had higher prevalence of hypertension and hyperlipidemia compared with mild- and
moderate-OSA patients.

Table 1. Clinical characteristics of patients according to OSA severity.

Total
Population

N = 1307

Total Population According to AHI

Mild-OSA
Patients

(AHI 5 to <15/h)
N = 236

Moderate-OSA
Patients

(AHI 15 to <30/h)
N = 367

Severe-OSA
Patients

(AHI ≥ 30/h)
N = 704

p-Value
Across All

Demographics
Sex, males (%) 1027 (79%) 172 (73%) 270 (74%) 585 (83%) **, # <0.001
Age, years 50 ± 14 44 ± 13.0 51 ± 14 * 52 ± 14 ** <0.001
Age ≥ 60 years (%) 345 (27%) 27 (12%) 104 (28%) * 214 (30%) ** <0.001
BMI (kg/m2) 33 ± 7 29 ± 5 31 ± 6* 35 ± 7 **, # <0.001
BMI ≥ 30, n (%) 822 (63%) 87 (37%) 187 (51%) * 548 (78%) #, ** <0.001
NC (cm) 42 ± 5 39 ± 4 41 ± 4 * 43 ± 5 **, # <0.001
WC (cm) 111 ± 16 101 ± 12 107 ± 12 * 117 ± 16 **, # <0.001
HC (cm) 112 ± 15 105 ± 12 109 ± 12 * 117 ± 15 **, # <0.001
Waist-to-hip ratio 0.99 ± 0.07 0.96 ± 0.08 0.99 ± 0.06 * 1.00 ± 0.07 **, # <0.001
Education Level
Primary level 61 (5%) 7 (3%) 19 (5%) 35 (5%)
Secondary level 356 (27%) 52 (22%) 93 (25%) 211 (30%)
Higher level 890 (68%) 177 (75%) 255 (69%) 458 (65%) 0.072
Married/with partner (%) 1160 (89%) 186 (78%) 328 (89%) 647 (92%) <0.001
Smoking status
Never, n (%) 501 (38%) 90 (38%) 152 (41%) 259 (37%)
Current/former, n (%) 806 (62%) 146 (62%) 215 (59%) 445 (63%) 0.461
Daytime sleepiness
ESS 10 ± 5 8 ± 5 9 ± 5 11 ± 6 **, # <0.001
ESS > 10 (%) 644 (49%) 88 (38%) 165 (46%) * 391 (57%) **, # <0.001
Comorbidities (%)
Arterial hypertension 435 (33%) 29 (12%) 122 (33%) * 284 (40%) **, # <0.001
Hyperlipidemia 469 (36%) 62 (26%) 136 (37%) * 271 (39%) ** 0.003
Depression (on
medications) 119 (9%) 18 (8%) 32 (9%) 69 (10%) 0.585

Data are presented as N (%) for categorical variables and mean values ± SDs or medians (25th–75th per-
centiles) for continuous variables. AHI: apnea–hypopnea index; BMI: body mass index; ESS: Epworth Sleepiness
Scale; HC: hip circumference; NC: neck circumference; OSA: obstructive sleep apnea; WC: waist circumference.
* p < 0.05, mild-OSA vs. moderate-OSA groups; ** p < 0.05, mild- vs. severe-OSA groups; # p < 0.05, moderate- vs.
severe-OSA groups.

5



Healthcare 2025, 13, 478

3.2. General Characteristics of the EDS Phenotype

Almost half of the population presented EDS, with significant differences between
the three OSA severity groups (Table 1). The severe-OSA group exhibited the highest EDS
(57 vs. 46 vs. 38%, p < 0.001). In the whole population, the sleepy phenotype was on
average more often found in those who were males (82 vs. 75%, p = 0.011), younger than
60 years (77 vs. 70%, p = 0.011), and obese (67 vs. 59%, p = 0.006) compared with the
non-sleepy phenotype. In the moderate-OSA group, the sleepy phenotype was more often
found in those younger than 60 years (78 vs. 67%, p = 0.02), and in the severe-OSA group,
the sleepy phenotype was more often found in those who were male (85 vs. 79%, p = 0.042)
and younger than 60 years (73 vs. 65%, p = 0.038).

3.3. The Effect of PSG Parameters on EDS

Overall, the participants had moderate-to-severe OSA, with a median AHI of 31 (19,
61) events/hour. All patients and the patients in the three OSA severity groups were further
divided into two categories based on their level of daytime sleepiness (Supplementary
Table S1, Table 2, Figure 2): those who experienced EDS (ESS > 10) and those who did not
(ESS ≤ 10). In all patients, SWS sleep (7 vs. 8% TST, p = 0.02) and sleep latency were lower
(35 vs. 41, p < 0.001), whereas the arousal index (47 vs. 41, p < 0.001), WASO (110 vs. 103,
p = 0.004), and NREM sleep (91 vs. 89, p = 0.03) were higher. The indices of OSA severity
(AHI, ODI, mean and lowest SpO2, and TST90, all p < 0.001) were worse in sleepy OSA
patients compared with non-sleepy ones. Mild-OSA sleepy patients exhibited higher WASO
(92 vs. 88, p = 0.03) compared with non-sleepy patients. Decreased sleep latency (32 vs. 39,
p = 0.03) was noted in moderate-OSA sleepy patients. Statistically significant differences
were observed in the mean (93 vs. 94%, p = 0.005) and lowest SpO2 (84 vs. 84%, p = 0.01)
and in TST90 (26 vs. 19, p = 0.001); however, these differences lacked clinical significance.
In the severe-OSA sleepy subgroup, SWS sleep (7 vs. 8% TST, p = 0.001) and sleep latency
were lower (38 vs. 45, p < 0.001), whereas the arousal index (54 vs. 50, p = 0.001) was higher.
Additionally, the indices of OSA severity (AHI, ODI, mean and lowest SpO2, and TST90,
all p < 0.001) were worse in severe-OSA sleepy patients.
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ing 30 was the most significant predictor, demonstrating a two-fold increased likelihood 
of developing EDS. 

Table 3. Multiple stepwise logistic regression analysis of relationship between EDS and various 
independent variables in OSA severity groups. 

 All OSA Patients Mild-OSA Patients Moderate-OSA Patients Severe-OSA Patients 
 OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value 
Males vs. fe-
males 

1.499 (1.129–
1.991) 0.005 * 

0.751 (0.393–
1.436) 0.386 

1.399 (0.821–
2.386) 0.217 

1.797 (1.160–
2.784) 0.009 * 

Age ≤ 60 1.418 (1.080–
1.864) 

0.012 * 0.433 (0.149–
1.254) 

0.123 1.802 (1.079–
3.012) 

0.025 * 
1.359 (1.053–

1.938) 
0.041 * 

BMI ≥ 30 1.351 (1.069–
1.707) 

0.012 * 0.887 (0485–
1.624) 

0.699 0.931 (0.588–
1.474) 

0.759 1.025 (1.002–
1.049) 

0.035 * 

Depression 
1.688 (1.128–

2.527) 0.011 * 
1.033 (0.367–

2.905) 0.952 
1.692 (0.785–

3.648) 0.180 
1.829 (1.051–

3.184) 0.033 * 

Sleep effi-
ciency (%) 

1.003 (0.993–
1.013) 0.582 

1.028 (0.996–
1.060) 0.090 

1.015 (0.994–
1.037) 0.161 

1.015 (0.999–
1.031) 0.063 

WASO 1.004 (1.001–
1.007) 

0.015 * 
0.997 (0.989–

1.006) 
0.543 1.003 (0.996–

1.009) 
0.418 1.002 (0.998–

1.007) 
0.049 * 

Figure 2. Comparison of arousal index (A), sleep latency (B), WASO (C), AHI (D), ODI (E), and
TST90 (F) between sleepy and non-sleepy groups within OSA severity groups.
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Table 2. Comparison of study subgroups with or without EDS within OSA severity groups.

Mild OSA Moderate OSA Severe OSA

ESS ≤ 10 ESS > 10 p-Value ESS ≤ 10 ESS > 10 p-Value ESS ≤ 10 ESS > 10 p-Value

TST (min) 292 ± 49 296 ± 48 0.66 275 ± 56 281 ± 52 0.28 262 ± 61 261 ± 54 0.86
Sleep efficiency (%) 70 ± 10 72 ± 10 0.35 66 ± 12 67 ± 11 0.33 62 ± 13 63 ± 11 0.42
NREM (%TST) 89 ± 8 89 ± 4 0.94 88 ± 7 90 ± 7 0.86 91 ± 6 90 ± 3 0.86
SWS (%TST) 8 ± 4 8 ± 3 0.70 8 ± 3 8 ± 4 0.93 8 ± 4 7 ± 3 0.001 *
REM (%TST) 11 ± 4 12 ± 4 0.62 10 ± 4 11 ± 4 0.24 10 ± 8 9 ± 4 0.51
Arousal index 30 ± 9 31 ± 7 0.65 37 ± 8 37 ± 7 0.54 50 ± 14 54 ± 13 0.001 *
Sleep latency (min) 38 (26, 58) 32 (21, 53) 0.24 39 (25, 61) 32 (22, 52) 0.03 * 45 (29, 75) 38 (24, 59) <0.001 *
WASO (min) 88 ± 33 92 ± 33 0.03 * 106 ± 38 107 ± 38 0.63 118 ± 39 122 ± 40 0.19
AHI 9 ± 3 10 ± 3 0.06 21 ± 4 22 ± 4 0.13 55 ± 20 63 ± 23 <0.001 *
AHI REM 12 ± 7 13 ± 7 0.52 29 ± 13 30 ± 12 0.40 59 ± 23 64 ± 23 0.01 *
ODI 8 ± 3 10 ± 9 0.11 24 ± 9 24 ± 6 0.52 57 ± 22 65 ± 24 <0.001 *
Mean SpO2 (%) 95 ± 1 95 ± 1 0.23 94 ± 2 93 ± 1 0.005 * 91 ± 2 90 ± 3 <0.001 *
Lowest SpO2 (%) 88 ± 3 88 ± 4 0.39 84 ± 3 83 ± 4 0.01 * 78 ± 7 74 ± 8 <0.001 *
TST90 (min) 2 (0, 7) 4 (1, 9) 0.12 19 (10, 33) 26 (14, 43) 0.001 * 67 (38, 108) 105 (59, 171) <0.001 *

TST90 (%) 0.8 (0, 2.3) 1.3 (0.3, 1.3) 0.11 7.2 (3.6,
12.0)

9.4 (4.7,
15.6) 0.001 * 25.9 (13.8,

46.0)
42.7 (21.8,

71.4) <0.001 *

AHI: apnea–hypopnea index; AI: arousal index; ESS: Epworth Sleepiness Scale; ODI: oxygen desaturation index;
OSA: obstructive sleep apnea; SE: sleep efficiency; SpO2: resting room air pulse oximetry; TST: total sleep time;
TST90: sleep time with oxygen saturation < 90%; WASO, wakefulness after sleep onset. * p-Value < 0.05.

Table 3 summarizes the results of a multiple stepwise logistic regression analysis
exploring the association between EDS and various independent factors, considering the
entire patient population and the OSA severity classifications separately. After adjustments
for age, gender, BMI, smoking status, and comorbidities, we found that for the entire
population, male sex, younger age (<60 years), obesity (BMI ≥ 30kg/m2), the presence
of depression, WASO, lower sleep efficiency, the arousal index, and all indices of OSA
severity were significantly associated with the presence of EDS. An arousal index exceeding
30 was the most significant predictor, demonstrating a two-fold increased likelihood of
developing EDS.

Table 3. Multiple stepwise logistic regression analysis of relationship between EDS and various
independent variables in OSA severity groups.

All OSA Patients Mild-OSA Patients Moderate-OSA Patients Severe-OSA Patients

OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value

Males vs.
females

1.499
(1.129–1.991) 0.005 * 0.751

(0.393–1.436) 0.386 1.399
(0.821–2.386) 0.217 1.797

(1.160–2.784) 0.009 *

Age ≤ 60 1.418
(1.080–1.864) 0.012 * 0.433

(0.149–1.254) 0.123 1.802
(1.079–3.012) 0.025 * 1.359

(1.053–1.938) 0.041 *

BMI ≥ 30 1.351
(1.069–1.707) 0.012 * 0.887

(0485–1.624) 0.699 0.931
(0.588–1.474) 0.759 1.025

(1.002–1.049) 0.035 *

Depression 1.688
(1.128–2.527) 0.011 * 1.033

(0.367–2.905) 0.952 1.692
(0.785–3.648) 0.180 1.829

(1.051–3.184) 0.033 *
Sleep
efficiency (%)

1.003
(0.993–1.013) 0.582 1.028

(0.996–1.060) 0.090 1.015
(0.994–1.037) 0.161 1.015

(0.999–1.031) 0.063

WASO 1.004
(1.001–1.007) 0.015 * 0.997

(0.989–1.006) 0.543 1.003
(0.996–1.009) 0.418 1.002

(0.998–1.007) 0.049 *

Sleep latency 0.995
(0.991-.998) 0.003 * 1.000

(0.990–1.009) 0.969 0.993
(0.986–1.000) 0.038 * 0.989

(0.983–0.944) <0.001 *
NREM
(%TST)

1.000
(0.999–1.002) 0.633 1.011

(0.969–1.055) 0.601 0.966
(0.963–1.031) 0.841 1.000

(0.999–1.002) 0.633

SWS (%TST) 0.960
(0.928–0.993) 0.018 * 0.964

(0.870–1.069) 0.487 1.050
(0.953–1.156) 0.325 0.922

(0.874–0.972) 0.003 *

REM (%TST) 0.995
(0.973–1.018) 0.658 1.005

(0.942–1.071) 0.889 1.080
(0.976–1.195) 0.139 0.986

(0.954–1.020) 0.418

Arousal index 1.026
(1.017–1.035) <0.001 * 1.043

(1.003–1.085) 0.036 * 1.026
(1.007–1.055) 0.038 * 1.020

(1.008–1.033) 0.002 *
Arousal
index ≥ 30

2.398
(1.702–3.380) <0.001 * 2.412

(1.373–4.239) 0.002 * 2.229
(1.236–4.020) 0.008 * 2.001 (0.326–

12.267) 0.033 *

AHI 1.014
(1.009–1.018) <0.001 * 1.098

(0.987–1.222) 0.086 1.065
(0.997–1.138) 0.062 1.016

(1.007–1.024) <0.001 *

AHI REM 1.011
(1.006–1.015) <0.001 * 1.008

(0.968–1.049) 0.699 1.013
(0.994–1.033) 0.190 1.008

(1.001–1.016) 0.032 *

ODI 1.014
(1.010–1.019) <0.001 * 1.050

(0.971–1.136) 0.221 1.046
(1.011–1.082) 0.009 * 1.016

(1.008–1.024) <0.001 *
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Table 3. Cont.

All OSA Patients Mild-OSA Patients Moderate-OSA Patients Severe-OSA Patients

OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value

Mean SaO2
0.817

(0.775–0.861) <0.001 * 0.828
(0.632–1.085) 0.171 0.712

(0.602–0.842) <0.001 * 0.794
(0.726–0.870) <0.001 *

Lowest SaO2
0.936

(0.920–0.953) <0.001 * 0.948
(0.844–1.065) 0.368 0.890

(0.831–0.954) 0.001 * 0.926
(0.899–0.952) <0.001 *

TST90 (%) 1.019
(1.014–1.024) <0.001 * 1.051

(0.960–1.150) 0.278 1.022
(1.004–1.040) 0.016 * 1.018

(1.012–1.024) <0.001 *

All models were adjusted for the participants’ age, sex, obesity, smoking status, and comorbidities. * p-Value < 0.05.

It is also noteworthy that the arousal index consistently showed a strong correlation
with EDS across all OSA severity groups; this was particularly true for the mild-OSA group,
in which it was the only significant predictor. Male gender, obesity, and the presence of
depression, along with WASO and lower SWS, remained significant predictors of EDS
only in the severe-OSA group. Patients with moderate-to-severe OSA who were younger
and exhibited shorter sleep latencies were more likely to experience EDS. While the AHI
significantly predicted EDS only in severe-OSA cases, the ODI, the mean and lowest SpO2,
and TST90 were predictive of EDS in both moderate- and severe-OSA groups.

4. Discussion
This study explores differences in PSG characteristics between sleepy and non-sleepy

patients in a large cohort of treatment-naïve patients with different levels of OSA severity.
Our findings indicate the presence of distinct sleepy phenotypes, varying according to the
severity of OSA. More specifically, the mild-OSA sleepy patient was characterized by a
higher arousal index, whereas the moderate-OSA sleepy patient was younger, with shorter
sleep latency and increased indices of OSA severity, excluding the AHI in addition to an
increased arousal index. Patients in the severe-OSA sleepy group tended to be younger,
males, obese, and diagnosed with depression (on medication). Those patients also exhibited
decreased SWS and sleep latency, increased WASO, an arousal index, and an increase in all
indices of OSA severity.

One major finding of our study is that an increased arousal index (≥30) was associated
with a 2.4 greater likelihood of subjective EDS regardless of OSA severity. This finding
is in accordance with previous studies [18,20,22,28–30]; however, other studies [16,30–32]
have failed to establish a statistically significant association between the arousal index and
sleepiness in OSA. Evidence suggests that recurrent cortical arousals indicate physiological
stress and impair the restorative function of sleep, resulting in daytime sleepiness and
cognitive impairment [33]. Although they present as promising predictors of EDS, EEG-
based arousals are scored less reliably compared with respiratory events and are influenced
by sleep stages [34,35]. Additionally, their association with sympathetic activation is
unclear [36], suggesting the need for alternative methods of measuring arousal during
sleep. The addition of “arousal intensity” to arousal frequency has been recommended as
a potential way to improve their predictive value [37]. Notably, a recent study explored
markers of arousal intensity, in addition to the arousal index [30]. The authors suggested
that while the number of arousals may be similar between sleepy and not sleepy patients,
sleepy phenotypes might experience more disruptive or severe arousals accompanied
by sympathetic nervous system activation, potentially resulting in heightened daytime
sleepiness [30]. Additionally, it has been shown that cortical arousals with a duration
greater than 15 s exhibit a more robust association with ESS scores than shorter cortical
arousals (3–15 s) [38]. In light of these findings, we consider that arousal events during
sleep deserve increased attention in polysomnographic scoring, as they reliably reflect
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daytime sleepiness and sleep quality. However, additional research is essential to gaining a
more comprehensive understanding of this association.

We also explored other markers of sleep architecture, and we found that in moderate-
to-severe-OSA patients, the sleepy phenotype, compared with the not sleepy phenotype,
had shorter sleep latency, spent more time awake after sleep onset and had less SWS in
severe OSA, in accordance with previous studies [20,22,39]. New research using innovative
methods to assess sleep architecture reinforces the association between EDS and reduced
SWS [40]. In this study, OSA patients with severe objective EDS, identified by the Multiple
Sleep Latency Test, exhibited lower N3 sleep continuity and duration [40]. Our findings,
however, contradict earlier research in OSA patients that did not link EDS to alterations in
sleep architecture [16,23,30,31].

Another important finding of our study is that the EDS in our cohort was associated
with more severe hypoxemia, as indicated by increased ODI and TST90, as well as lower
mean and lowest SpO2, in moderate-to-severe-OSA patients. These findings are in line with
prior research [6,16,17,29–31], which consistently found significantly worse hypoxemia in
OSA patients with EDS. While several mechanisms have been proposed for how hypoxemia
induces sleepiness in OSA, including inflammation, oxidative injury, neuronal damage,
and cell loss in wake-promoting regions of the brain [41–43], the exact mechanisms that
lead to EDS in OSA are still unclear. Importantly, our study found that the association
between OSA severity as traditionally measured by the AHI and EDS was only evident
in patients with severe OSA. This is not unexpected, given that the relationship between
the AHI and EDS is uncertain and even poor [3,15–18,20,22]. In this context, models
utilizing hypoxemia metrics as predictors of EDS could be considered preferable to those
relying on the AHI. The OSA-specific hypoxic burden, measuring the frequency, depth,
and duration of desaturation during respiratory events, could show promise due to its
significant associations with various negative health outcomes [44].

While most research has focused on moderate and severe OSA, this study delves
deeper by exploring predictors of EDS separately for each severity level, including mild
OSA. Our study shows a high rate of EDS among patients with mild OSA, aligning with
results from previous studies [45–47]. The EDS experienced by patients with mild OSA may
be a result of an increased arousal index, as observed in our study. This suggests that these
patients could represent a unique subgroup within the OSA population, and the arousal
index might be a better marker for their sleepiness than traditional OSA severity measures.
However, it is important to consider that there may be additional unmeasured factors
contributing to EDS in these patients, such as habitual sleep duration and medications
other than benzodiazepines that could influence EDS.

Demographic characteristics that may be associated with EDS in OSA patients have
also been described in our study. Younger age has been associated with EDS, particularly in
moderate- and severe-OSA patients [11], and this is consistent with previous studies [20,48].
However, the influence of aging on the self-reported daytime sleepiness in OSA [49] should
be taken into account, particularly when the ESS, one of the most common screening instru-
ments for assessing sleepiness, is used [26]. The ESS evaluates sleepiness by questioning the
tendency to fall asleep in eight common everyday scenarios [26], where older individuals
may not engage in all of them [50]. Consequently, lower ESS score and EDS prevalence
are expected in this age group. Our findings also indicate a higher prevalence of EDS in
males, especially in the group with severe OSA. It appears that the ESS is more likely to
identify sleepiness in men than in women [13,51]. This might be because women answer
questions about sleepiness differently and might not experience the typical symptoms of
OSA [52,53]. The higher BMI in severe-OSA sleepy patients noted in our study has also
been independently associated with sleepiness in OSA patients in previous studies [22,54].
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Our study expands upon existing knowledge of OSA by identifying factors that
predict EDS in clinical populations with OSA. Examining the PSG factors contributing to
the sleepiness phenotype is a critical step in understanding the association between OSA’s
pathophysiology and EDS experienced by patients. The identification of these distinctive
PSG findings can facilitate clinicians in providing a more precise assessment of EDS in these
patients, thus promoting effective individualized management and mitigating potential
health complications.

One strength of this study is the large, well-characterized sample of treatment naïve
patients with OSA, with detailed characterization of PSG parameters. We also excluded
patients with major comorbidities and other sleep disorders that could influence sleep
architecture, and we explored how the observed relationships between the sleepiness phe-
notypes may differ based on clinical and PSG characteristics. Furthermore, we had data on
depression available; therefore, we found that this variable might influence our sleepiness
phenotype. There are also limitations. The patients with OSA were recruited from a sleep
center and do not necessarily represent patients with OSA found in the general population.
Moreover, as males were overrepresented in our population, our findings may not be
generalizable to females. Another limitation is that the ESS was used for EDS evaluation,
which is less reliable than an objective assessment of sleepiness, such as the Multiple Sleep
Latency Test, and may underestimate sleepiness severity in older subjects [50]. An objective
assessment of sleepiness is highly warranted in future studies to validate these results.
Further research is also needed to establish causal relationships between PSG parameters
and EDS; investigate these differences in more diverse populations, with a particular focus
on including a greater number of female participants; and explore additional contributing
factors, such as habitual sleep time and medications for EDS in OSA patients.

5. Conclusions
Our results suggest that male sex, younger age, obesity, the presence of depression,

parameters of sleep architecture, and indices of OSA severity may account for the presence
or absence of EDS in OSA patients. Despite identifying distinct sleepy phenotypes based on
OSA severity, the arousal index consistently showed a strong correlation with EDS across
all OSA severity groups. The next important step is to explore the role and mechanisms of
these factors in causing sleepiness and find valid sleepiness measures that can accurately
predict health risks in OSA patients.
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Abstract: Background: Obstructive sleep apnea (OSA) is a common disorder associated with major
cardiovascular and neurocognitive sequelae. Continuous positive airway pressure (CPAP) is the
standard treatment for OSA. The aim of this study was to investigate the prevalence and associations
of long-term CPAP adherence in newly diagnosed OSA patients. Methods: We enrolled patients who
were diagnosed with OSA during the COVID-19 pandemic. Adherence was defined as CPAP use
≥4 h per night on ≥70% of nights over 30 consecutive days. Patient demographics were retrieved
from medical records, and CPAP adherence at 6 months and 1 year after initiation was monitored.
Results: Overall, 107 patients were included in the analysis. A number of 73 (68%) and 63 (59%)
patients were adherent to CPAP treatment at 6 months and 12 months accordingly. Among the factors
examined and analyzed (age, gender, BMI, Apnea–Hypopnea Index (AHI)), no significant correlation
was found. Further analysis revealed the potential role of comorbidities. CPAP compliance at
6 months was shown to be associated with better CPAP adherence at 12 months. Conclusions: CPAP
adherence at 6 months is correlated to long-term adherence to treatment. Therefore, early close
follow-up is important. Further prospective studies are needed to identify other potential predictors.

Keywords: CPAP; OSA; CPAP adherence; telemedicine

1. Introduction

Modern society and technological advances render our lifestyle incompatible with
good sleep [1]. Obstructive sleep apnea (OSA) is a common sleep disorder that affects up
to 23% of middle-aged women and 50% of middle-aged men [2]. It is characterized by
repeated collapses of the upper airway, causing interrupted sleep, lower oxygen levels,
and increased sympathetic activity, leading to high blood pressure. OSA may also result in
cognitive issues and daytime sleepiness, which can significantly affect quality of life [3].

Continuous positive airway pressure (CPAP) is widely recognized as the primary
treatment option for OSA. Despite ongoing debates about its impact on cardiovascular
outcomes, CPAP is proven to reduce daytime sleepiness and enhance mood and quality of
life [4]. A patient with OSA may need to use CPAP for at least 4 h a night to experience a
reduction in daytime symptoms, especially sleepiness and neurocognitive function, and
reduce the risk of developing cardiovascular and metabolic comorbidities. An overall CPAP
use of >4 h per night on most nights during a week (>70% of nights) marks optimal CPAP
adherence in most studies [5]. However, its efficacy can be hampered by poor adherence to
the therapy [6].

Facing difficulties with CPAP therapy is a frequent issue seen in clinical settings.
Research indicates that adherence to CPAP therapy usually ranges from 30 to 60%. In cases
of mild OSA, where the symptoms are typically less severe and thus easier to manage,
adherence to CPAP therapy may potentially be even lower [7].
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A myriad of both medical and non-medical factors may contribute to configuring
CPAP adherence and numerous studies have attempted to investigate the determinants.
Several demographic variables, such as age, gender, and body mass index (BMI), are
reported to have an effect on compliance. The severity of OSA, as indicated by a high
Apnea–Hypopnea Index (AHI) and excessive daytime sleepiness, has been associated with
better adherence to CPAP therapy. The presence of comorbidities, as well as socioeconomic
factors, such as economic, educational, and civil status, have also been shown to interfere
with treatment compliance. Moreover, device-related factors, which can include physical
discomfort while using the device, financial and insurance reimbursement issues, and
the associated psychological stress [8], have also been highlighted. Finally, early compli-
ance is pointed out as a positive predictive factor, while interventions such as the use of
telemedicine may favorably influence long-term adherence [9].

Therefore, a comprehensive and individualized approach is required to optimize
patient care and mitigate the risk of treatment failure [10]. However, even though the issue
has been extensively addressed, several studies have yielded conflicting results, and there
is still no consensus on which specific factors are associated with CPAP adherence.

Adding to the above, since the onset of the COVID-19 pandemic in 2020, the world
has rapidly transformed. This transformation has particularly affected patients with sleep-
disordered breathing conditions, especially OSA, who face potentially more severe COVID-19
outcomes due to the shared risk factors and comorbidities of both diseases. Initially,
continuous positive airway pressure (CPAP) therapy, the primary option for moderate
to severe OSA, was marked as a high-risk aerosol-generating procedure causing fear of
potential COVID-19 transmission. To address these issues, several scientific societies have
issued recommendations on screening, diagnosing, and treating sleep-disordered breathing
during the pandemic. The pandemic caused a decrease in patient visits in clinics across
Europe, Greece included. Most centers have had to restrict themselves to phone-based
follow-ups and handling high-priority cases [11].

The aim of this study was to investigate the prevalence of long-term CPAP adherence
in newly diagnosed OSA patients and identify specific factors that are linked to improved
adherence. The study time frame was during the first 2 years of the COVID-19 pandemic.

2. Materials and Methods
2.1. Subjects

This is a retrospective observational study of patients referred to the sleep laboratory
of the Department of Respiratory Medicine, University Hospital of Patras, Greece. All
patients recruited for the study underwent night polysomnography (NPSG) between
January 2020 and December 2022, during the initial phase of the COVID-19 pandemic.
Only adult patients who were diagnosed for the first time with OSA and started CPAP
treatment were included in the study analysis. Old CPAP users and patients who did not
start CPAP treatment for any reason (declined, reimbursement issues, patient preference)
were excluded from the analysis. Patients with overt cardiovascular disease and patients
with a diagnosis of active cancer at the time of data collection after the phone contact were
not included.

The diagnosis of OSA is made when a patient undergoing a diagnostic sleep study
has an AHI of 5 or more. Patients were classified by AHI into mild (AHI ≥ 5 and <15),
moderate (≥15 and <30), and severe (AHI ≥ 30) OSA. CPAP adherence was defined as at
least 4 h/night use on 70% of nights. Patients who had a diagnosis other than OSA, such as
insomnia and obesity hypoventilation syndrome, were excluded from the study. We also
excluded patients with increased AHI who were prescribed non-invasive ventilation (NIV)
for other indications.

It should be noted that the recruitment period was during the initial phase of the
COVID-19 pandemic; a time during which mandatory sleep laboratory closures led to
limited access for patients to some of our services. Patients initially undergo a sleep study
in the laboratory, and then a titration study follows. After CPAP initiation at home, they
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return to an outpatient clinic, or they receive a follow-up phone call at 1 month to check
initial compliance and treatment efficacy. Afterwards, regular visits happen every 6 months,
when a prescription for reimbursement is needed as well. Restrictive measures during the
pandemic reduced subsequently in-person visits.

The medical records of included patients were accessed, and data regarding demo-
graphics (age, gender, profession, marital status, body mass index (BMI)), sleep question-
naires (Epworth Sleepiness Score (ESS), Athens Insomnia Scale (AIS)), and sleep study
parameters (Apnea–Hypopnea Index (AHI)) were collected. We did not explore other sleep
study parameters, such as the oxygen desaturation index (ODI) or the average desaturation
percentage. Sleep studies were scored according to current American Academy of Sleep
Medicine (AASM) diagnostic criteria [12]. We also collected medical information regarding
chronic concomitant diseases, including diabetes, hypertension and heart failure, chronic
obstructive pulmonary disease, and depression. Patients should have been on treatment
for at least 3 months to be regarded as suffering from the respective diseases. The CPAP
start date was noted as the initial checkpoint for the study.

2.2. Data Collection

CPAP usage information was collected through the AirView platform for patients
using ResMed CPAP machines. More specifically, patients were checked for adherence to
their treatment at 6 months and 12 months after CPAP initiation. Additional information
was obtained by a phone call. Patients who were using other CPAP machines were only
interviewed by phone call.

The investigators managed to identify CPAP patients and then gathered information
regarding CPAP usage and adherence to treatment according to the study protocol from
existing information. Afterwards, study participants were contacted via telephone, and
structured interviews were performed containing questions on side effects, co-morbidities,
lifestyle, and other factors that could possibly have impaired adherence. It should be noted
that telephone interviews may be linked to patient reporting bias. We combined these data
with information from electronic patient records and other medical records available at
our site.

Adherence was defined as adequate use of CPAP for ≥4 h on at least >70% of nights
during the last month prior to study checkpoints (before 6 months and before 12 months).
Patients were grouped accordingly to adherent and non-adherent.

2.3. Statistical Analysis

Statistical analysis was performed using IBM SPSS version 28 (IBM, Armonk, NY,
USA), and p < 0.05 was statistically significant. All results are presented as mean values and
standard deviations (SD) unless stated otherwise. Comparisons between the two groups of
patients (compliant at 1 year and non-compliant at 1 year) were made using chi-square for
binary variables, t-test for normally distributed variables, and Wilcoxon rank test for not
normally distributed variables. We performed bivariate analysis to investigate the potential
correlations between participants’ characteristics and their adherence to CPAP treatment at
6 months and 12 months after starting their CPAP treatment.

2.4. Ethical Considerations

The study has been approved by the Institutional ethical committee and review board
(approval code 143/2024). The study was performed according to the Declaration of
Helsinki. All participants had provided verbal consent to participate in the study via
telephone call or had already provided consent for the online data management platform.
The verbal consent was documented by the interviewing physician.

3. Results

The overall number of patients who underwent a night study during the studied
period was 240. A total of 134 patients were eligible for entry in the study, as they were

16



Healthcare 2024, 12, 1772

diagnosed with OSA and started CPAP during the years 2020–2022. As this is a retrospective
analysis, the dataset was reduced to 107 patients on CPAP because of corrupt contact
information (21 subjects had either given a number that was not receiving or patients were
not responding) and unwillingness to participate in the study (6 subjects).

Baseline characteristics of the OSA patients started on CPAP are shown in Table 1.
They were divided into two groups according to their adherence to CPAP treatment 1 year
after CPAP titration and CPAP initiation. The mean age for the non-adherent and adherent
group at 1 year were 53.4 (10.2) and 56.2 (11.0) years, respectively. Both genders were
represented, but the number of men was slightly higher, without any impact on data
interpretation. The mean BMI (33.7 versus 36.7), AHI (46.8 versus 51.0), and ESS (11.4
versus 10.3) were not significantly different between the groups. Thus, the groups were
matched, and any outcome variation was not due to baseline predisposition. A key point
in our analysis was the fact that patients both near the site and far away showed similar
adherence to CPAP treatment (20 patients near the site city and 23 patients in remote areas
in the non-adherent group) (34 near the site city and 30 in the remote area adherent group).

Table 1. Baseline characteristics of study subjects.

CPAP Non-Adherent at
1 Year (n = 43)

CPAP Adherent at
1 Year (n = 64)

All Patients
(n = 107) p-Value

Age (years) 53.4 (10.2) 56.2 (11.0) 55.2 (10.7) 0.434

Gender (M/F) 35/8
(81.3%/18.7%)

51/13
(79.6%/20.4%)

86/21
(80.3%/19.7%) 0.516

Height (cm) 174.3 (8.1) 173.6 (10.0) 173.9 (9.2) 0.270
Weight (kg) 102.1 (19.3) 109.8 (21.0) 106.7 (20.6) 0.988

BMI (kg/m2) 33.7 (7.0) 36.7 (8.1) 35.5 (7.8) 0.238
AHI (events/h) 46.8 (24.4) 51.0 (27.4) 49.3 (26.2) 0.215

Epworth Sleepiness Scale (ESS) score 11.4 (4.9) 10.3 (5.1) 10.7 (5.0) 0.920
Athens Insomnia Scale (AIS) score 7.8 (4.4) 7.2 (3.9) 7.4 (4.1) 0.406

Residence (site city/remote) 20/23
(46.5%/53.5%)

34/30
(53.1%/46.9%)

54/53
(50.4%/50.6%) 0.318

Diabetes 7 (16.2%) 15 (23.4%) 22 (20.5%) 0.467
Hypertension 24 (55.8%) 30 (46.8%) 54 (50.4%) 0.432
Heart failure 14 (32.5%) 18 (28.1%) 32 (29.9%) 0.670

COPD 9 (20.9%) 15 (23.4%) 24 (22.4%) 0.817
Depression 6 (13.9%) 18 (28.1%) 24 (22.4%) 0.102

Values are presented as mean (SD) unless stated otherwise.

A total number of 73 patients were using CPAP treatment at 6 months after treatment
initiation, with an adherence level of 68.2%. The percentage of adherence fell 1 year after
treatment initiation and was as high as 59.8%, as demonstrated in Table 1.

We attempted to analyze factors that may result in this important reduction in treat-
ment compliance. Age, gender, weight, height, BMI, Apnea–Hypopnea Index (AHI) at
diagnosis, and residence of patients (in the city of the site or in remote areas) were tested in
the analysis. None of these factors were shown to be associated with worse adherence to
CPAP treatment.

A percentage of 23% of those who discontinued CPAP usage reported that difficulties
with its use (noise, mask interface issues, leakages) had urged them to do so. Another
10% of non-compliant patients had stopped their treatment due to financial issues and
lack of insurance, thus reflecting an important aspect to be considered, especially in long-
term treatments.

We also attempted to explore the role that comorbidities may play in adherence to
treatment. Therefore, we tested the effect of diabetes, hypertension, heart failure, COPD,
and depression on CPAP adherence at the end of the first year of treatment. However, none
of these variables demonstrated statistical significance.
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We performed bivariate analysis to further investigate the potential correlations be-
tween the patients’ characteristics and their adherence to CPAP treatment at 6 months
and 1 year after treatment initiation (Table 2). The analysis revealed some statistically
significant correlations that could enable the prediction of CPAP adherence based on the
baseline characteristics in our study population. Older age was a predictor in both groups
(p = 0.049 at 6 months and p = 0.029 at 1 year), and increased BMI was a determinant of
better adherence at 1 year of CPAP use (p = 0.020). As for the comorbidities, a significant
correlation was found for CPAP users with depression (p = 0.037), who were more likely to
have better compliance at 1 year of treatment.

Table 2. CPAP online management and CPAP usage at 6-month correlation to overall CPAP adherence
at 1 year.

CPAP Non-Adherent
at 1 Year (n = 43)

CPAP Adherent at
1 Year (n = 64) p-Value

CPAP online management
(yes/no)

16/27
(37.2%/62.8%)

30/34
(46.8%/53.2%) 0.215

CPAP adherence at 6 months
(yes/no)

11/32
(25.6%/74.6%)

62/2
(96.8%/3.2%) <0.001

Further multivariate analysis of our data was performed to elucidate the most im-
portant factors affecting CPAP adherence at 1 year after treatment initiation. The results
showed that patients with optimal adherence at 6 months had a higher likelihood of con-
tinuing their treatment (p < 0.001). Patients on treatment for depression (p = 0.033) were
showing better compliance, and patients using telemedicine tools for device monitoring
had a tendency (p = 0.072) to have improved compliance with their CPAP treatment.

Our study shows that patients showing good compliance at 6 months may also have
good CPAP compliance at 1 year (Table 2). Online management tools were not directly
associated with improvements in compliance, yet a trend towards improvement was
recorded in our data, as patients who did not use available telemedicine tools tended to be
non-adherent 1 year after CPAP treatment initiation.

4. Discussion

CPAP is the treatment of choice for OSA and is seen as the benchmark. Research
shows that CPAP treatment can reduce the risk of cardiovascular disease in patients with
moderate to severe OSA, improving their quality of life and daytime sleepiness. CPAP
adherence is important for treatment outcomes, but adherence rates have been reported to
vary between 30 and 60% in different previous studies.

In our study, we found that 68% of the patients were using CPAP 6 months after
treatment initiation. This finding is in line with the 6-month adherence rate of 63.9% and
70.3% reported in previous studies in the field [13,14]. Those patients were using their
treatment according to guidelines for CPAP use, that is, at least 4 h every night and at least
>70% of nights every month.

A recent study investigating long-term adherence to CPAP treatment in mild OSA
showed that only 25.7% of patients continued using their machine 1 year after starting
it. Further analysis showed that older patients with lower BMI and the presence of a
bed partner had a better chance of remaining on the treatment [15]. A large study, in a
population in Asia that recruited OSA patients with mild up to severe disease, revealed that
a total of 78.5% of CPAP users remained adhering to their treatment 1 year after treatment
had started. They also concluded that trial treatment of 1 month was improving overall
treatment adherence [16]. Our results from our single-site population revealed quite a high
percentage of adherence to CPAP treatment in the patients, which is comparable to studies
recruiting patients at all stages of disease severity.

CPAP therapy can be intrusive for patients, and low adherence can be a major problem.
One of the first studies in the field of CPAP adherence was published back in 1993 [17].
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CPAP was available in clinical practice for less than 10 years at that time. In this study,
memory chips were used to accurately track adherence data. They analyzed key metrics,
including mean nightly usage time, the number of nights the therapy was used, and
side effects. Their findings suggested that using the therapy for at least 4 h on 70% of
nights was a reliable indicator of treatment compliance. In another study investigating
CPAP adherence patterns, the authors discovered two groups of CPAP users among their
participants. The “intermittent” users tended to skip 1–7 nights per week and used the
therapy for fewer hours each night. On the other hand, the “consistent” users applied their
devices on 90% of nights or more and typically used them for longer periods [18].

Our study shows that adherence to CPAP at 6 months after treatment initiation is
predictive of CPAP adherence at 1 year. This finding is in accordance with previous studies
showing that if CPAP adherence is achieved early, CPAP compliance can last [19]. In the
SAVE (Sleep Apnea Cardiovascular Endpoints) study, only compliance at 1 month and
the presence of side effects of CPAP therapy were independent predictors of its use at
12 months. Similarly, previous studies have reported that CPAP usage patterns within the
first week are predictive of long-term use [20].

The examination of other factors that could be correlated to optimal CPAP adherence
at 1 year, such as sex, age, increased BMI or worse AHI, did not reveal any significant
results. However, a further bivariate logistic regression analysis showed that CPAP users
who were older and had a higher BMI were more likely to comply with treatment at 1 year.
A retrospective observational study of 1339 OSA patients found no association between
CPAP adherence and demographic or polysomnographic variables, which is in accordance
with our negative results. The association between AHI and CPAP adherence was not
confirmed in a study of 188 patients with moderate to severe OSA [21].

Hypersomnolence, as indicated by high ESS, has been proposed as a predictor of
compliance. In our analysis, we found no significant correlation. In agreement with
our results, a previous study also predicted no association with ESS, which can also be
justified by the fact reported by some authors that ESS score is poorly correlated with OSA
severity [22].

Moreover, several studies have suggested that rural residence might be a potential
barrier for OSA patients to diagnosis and care. An important prospective cohort study of
242 uncomplicated patients with OSA, urban versus rural residence, was not associated
with CPAP use or adherence [23]. Correspondingly, we found no significant difference
between patients coming from the city and those from remote areas.

Another issue to be addressed is comorbidities in patients under CPAP treatment
for OSA. Diseases, including diabetes, hypertension, COPD and depression, are highly
prevalent in the OSA population, and we intended to determine their role in adherence to
CPAP treatment. Interestingly, patients under treatment for depression were more likely to
be compliant with CPAP treatment one year after starting it. However, a large-scale study
of a similar population in Greece did not demonstrate a potential role of any comorbidity
in adherence to treatment.

An important finding of our study is that patients who demonstrated good compliance
at 6 months may also have good CPAP compliance at 1 year. Therefore, close monitoring
during the first months of CPAP usage is of paramount importance for long-term compli-
ance. Future studies may consider shorter monitoring periods of 3 months in the initial
phases of CPAP treatment to further clarify this issue.

The online management tool that was used by some of our patients, ResMed Airview,
was also not found to improve compliance in our analysis. Indeed, previous studies have
reported comparable findings. A multinational study indicated that telemonitoring did
not improve 1-month and 3-month CPAP adherence compared with usual care, while
in a cohort of 120 patients with OSA, the usage of telemedicine during the critical ha-
bituation phase for CPAP did not alter daily CPAP use or treatment adherence at 3 and
12 months [24]. In contrast, a recent meta-analysis of 11 studies with 1358 revealed that
telemedicine interventions may improve CPAP adherence in patients with OSA compared
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to no intervention [25]. However, although the efficacy of telemonitoring systems has been
inconsistent, most trials have shown that such tools could prove more cost-effective and
source-saving. Meanwhile, especially in a setting simulating the COVID-19 pandemic, with
reduced footfall in healthcare facilities, telemonitoring could prove of significant value.
Moreover, in our region in Greece, we treat patients from remote areas of the islands, and
telemedicine is of great value in this setting as well.

A large prospective study from Greece that investigated the impact of the COVID-19
pandemic on the CPAP adherence of patients already on CPAP concluded that it did not
actually affect device usage. Moreover, the use of telemedicine was important to overcome
barriers caused by lockdowns in order to facilitate regular follow-ups and increase CPAP
treatment adherence [11].

The treatment rejection rate at 1 year in our study is acceptable. The reasons for
treatment discontinuation included difficulties with CPAP daily use, such as noise, mask
interface issues, and leakages. Another important aspect of CPAP discontinuation is the
relatively high cost of obtaining a CPAP machine either privately or through insurance
coverage. A substantial minority (10%) of patients non-compliant with CPAP prematurely
discontinued treatment due to financial issues and lack of insurance.

Our study was designed to demonstrate CPAP adherence among patients during the
years of the pandemic. At that time, several lockdowns in Greece appreciably affected sleep
laboratory services and sleep clinics. Nevertheless, regular follow-up visits and phone
consultations may have resulted in quite high CPAP adherence in our cohort. Furthermore,
several studies have reported ameliorated CPAP adherence during the COVID-19 pan-
demic. In a cohort of 7485 patients with OSA, the investigators reported a 3.9% increase
in adherence from a mean value of 386 min per night pre-COVID-19 to 401 min per night
during lockdown [26]. Another study also observed that improved CPAP adherence in
severe OSA patients during the COVID-19 lockdown was more pronounced in women and
younger and pre-lockdown CPAP adherers [27].

Our study has some limitations. Firstly, this is a retrospective study; therefore, missing
information may have reduced our initial sample size. Secondly, phone interviews may
have intrinsic defects with regard to the accuracy of information derived from patients.
Thirdly, the retrospective design did not allow us to have correlations with other comor-
bidities that could affect adherence levels, such as hypertension and diabetes. The last
remark is that our study is a single-site retrospective study that may have selection bias
caused by the availability of some technologies or geographic distribution.

5. Conclusions

Effective CPAP treatment can be affected by several factors. Patients who were
adherent to CPAP treatment at 6 months were more likely to continue using their device
and on a long-term basis, thus, showing sustained adherence at 1 year and subsequently
a lower drop-out rate. Other factors, including OSA severity, BMI, or sleepiness severity,
were not significantly correlated with long-term CPAP adherence. Further prospective
studies may be needed to clarify other potential predictors of treatment compliance.
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Abstract: Adolescents often experience insufficient sleep and have unhealthy sleep habits. Our aim
was to investigate the sleep patterns of secondary education students in Heraklion, Crete, Greece
and their association with school performance and health habits. We conducted a community-based
cross-sectional study with 831 students aged 13–19 years who completed an online self-reported
questionnaire related to sleep and health habits. The data are mostly numerical or categorical, and
an analysis was performed using t-tests, chi-square tests and multiple logistic regression. During
weekdays, the students slept for an average of 7 ± 1.1 h, which is significantly lower than the
7.8 ± 1.5 h average on weekends (p < 0.001). Nearly 79% reported difficulty waking up and having
insufficient sleep time, while 73.8% felt sleepy at school at least once a week. Having sufficient sleep
time ≥ 8 h) was positively correlated with better academic performance (OR: 1.48, CI: 1.06–2.07,
p = 0.022) and frequent physical exercise (never/rarely: 13.5%, sometimes: 21.2%, often: 65.3%;
p = 0.002). Conversely, there was a negative correlation between adequate sleep and both smoking
(OR: 0.29, CI: 0.13–0.63) and alcohol consumption (OR: 0.51, CI: 0.36–0.71, p = 0.001). In conclusion,
this study shows that students in Heraklion, Crete frequently experience sleep deprivation, which is
associated with compromised academic performance, reduced physical activity and an increased
likelihood of engaging in unhealthy behaviors like smoking and alcohol consumption.

Keywords: sleep; sleep hygiene; adolescents; sleep habits; sleep deprivation; academic performance;
health behavior

1. Introduction

Sleep behavior among adolescents is a major health concern worldwide [1]. When
discussing adolescent sleep behavior, it is important to consider various key points such as
the onset of sleep time, sleep patterns and duration and how they correlate with gender,
the day of the week, parental sleep behaviors and other social factors. Studies have shown
that the quality of sleep can be negatively affected depending on these factors [2,3].

Various studies have reported that the timing of sleep onset differs according to age,
particularly in adolescents. Specifically, older adolescents tend to fall asleep later on both
school nights and weekends [1,2,4–6]. However, they tend to sleep longer on weekends
than on school nights. School demands often disrupt adolescents’ sleep–wake cycles,
leading to inconsistent sleep patterns. They often become deprived of sleep during the
week and make up for it by sleeping more during the weekends. However, more research
is required to determine the appropriate sleep duration for young patients aged 13–19.
Previous reports have suggested that adolescents need approximately 9 h of sleep per night
on average [6,7]. Nevertheless, this differs significantly from the actual time they spend
sleeping, which decreases with each passing decade in some areas of the world. The teenage
population in the US and Sweden tends to have a shorter sleep duration in later decades
compared to past decades, although the average sleep requirement for all adolescents is
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considered to be 9 h [1,2,4–6]. North American, European, Chinese and Australian studies
have revealed that older adolescents (15–16 years) have a borderline sleep onset time (in
order to achieve the full 9 h sleep they need), while Icelandic adolescents of all ages go to
sleep later than others (borderline to insufficient) [1]. According to Gariepi et al. [2], the
sleep recommendation times were, on average, lower on school days than on non-school
days with great variation among countries, especially on school days and between genders.

Additionally, the onset of puberty varies considerably in an individualized fashion,
and some adolescents are still prepubertal when they enter middle school. It should be
noted that the sleep needs in the prepubertal pediatric population are not yet known [8].

Differences in sleep duration between boys and girls have been described, with some
studies pointing out that boys sleep less and others concluding that they sleep more than
girls [4–6,9].

The quality of sleep has been linked to academic performance and social jet lag [8,10].
Sleep deprivation, characterized by insomnia and daytime sleepiness, can have negative
effects on adolescents’ school performance as well as their somatic and psychosocial
health [8]. Sleep behavior is a prime example of how external factors like parental bedtime
setting, cognitive behavioral therapy for insomnia (CBT-I) and a practice of good ‘sleep
hygiene’ can modify children’s and adolescents’ physiological and developmental needs,
leading to important outcomes for cognition, emotion regulation, motivation and mental
health [11–14]. Environmental factors can vary between countries and regions, highlighting
the need for further studies on sleep behaviors in different populations.

To the authors’ knowledge, there is no study in the literature examining sleep habits,
academic performances and health behaviors and the correlation between them in adoles-
cents in Greece, so we conducted this study to assess both the duration and quality of sleep,
examining factors such as bedtime, wake-up time, variations between school days and
weekends and experiences of difficulties in waking up or daytime sleepiness. Additionally,
we sought to investigate any correlation between sleep patterns and various aspects such
as academic performance and health behaviors, including smoking, the consumption of
coffee and alcohol intake as well as the use of electronic devices.

2. Materials and Methods
2.1. Participants and Methods

This was a cross-sectional, community-based study with a self-reported questionnaire.
The participants were school students during their sixth years of secondary education,
separated into two groups corresponding to the first part of 3 years of Gymnasium and
the second part of 3 years of Lyceum each, in accordance with the Greek educational
system. This study was conducted in 2018 among students aged between 13 and 19 years in
Crete, Southern Greece before the emergence of the COVID-19 pandemic. This study was
approved by the Ethics Committee of the University Hospital of Heraklion, Crete, Greece.
One of the teachers in each class was responsible for informing the parents and students
about the study and obtaining parental consent. All parents consented and all students
who were recruited participated in the study.

As part of the study, 831 students aged between 13 and 19 were asked to anonymously
complete an online 28-question questionnaire. The questions covered their everyday habits,
including sleep duration and bedtime, sleepiness in class, difficulties in waking up, sleep
hygiene and habits before bed, such as the use of electronic devices. Additionally, the
students were asked to record their coffee and alcohol intake, exercise routines and school
performances. They were also asked about their parents’ sleep habits because it seems that
there is a correlation. The questionnaire was accessible through http://j.mp/sleep1718
accessed on 15 January 2018 (Table 1).
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Table 1. Questionnaire (translated to English).

Sleep in Adolescent Students

A1. Sex
Female Male

A2. Class
1st Gymnasium 2nd Gymnasium 3rd Gymnasium

1st Lyceum 2nd Lyceum 3rd Lyceum
A3. Year of birth

1999 2000 2001
2002 2003 2004
2005

A4. Your grades (without gymnastics) on the first quartermaster this year. If you haven’t received your grades yet please select
your estimation. (max 20)

18.1–20 16.1–18 13.1–16
9.5–13 >9.5

A5. Do you exercise?
Never Sometimes On a regular often basis

A6. Do you smoke?
Not at all Sometimes Almost every day

A7. Do you drink any alcohol?
Not at all Sometimes Almost every day

Sleep Duration at Home

B1. How many hours do you sleep the nights before school?
4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h
B2. The same days how many hours do your parents sleep?

4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h
B3. During Friday Saturday and holiday eves, when you don’t have to go to school the next morning, how many hours do you

sleep?
4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h
B4. The same days how many hours do your parents sleep?

4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h
B5. During holiday season how many hours do you sleep?

4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h
B6. The same days how many hours do your parents sleep?

4 h or less about 4.5 h about 5 h about 5.5 h about 6 h about 6.5 h
about 7 h about 7.5 h about 8 h about 8.5 h about 9 h about 9.5 h

>9 h

About bed time at home

C1. At what time do you sleep the nights before school?
Around 8:30 p.m. or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m. Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m Around 01: 30 a.m. Later than 01:30 a.m.

C2. The same days at what time do your parents sleep?
Around 8:30 p.m. or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m. Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m. Around 01:30 a.m. Later than 01:30 a.m.
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Table 1. Cont.

C3. During Friday Saturday and holiday eves, when you don’t have to go to school the next morning, at what time do you sleep?
Around 8:30 pm or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m. Around 01:30 a.m. Later than 01:30 a.m.

C4. At the same days at what time do your parents sleep?
Around 8:30 p.m. or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m. Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m. Around 01:30 a.m. Later than 01:30 a.m.

C5. During holiday season at what time do you sleep?
Around 8:30 pm or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m. Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m. Around 01: 30 a.m. Later than 01:30 a.m.

C6. At the same days at what time do your parents sleep?
Around 8:30 p.m. or earlier Around 09:00 p.m. Around 09:30 p.m.

Around 10:00 p.m. Around 10:30 p.m. Around 11:00 p.m.
Around 11:30 p.m. Around midnight Around 12:30 a.m.
Around 1:00 a.m. Around 01:30 a.m. Later than 01:30 a.m.

Everyday sleep and wake

D1. Do you have any difficulties to wake up in the morning during school days?
Never or rarely Sometimes Almost always

D2. How do you go to school usually?
On foot By car or bus

D3. What time do you usually leave from home to go to school?

.....................................................................................................................................................................................
D4. During the daytime at school do your feel sleepy?

Never or rarely 1–2 days/week >2 days/week
D5. Do your parents believe that you need more sleep during schooldays and do they advise you to sleep more or earlier?

Never or rarely Sometimes Almost always
Not only during school days but

everyday
D6. During schooldays do you take a nap?

Never or rarely 1–2 naps per week >2 naps per week
D7. During the school year your everyday afterschool activities (sports, extra lessons etc.) stop at:

7:00 p.m. 8:00 p.m. 9:00 p.m. 10:00 p.m. Later than 10:00 p.m.
D8. During the school year what is the latest thing you do before sleep?

Watch TV Use PC or
smartphone Read a book Listen Music Play without

electronic means Homework

Else:.........................................................................................................................................................
D9. During school year do you take any caffeine products or energy drinks or substances in order to stay awake?

Never or rarely Sometimes Almost everyday

2.2. Statistical Analysis

Categorical variables were expressed as frequencies and percentages. Continuous
variables were presented as mean ± standard deviation (SD) or median and 25–75% in-
terquartile range (25–75 IQR), as appropriate. Categorical variables are compared using
the Fisher exact test, and continuous variables were compared using the Kruskal–Wallis,
Friedman and Wilcoxon or Mann–Whitney tests, as appropriate. Spearman’s rho was
used to evaluate correlations between continuous and categorical variables, as appro-
priate. To investigate if sleep habits and other variables were independently associated
with poor academic performance, a multiple logistic regression model (with odds ratios
[ORs] and two-sided 95% confidence intervals [Cis]) was performed. A p-value of < 0.05
was considered statistically significant. Pairwise comparisons were performed using the
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Kruskal–Wallis test followed by Bonferroni’s correction for multiple comparisons. The
adjusted significance level was set at 0.001. Statistical analyses were performed using an
IBM SPSS Statistics 24.0 statistical package.

3. Results

A total of 831 students completed the questionnaires. The age and gender distributions
at Gymnasium and Lyceum and class levels are listed in Table 2. Most of the participants
(70.2%) were Lyceum students. There were no significant age and gender differences within
the education and class levels (p > 0.05).

Table 2. Participants’ characteristics. Distributions based on gender, class and educational level.

Sex

Boys
(n = 421)

Girls
(n = 410)

Total
(n = 831)

n % # % * N % # % * n % * p

Age (years)

13 57 48.7 13.5 60 51.3 14.6 117 14.1 0.434
14 44 50.0 10.5 44 50.0 10.7 88 10.6
15 21 44.7 5.0 26 55.3 6.3 47 5.7
16 130 57.0 30.9 98 43.0 23.9 228 27.4
17 96 49.7 22.8 97 50.3 23.7 193 23.2
18 70 46.4 16.6 81 53.6 19.8 151 18.2
19 3 42.9 0.7 4 57.1 1.0 7 0.8

Educational Level
Gymnasium 120 48.4 28.5 128 51.6 31.2 248 29.8 0.392

Lyceum 301 51.6 71.5 282 48.4 68.8 583 70.2

Classs

Gymnasium 1st 56 48.7 13.3 59 51.3 14.4 115 13.8 0.316
Gymnasium 2nd 44 50.6 10.5 43 49.4 10.5 87 10.5
Gymnasium 3rd 20 43.5 4.8 26 56.5 6.3 46 5.5

Lyceum 1st 135 57.0 32.1 102 43.0 24.9 237 28.5
Lyceum 2nd 93 48.2 22.1 100 51.8 24.4 193 23.2
Lyceum 3rd 73 47.7 17.3 80 52.3 19.5 153 18.4

#: percentage per gender for the same class; *: percentage of the total students in the same class.

3.1. Sleep Habits

We observed that, regardless of the level of education, the students slept for a signifi-
cantly shorter duration on weekdays (median 7.0 h, with an interquartile range (IQR) of
6–7 h) compared to weekends (median 8.0 h, IQR 7–9 h, p < 0.001), as shown in Figure 1. A
similar pattern was observed in the sleep durations of the students’ parents, with shorter
sleep durations on weekdays (median 7.0 h, IQR 6–8 h) compared to weekends (median
8.0 h, IQR 7–8 h), as shown in Table 3. The distributions of students and students’ parents at
six different hours of sleep duration (4–9 h) are presented in Figure 2. The sleep durations
in the six different classes during weekdays and weekends are presented in Figure 3 and
Table 4. Overall, a significant decrease in sleep duration with an increase in educational year
was observed. The sleep duration decreased from 8 (IQR 7–8) hours in the first Gymnasium
class to 7 (6–7) hours in the third Lyceum class, indicating a decline in sleep duration with
the progression of educational level (p < 0.001). Pairwise comparisons of sleep during
weekdays and weekends between the six classes are detailed in Tables S1 and S2.

Table 3. Sleep durations on weekdays and weekends for students and students’ parents.

Sleep Duration (Hours)
(Median, IQR 25–75) Weekdays Weekends p-Value

Students 7 (6–8) 8 (7–9) <0.001

Students’ Parents 7 (6–8) 8 (7–8) <0.001
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Figure 3. Sleep duration during weekdays (black columns) and weekend days (light grey columns)
for each school class. Pairwise comparisons performed using Kruskal–Wallis test, followed by
Bonferroni’s correction for multiple comparisons. * represents significant difference from Gymnasium
1st class for weekdays, p < 0.0001, while # represents significant difference from Gymnasium 1st class
for weekends.

Table 4. Sleep durations based on class on weekdays and weekends.

Sleep Duration (Hours),
Median (IQR 25–75)

Class

Gymnasium
1st

Gymnasium
2nd

Gymnasium
3rd Lyceum 1st Lyceum 2nd Lyceum 3rd

Weekdays 8 (7–8) 8 (7–8) 7 (7–8) 7 (6–8) 7 (6–7) 7 (6–7)
Weekends 8 (7–9) 8 (7–9) 8 (7–9) 9 (7–9) 8 (7–9) 8 (7–9)

A significant bedtime delay was observed on weekdays as the students progressed
to higher educational levels. The bedtime was reported to be 22:30 for the first class of
Gymnasium, 23:30 for the third class of Gymnasium and 00:10 for the third class of Lyceum,
(p < 0.001). Bedtime delays during weekends followed a similar pattern across different
educational levels, with bedtimes shifting later as the educational levels increased, being
23:54 in the first Gymnasium class and 1.06 in the third Lyceum class. Weekends showed a
consistent trend of delayed bedtimes compared to weekdays across all educational levels
(p < 0.001).

Of the 831 students surveyed, 193 (23.2%) reported adhering to the recommended
sleep durations for their ages (equal to or exceeding 8 h). A total of 250 students (19.7%)
disclosed having at least one nap per week, whereas 86 students (10.3%) admitted to having
more than two nap days per week. No statistically significant differences in nap patterns
were observed between the male and female students.

Regarding pre-sleep habits involving electronic devices, a substantial portion of the
surveyed students—529 individuals (63.7%)—acknowledged using electronic devices be-
fore bedtime. We found a difference between genders in regard to using electronic devices
before sleep, with a significantly higher rate observed among boys compared to girls; 69.6%
of boys reported using electronic devices before sleep compared to 57.6% of girls (p < 0.001).

3.2. Health Habits

The students’ health habits, encompassing behaviors related to smoking, alcohol
consumption and physical activity, were examined and are presented in Table 5. Among the
surveyed students, 25 individuals (3.0%) admitted to frequent smoking, while 56 students
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(6.7%) reported occasional smoking. We found a significant gender disparity in smoking
frequency: 5.0% of boys acknowledged frequent smoking, and 8.3% disclosed occasional
smoking. In comparison, only 1.0% of girls reported frequent smoking, and 5.1% admitted
to occasional smoking (p < 0.001).

Table 5. Health habits (smoking, drinking and exercise) of boys and girls.

Sex

Boy Girl Total

N % 1 % 2 N % 1 % 2 N % 1 % 2 p-Value

Smoking
Never/Rarely 365 48.7 86.7 385 51.3 93.9 750 100.0 90.3 <0.001

Sometimes 35 62.5 8.3 21 37.5 5.1 56 100.0 6.7
Often 21 84.0 5.0 4 16.0 1.0 25 100.0 3.0
Total

(per gender) 421 410

Drinking
alcohol

Never/Rarely 202 45.7 48.0 240 54.3 58.5 442 100.0 53.2 <0.001
Sometimes 207 55.5 49.2 166 44.5 40.5 373 100.0 44.9

Often 12 75.0 2.9 4 25.0 1.0 16 100.0 1.9
Total

(per gender) 421 410

Exercise Never/Rarely 73 47.4 17.3 81 52.6 19.8 154 100.0 18.5 0.046
Sometimes 102 45.1 24.2 124 54.9 30.2 226 100.0 27.2

Often 246 54.5 58.4 205 45.5 50.0 451 100.0 54.3
Total

(per gender) 421 410

Coffee or Never/Rarely 253 51.5 60.1 238 48.5 58.0 491 100.0 59.1 0.821
caffeine Sometimes 112 49.8 26.6 113 50.2 27.6 225 100.0 27.1

Often 56 48.7 13.3 59 51.3 14.4 115 100.0 13.8
Total

(per gender) 421 410

1: Percentage of total number of participants at each frequency condition (Never/Rarely, Sometimes and Often);
2: percentage of total number of participants within same gender at each frequency condition; p < 0.001 represents
statistically significant difference.

For alcohol consumption, occasional drinking “drinking alcohol sometimes” was
reported by 373 participants (44%), with a significantly higher prevalence among boys
(207, 49.2%) compared to girls (166, 40.5%) (p < 0.001). A relatively uniform prevalence
of coffee and caffeine consumption was found between boys and girls. The consumption
of coffee and caffeine-containing products was reported among 115 students (13.8%), and
no significant difference was found among both genders. A majority of students (54.3%)
reported exercising often, with boys exercising at a higher proportion (58.4%) than girls
(50.0%) (p = 0.046). Health habits per age are presented in Supplementary Table S3. The
percentage of students who reported never or rarely smoking decreased significantly with
age, starting at 97% at the age of 13 and reaching 81.5% and 42.9% at 18 and 19, respectively.
A similar pattern was observed for drinking alcohol (89.7% at the age of 13 and 34.2% and
27.8% at the ages of 18 and 19, respectively) and consuming coffee and caffeine products
(77.8% at the age of 13 and 33.8% and 28.6% at the ages of 18 and 19, respectively).

Regarding physical activity, we found an increase in the proportion of students who
reported never or rarely engaging in physical activity with age, from 8.5% at the age of 13 to
33.4% and 57.1% at the ages of 18 and 19, respectively. Furthermore, there was a significant
decrease in the proportion of students who reported engaging in physical activity often as
they became older, from 76.9% at the age of 13 to 26.5% and 28.6% at the ages of 18 and 19,
respectively.
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3.3. Sleep Quality

The evaluation of sleep quality centered on difficulties in waking up and experiencing
daytime sleepiness. Among the surveyed students, a substantial majority, comprising
656 individuals (78.9%), reported difficulties when waking up. Within this group, 292 stu-
dents (35.1%) encountered these difficulties often. A total of 304 students (36.6%) admitted
to feeling sleepy at school for one to two days per week, while 309 students (37.2%) reported
feeling the same for over two days per week. Significantly more boys than girls were found
to never or rarely feel sleepy at school (29.7% vs. 22.7%, p < 0.05).

A significant positive correlation emerged between sufficient sleep duration, defined
as a sleep duration of ≥8 h, and academic performance (18.1 vs. < 18.0), as indicated by
the school grades (OR: 1.48 CI 1.06–2.07, p = 0.022) after adjusting gender and educational
level (Lyceum/Gymnasium) (Table S4). Additionally, sufficient sleep duration exhibited
a positive association with the frequency of engaging in physical exercise, with higher
rates observed among those who exercised often (65.3%) compared to those who exercised
sometimes (21.2%) or rarely (13.5%) (p = 0.002). Conversely, sufficient sleep demonstrated
a negative correlation with both smoking (OR: 0.29, CI 0.13–0.63) and alcohol consumption
(OR: 0.51, CI 0.36–0.71) (p = 0.001).

4. Discussion

The results of this cross-sectional study reveal that a significant proportion of adoles-
cents in Crete, Greece fail to attain good sleep health. Specifically, this study shows that
most adolescents are unable to achieve adequate sleep duration, appropriate timing and
sustained alertness during waking hours. Furthermore, this study identifies a correlation
between insufficient sleep time, lower academic performance and an increased prevalence
of unhealthy habits. The current study found that the total sleep time was lower than that
considered appropriate for each age group. According to the literature, less than 8 h of
sleep is not appropriate for optimal health for individuals aged between 13 and 18 [7,10].
Sleep duration decreased from 8 (IQR 7–8) hours in the first Gymnasium class to 7 (6–7)
hours in the third Lyceum class, indicating a decline in sleep duration with the progression
of educational level (p < 0.001). Sleep duration was increased during weekends but still
not sufficient. Previous studies reported inconsistent findings regarding gender-based
disparities in sleep quality among adolescents, including daytime sleepiness, difficulty
initiating sleep and sleep onset latency [1,11,15–19]. However, the present study did not
find significant differences in sleep quality indices between genders, with the exception
of boys reporting lower levels of daytime sleepiness compared to girls. Regardless of
their education level (Gymnasium or Lyceum), we found that students have shorter sleep
durations on weekdays than on weekends. The same pattern was also observed in the
students’ parents. Furthermore, with the progression of the academic level, there was
a noticeable reduction in sleep duration on both weekdays and weekends. This finding
aligns with the consensus statement of the American Academy of Sleep Medicine in 2016 (7)
indicating a sleep phase delay as children move through secondary school years. Notably,
adolescents in Lyceum tend to sleep less than 8 h per night, which is significantly less than
the recommended time for their age [7]. During the transition from Gymnasium to Lyceum,
students are exposed to various environmental demands, such as school demands and
socialization, which may affect their sleep quantity. This period is particularly risky as
students are expected to balance their educational and extracurricular activities, leading to
inadequate sleep. Insufficient sleep during this critical period may have negative impacts
on students’ mental and physical health, academic performance and overall well-being [20].

A considerable proportion of students reported taking at least one nap per week.
Remarkably, there was no apparent disparity in napping patterns between genders. How-
ever, it is difficult to interpret the significance of this finding, as napping needs have been
linked to factors such as insufficient sleep at night or ethnic, socio-cultural and racial differ-
ences [8]. Nevertheless, this finding emphasizes the need for further research studies in
specific geographical regions. Although young individuals are unlikely to require different
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sleep durations across different continents, they may have diverse sleep patterns that are
influenced by environmental factors such as warm climates or socio-cultural norms.

Using electronic devices before sleep was reported by the majority of the students, with
a significantly higher rate in boys than girls. This finding holds significant importance as such
behavior has been linked to delayed sleep onset. Prior research has consistently demonstrated
that the use of electronic devices before bedtime has detrimental effects on sleep quality,
including delayed onset, reduced duration and disrupted sleep patterns [21–23].

According to this study’s results, a considerable number of participants experienced
poor sleep quality, as evidenced by difficulties waking up and feeling sleepy during the
day. This finding is significant since inadequate sleep during adolescence has been linked
to cognitive dysfunction, learning challenges, poor emotional well-being and metabolic
disorders that can lead to obesity [24–31].

The present study has revealed a positive correlation between sleep duration and
physical exercise frequency. Specifically, children who reported experiencing good sleep
quality were found to engage in physical exercise significantly more frequently than their
peers who exercised seldomly or not at all. This finding is in accordance with the study
by Nixon et al. [32], who reported that adolescents with poor sleep quality might engage
in less physical activity. Both studies suggest that the quality and quantity of sleep are
important factors in determining physical activity levels and overall health in children and
emphasize the importance of quality sleep and its impact on children’s physical well-being.

In the current study, we found that good sleep is linked with lower rates of smoking
and alcohol consumption. This finding is consistent with previous studies that have
shown a connection between poor sleep and risky behaviors in adolescents [33–36]. A
national sample of US adolescents revealed that those with late bedtimes had an increased
likelihood of using cigarettes, alcohol and drugs. They were also more prone to violent
behaviors and emotional distress [37]. Furthermore, the impact of sleep quality on cognitive
function has been highlighted in healthy adolescents and those with neurodevelopmental
and psychiatric conditions [38]. Previous studies have demonstrated that sleep quality is
critically involved in learning and memory [11].

A significant finding of this study is that sufficient sleep duration, defined as at least
eight hours of sleep daily, was positively related to academic performance, as assessed by
school grades. This finding is in accordance with previous studies reporting that adequate
sleep quality is associated with higher academic performance [39]. The association between
good sleep quality and high academic performance has been extensively investigated,
and multiple possible factors have been proposed [40]. Sleep is crucial for cognitive
functions like attention, memory and decision making. Adequate sleep can enhance
these functions, enabling adolescents to concentrate better in class, retain information
effectively and perform well in academic tasks. Moreover, good sleep quality is essential
for memory consolidation and enhancing learning. Sufficient sleep may promote memory
and recall information processes, leading to increased learning capacity and, ultimately,
high academic performance [41,42].

Addressing and improving sleep hygiene, promoting consistent sleep schedules,
creating a conducive sleep environment and raising awareness about the importance of
adequate sleep among adolescents and their parents can significantly mitigate these effects
and potentially improve academic outcomes.

Limitations

The limitation of this study is the reliance upon retrospective data to measure sleep
instead of employing sleep diaries, which is regarded as the most reliable method for
subjectively assessing sleep. Sleep diaries are easy to use, transportable and cost-effective.
They measure sleep proactively, thereby eliminating any bias attributed to the tendency to
recollect recent experiences [43].

The questionnaire used was made on the Google platform for the needs of this study
and was not a validated scale that already existed in the literature. The aim was to cover all

32



Healthcare 2024, 12, 775

of the aspects of interest without using many different scales, which would eliminate the
answering rates among school students due to long answering times. It is of great interest
that the participation rate among the students was almost 100%. All health-associated
behaviors were self-reported, and the data on alcohol and smoking were crude. As a
measure of academic achievement, we only used the school grades at the moment of
participation in the study, which may not reflect the overall academic performance of a
student. This study was conducted on Crete, which is the biggest island in Greece, but it is
a specific region and the generalization of the results is limited. Further studies are needed
to better evaluate the sleep habits and health-related behaviors among adolescents as well
as the effects of specific interventions in order to improve their sleep and well-being.

5. Conclusions

In conclusion, this cross-sectional study showed that most Greek adolescents residing
on Crete experience poor sleep quality and sleep deprivation. As the adolescents grew
older, their sleep duration tended to decrease, and no distinctions were observed between
genders in this regard within this sample. More importantly, this research highlighted
a positive correlation between good sleep habits and both academic achievement and
the avoidance of early risky behaviors among these adolescents. These findings have
implications for academic and healthcare professionals working with adolescents in Greece
and beyond. Promoting good sleep hygiene may be an effective strategy for improving
academic performance and reducing risky behaviors in this population. Further research is
warranted to gain a more comprehensive understanding of the factors that influence sleep
behaviors in adolescents.
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Abstract: Study Objectives: The aim of this cross-sectional study is to explore the association between
serum 25-hydroxyvitamin D [25(OH)D] levels, a marker of Vitamin D status, and excessive daytime
sleepiness (EDS), expressed as increased scores of the Epworth Sleepiness Scale (ESS), in a group
of prospectively enrolled patients with obstructive sleep apnea (OSA). Methods: Newly diagnosed
patients with OSA, divided into two groups, those with EDS (ESS > 10) and those without EDS
(ESS < 10). All patients underwent night polysomnography. Measurement of serum 25(OH)D vitamin
was performed using a radioimmunoassay. Results: In total, 217 patients with OSA (197 males and
20 females) were included. Patients with EDS had higher AHI (p < 0.001) values and lower mean
serum 25(OH)D levels, compared with those of non-somnolent patients [17.4 (12.2–25.7) versus 21.1
(15.3–28.8) ng/mL, respectively, p = 0.005]. In patients with EDS, serum 25(OH)D levels correlated
with average oxyhemoglobin saturation during sleep (r = 0.194, p = 0.043), and negatively with ESS
score (r = −0.285, p = 0.003), AHI (r = −0.197, p = 0.040) and arousal index (r = −0.256, p = 0.019).
Binary regression analysis identified Vit D serum levels (β = −0.045, OR: 0.956, 95% CI: 0.916–0.997,
p = 0.035), total sleep time (β = 0.011, OR: 1.011, 95% CI: 1.002–1.021, p = 0.016) and AHI (β = 0.022,
OR: 1.022, 95% CI: 1.003–1.043, p = 0.026) as independent predictors of EDS in patients with OSA. In
patients with EDS, multiple regression analysis indicated that ESS score was negatively associated
with Vit D serum levels (β = −0.135, p = 0.014) and minimum oxyhemoglobin saturation during sleep
(β = −0.137, p = 0.043). Conclusions: In the present study, EDS in patients with OSA is associated
with low levels of Vitamin D, while sleep hypoxia may play a role in this process.

Keywords: vitamin D; sleepiness; obstructive sleep apnea (OSA); sleep apnea; Epworth sleepiness
scale (ESS)

1. Introduction

Obstructive sleep apnea (OSA) is characterized by intermittent cessation of breathing
during sleep due to partial or complete upper airway obstruction [1]. By definition, these
episodes are always accompanied by respiratory effort and result in oxyhemoglobin de-
saturation and sleep fragmentation [1]. Currently, OSA is the most frequent sleep-related
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breathing disorder, with an estimated prevalence between 10–17% for men and 3–9% for
women in the Western countries [2]. OSA-related symptoms could be divided into noc-
turnal, such as loud snoring and a choking sensation during sleep, and diurnal, such as
excessive daytime sleepiness (EDS), which among others is recognized as the most common
and disabling daytime feature of OSA [3].

EDS is a frequently reported symptom of OSA and it may affect from 19% to 87.2% of
patients diagnosed with OSA [4]. Although the prevalence of EDS in OSA exhibits significant
variability in epidemiological studies, these evident differences in the prevalence data might
be attributed to a complex interplay of several factors, including the methodologies employed
for EDS measurement, sample sizes, age, gender, severity of OSA, ethnicity, the presence
of comorbidities, and other unrecognized factors that could impact OSA manifestation [5].
EDS is characterized by the inability to remain alert and maintain wakefulness during the
day, with sleep occurring unintentionally or at inappropriate times almost daily for at least
three months [6]. Well-studied risk factors for this condition include increased BMI and neck
circumference, older age, male gender and anatomical variations causing narrowing of the
upper airway [7]. As the syndrome evolves, and while at the same time remains undiagnosed
and untreated, EDS becomes debilitating resulting in impaired quality of life, reduced work
performance and increased probability for traffic accidents [3].

Information regarding Vit D is now widely accessible not only in the scientific lit-
erature, but also across various platforms on the internet [8,9]. Vitamin D (Vit D) is a
fat-soluble vitamin produced in the skin after exposure to solar radiation. Vit D exists in
various forms and serum 25-hydroxyvitamin D [25(OH)D] is considered the marker of
choice for the measurement of Vit D levels [8]. Interestingly, Vit D insufficiency (defined
as Vit D levels < 20 ng/mL) and deficiency (defined as Vit D levels < 10 ng/mL) has an
increased prevalence worldwide and is present in numerous pulmonary diseases, such as
viral and bacterial respiratory infections, asthma, chronic obstructive pulmonary disease
and cancer [10]. Recent data reported lower Vit D serum levels in patients with OSA
compared with non-apneic individuals, while CPAP treatment showed beneficial effects on
Vit D concentrations in this particular population of patients [11,12].

Data regarding the relationship between Vit D serum levels and EDS in OSA are still
scarce. Hence, the aim of the present cross-sectional study is to compare Vit D serum levels
in OSA patients with and without EDS and to explore potential associations between Vit D
levels and the degree of excessive daytime sleepiness in these patients. In addition, secondary
endpoints of the study are to examine possible correlations between Vit D levels and different
anthropometric and sleep characteristics, focusing on the subgroup of patients with EDS.

2. Materials and Methods
2.1. Patients

Patients who underwent polysomnography in our Institution and were consecutively
diagnosed with OSA were included in the study.

Patient recruitment took place between 1 April and 31 October 2017, in order to avoid
significant variations in exposure to sunlight, which could affect Vit D levels. The following
exclusion criteria were applied: Vit D supplementation, central sleep apnea syndrome,
corticosteroid and/or diuretic therapy, conditions known to affect calcium, phosphorus
and Vit D metabolism and absorption, heart failure, inflammatory diseases, cancer, liver or
kidney disease, osteoporosis and patients with no OSA-related EDS [13].

Overall, 289 patients with OSA [250 males and 39 females with a median age 57
(48–65) years] were evaluated for inclusion in the present study. A detailed medical history
regarding past medical conditions, known comorbidities, current medication use, focusing
on Vit D supplements, and tobacco smoking was recorded. A clinical examination and the
assessment of anthropometric characteristics (including height, weight, neck circumference,
hip, and waist circumference as well as waist/hip circumference ratio and body mass
index-BMI) were performed.

37



Healthcare 2024, 12, 698

OSA was defined as AHI ≥ 15 events/hour of sleep or as AHI ≥ 5 events/hour of
sleep accompanied by symptoms of disturbed sleep, such as excessive daytime sleepiness,
gasping or choking during sleep, observed loud snoring or breathing interruption [3].

Sleepiness was evaluated using the validated Greek version of the Epworth Sleepiness
Scale (ESS) [14], a self-administered questionnaire which includes eight questions referring
to typical everyday situations. By attributing a score from 0 to 3, the patient rates the
possibility of falling asleep in each situation. A score > 10 indicates EDS.

Pulmonary function testing, analysis of arterial blood gases and a 12-lead electrocardio-
gram were also performed in order for potential coexistent pulmonary and cardiovascular
diseases to be excluded.

2.2. Polysomnography

An attended overnight polysomnography was performed from 22:00 to 06:00 h and
variables were recorded on a computer system (Alice® 4, Philips Respironics, Murrysville,
PA, USA). A standard montage of electroencephalogram, electro-occulogram, electromyo-
gram and electrocardiogram signals was used for sleep staging. Pulse oximetry was
registered and airflow was detected using combined oronasal thermistors for apneas and
nasal pressure for hypopneas. Chest and abdominal motion were detected using inductive
plethysmography. Sleep staging and respiratory events were scored manually according
to standard criteria [15]. Apnea was defined as a ≥90% of reduction in airflow for at
least 10 s [15]. Hypopnea was defined as a ≥30% reduction in airflow for at least 10 s in
combination with oxyhemoglobin desaturation of at least 3% or an arousal registered by
the electroencephalogram [15]. The apnea–hypopnea index (AHI) was calculated as the
average number of apneas and hypopneas per hour of PSG-recorded sleep time [15].

2.3. Blood Samples and Measurements

Venous blood samples were collected from all participants the morning after polysomnog-
raphy after at least 8 h of fasting. Samples were obtained from the antecubital vein and
were left to coagulate and then centrifuged (3000 rpm for 10 min). Biochemical parameters
regarding renal and liver function, as well as glucose, C-reactive protein (CRP) serum
levels and lipid profile were measured using an automated analyzer. Serum concentrations
of 25(OH)D were determined using a commercial radioimmunoassay kit and the manu-
facturer’s specifications the same day as that of the blood sampling (DiaSorin, Stillwater,
MN, USA).

2.4. Statistical Analysis

The sample size was determined by using the G*Power software version 3.1.9.7. It
was evaluated that the minimum sample size to yield a statistical power of at least 0.8 with
an alpha of 0.05 and a medium effect size (d = 0.35) was 102. All analyses were carried out
using IBM Statistical Package for Social Sciences (SPSS Inc. Released 2008. SPSS Statistics
for Windows, Version 17.0. Chicago, IL, USA: SPSS Inc.). The normality of distribution for
continuous variables was tested with the Shapiro–Wilk test. All data are expressed as the
median (25th–75th percentile). Comparison of percentages between groups was performed
with the chi-squared test. In normally distributed variables, correlations were analyzed
with Pearson’s correlation coefficient, while comparisons between means were studied
with the Student’s t-test. In case of skewed distribution, the Spearman’s correlation and
non-parametric Mann–Whitney test was applied. Independent predictors of EDS between
the two groups were identified using binary logistic regression analysis. In the EDS group,
independent factors of EDS were further determined using multiple linear regression
analysis. Reported p-values are two-tailed and significance was defined at p < 0.05.

2.5. Ethics Approval

All procedures were carried out in accordance with the Helsinki Declaration of Human
Rights and patients gave their informed consent [16]. The study protocol was approved by
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the Institutional ethics committee of the University General Hospital of Alexandroupolis
(approval date: 13 October 2014).

3. Results

In total, 217 patients with OSA (197 males and 20 females) participated in the present
study. Included patients were middle-aged [age was 55 (46.5–62.5) years] and obese
[BMI was 35.3 (31.4–38.3) kg/m2], while median serum Vit D levels were of 19.4 (13.3–
26.5) ng/mL. Females exhibited lower 25(OH)D serum levels compared with males [15.5
(9.7–20.6) versus 20.2 (13.4–26.7), respectively, p = 0.048)].

Participants were divided according to the presence or not of EDS into two groups:
non-sleepy (ESS score ≤ 10), which included 108 patients (96 males and 12 females),
and sleepy (ESS score > 10), which included 109 patients (101 males and 8 females). No
differences were identified between the two groups in terms of gender, age, and BMI.
Anthropometric and demographic characteristics of included patients are presented in
Table 1.

Table 1. Comparison of anthropometric characteristics between OSA patients with and without EDS.

OSA Patients
without EDS
n = 108

OSA Patients
with EDS
n = 109

p

Gender (male/female) 96/12 101/8 0.337
Age (years) 55.5 (46–64) 54 (47–62) 0.839
BMI (kg/m2) 34.3 (30.7–37.7) 36 (32.1–38.9) 0.103
Neck circumference (cm) 44 (42–47) 45 (42–48) 0.502
Waist circumference (cm) 121 (113–129) 121 (112–130) 0.764
Hip circumference (cm) 116 (111–124) 116 (110–123) 0.937
WHR 1.03 (0.99–1.06) 1.03 (0.99–1.08) 0.406
Smoking (%) 24.1% 28.4% 0.465

BMI: body mass index; EDS: excessive daytime sleepiness; OSA: obstructive sleep apnea; WHR: waist-to-hip ratio.

In sleepy patients, the following findings were demonstrated: a longer total sleep time,
higher sleep efficiency, higher values of arousal index, AHI and worse indices of hypoxia
during sleep when compared with patients without EDS. Sleep characteristics of patients
are presented in Table 2.

Table 2. Comparison of sleep characteristics between OSA patients with and without EDS.

OSA Patients
without EDS
n = 108

OSA Patients
with EDS
n = 109

p

TST (min) 311 (263–339) 340 (311–360) <0.001
N1 (%) 12.3 (5.5–18.7) 7.7 (4.4–15.3) 0.055
N2 (%) 70.1 (59.2–77.9) 72.2 (61.9–85.1) 0.046
N3 (%) 7.5 (1.8–15.2) 5.2 (0–13.6) 0.074
REM (%) 7.5 (1.4–12.9) 5.4 (1.3–10.5) 0.171
AHI (events/h) 33.9 (15–62.3) 54.9 (35.2–73) <0.001
Aver SpO2 (%) 92 (90–94) 91 (89–93) 0.002
Min SpO2 (%) 77 (69–82) 73 (63–79) 0.008
T < 90% (%) 11.8 (3.2–38.3) 30.9 (12.8–59.6) <0.001
Arousal index 27.5 (13.5–35.7) 35.2 (19.2–49.5) 0.034
Sleep efficiency (%) 83.7 (75.7–90) 88.6 (80.2–92.7) 0.004
ESS score 7 (5–9) 14 (12–17) <0.001

AHI: apnea-hypopnea index, Aver SpO2: average oxyhemoglobin saturation, EDS: excessive daytime sleepiness,
ESS: Epworth sleepiness scale, Min SpO2: minimum oxyhemoglobin saturation, N1: sleep stage 1, N2: sleep stage
2, N3: sleep stage 3, OSA: obstructive sleep apnea, REM: rapid eye movement, TST: total sleep time, T < 90%: time
with oxyhemoglobin saturation < 90%.
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Additionally, patients with EDS had a poorer lipidemic profile, as expressed by higher
triglycerides levels and lower HDL-C, compared with patients without EDS. Moreover,
sleepy patients with OSA had significantly lower serum 25(OH)D levels than those without
EDS [21.1 (15.3–28.8) versus 17.4 (12.2–25.7) ng/mL, respectively; p = 0.005]. Results
of blood examinations of patients are presented in Table 3 and results from pulmonary
function testing are presented in Table 4.

Table 3. Comparison of laboratory results between OSA patients with and without EDS.

OSA Patients
without EDS
n = 108

OSA Patients
with EDS
n = 109

p

Glucose (mg/dL) 103 (92–117) 114 (94.3–128.8) 0.078
Creatinine (mg/dL) 0.9 (0.8–1) 0.9 (0.8–1) 0.316
Cholesterol (mg/dL) 201 (176.8–234) 198 (176–234.8) 0.735
Triglycerides (mg/dL) 136.5 (98–181) 167 (112.5–211.8) 0.013
LDL-C (mg/dL) 125.9 (96.3–151.5) 118.2 (102–142.3) 0.899
HDL-C (mg/dL) 47 (42–57.3) 42 (37–52) 0.007
AST (U/L) 23 (19–27) 21.5 (18–27.8) 0.390
ALT (U/L) 25 (17–33) 24.5 (20–35) 0.604
CRP (mg/dL) 0.25 (0.1–0.79) 0.40 (0.20–0.66) 0.376
25(OH)D (ng/mL) 21.1 (15.3–28.8) 17.4 (12.2–25.7) 0.005

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CRP: C—reactive protein, HDL-C: high-density
lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol.

Table 4. Comparison of pulmonary function testing results between OSA patients with and with-
out EDS.

OSA Patients
without EDS
n = 108

OSA Patients
with EDS
n = 109

p

FEV1 (% predicted) 93.8 (81.9–103) 92.3 (75.9–106.8) 0.736
FVC (% predicted) 90.7 (78.1–99.3) 85.9 (73.8–97.8) 0.137
FEV1/FVC (%) 86.5 (82–110.3) 83 (79–95) 0.323
pO2 (mmHg) 79 (73–85.6) 78.5 (68.5–86) 0.344
pCO2 (mmHg) 41 (38.9–44) 42 (39–45) 0.327

FEV1: forced expiratory volume in 1st sec, FVC: forced vital capacity, pCO2: carbon dioxide partial pressure, pO2:
oxygen partial pressure.

Further analysis in the group of sleepy patients showed that serum 25(OH)D levels
were positively correlated with average oxyhemoglobin saturation during sleep (r = 0.194,
p = 0.043) and negatively associated with the ESS score (r = −0.285, p = 0.003), AHI
(r = −0.197, p = 0.040) and arousal index (r = −0.256, p = 0.019). Conversely, among
non-sleepy OSA patients, Vit D serum levels were positively associated with average
oxyhemoglobin saturation (r = 0.250, p = 0.009) and negatively associated with time with
oxyhemoglobin saturation <90% (r = −0.214, p = 0.028) during sleep.

Age, sex, BMI, indices of oxygenation during sleep (average and minimum oxyhe-
moglobin saturation and time with oxyhemoglobin saturation <90%), total sleep time, sleep
efficiency, AHI, arousal index and Vit D serum levels were included in a binary logistic
regression analysis model in order to identify independent predictors of EDS. This analysis
revealed that Vit D serum levels (β = −0.045, OR: 0.956, 95% CI: 0.916–0.997, p = 0.035),
total sleep time (β = 0.011, OR: 1.011, 95% CI: 1.002–1.021, p = 0.016) and AHI (β = 0.022,
OR: 1.022, 95% CI: 1.003–1.043, p = 0.026) emerged as independent predictors of EDS in
patients with OSA.

In the group of OSA patients with EDS, correlations of ESS score with other indicators
were determined using a multivariate linear regression analysis. In this analysis, ESS score
was set as the outcome, whereas age, sex, BMI, indices of oxygenation during sleep (average
and minimum oxyhemoglobin saturation and time with oxyhemoglobin saturation <90%),
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total sleep time, sleep efficiency, AHI, arousal index and Vit D serum levels were set as
covariates (regression equation: y = 13.255 − 0.02a − 0.254b + 0.041c + 0.204d − 0.137e +
0.008f + 0.001g − 0.034h − 0.029j + 0.033k − 0.135m). Results indicated that the ESS score
was negatively associated with Vit D serum levels (β = −0.135, p = 0.014) and minimum
oxyhemoglobin saturation during sleep (β = −0.137, p = 0.043). In the group of OSA patients
without EDS, a similar analysis showed that the ESS score was positively associated with
sleep efficiency (β = 0.138, p = 0.001).

4. Discussion

The present study reported significantly lower levels of 25(OH)D in patients with OSA
and EDS compared with patients with OSA and without EDS. Additionally, Vit D serum
levels, AHI and total sleep time were identified as independent predictors of EDS. Finally,
25(OH)D levels were associated with indices of hypoxia during sleep and total sleep time.

Both decreased serum 25(OH)D levels and the severity of OSA were associated with
EDS in the group of patients with OSA. The relationship between EDS and hypovitaminosis
D has been a subject of interest in previous studies. In a previous study, an association
was shown between Vit D status and excessive daytime sleepiness in patients with sleep
disorders, of which OSA was the most prevalent [17]. Interestingly, only in Black patients
with Vit D deficiency (defined as <20 ng/mL) were Vit D levels correlated with sleepiness
(r = 0.48, p < 0.05), expressed as scores in ESS ≥ 10 [17]. In addition, multiple lines of
evidence indicate that patients with OSA are more prone to Vit D deficiency than those
without OSA [18,19], and that treatment with CPAP could increase Vit D levels either after
short-term application and in male patients with OSA [20], and after long-term application
in sleepy patients and those with severe OSA [21], or more specifically in male obese
patients with OSA [12]. However, the association between Vit D and OSA remains contro-
versial. In a recent study that included 133 patients suspected of having OSA, no difference
was noted between hypertensive and normotensive subjects [22]. Polysomnography was
conducted following the classification of subjects into hypertensive and normotensive
groups. Therefore, not all individuals in the study were diagnosed with OSA. The inclusion
of individuals without OSA in the study population may explain the discrepancy in these
findings. In the same study, a negative association between the calcium concentration and
arousal index and a correlation between AHI and Vit D concentration was observed. These
findings indeed suggest a potential relationship between Vitamin D and OSA [22].

In the present study, differences between sleepy and non-sleepy patients with OSA
in terms of polysomnographic parameters were noted. Specifically, OSA patients with
EDS exhibited an increased AHI, total sleep time, arousal index and sleep efficiency, and
presented worse hypoxia during sleep compared with those individuals without EDS. These
results confirm previous reports on the association of EDS (assessed either by subjective
or objective tools [23]) with anthropometric and polysomnographic characteristics in OSA
patients, including a higher BMI, longer total sleep time, increased arousal index and
decreased minimum oxyhemoglobin saturation during REM and NREM sleep [24].

Hypoxia may serve as an underlying mechanism explaining the association between
hypovitaminosis D and EDS. Previous studies have reported a clear link between im-
paired oxygenation during sleep and EDS in individuals with OSA, suggesting a potential
causal relationship between nocturnal hypoxia and EDS [23,24]. Concurrently, hypoxia and
hypoxia-related factors, such as hypoxia-inducible factor-1α subunit (HIF-1α) and vascular
endothelial growth factor (VEGF), are inversely correlated to serum 25(OH)D levels [25,26].
Indeed, in our study we confirmed previous reports that patients with OSA exhibit de-
creased 25(OH)D levels in comparison to healthy controls, and these diminished 25(OH)D
levels are correlated with average oxyhemoglobin saturation and with the percentage of
time with oxyhemoglobin saturation <90% during sleep [18]. Thus, the over-expression
of inflammatory factors promoted by hypoxia during sleep may mediate the relationship
between low Vit D levels and increased levels of EDS in OSA patients.
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Moreover, several other pathogenetic mechanisms have been proposed in order to elu-
cidate the link between Vit D and EDS. An underlining hypothesis suggests that low Vit D
serum levels could lead to EDS through mechanisms involving the upregulation of inflam-
matory mediators and hypnogenic cytokines such as TNF-α, IL-1, IL-6 and prostagladin-
2 [27,28]. The relationship between EDS and increased AHI has been proven in some,
but not in all studies [29–31]. Excluding AHI, other factors, including metabolic and psy-
chological conditions, are associated with an increased risk of EDS in OSA patients [32].
EDS has been frequently reported among diabetic patients without OSA and constitutes
a risk factor for severe hypoglycemia [28,33]. Recently, reduced serum Vit D levels have
been associated with increased insulin resistance in patients with OSA [34]. Similarly,
in patients with OSA and EDS associations have been shown between insulin resistance
and glucose deregulation [35,36]. Moreover, in a median follow-up of 8.1 years, lower
serum Vit D concentrations were associated with increased risk of type 2 diabetes, with
daytime sleepiness being the major contributor [37]. Thus, insulin resistance may mediate
the emergence of EDS in patients with OSA and Vit D insufficiency.

Notably, studies exploring the association between EDS and Vit D serum levels in con-
ditions other than OSA have reported conflicting results. In the study of Carlander et al. [38],
serum 25(OH)D concentrations were decreased in patients with narcolepsy compared with
healthy controls. Patients with narcolepsy were at increased risk of Vit D deficiency com-
pared with non-narcoleptic subjects (72.5% versus 50.9%, respectively) [38]. Conversely,
another study showed similar levels of 25(OH) D between patients with narcolepsy type
1 and healthy controls [39]. In patients with narcolepsy, no significant association was
found between Vit D deficiency and disease duration or severity [39]. OSA and narcolepsy
frequently coexist (about 25%) and this fact may explain the puzzling results regarding the
association between Vit D and narcolepsy [40].

Certainly, our study has a number of limitations. Firstly, our data were obtained
from middle-aged adults and no generalization of the results could be performed in older
patients with OSA. Of note, regression analysis failed to demonstrate age as an influencing
factor for EDS in our participants. Secondly, data regarding skin pigmentation, clothing
and dietary habits were not recorded in the current study. Nevertheless, the study was
conducted in a short time interval (6 months), and included Caucasian patients, living in
the same area, with relatively similar sun exposure and dietary habits. Additionally, the
number of included female patients was relatively small and thus the study results should
be interpreted with caution. However, at regression analysis, gender was excluded as a
cofounder regarding the relationship between Vit D deficiency and EDS. It should be noted
that the index of females/males was the result of an increased male referral and did not
result from a female exclusion process. Finally, EDS was evaluated using the ESS and not
an objective method, such as the multiple sleep latency test. However, there is evidence
suggesting that ESS can be a valid tool for the evaluation of EDS [41]. Potential mechanisms
of EDS in OSA are still not entirely clear [42].

5. Conclusions

In conclusion, our results show that both AHI and Vit D serum levels predict EDS in
a group of patients with OSA. Hypoxia during sleep may play an important role in this
process. A possible bi-directional relationship between OSA and hypovitaminosis D could
partially explain our findings. Further research is needed in order to better elucidate the
interaction between serum Vit D levels and EDS in patients with OSA.
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Abstract: The aim of our study was to assess university students’ sleep quality and fatigue before
and during the academic exam period and identify potential associated factors. A Web-based survey
was completed by 940 students of 20 different Tertiary Institutions including demographics, sleep
habits, exercise, caffeine, tobacco, alcohol use, subjective sleep quality (Pittsburgh Sleep Quality
Index—PSQI), and fatigue (Fatigue severity scale—FSS) at the beginning of the semester and dur-
ing the examination period. During the exam period, PSQI (8.9 vs. 6.1, p < 0.001) and FSS scores
(36.9 vs. 32.7, p < 0.001) were significantly elevated compared to the pre-exam period. An in-
crease in the PSQI score was associated with age (β = 0.111, p = 0.011), presence of chronic disease
(β = 0.914, p = 0.006), and depressive symptoms (β = 0.459, p = 0.001). An increase in the FSS score was
associated with female gender (β = 1.658, p < 0.001), age, (β = 0.198, p = 0.010), increase in smoking
(β = 1.7, p = 0.029), coffee/energy drinks consumption (β = 1.988, p < 0.001), decreased levels of
physical exercise (β = 1.660, p < 0.001), and depressive symptoms (β = 2.526, p < 0.001). In conclusion,
our findings indicate that exam periods have a negative impact on the sleep quality and fatigue levels
of university students. Potential factors were identified that could contribute to the formulation of
strategies for improved sleep quality and wellness.

Keywords: sleep quality; fatigue; university students; exam period

1. Introduction

Adequate sleep duration has a critical role in promoting optimal physical health, im-
mune function, mental health, and cognition [1]. According to consensus recommendations
of the National Sleep Foundation and the American Academy of Sleep Medicine and Sleep
Research Society guidelines, young adults should sleep 7 to 9 h per night on a regular
basis for optimal sleep health [2,3]. Generally, deviating from the recommended sleep
duration is associated with adverse health-related outcomes, including but not limited to
poor attention, depression, obesity, and cardiovascular disease [4]. More specifically, sleep
duration that deviates from the ideal range, either being excessively short or excessively
long, appears to be linked to an elevated risk of all-cause mortality and cardiovascular
events, with the risk being at its lowest when an individual sleeps for approximately 7 h per
day [4]. Interestingly, earlier data suggests that inadequate sleep may be more concerning
than excessive sleep in younger populations, as insufficient sleep durations were linked to
poorer self-reported health in university students aged 17 to 30 years, while longer sleep
durations were not related to self-reported health [5]. University students are considered
as a population subset that is notably vulnerable to a shortened sleep duration and sleep
disruptions [6,7]. Indeed, a young adult’s life is going through numerous transitions during
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their time at university in which students have reduced parental support, increased stress
from academic loads and lifestyle, and irregularities in the sleep–wake cycle, all resulting
in shortened and delayed sleep [8]. These sleep disruptions are of particular concern due
to their negative impact on mental and physical well-being, as well as cognitive abilities
that are crucial for students’ day-to-day performance and academic achievement [9–11].
Importantly, sleep quality in this population has been identified as the strongest predictor of
well-being compared with physical activity, depression, and use of tobacco [12]. Attending
university is also characterized by fatigue, which is often overlooked and also contributes
to poor sleep [13].

Recent studies, representing different socio-cultural regions mainly from the US and
China, have shown that sleep disturbances and dissatisfaction are particularly prevalent
among university students, affecting 30 to 70% of this population [6,14–23]. During times of
theorized greater stress, such as exams periods, students seem to demonstrate even worse
sleep quality and less sleep than recommended [24]. However, these findings may not
accurately represent sleep disorders rates among university students attending universities
in Europe, which has distinct features associated with living arrangements, educational
expenses, the application process, and facilities [25].

In Greece, research on sleep in university students remains scarce [26] and is mainly
derived from studies during the COVID-19 pandemic [26–28]. Little is also known
about how students’ sleep patterns change before and during the academic exam
period [29,30]. To elaborate further, there is a scarcity of evidence pointing towards com-
promised sleep quality and quantity during exam periods, which may cause impaired
daytime functioning [28–30]. Therefore, the aim of our study was to assess changes in
Greek university students’ sleep quality and fatigue before (low stress) and during an
academic exam (high stress) period and to identify possible associated factors.

2. Materials and Methods
2.1. Study Setting and Participants

A Web-based survey was conducted by university students of 20 different Tertiary
Institutions (Medical/Health, Physics, Educational Sciences, Technical, Social sciences,
Economic, etc.) in Crete, Greece, across 2 periods, at the beginning of the semester and
during examination period in the academic year of 2018–2019 (before COVID-19 lockdown).
The process of identifying and recruiting student participants involved two phases. The
initial phase encompassed enlisting university professors and conveying the objectives
of the current study on social media platforms. Subsequently, with the consent of their
professors, university’s public e-mail board and social media platforms were used to send
online anonymous survey links to students.

The students were asked to answer questions about demographics, sleep habits, exer-
cise habits, caffeine, tobacco and alcohol use, hours of technology use (cell phones, tablets,
laptop computers), obstructive sleep apnea (OSA) and insomnia symptoms, excessive day-
time sleepiness, subjective sleep quality (using the Pittsburgh Sleep Quality Index—PSQI),
and fatigue (Fatigue severity scale—FSS). Depressive mood, excessive daytime sleepiness,
insomnia, and OSA symptoms were assessed by yes/no single item questions (“Have you
felt depressed or sad/sleepy or had insomnia/OSA symptoms much of the time in the
past month?”).

All procedures were approved by the University of Crete Research Ethics Commit-
tee and all participants gave their informed consent to participate prior to both survey
administrations, using a digital form.

2.2. Study Tools and Outcomes
2.2.1. PSQI

A self-reported assessment of sleep was determined using the validated Greek ver-
sion of the PSQI questionnaire, which is a standard instrument that has been validated as
differentiating poor from good sleep [31,32]. The PSQI is a 19-item self-rated questionnaire
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that evaluates subjective sleep quality and quantity, sleep habits related to quality, and
occurrence of sleep disturbances in adults over a 1-month interval. The 19 individual
items are utilized in the generation of the following seven component scores: subjective
sleep quality (one item), sleep latency (two items), sleep duration (one item), habitual sleep
efficiency (three items), sleep disturbances (nine items), use of sleep medication (one item),
and daytime dysfunction (two items). Each component score is equally weighted on a
0–3 scale, where 0 indicates no difficulty and 3 indicates severe difficulty. The aforemen-
tioned items, taken together, generate a score that reflects global subjective sleep quality,
which varies between 0 and 21. The higher the score, the greater the negative impact on
sleep quality. A global score of 6 or higher indicates poor sleep [33]. Previous studies
have indicated adequate levels of internal consistency (Cronbach’s alphas 0.70–0.83), and
construct validity on this questionnaire in various populations [32–35].

2.2.2. FSS

In this scale, which is also translated and validated in Greek language [36,37], individ-
uals rate their agreement (range, 1–7) with 9 statements concerning the severity, frequency,
and impact of fatigue on daily life (physical functioning, exercise and work, and family or
social life). Each item is rated on a 7-point Likert scale (1 ‘strongly disagree’ to 7 ‘strongly
agree’). The FSS score is determined by calculating the average of all item scores. A total
score of less than 36 is considered normal. A score above that limit (maximum score 63)
is suggestive of a significant negative impact of fatigue on daily life activities [38]. FSS
psychometric properties have been assessed in different populations indicating sufficient
concurrent validity and internal consistency (Cronbach’s alphas 0.89–0.96) [36,37].

2.2.3. Outcomes

The primary outcome of the study was to compare the absolute change in students’
global PSQI and FSS scores between a time of low stress (at the beginning of the semester)
and a time of perceived high stress (academic exam period). Secondary outcomes involved
identifying potential factors linked to baseline sleep quality, fatigue, and sleepiness, along
with changes in sleep quality and fatigue among students.

2.3. Statistical Analysis

Our analysis was restricted to the subset of participants who gave responses in both the
initial semester and exam period. Results are presented as mean ± standard deviation (SD)
for continuous variables if normally distributed and as median (25–75th percentile) if not.
Qualitative variables are presented as absolute number (percentage). To compare changes
from the beginning of semester to exam period, the paired samples t-test (for normally
distributed data) and the Wilcoxon Signed Rank test (for non-normally distributed data)
were used. Changes of continuous variables from baseline to follow up were defined as
baseline minus follow-up values. Factors associated with poor sleep quality and fatigue
were analyzed with binomial logistic regression after adjustment for various potential
explanatory variables, including age, gender, BMI, smoking status, presence of chronic
disease, use of alcohol, caffeine, physical exercise, work, and use of technology. Multivariate
linear regression analysis was used to examine any association of the previous potential
confounders with changes in questionnaires scores (PSQI and FSS) during exam period.
We checked multicollinearity among the predictors using collinearity statistics to ensure
that collinearity between predictor variables was in the acceptable range as indicated by
the tolerance value variance inflation factor. Internal consistency for PSQI and FSS was
calculated with the Cronbach’s alpha (α) coefficient and item-total correlations. Spearman’s
(rho) coefficients were used to calculate correlations between the questionnaire sub-scales.
Test–retest reliability for the aforementioned questionnaires scores was explored with the
intraclass correlation coefficient, ICC. Results were considered significant when p values
were < 0.05. Data were analyzed using SPSS software (version 25, SPSS Inc., Chicago,
IL, USA).
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3. Results
3.1. Study Population

A total of 940 university students completed the questionnaire, of whom 60% were
females (Table 1). Ages ranged from 17 to 48 years with a mean age of 21 years. Out of
940 participants, only a small fraction of 4 were above 40 years old and 9 were above
30 years old. Most of the participants were from Medical/Health (36%) and Physics (18%)
universities. The majority of the participants were in the fourth year of education (50%)
followed by the second (18%) and third (17%) years. Of note, 15% of students engaged
in work and studies concurrently. Not a single participant reported having a family or
young children.

Table 1. Characteristics of the participants (n = 940).

Characteristics

Age (years) 21 ± 3
Gender, male (%) 371 (40%)
BMI (kg/m2) 23.7 ± 4.8
BMI ≥ 30 65 (7%)
Current Smoking 242 (26%)
Type of education
Medical/Health 343 (36%)
Physics 166 (18%)
Educational Sciences 79 (8%)
Technical 82 (9%)
Social sciences 92 (10%)
Economic 130 (14%)
Other 41 (4%)
Year of education
1st 136 (15%)
2nd 168 (18%)
3rd 162 (17%)
4th + 474 (50%)
Working Students 136 (15%)

Data are presented as mean values ± SD or median (25–75th percentile), unless otherwise indicated. BMI, body
mass index.

Further sample characteristics including exercise habits, caffeine, tobacco and alcohol
use, and hours of technology use are presented in Table 2.

Table 2. Exercise habits, caffeine, tobacco and alcohol use, and hours of technology use.

Characteristics

Alcohol consumption
Low (0–3 drinks/week) 718 (76%)
Moderate (4–8 drinks/week) 166 (18%)
High (≥9 drinks/week) 56 (6%)
Coffee/energy drinks consumption
None 302 (32%)
Low (1–2 drinks/day) 557 (59%)
Moderate to high (>3 drinks/day) 81 (9%)
Physical activity
None 328 (35%)
1–3/week 479 (51%)
>4/week 133 (14%)
Hours of technology use
0–2 h/day 140 (15%)
2–5 h/day 449 (48/%)
5–8 h/day 230 (24%)
>8 h/day 121 (13%)
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3.2. Sleep Patterns

Sleep patterns of the surveyed students are depicted in Table 3, where most students
(75%) report late bedtimes. No significant difference was noted in the number of students’
reported hours of sleep among all academic years (p = 0.095). Only 29 (3%) of the students
reported frequently taking prescription medicine for insomnia.

Table 3. Daytime symptoms, sleep patterns, and disorders of university students (n = 940).

Symptoms Pre-Exam Period Exam Period p-Value

Daytime symptoms
FSS 32.7 ± 11.4 36.9 ± 12.3 <0.001
FSS ≥ 36 365 (39%) 473 (50%) <0.001
Excessive Daytime Sleepiness
(2 times or more per week) 168 (18%) 222 (24%) <0.001
Depressive mood 391 (42%) 547 (58%) <0.001
Sleep Characteristics
Bedtime
Between 9 pm and 12 am 238 (25%) 230 (25%)
After 12 am 702 (75%) 710 (75%) 0.643
Wake up time
Between 5 and 8 am 219 (23%) 222 (23%)
Between 8 and 11 am 485 (52%) 553 (59%)
After 11 am 236 (25%) 165 (18%) <0.001
Sleep duration 7.4 ± 1.3 6.9 ± 2.9 <0.001
Frequent use of sleep
medications
(2 times or more per week) 29 (3%) 41 (4%) 0.031
PSQI 6.1 ± 1.8 8.9 ± 1.9 <0.001
PSQI > 5 435 (59%) 919 (98%) <0.001
Insomnia symptoms
(2 times or more per week) 417 (44%) 505 (54%) <0.001
Obstructive Sleep Apnea
symptoms
(2 times or more per week) 122 (13%) 131 (14%) 0.256

According to the PSQI results, 554 (59%) out of 940 university students were classified
as poor sleepers, a rate that remained similar across academic years (p = 0.299). On average,
the PSQI global score of our sample was 6.1 ± 1.8 (Range: 1 to 14), which is above the cutoff
for good sleepers (≤5), indicating that sleep quality was impaired. The ICC for the PSQI
score was 0.717 and Cronbach’s α value was 0.739. The global PSQI score was significantly
correlated with each component (p < 0.01). Item-total Spearman’s rho correlations ranged
from 0.711 (component 1) to 0.838 (item 4).

Impaired sleep quality was independently associated with the female gender
(OR = 1.524, 95% CI 1.086–2.138; p = 0.015), younger age (OR = 0.922, 95% CI 0.866–0.981;
p = 0.011), high alcohol consumption (OR = 2.095, 95% CI 1.023–4.290; p = 0.043), lack of
physical activity (OR = 0.566, 95% CI 0.338–0.946; p = 0.030), presence of a chronic disease
(OR = 2.695, 95% CI 1.542–4.711; p < 0.001), depressive symptoms (OR = 3.232, 95% CI
2.311–4.519; p < 0.001), sleepiness (OR = 9.893, 95% CI 5.163–18.956; p < 0.001), and fatigue
(FSS ≥ 36) (OR = 1.550, 95% CI 1.094–2.195; p = 0.014).

3.3. Daytime Functioning

On average, the FSS total score of our sample was 32.7 ± 11.4 (Range: 9–62) and
365 out of 940 university students (39%) reported suffering from fatigue. The prevalence of
fatigue remained similar across academic years (p = 0.754). The ICC for the FSS score was
0.845 and Cronbach’s α value was 0.868. The total FSS score was significantly correlated
with each component (p < 0.01). Item-total Spearman’s rho correlations ranged from 0.529
(item 3) to 0.770 (item 6).
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Fatigue was independently associated with lack of physical activity (OR = 0.299, 95%
CI 0.187–0.478; p < 0.001), presence of a chronic disease (OR = 1.619, 95% CI 1.080–2.426;
p = 0.020), depressive (OR = 3.498, 95% CI 2.646–4.625; p < 0.001), and OSA symptoms
(OR = 1.990, 95% CI 1.154–3.432; p = 0.013), sleepiness (OR = 1.911, 95% CI 1.333–2.739;
p < 0.001), and impaired sleep quality (PSQI ≥ 6) (OR = 1.682, 95% CI 1.135–2.495;
p = 0.010).

Regarding the frequency of excessive daytime sleepiness (two times or more per
week), younger age (OR = 0.906, 95% CI 0.824–0.996; p = 0.040), presence of a chronic
disease (OR = 2.071, 95% CI 1.145–3.747; p = 0.016), depressive symptoms (OR = 1.907, 95%
CI 1.205–3.019; p = 0.006), presence of OSA symptoms (OR = 2.299, 95% CI 1.224–4.316;
p = 0.010), and impaired sleep quality (OR = 14.565, 95% CI 6.166–34.042; p < 0.001) all
significantly associated with more frequent reported sleepiness among students.

3.4. Changes in Sleep Quality and Fatigue during the Exam Period

During the exam period average sleep duration was significantly reduced (6.9 vs. 7.4,
p < 0.001), 134 out of 242 (55%) smokers increased smoking, 489 out of 940 (52%) students
increased coffee/energy drink consumption, 514 out of 940 (55%) decreased alcohol con-
sumption and 474 (50%) decreased exercise. Insomnia symptoms, daytime sleepiness, and
depressive symptoms were also more frequently reported in the exam period (Table 3).

PSQI global score was significantly elevated in the exam period compared to the
pre-exam period (8.9 vs. 6.1, p < 0.001). Notably, all sub-scales of the PSQI contributed to
the decline in sleep quality in the exam period (all p < 0.05). The increase in PSQI score
(2.9 ± 1.6), which was similar in all years of education (p = 0.109), was independently
associated with age (β = 0.111, p = 0.011), presence of chronic disease (β = 0.914, p = 0.006),
worsening of FSS (β = 0.048, p < 0.001) depressive symptoms (β = 0.459, p = 0.001), and
sleepiness (β = 0.601, p < 0.001). Furthermore, the prevalence of poor sleep quality (PSQI
global score > 5) was also higher (98% vs. 59%) in this period.

FSS score was significantly elevated during the exam period compared to the pre-exam
period (36.9 vs. 32.7, p < 0.001). Notably, all sub-scales of the FSS in the exam period were
significantly elevated compared to the pre-exam period (all p < 0.001). This increase in FSS
score (3.2 ± 6.4) was independently associated with the female gender (β = 1.658, p < 0.001),
younger age, (β = 0.198, p = 0.010), increase in smoking (β = 1.7, p = 0.029), coffee/energy
drinks consumption (β = 1.988, p < 0.001), decreased levels of physical exercise (β = 1.660,
p < 0.001), depressive symptoms (β = 2.526, p < 0.001), sleepiness (β = 1867, p < 0.001), and
worsening of PSQI (β = 0.754, p < 0.001). The prevalence of fatigue (FSS > 36) was also
higher (50% vs. 39%, p < 0.001) in this period.

4. Discussion

The results of our study, obtained from students attending different Tertiary Institu-
tions, showed that sleep quality and fatigue are frequent at the beginning of the semester
and deteriorate during academic exam periods. Furthermore, this study provides a wide
understanding of the factors that influence these observations during the demanding exam
period. These factors include younger age, female gender, presence of chronic disease,
decreased levels of physical exercise, depressive symptoms, and an increase in smoking
and coffee/energy drinks consumption.

University students are recognized as a population group particularly affected by sleep
problems and fatigue. In the present study, at the beginning of semester when stress would
theoretically be low, about 60% of participants reported poor sleep quality with an average
of 7.4 h of sleep per night, also indicating sleep deprivation among students. Increased
autonomy, irregularities in the sleep–wake cycle, resulting from academic and social
pressure at an age when the circadian rhythm is delayed and the central nervous system is
still maturing, along with lifestyle and physical inactivity, increased caffeine and alcohol
consumption may explain the poor sleep quality in this population [39–42]. Insomnia
symptoms were also frequently reported, with similar [43] or higher rates compared to
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previous studies [44]. Potential factors that could contribute to poor sleep quality in our
study were identified, such as being female, younger age, consuming high amounts of
alcohol, not engaging in physical activity, and having a chronic disease, consistent with
previous research [16,18,45–48]. Importantly, the presence of depressive symptoms was
associated with an approximately threefold increase in the risk of reporting poor sleep.
This association poses a significant concern for the mental well-being of students, given
that sleep disruptions have been recognized as not only a risk factor for depression but also
for other psychiatric disorders [49,50].

Academic responsibilities during university may also lead to fatigue, with concerning
prevalence rates reported [51]. In our study, we found a fatigue prevalence of 39% in our
university students at the beginning of semester, which is lower compared to a recent
study (59.5%) [52] but higher compared to previous studies (16.7% and 13.7%) [53,54].
However, as a considerable proportion of our sample is from demanding disciplines
like Medical/Health universities, a substantial prevalence of fatigue is anticipated. The
level of fatigue was associated with the presence of chronic disease and depressive and
OSA symptoms. At the same time, an inverse relationship was noted between fatigue
and physical activity, in line with previous studies [52,55]. Consistent with previous
research [52,55], poor sleep quality was also associated with fatigue, which could poten-
tially have a more pronounced effect on university students’ academic performance and
mental health.

During periods of high stress, such as academic exam periods, university students
are particularly affected by lower sleep duration and poor sleep quality [29,30]. In our
study, shorter night sleeps during the exam period were reported compared with students’
typical routines and PSQI scores were significantly worse, with the prevalence of poor
sleep quality increasing from 59 to 98%. Although there are several studies in the literature
on the topic of sleep quality in university students, few studies have examined changes in
university students’ sleep quality and fatigue across multiple time points (before and
during an academic exam period) [24,29,30,56]. Based on recent research, university
students exhibited negative outcomes, like deteriorating sleep quality [24,29,30], daytime
dysfunction [29], and declining academic performance [30] during high-stress periods;
however, the number of participants in previous studies was low (31–252 participants) [24,
29,30]. In support of this, students who adhered to a regular sleep–wake routine in the 2
weeks preceding their end-of-semester exams tended to perform better academically [56].
Notably, in our cohort, we also highlighted a significant relationship between worsening of
sleep quality and age, chronic disease, and depressive symptoms.

Further, we found that students who reported worsening sleep quality also had a
higher risk of fatigue, the prevalence of which was also significantly elevated during the
exam period, from 39% to 50%. The female gender, age, depressive symptoms, increase
in smoking, coffee/energy drinks consumption, and lower physical activity levels were
significant predictors of fatigue during exam periods. However, although the level of
fatigue has been found previously to be associated with female gender, caffeine intake,
physical activity, and sleep duration [52,57,58], these relationships in university students
during exam periods are not documented.

Considering that sleep disruption and fatigue potentially affect university students’
academic performance, getting sufficient quality sleep, especially before exams, may be
associated with better academic performance, and lower odds of course failures [59].
Importantly, in a recent study, evaluating cognitive performance in medical students with
visual and auditory evoked potentials, sleep deprivation during previous 2–3 nights before
exam session and psychosomatic fatigue were found to be closely related to cognitive
abilities, which in turn adversely affected academic achievements [60]. In support of this, it
has been shown that university students who reported sleeping less than seven hours per
night had a higher risk of exhaustion and low professional efficacy [30,61]. It is noteworthy
that our findings are consistent with prior research indicating a strong correlation between
poor sleep, excessive daytime sleepiness, and poor academic achievements [59,62]. Thus, it
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is crucial for universities to attempt to enhance students’ knowledge of how their lifestyle
and sleeping behaviors can influence their academic performance. Such guidance along
with recommendations for establishing good sleep hygiene would be valuable, particularly
for first-year students and may enable students to improve sleep habits, not only in the
university years but also in their later professional careers.

Our study has some limitations that deserve comments. First, the cross-sectional
design of the current study precludes causal interpretations of the results. However, when
examining the longitudinal portion of the research that examines the alterations in sleep
quality, fatigue, excessive daytime sleepiness, and depression, it is possible to make some
causal inferences about the impact of exam stress on the outcomes considered. Second,
as this was a self-administered survey, it was prone to recall bias. Future studies includ-
ing objective methods such as actigraphy or qualitative methods using semi-structured
interviews and sleep diaries could obtain information that may have been overlooked
due to the use of self-reported measures in the current study. Third, sleep quality and
fatigue evaluation were taken from students studying in different institutions; therefore,
factors such as academic demand and level of difficulty may potentially affect our results.
Additionally, co-morbid mental health issues that could potentially impair sleep quality,
such as anxiety, were not assessed and warrant consideration in future research. It should
also be pointed out that this study did not account for participants who experienced a
traumatic or highly stressful event between the two time points, such as a family member’s
death, which could have undermined the validity of our results. Lastly, taking into account
that the participants included lived in Crete (south of Greece), sleep quality and fatigue
levels may be different in other regions of Greece. Consequently, the generalization of our
conclusions to all Greek university students should be made with caution.

5. Conclusions

Our results indicate that sleep quality and fatigue are frequent and deteriorate in
university students during academic exam periods. Potential factors associated with the
risk of inadequate sleep quality and increased fatigue were identified, such as female
gender, younger age, presence of chronic disease, increase in smoking, coffee/energy
drinks consumption, decreased levels of physical exercise, and depressive symptoms,
which may assist in prevention strategies to promote a better quality of sleep. Future
studies are desirable to identify the mechanisms behind sleeping problems and fatigue
during exam stress.
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Abstract: The relationship between smoking and sleep disorders has not been investigated suffi-
ciently yet. Many aspects, especially regarding non-obstructive sleep apnea–hypopnea (OSA)-related
disorders, are still to be addressed. All adult patients who visited a tertiary sleep clinic and pro-
vided information about their smoking history were included in this cross-sectional study. In total,
4347 patients were divided into current, former and never smokers, while current and former smok-
ers were also grouped, forming a group of ever smokers. Sleep-related characteristics, derived
from questionnaires and sleep studies, were compared between those groups. Ever smokers pre-
sented with significantly greater body mass index (BMI), neck and waist circumference and with
increased frequency of metabolic and cardiovascular co-morbidities compared to never smokers.
They also presented significantly higher apnea–hypopnea index (AHI) compared to never smokers
(34.4 ± 24.6 events/h vs. 31.7 ± 23.6 events/h, p < 0.001) and were diagnosed more frequently with
severe and moderate OSA (50.3% vs. 46.9% and 26.2% vs. 24.8% respectively). Epworth sleepiness
scale (ESS) (p = 0.13) did not differ between groups. Ever smokers, compared to never smokers,
presented more frequent episodes of sleep talking (30.8% vs. 26.6%, p = 0.004), abnormal move-
ments (31.1% vs. 27.7%, p = 0.021), restless sleep (59.1% vs. 51.6%, p < 0.001) and leg movements
(p = 0.002) during sleep. Those were more evident in current smokers and correlated significantly
with increasing AHI. These significant findings suggest the existence of a smoking-induced disturbed
sleep pattern.

Keywords: obstructive sleep apnea; smoking; smoking-induced disturbed sleep pattern; obstructive
sleep apnea–hypopnea

1. Introduction

Smoking is now considered a chronic relapsing disease, which is rather difficult to
treat. According to the World Health Organization (WHO), smoking is a major cause of
early death worldwide, responsible not only for health problems, but also for increasing the
costs to healthcare systems [1]. Smoking-related diseases, such as ischemic heart disease,
ischemic cerebral disease and lower respiratory tract diseases are responsible for a great
proportion of deaths worldwide (12.9%, 11.4% and 5.9%, respectively) [2]. The relative
risk attributed to smoking is estimated to be 26.7% for ischemic heart disease, 32.2% for
ischemic cerebral disease and 72.2% for chronic obstructive pulmonary disease (COPD) [3].
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Obstructive sleep apneas–hypopneas (OSA) affect 17% and 9% of middle-aged males
and females, respectively [4], while obstructive sleep apnea–hypopnea syndrome (OSAHS),
which is characterized by symptoms, such as excessive daytime sleepiness, affects 3–7% of
the population worldwide [5]. OSAHS symptoms include excessive daytime sleepiness,
snoring, non-refreshing sleep, gasping–choking episodes and awakenings during sleep.
OSA can emerge in every sleep stage; however, the respiratory events are more often during
rapid eye movement (REM) sleep, due to the decreased muscle tone. Dynamic narrowing
of the upper airways during sleep causes repeated apneic episodes, leading to sleep
fragmentation and excessive daytime sleepiness [6]. Additionally, repeated sleep apneas
result in hypoxemia, hypercarbia, hypertension and increased sympathetic tone, increasing
the risk of endothelial dysfunction [7]. Significant intrathoracic pressure swings and
increased blood pressure during sleep are considered to augment the risk for cardiovascular
events in patients with OSA [8]. Therefore, OSA, along with smoking, both constitute
significant risk factors for cardiovascular disease.

Many studies have tried to prove the relationship between OSAHS and smoking,
showing a higher prevalence of smoking in OSAHS patients [9,10]. Additionally, there
is evidence that smoking might be a risk factor for apneas and snoring [11–13]. Smokers
present decreased sleep quality with greater sleep latency and increased difficulty in
maintaining sleep [14–16]. Smoking worsens chronic airway inflammation, contributing
to OSAHS symptoms [17]. Active and passive smoking, as well as a history of smoking,
have been correlated with snoring [12]. Nevertheless, evidence is still conflicting, failing
to prove a definite and clinically significant correlation between smoking and OSAHS.
Despite that, possible mechanisms by which smoking affects OSAHS include changes in
sleep architecture, neuromuscular dysfunction of the upper airway, frequent awakenings
and enhancement in upper-airway inflammation [13]. Additionally, non-treated OSAHS
has been correlated with increased smoking addiction [18,19]. Yet, there is a need for more
large-scale studies, in order to clarify the relationship of these two disorders.

Apart from OSAHS, there are also sleep disorders that are not directly related to
apneic episodes during sleep. Sleep behaviors, such as sleep talking, sleepwalking, sleep
paralysis, night terrors, nightmares, restless sleep, bruxism, sleep-related eating disorder,
restless legs and abnormal movements during sleep, are a nuisance for a significant part
of the general population; however, there is little understanding about the pathogenesis
of these disorders. Smoking has been proposed to be one of the etiologic factors for these
disorders, particularly in the form of second-hand smoke exposure during pregnancy or
early childhood [20,21]. In addition to that, smoking has been associated with possible REM
behavior disorder (RBD) [22,23], sleep-related eating disorder [24] and sleep paralysis [25].
However, other studies failed to prove a relationship between smoking and parasomnias
in general [26].

The aim of this study was to assess possible relations between smoking history and
OSAHS-related symptoms, sleep study findings and co-morbidities. Additionally, this
study aimed to evaluate other non-OSAHS-related sleep disorders, in patients visiting
a sleep clinic, in order to investigate a holistic relationship between smoking and sleep
disturbances.

2. Materials and Methods

The protocol of this cross-sectional study was approved by the local ethics committee
(reference number: 965/290618) and all participants gave their written informed consent.
All adult patients who visited the sleep clinic in our hospital from September 2010 to
September 2020 and consented to participate were considered eligible and were included in
the analysis. The patients were divided by their smoking history as current smokers (adults
who have smoked 100 cigarettes in their lifetime and who currently smoke cigarettes),
former smokers (adults who have smoked at least 100 cigarettes in their lifetime but
who had quit smoking at the time of interview) and never smokers (adults who have
never smoked or who have smoked less than 100 cigarettes in their lifetime), according
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to the definitions of the National Health Interview Survey (NHIS) of the US Centers for
Disease Control and Prevention (CDC) [27]. Current smokers and former smokers were
also grouped together, creating the group of ever smokers. Eventually, 4347 participants
(1498 never smokers, 1480 former smokers and 1369 current smokers) were included in
the analysis.

The baseline characteristics of the participants were recorded and included their
age, gender, family status, body mass index (BMI), neck, waist and hip circumference,
Malampati score, SaO2, heart rate and arterial blood pressure. The participants answered
a questionnaire about their smoking status, i.e., their smoking history, the number of
cigarettes smoked per day and the number of packyears. The medical history of the
participants was also recorded (alcohol consumption, cardiovascular, respiratory, metabolic
and psychiatric co-morbidities). In addition, questionnaires about night-time sleep and
nap duration, sleep latency, questions regarding possible sleep disturbances (the existence
of nightmares, sleep talking, abnormal movements, restless sleep or leg movements) and
about OSA-related symptoms (dry mouth, morning fatigue, bad mood, headaches, heavy
head, memory loss, dropping thing from hands, needing a passenger when driving to be
kept awake, snoring frequency and loudness, choking–breathing pauses during sleep and
night awakenings) were completed. Epworth sleepiness scale (ESS) [28], Berlin and STOP
bang questionnaires [29,30], Athens insomnia scale (AIS) [31] and Rosenberg self-esteem
scale [32] were also included

All patients that participated in the study were subjected to sleep studies: 186 under-
went full polysomnography (PSG) (type 1 sleep study, including: electroencephalogram
(EEG), electrooculogram (EOG), electromyogram (EMG), electrocardiogram (ECG), airflow,
respiratory effort and oxygen saturation measurements) and the rest polygraphy (type
3 sleep study, including: respiratory movement, airflow, pulse rate and oxygen saturation
measurements) [33]. The sleep studies were manually scored according to the American
Academy of Sleep Medicine (AASM) criteria [34], by sleep technicians with more than
3 years of experience. Apnea hypopnea index (AHI) was used to evaluate OSA sever-
ity (no OSA: AHI < 5, mild OSA: AHI 5–15, moderate OSA: AHI 15–30, severe OSA:
AHI > 30) [35,36].

Statistical analysis was performed using SPSS (version 20 IBM SPSS statistical software,
Armonk, NY, USA). Continuous variables were presented as mean ± SD and categorical
variables as number/total (%). p < 0.05 was accepted as statistically significant. To separate
parametric from non-parametric variables, normality tests using the Kolmogorov–Smirnov
test were performed. To detect significant differences between current, former and never
smokers, a one-way ANOVA or a Kruskal–Wallis test was performed for parametric and
non-parametric variables, respectively, followed by a post hoc analysis between pairs of
groups, using the Bonferroni test or the Mann–Whitney U test for parametric and non-
parametric variables, respectively. An independent samples T test or Mann–Whitney U test
was performed for parametric and non-parametric variables, respectively, in order to detect
significant differences between ever and never smokers. To detect significant differences
for categorical variables, between current, former and never smokers or between ever and
never smokers, a Chi-Square Test, using the Fisher’s exact test where appropriate, was
performed. A post hoc analysis, using the same tests, was performed between the pairs
of groups of current, former and never smokers. Finally, to compare AHI among possible
answers regarding abnormal sleep behaviors between ever and never smokers, the same
parametric or non-parametric tests for continuous variables were used, where appropriate,
in the same way as previously described.

3. Results

Comparison between former and current smokers showed that former smokers had
a history of consumption of a significantly greater number of cigarettes per day and
pack/years and that former smokers had quit 4.36 ± 7.84 years before study enrollment.
Although former smokers were significantly older than never smokers, no significant
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age differences were established between ever and never smokers (53.3 ± 12.7 years
vs. 53.7 ± 14.9 years, p = 0.26). The group of ever smokers included significantly more
males compared to never smokers (78.1% vs. 58.6%, p < 0.001) with significantly higher
BMI and larger neck and waist, but not hip, circumference (Table 1). Ever smokers were
consuming more alcohol (p < 0.001) and suffered more frequently from diabetes mellitus
(16.9% vs. 14.0%, p = 0.012), coronary heart disease (13.2% vs. 6.2%, p < 0.001), acute
myocardial infarction (3.6% vs. 1.1%, p < 0.001), hyperlipidemia (18.0% vs. 15.0%, p = 0.014)
and pulmonary disease (10.0% vs. 5.3%, p < 0.001), while the opposite was true for
hypothyroidism (10.0% vs. 16.5%, p < 0.001) (Table 2).

Table 1. Baseline characteristics.

Characteristic
Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Age (years) 53.7 ± 14.9
(N = 1493)

57.5 ± 12.0
(N = 1478)

48.7 ± 11.7
(N = 1364) <0.001 53.7 ± 14.9

(N = 1493)
53.3 ± 12.7
(N = 2842) 0.26

Gender
Female 619/1495

(41.4%)
322/1368
(23.5%)

301/1480
(20.3%)

<0.001

619/1495
(41.4%)

623/2848
(21.9%)

<0.001
Male 876/1495

(58.6%)
1046/1368

(76.5%)
1179/1480

(79.7%)
876/1495
(58.6%)

2225/2848
(78.1%)

Family
status

Single 213/1213
(17.6%)

115/1199
(9.6%)

226/1157
(19.5%)

<0.001

213/1213
(17.6%)

341/2356
(14.5%)

0.013Married 969/1213
(79.9%)

1047/1199
(87.3%)

874/1157
(75.5%)

969/1213
(79.9%)

1921/2356
(81.5%)

Divorced 31/1213
(2.6%)

37/1199
(3.1%)

54/1157
(4.7%)

31/1213
(2.6%)

91/2356
(3.9%)

Cigarettes per day n/a 30.2 ± 19.9
(N = 1011)

21.5 ± 13.4
(N = 1345) <0.001 n/a 25.3 ± 17.1

(N = 2356) n/a

Packyears n/a 42.6 ± 38.0
(N = 1011)

32.4 ± 25.0
(N = 1345) <0.001 n/a 36.8 ± 31.6

(N = 2356) n/a

BMI (kg/m2) 32.9 ± 7.3
(N = 1451)

33.8 ± 6.9
(N = 1445)

33.1 ± 7.2
(N = 1350) 0.002 32.9 ± 7.3

(N = 1451)
33.5 ± 7.1
(N = 2795) 0.024

Neck circumference
(cm)

41.1 ± 7.1
(N = 959)

42.6 ± 6.3
(N = 956)

41.9 ± 6.8
(N = 921) <0.001 41.1 ± 7.1

(N = 959)
42.2 ± 6.5
(N = 1877) <0.001

Waist circumference
(cm)

110.7 ± 18.0
(N = 820)

112.4 ± 18.3
(N = 828)

114.9 ± 16.2
(N = 793) <0.001 110.7 ± 18.0

(N = 820)
113.7 ± 17.3
(N = 1621) <0.001

Hip circumference (cm) 112.3 ± 15.4
(N = 776)

113.5 ± 13.8
(N = 784)

112.1 ± 15.9
(N = 751) 0.16 112.3 ± 15.4

(N = 776)
112.8 ± 14.9
(N = 1535) 0.49

Malampati score 2.7 ± 0.7
(N = 95)

2.8 ± 0.6
(N = 92)

2.8 ± 0.6
(N = 104) 0.64 2.7 ± 0.7

(N = 95)
2.8 ± 0.6
(N = 196) 0.39

SaO2 (%) 96.4 ± 2.2
(N = 981)

95.9 ± 2.9
(N = 999)

96.3 ± 1.8
(N = 937) <0.001 96.4 ± 2.2

(N = 981)
96.1 ± 2.5
(N = 1936) <0.001

Heart rate
(beats/minute)

80.0 ± 13.5
(N = 980)

78.8 ± 13.0
(N = 996)

82.3 ± 13.0
(N = 933) <0.001 80.0 ± 13.5

(N = 980)
80.5 ± 13.1
(N = 1929) 0.38

Systolic blood
pressure (mmHg)

125.5 ± 17.1
(N = 273)

127.9 ± 15.5
(N = 312)

125.5 ± 16.8
(N = 262) 0.12 125.5 ± 17.1

(N = 273)
126.8 ± 16.2

(N = 574) 0.29

Diastolic blood
pressure (mmHg)

76.3 ± 9.7
(N = 272)

77.5 ± 10.0
(N = 309)

77.2 ± 10.3
(N = 261) 0.34 76.3 ± 9.7

(N = 272)
77.4 ± 10.2
(N = 570) 0.16

N = number, n/a = not applicable, m = meters, Kg = kilograms, cm = centimeters, mmHg = millimeters of Mercury.
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Table 2. Co-morbidities.

Co-Morbidity
Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Alcohol

Almost
never

685/1469
(46.6%)

442/1452
(30.4%)

386/1343
(28.7%)

<0.001

685/1469
(46.6%)

828/2795
(29.6%)

<0.001

A few
times per

month

685/1469
(46.6%)

829/1452
(57.1%)

729/1343
(54.3%)

685/1469
(46.6%)

1558/2795
(55.7%)

1–2 times
per week

57/1469
(3.9%)

83/1452
(5.7%)

109/1343
(8.1%)

57/1469
(3.9%)

192/2795
(6.9%)

3–5 times
per week

23/1469
(1.6%)

53/1452
(3.7%)

67/1343
(5.0%)

23/1469
(1.6%)

120/2795
(4.3%)

Every day 19/1469
(1.3%)

45/1452
(3.1%)

52/1343
(3.9%)

19/1469
(1.3%)

97/2795
(3.5%)

Hypertension 630/1498
(42.1%)

683/1480
(46.1%)

450/1369
(32.9%) <0.001 630/1498

(42.1%)
1133/2849

(39.8%) 0.14

Diabetes Mellitus 209/1498
(14.0%)

311/1480
(21.0%)

170/1369
(12.4%) <0.001 209/1498

(14.0%)
481/2849
(16.9%) 0.012

Coronary disease 93/1498
(6.2%)

266/1480
(18.0%)

109/1369
(8.0%) <0.001 93/1498

(6.2%)
375/2849
(13.2%) <0.001

Acute myocardial
infarction

17/1498
(1.1%)

68/1480
(4.6%)

33/1369
(2.4%) <0.001 17/1498

(1.1%)
101/2849

(3.6%) <0.001

Heart failure 12/1498
(0.8%)

19/1480
(1.3%)

5/1369
(0.4%) 0.026 12/1498

(0.8%)
24/2849
(0.8%) 0.89

Arrythmia 195/1498
(13.0%)

256/1480
(17.3%)

122/1369
(8.9%) <0.001 195/1498

(13.0%)
378/2849
(13.3%) 0.82

Hyperlipidemia 225/1498
(15.0%)

309/1480
(20.9%)

203/1369
(14.8%) <0.001 225/1498

(15.0%)
512/2849
(18.0%) 0.014

Ischemic stroke 41/1498
(2.7%)

47/1480
(3.2%)

39/1369
(2.9%) 0.76 41/1498

(2.7%)
86/2849
(3.0%) 0.60

Pulmonary disease 79/1498
(5.3%)

193/1480
(13.0%)

93/1369
(6.8%) <0.001 79/1498

(5.3%)
286/2849
(10.0%) <0.001

Hypothyroidism 247/1498
(16.5%)

168/1480
(11.4%)

117/1369
(8.6%) <0.001 247/1498

(16.5%)
285/2849
(10.0%) <0.001

Depression 27/1498
(1.8%)

31/1480
(2.1%)

45/1369
(3.3%) 0.023 27/1498

(1.8%)
76/2849
(2.7%) 0.08

From the data from sleep questionnaires, never smokers presented significantly higher
night-sleep duration compared to ever smokers (3.18 ± 0.78 h vs. 3.13 ± 0.77 h, p = 0.044),
who, on the other hand, presented longer nap duration (2.95 ± 0.58 h vs. 2.86 ± 0.61 h,
p < 0.001). Never smokers had higher self-esteem, with a significantly higher score in
the Rosenberg self-esteem scale (22.2 ± 4.8 vs. 21.8 ± 4.8, p = 0.035). Berlin and STOP
Bang questionnaires predicted higher risk for OSAHS in ever smokers compared to never
smokers (87.1% vs. 84.6%, p = 0.024 and 96.2% vs. 93.0%, p < 0.001, respectively). However,
there were no significant differences between the two groups regarding ESS and AIS
(p = 0.13, p = 0.83, respectively). Yet, ever smokers, compared to never smokers, presented
significantly more frequent episodes of sleep talking (30.8% vs. 26.6%, p = 0.004), abnormal
movements (31.1% vs. 27.7%, p = 0.021), restless sleep (59.1% vs. 51.6%, p < 0.001) and leg
movements (p = 0.002), especially the group of current smokers (Table 3) (p < 0.001 for all
comparisons between never and current smokers in the post hoc analysis).
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Table 3. Sleep symptoms and sleep questionnaires according to the smoking status of the participants.

Characteristic

Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Epworth sleepiness scale 9.6 ± 4.7
(N = 1473)

9.9 ± 4.5
(N = 1459)

9.7 ± 4.7
(N = 1352) 0.23 9.6 ± 4.7

(N = 1473)
9.8 ± 4.6

(N = 2811) 0.13

Athens insomnia scale 17.1 ± 5.5
(N = 1241)

17.0 ± 5.6
(N = 1250)

17.2 ± 5.2
(N = 1181) 0.66 17.1 ± 5.5

(N = 1241)
17.1 ± 5.4
(N = 2431) 0.83

Rosenberg self-esteem scale 22.2 ± 4.8
(N = 758)

22.1 ± 4.8
(N = 788)

21.5 ± 4.8
(N = 806) 0.003 22.2 ± 4.8

(N = 758)
21.8 ± 4.8
(N = 1594) 0.035

Berlin
questionnaire

Low risk 226/1469
(15.4%)

181/1452
(12.5%)

179/1344
(13.3%)

0.06

226/1469
(15.4%)

360/2796
(12.9%)

0.024
High risk 1243/1469

(84.6%)
1271/1452

(87.5%)
1165/1344

(86.7%)
1243/1469

(84.6%)
2436/2796

(87.1%)

Stop bang
questionnaire

Low risk 66/939
(7.0%)

43/900
(4.8%)

27/938
(2.9%)

<0.001

66/939
(7.0%)

70/1838
(3.8%)

<0.001
High risk 873/939

(93.0%)
857/900
(95.2%)

911/938
(97.1%)

873/939
(93.0%)

1768/1838
(96.2%)

Nightmares 430/1498
(28.7%)

412/1480
(27.8%)

378/1369
(27.6%) 0.79 430/1498

(28.7%)
790/2849
(27.7%) 0.50

Sleep talking 398/1498
(26.6%)

421/1480
(28.5%)

456/1369
(33.3%) <0.001 398/1498

(26.6%)
877/2849
(30.8%) 0.004

Abnormal movements
during sleep

415/1498
(27.7%)

433/1480
(29.3%)

452/1369
(33.0%) 0.006 415/1498

(27.7%)
885/2849
(31.1%) 0.021

Restless sleep 773/1498
(51.6%)

872/1480
(58.9%)

811/1369
(59.2%) <0.001 773/1498

(51.6%)
1683/2849

(59.1%) <0.001

Legs
movements

Do not
know

60/1481
(4.1%)

58/1462
(4.0%)

54/1357
(4.0%)

<0.001

60/1481
(4.1%)

112/2819
(4.0%)

0.002

Never 402/1481
(27.1%)

384/1462
(26.3%)

326/1357
(24.0%)

402/1481
(27.1%)

710/2819
(25.2%)

Rarely 93/1481
(6.3%)

91/1462
(6.2%)

105/1357
(7.7%)

93/1481
(6.3%)

196/2819
(7.0%)

Sometimes 447/1481
(30.2%)

405/1462
(27.7%)

327/1357
(24.1%)

447/1481
(30.2%)

732/2819
(26.0%)

Usually 407/1481
(27.5%)

440/1462
(30.1%)

439/1357
(32.4%)

407/1481
(27.5%)

879/2819
(31.2%)

Always 72/1481
(4.9%)

84/1462
(5.8%)

106/1357
(7.8%)

72/1481
(4.9%)

190/2819
(6.7%)

In terms of OSA-related symptoms, there were no differences between ever and never
smokers in the presence of symptoms, such as dry mouth, morning fatigue, bad mood,
memory loss or dropping things from hands. Never smokers declared significantly more
frequent headaches and/or heavy head compared to ever smokers (p < 0.001 in both),
while the opposite applied for the need of the presence of a passenger when driving to
be kept awake (19.9% vs. 15.4%, p < 0.001). Ever smokers also presented significantly
more frequent breathing pauses during sleep (p = 0.011), while their snoring was louder
(p = 0.008), especially the current smokers (Table 4).
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Table 4. Sleep-apnea-related symptoms according to the smoking status of the participants.

Symptom
Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Dry mouth

Do not
Know

2/1479
(0.1%)

4/1465
(0.3%)

2/1360
(0.2%)

0.74

2/1479
(0.1%)

6/2825
(0.2%)

0.55

Almost
never

411/1479
(27.8%)

423/1465
(28.9%)

388/1360
(28.5%)

411/1479
(27.8%)

811/2825
(28.7%)

1–2 times
per month

14/1479
(1.0%)

12/1465
(0.8%)

6/1360
(0.4%)

14/1479
(1.0%)

18/2825
(0.6%)

1–2 times
per week

19/1479
(1.3%)

28/1465
(1.9%)

24/1360
(1.8%)

19/1479
(1.3%)

52/2825
(1.8%)

3–4 times
per week

38/1479
(2.6%)

38/1465
(2.6%)

29/1360
(2.1%)

38/1479
(2.6%)

67/2825
(2.4%)

Daily 995/1479
(67.3%)

960/1465
(65.5%)

911/1360
(67.0%)

995/1479
(67.3%)

1871/2825
(66.2%)

Morning
fatigue

Do not
Know

1/1483
(0.1%)

4/1467
(0.3%)

2/1361
(0.2%)

0.035

1/1483
(0.1%)

6/2828
(0.2%)

0.38

Almost
never

416/1483
(28.1%)

468/1467
(31.9%)

369/1361
(27.1%)

416/1483
(28.1%)

837/2828
(29.6%)

1–2 times
per month

15/1483
(1.0%)

21/1467
(1.4%)

16/1361
(1.2%)

15/1483
(1.0%)

37/2828
(1.3%)

1–2 times
per week

47/1483
(3.2%)

39/1467
(2.7%)

29/1361
(2.1%)

47/1483
(3.2%)

68/2828
(2.4%)

3–4 times
per week

63/1483
(4.3%)

64/1467
(4.4%)

46/1361
(3.4%)

63/1483
(4.3%)

110/2828
(3.9%)

Daily 941/1483
(63.5%)

871/1467
(59.4%)

899/1361
(66.1%)

941/1483
(63.5%)

1770/2828
(62.6%)

Bad mood

Almost
never

414/1483
(27.9%)

469/1467
(32.0%)

369/1361
(27.1%)

0.034

414/1483
(27.9%)

838/2828
(29.6%)

0.60

1–2 times
per month

17/1483
(1.2%)

21/1467
(1.4%)

15/1361
(1.1%)

17/1483
(1.2%)

36/2828
(1.3%)

1–2 times
per week

48/1483
(3.2%)

38/1467
(2.6%)

35/1361
(2.6%)

48/1483
(3.2%)

73/2828
(2.6%)

3–4 times
per week

70/1483
(4.7%)

67/1467
(4.6%)

53/1361
(3.9%)

70/1483
(4.7%)

120/2828
(4.2%)

Almost
daily

933/1483
(62.9%)

868/1467
(59.2%)

889/1361
(65.3%)

933/1483
(62.9%)

1757/2828
(62.1%)

Daily 1/1483
(0.1%)

4/1467
(0.3%)

0/1361
(0.0%)

1/1483
(0.1%)

4/2828
(0.1%)

Headache

Do not
Know

3/1483
(0.2%)

1/1467
(0.1%)

0/1360
(0.0%)

<0.001

3/1483
(0.2%)

1/2827
(0.0%)

<0.001

Almost
never

841/1483
(56.7%)

942/1467
(64.2%)

845/1360
(62.1%)

841/1483
(56.7%)

1787/2827
(63.2%)

1–2 times
per month

68/1483
(4.6%)

52/1467
(3.6%)

41/1360
(3.0%)

68/1483
(4.6%)

93/2827
(3.3%)

1–2 times
per week

75/1483
(5.1%)

73/1467
(5.0%)

90/1360
(6.6%)

75/1483
(5.1%)

163/2827
(5.8%)

3–4 times
per week

109/1483
(7.4%)

81/1467
(5.5%)

69/1360
(5.1%)

109/1483
(7.4%)

150/2827
(5.3%)

Daily 387/1483
(26.1%)

318/1467
(21.7%)

315/1360
(23.2%)

387/1483
(26.1%)

633/2827
(22.4%)
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Table 4. Cont.

Symptom
Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Heavy head

Do not
Know

2/1482
(0.1%)

2/1467
(0.1%)

2/1361
(0.2%)

0.001

2/1482
(0.1%)

4/2828
(0.1%)

<0.001

Almost
never

827/1482
(55.8%)

928/1467
(63.3%)

841/1361
(61.8%)

827/1482
(55.8%)

1769/2828
(62.6%)

1–2 times
per month

67/1482
(4.5%)

47/1467
(3.2%)

34/1361
(2.5%)

67/1482
(4.5%)

81/2828
(2.9%)

1–2 times
per week

73/1482
(4.9%)

67/1467
(4.6%)

77/1361
(5.7%)

73/1482
(4.9%)

144/2828
(5.1%)

3–4 times
per week

111/1482
(7.5%)

89/1467
(6.1%)

68/1361
(5.0%)

111/1482
(7.5%)

157/2828
(5.6%)

Daily 402/1482
(27.1%)

334/1467
(22.8%)

339/1361
(24.9%)

402/1482
(27.1%)

673/2828
(23.8%)

Need a passenger when
driving to be kept awake

231/1498
(15.4%)

299/1480
(20.2%)

269/1369
(19.7%) 0.001 231/1498

(15.4%)
568/2849
(19.9%) <0.001

Snoring
frequency

Never 15/1498
(1.0%)

14/1480
(1.0%)

9/1369
(0.7%)

0.31

15/1498
(1.0%)

23/2849
(0.8%)

0.20

Almost
never

46/1498
(3.1%)

44/1480
(3.0%)

25/1369
(1.8%)

46/1498
(3.1%)

69/2849
(2.4%)

1–2 times
per month

5/1498
(0.3%)

3/1480
(0.2%)

3/1369
(0.2%)

5/1498
(0.3%)

6/2849
(0.2%)

1–2 times
per week

9/1498
(0.6%)

3/1480
(0.2%)

6/1369
(0.4%)

9/1498
(0.6%)

9/2849
(0.3%)

3–4 times
per week

13/1498
(0.9%)

7/1480
(0.5%)

7/1369
(0.5%)

13/1498
(0.9%)

14/2849
(0.5%)

Every
night

1393/1498
(93.0%)

1385/1480
(93.6%)

1296/1369
(94.7%)

1393/1498
(93.0%)

2681/2849
(94.1%)

Many
times per

night

17/1498
(1.1%)

24/1480
(1.6%)

23/1369
(1.7%)

17/1498
(1.1%)

47/2849
(1.7%)

Breathing
pauses

during sleep

Almost
never

171/1479
(11.6%)

137/1463
(9.4%)

123/1357
(9.1%)

0.06

171/1479
(11.6%)

260/2820
(9.2%)

0.011

1–2 times
per month

7/1479
(0.5%)

6/1463
(0.4%)

4/1357
(0.3%)

7/1479
(0.5%)

10/2820
(0.4%)

1–2 times
per week

15/1479
(1.0%)

9/1463
(0.6%)

14/1357
(1.0%)

15/1479
(1.0%)

23/2820
(0.8%)

3–4 times
per week

28/1479
(1.9%)

16/1463
(1.1%)

21/1357
(1.6%)

28/1479
(1.9%)

37/2820
(1.3%)

Every
night

1056/1479
(71.4%)

1125/1463
(76.9%)

1036/1357
(76.4%)

1056/1479
(71.4%)

2161/2820
(76.6%)

Many
times per

night

202/1479
(13.7%)

170/1463
(11.6%)

159/1357
(11.7%)

202/1479
(13.7%)

329/2820
(11.7%)

Night
awakenings

Almost
never

315/1477
(21.3%)

255/1466
(17.4%)

365/1357
(26.9%)

<0.001

315/1477
(21.3%)

620/2823
(22.0%)

0.51

1–2 times
per month

12/1477
(0.8%)

16/1466
(1.1%)

16/1357
(1.2%)

12/1477
(0.8%)

32/2823
(1.1%)

1–2 times
per week

49/1477
(3.3%)

35/1466
(2.4%)

41/1357
(3.0%)

49/1477
(3.3%)

76/2823
(2.7%)

3–4 times
per week

1018/1477
(68.9%)

1074/1466
(73.3%)

881/1357
(64.9%)

1018/1477
(68.9%)

1955/2823
(69.3%)

Every
night

83/1477
(5.6%)

86/1466
(5.9%)

54/1357
(4.0%)

83/1477
(5.6%)

140/2823
(5.0%)
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From the data collected from the sleep studies, ever smokers had significantly higher
AHI and ODI compared to never smokers (34.4 ± 24.6 events/h vs. 31.7 ± 23.6 events/h,
p < 0.001 and 33.9 ± 25.0 events/h vs. 31.0 ± 23.9 events/h, p < 0.001) and significantly
lower mean SaO2 (91.8 ± 3.4% vs. 92.2 ± 3.9%, p < 0.001). Furthermore, they suffered more
frequently from moderate and severe OSAHS compared to never smokers (50.3% vs. 46.9%
and 26.2% vs. 24.8%, respectively), who were more frequently diagnosed with no or mild
disease (13.1% vs. 12.7% and 15.3% vs. 10.8%, respectively, p < 0.001) (Table 5).

Table 5. Sleep study parameters according to the smoking status of the participants.

Parameter
Smoking Status Ever Smoker

Never
Smoker

Former
Smoker

Current
Smoker p (Value) No Yes p (Value)

Total sleep time
(minutes)

270.1 ± 73.0
(N = 70)

239.3 ± 81.6
(N = 63)

248.3 ± 82.2
(N = 70) 0.07 270.1 ± 73.0

(N = 70)
244.0 ± 81.8

(N = 133) 0.022

% REM sleep time (%) 25.1 ± 14.0
(N = 63)

24.2 ± 14.5
(N = 58)

20.8 ± 12.1
(N = 65) 0.17 25.1 ± 14.0

(N = 63)
22.4 ± 13.4
(N = 123) 0.20

% Non-REM
sleep time (%)

74.9 ± 14.0
(N = 63)

75.8 ± 14.5
(N = 58)

79.2 ± 12.1
(N = 65) 0.17 74.9 ± 14.0

(N = 63)
77.6 ± 13.4
(N = 123) 0.20

Night sleep
duration (hours)

3.18 ± 0.78
(N = 1482)

3.15 ± 0.79
(N = 1465)

3.12 ± 0.76
(N = 1361) 0.06 3.18 ± 0.78

(N = 1482)
3.13 ± 0.77
(N = 2826) 0.044

Sleep latency (minutes) 12.19 ± 1.20
(N = 1480)

12.11 ± 1.16
(N = 1463)

12.12 ± 1.17
(N = 1359) 0.17 12.19 ± 1.20

(N = 1480)
12.12 ± 1.16
(N = 2822) 0.07

Nap duration (hours) 2.86 ± 0.61
(N = 895)

2.92 ± 0.59
(N = 975)

2.99 ± 0.56
(N = 806) <0.001 2.86 ± 0.61

(N = 895)
2.95 ± 0.58
(N = 1781) <0.001

AHI (events/hour) 31.7 ± 23.6
(N = 1498)

35.5 ± 23.8
(N = 1480)

33.3 ± 25.4
(N = 1369) <0.001 31.7 ± 23.6

(N = 1498)
34.4 ± 24.6
(N = 2849) <0.001

Central apneas
(events/hour)

0.7 ± 3.3
(N = 1488)

0.7 ± 2.6
(N = 1468)

0.5 ± 2.3
(N = 1355) 0.05 0.7 ± 3.3

(N = 1488)
0.6 ± 2.5

(N = 2823) 0.26

Mean SaO2 (%) 92.2 ± 3.9
(N = 1498)

91.6 ± 3.4
(N = 1480)

91.9 ± 3.3
(N = 1369) <0.001 92.2 ± 3.9

(N = 1498)
91.8 ± 3.4
(N = 2849) <0.001

Minimum SaO2 (%) 79.1 ± 9.8
(N = 1496)

78.0 ± 9.6
(N = 1477)

79.1 ± 9.5
(N = 1369) 0.001 79.1 ± 9.8

(N = 1496)
78.5 ± 9.6
(N = 2846) 0.08

ODI (events/hour) 31.0 ± 23.9
(N = 1498)

35.1 ± 24.6
(N = 1477)

32.7 ± 25.3
(N = 1368) <0.001 31.0 ± 23.9

(N = 1498)
33.9 ± 25.0
(N = 2845) <0.001

Mean apnea duration
(seconds)

22.1 ± 7.8
(N = 1201)

22.3 ± 7.1
(N = 1197)

21.6 ± 7.5
(N = 1127) 0.06 22.1 ± 7.8

(N = 1201)
22.0 ± 7.3
(N = 2324) 0.55

Maximum apnea
duration (seconds)

47.5 ± 24.0
(N = 985)

50.1 ± 24.6
(N = 991)

47.0 ± 23.0
(N = 936) 0.009 47.5 ± 24.0

(N = 985)
48.6 ± 23.9
(N = 1927) 0.22

OSA
diagnosis

Absent
(AHI < 5)

229/1498
(15.3%)

124/1480
(8.4%)

184/1369
(13.4%)

<0.001

229/1498
(15.3%)

308/2849
(10.8%)

<0.001

Mild
(AHI 5–15)

196/1498
(13.1%)

176/1480
(11.9%)

186/1369
(13.6%)

196/1498
(13.1%)

362/2849
(12.7%)

Moderate
(AHI

15–30)
371/1498
(24.8%)

394/1480
(26.6%)

352/1369
(25.7%)

371/1498
(24.8%)

746/2849
(26.2%)

Severe
(AHI > 30)

702/1498
(46.9%)

786/1480
(53.1%)

647/1369
(47.3%)

702/1498
(46.9%)

1433/2849
(50.3%)

N = number, REM = rapid eye movement, AHI = apnea hypopnea index, ODI = oxygen desaturation index,
OSA = obstructive sleep apnea–hypopnea syndrome.

Finally, in both ever and never smokers who reported increased frequency of leg move-
ments and other abnormal sleep behaviors, including sleep talking, abnormal movements
and restless sleep, AHI was significantly higher (p < 0.001 in all of them), with the exception
of nightmares (p = 0.52 in ever and p = 0.31 in never smokers) (Table 6).
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Table 6. Comparison of AHI and abnormal sleep behaviors according to smoking history.

Abnormal Sleep Behavior
Never Smokers Ever Smoker

AHI p (Value) AHI p (Value)

Nightmares
Yes 32.7 ± 23.6

(N = 430)
0.31

34.9 ± 25.3
(N = 790)

0.52
No 31.3 ± 23.6

(N = 1068)
34.2 ± 24.3
(N = 2059)

Sleep talking
Yes 36.9 ± 24.8

(N = 398)
<0.001

38.6 ± 25.9
(N = 877)

<0.001
No 29.8 ± 22.9

(N = 1100)
32.6 ± 23.7
(N = 1972)

Abnormal
movements
during sleep

Yes 35.4 ± 24.6
(N = 415)

<0.001

38.3 ± 25.9
(N = 885)

<0.001
No 30.3 ± 23.1

(N = 1083)
32.7 ± 23.8
(N = 1964)

Restless sleep
Yes 34.4 ± 24.3

(N = 773)
<0.001

36.6 ± 25.1
(N = 1683)

<0.001
No 28.9 ± 22.6

(N = 725)
31.3 ± 23.6
(N = 1166)

Legs
movements

Do not know 24.5 ± 20.4
(N = 60)

<0.001

28.8 ± 24.5
(N = 112)

<0.001

Never 27.1 ± 23.6
(N = 402)

31.0 ± 24.2
(N = 710)

Rarely 29.5 ± 22.7
(N = 93)

33.8 ± 23.9
(N = 196)

Sometimes 33.6 ± 23.5
(N = 447)

34.3 ± 22.7
(N = 732)

Usually 34.1 ± 22.7
(N = 407)

36.6 ± 25.3
(N = 879)

Always 41.6 ± 27.7
(N = 72)

41.8 ± 27.6
(N = 190)

4. Discussion

In this large-scale cross-sectional study, it was found that the severity of OSAHS
was significantly greater in ever smokers compared to never smokers; Berlin and STOP
Bang questionnaires predicted higher risk for OSAHS in ever smokers compared to never
smokers. Additionally, there was a significant correlation between positive smoking history
and sleep talking, and restless sleep and leg movements during sleep.

To the best of our knowledge, this is one of the largest observational studies—with
a total of 4347 participants—which investigated the relationship between smoking and
OSAHS. A recently published meta-analysis included a higher number of patients, but
the data were derived from 13 distinct studies, and each one included a lower number
of participants compared to ours [37]. Similar to previously published data, the present
study also found that AHI was significantly higher in ever smokers compared to never
smokers and that smoking is associated with OSA severity [9,13,37–39]. However, ESS and
minimum SaO2 did not differ between these two groups, whereas ODI and mean SaO2
did [37]. Excessive daytime sleepiness was not found to differ between the two groups,
which is in accordance with the fact that both groups presented similar prevalence in the
majority of OSA-related symptoms, such as morning fatigue, bad mood, memory loss and
falling asleep during reading.
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Another interesting finding in the present research was that OSAHS patients in the
ever-smoker group exhibited a significantly higher prevalence of co-morbidities, such
as diabetes mellitus, hyperlipidemia, coronary disease, acute myocardial infarction and
pulmonary disease. Previous studies have shown that untreated OSAHS, especially severe,
significantly increases the incidence of diabetes mellitus, ischemic heart disease and acute
myocardial infarction [40]. Therefore, smoking could contribute to the pathogenesis of
these diseases, both directly, with its well-known mechanisms of action on the vascular
endothelium, and indirectly, by increasing OSAHS severity.

Apart from OSAHS-related findings, this study also demonstrated that smoking had
an impact on other non-OSAHS-related sleep parameters. Previous studies have shown that
sleep quality might be worse in smokers, with increased sleep latency, higher prevalence
of awakenings and difficulty in waking up [14–16,41]. In our study, sleep latency and
reported awakenings did not differ significantly between ever and never smokers. However,
night-sleep duration was significantly shorter in ever smokers, who presented longer nap
duration during the daytime. These findings are in accordance with those of previous
studies [42,43] in populations other than OSAHS, who had not been evaluated for sleep
apnea with sleep studies. In addition to that, in the present study, abnormal sleep behaviors,
such as sleep talking, abnormal movements, restless sleep and leg movements during sleep,
were significantly more frequent in ever smokers and particularly in current smokers. This
phenomenon has been observed, with second-hand smoke exposure during pregnancy
or early childhood [20,21], or even with adult smoking [22–25], but not in all studies [26],
none of which included OSAHS patients. Furthermore, abnormal sleep behaviors have
also been related to increasing AHI [44–46]. Yet, to the best of our knowledge, our study
is the first one to demonstrate that in a population of patients with OSAHS, there might
be a significant correlation between positive smoking history and both abnormal sleep
behaviors and increasing AHI. Thus, it is plausible to suggest that there might be a positive
correlation between smoking history and abnormal sleep behaviors, not only directly but
also indirectly, by increased AHI in ever smokers.

This study presents several limitations. It is a cross-sectional study and one cannot
establish a cause-and-effect relationship between smoking and sleep disorders because
the temporal sequence between the two cannot be determined. Furthermore, there were
significant differences between ever and never smokers in baseline characteristics, such
as BMI, neck and waist circumference, that might be responsible for the more severe
presentation of OSAHS in these groups. Additional confounding factors contributing to
more severe OSAHS in the group of ever smokers include increased alcohol consumption
and a higher frequency of pulmonary and cardiovascular co-morbidities. On the other
hand, cardiovascular disease may be the result of the more severe presentation of OSAHS,
instead of the cause, creating a cause-and-effect loop. In any case, the population in our
study represents a “real-life” patient group, visiting a sleep clinic, and the results should be
interpreted under this spectrum. Another limitation is that full PSG was conducted in a
minority of patients, while the majority was assessed with type 3 sleep studies, preventing
a detailed evaluation of sleep architecture. Moreover, the presence of sleep behaviors was
not based on objective means, but was made subjectively by the patients or their partners,
leading to a potential recall bias.

Despite its limitations, the current study demonstrated a more severe presentation
of OSAHS in smokers, with more frequent metabolic and cardiovascular co-morbidities,
although it did not confirm the presence of the excessive daytime sleepiness of previous
studies in this group of patients. More importantly, to the best of our knowledge, this is
the first large-scale cross-sectional study that reported a significantly higher frequency of
different sleep behaviors in smokers compared to non-smokers in patients with OSAHS.
Hence, taking into consideration the findings of this study, the term “smoking obstructive
sleep apnea” could be considered as a distinctive phenotype [38]. Future studies, more
focused on additional sleep symptoms and disorders, are necessary in order to evaluate, in
more detail, smoking-induced disturbed sleep patterns.
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Abstract: Obstructive sleep apnea (OSA) is a serious and often underreported condition, despite
its highly prevalent distribution. Primary care physicians (PCPs) play an integral role in screening
and managing patients with a high risk of developing OSA. This northern Saudi Arabian cross-
sectional survey assessed the knowledge and attitude towards OSA among 264 randomly selected
PCPs using the OSA Knowledge and Attitude (OSAKA) questionnaire. Among the participating
PCPs, 43.9% and 45.1% had low scores in the knowledge and attitude categories, respectively. More
than three-fourths (78%) of them recognized that an overnight sleep study is the gold standard
for diagnosing OSA. Regarding referral, 39.4% of the OSA patients encountered by the PCPs were
referred to ENT specialists, while 21% were referred to sleep clinics, and 18.2% were referred to
pulmonologists. Nearly half (50.8%) of the participants recognized OSA as an important clinical
disease, and 56.8% were confident in caring for OSA patients. Spearman’s correlation of the current
study identified a positive correlation between knowledge scores and attitude scores (rho—0.151,
p = 0.017). It is important to improve PCPs’ knowledge regarding OSA and the necessity for referral
through different training methods. Furthermore, the study findings emphasize the need to include
appropriate OSA programs and continuing medical education for PCPs.

Keywords: primary care physicians; Saudi; knowledge; attitude; obstructive sleep apnea; referral

1. Introduction

Sleep disorders are major public health issues, and their prevalence is increasing
both in Saudi Arabia and globally [1,2]. Previous studies from Saudi Arabia observed a
high prevalence of obstructive sleep apnea (OSA) among the general Saudi population,
around 9%, and much higher among the special segment population, such as pregnant
women. In general, the prevalence of OSA was higher in males than females [3–6]. This
high prevalence of OSA correlates with the increasing obesity prevalence of about 35.6%
among Saudi Arabians [3].

Sleep disruption is correlated with various daytime symptoms, such as daytime
sleepiness, fatigue, and poor concentration. Furthermore, sufferers of OSA face higher
risks of obesity and diabetes, as well as serious complications such as cardiovascular and
cerebrovascular events [7,8]. A recent analysis estimated that 936 million individuals of
both genders aged 30–69 years were found to have obstructive sleep apnea worldwide [9].
In Saudi Arabia, clinically diagnosed sleep apnea affects 8.5% of the population [3].
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OSA is a serious and often underreported condition, despite its highly prevalent
distribution. OSA’s rising prevalence is progressively emerging as a global health epidemic,
primarily as a result of the prevailing obesity epidemic [10]. A recent systematic review
of 24 studies reported a wide range of OSA prevalence (apnea–hypopnea index, AHI ≥ 5)
ranging from 9 to 38% [11]. Moreover, Chung et al. suggested that primary care physi-
cians (PCPs) had insufficient knowledge of OSA, resulting in the underestimation and
underdiagnosis of OSA [12].

PCPs are integral in screening and managing patients with several diseases, including
OSA [13]. Patients with OSA symptoms often present in primary health care settings such as
primary health centers (PHC) [14,15]. As such, many studies have been performed to assess
PCPs’ knowledge, attitude, and practice (KAP) regarding OSA, which showed variable
results ranging from good to poor knowledge and attitudes. Furthermore, the ability to
manage OSA among PCPs, even in those with good knowledge, was inadequate [14,16].

Several studies have been conducted to evaluate physicians’ knowledge of OSA in sev-
eral respects. Knowledge scores varied according to different specialties, where the highest
score of 88.9% was seen among otolaryngology-head and neck surgery residents [17] and
the lowest score of 64% was seen in PCPs [14]. Furthermore, Al-Khafaji et al., 2021, reported
that higher knowledge scores were accomplished by physicians who have access to sleep
centers (13.2 SD 2.2, p < 0.001) [16]. In a previous study in Saudi Arabia, Al-Saleem et al.,
2020, estimated PCPs’ knowledge level of OSA from the Al-Hasa region, which was about
55% [18].

The steps used to reach the diagnosis and initiation of treatment of OSA usually start
in a PHC setting, followed by referral to secondary care, as OSA usually requires specialist
input [19]. Devani et al., 2020, introduced a model for collaboration across primary and
secondary care for patients with suspected OSA. This pathway allows patients to undergo a
preliminary assessment and receive a sleep study device at a PHC setting while maintaining
specialist input through a virtual multidisciplinary team [19].

Many studies have emphasized the importance of assessing PCPs’ knowledge re-
garding OSA [15,16]. Therefore, investigating the gaps in this knowledge is important
in the design of educational strategies. There is a wide variation in sociocultural and
health-related characteristics among the Saudi population, as well as in different regions.
Furthermore, most training programs are conducted in major cities. Hence, PCPs in the
northern region might not have sufficient opportunities to attend the required training
programs related to obesity and OSA. There has been an alarming increase in the preva-
lence of obesity in the Middle East, and OSA is one of the major complications that needs
timely attention from PCPs. From our extensive literature search in major databases, the
authors could not find sufficient data in this context in the northern regions of Saudi Arabia.
Considering the need for region-specific data for formulating a necessary policy for the
required training program related to OSA, the present study was conducted. The current
study explores the knowledge and attitude towards OSA among PCPs in the northern
regions of Saudi Arabia.

2. Materials and Methods
2.1. Study Description

The present survey is an analytical, cross-sectional study that was carried out in PHC
settings in the Aljouf, Northern Borders, and Tabuk regions of Saudi Arabia. PCPs (i.e.,
general practitioners, family doctors, and family residents) were invited to participate in
the study. This study was carried out from 1 February 2022 to 30 August 2022.

2.2. Inclusion and Exclusion Criteria

All PCPs working at PHCs in these regions and willing to participate in the study
were included in the study. The PCPs who were on vacation and unwilling to participate
were excluded from the study.
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2.3. Sample Size

The present study utilized Cochran’s sample size equation (n = z2 pq/e2), a widely
used sample size estimation formula [20]. The sample size was calculated based on the
level of sufficient knowledge of OSA among PCPs, representing 50% with a 5% margin
of error and 95% confidence interval, as well as 80% power for the study. The estimated
sample size was 384 participants. However, after applying it to the total number of PCPs in
these three regions (a finite population), the final estimated minimum required sample size
was 264. A systematic random sampling strategy was incorporated to select the necessary
participants. The sampling strategy utilized in the present cross-sectional study is described
in the flow chart below (Figure 1).
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2.4. Data Collection

We collected data after obtaining an ethical approval letter from a regional health
affairs ethics committee (Qurrayat, Wide approval no. 120). All the PCPs agreed to
participate in the present study through informed consent. This study was conducted using
a self-administered questionnaire comprising two parts.

2.4.1. Part I: Personal Information

This part of the questionnaire contains sociodemographic data, including age, gender,
nationality, highest qualification, current position, years in practice, number of OSA cases
encountered during the past year, and the referring department.

2.4.2. Part II: The Obstructive Sleep Apnea Knowledge and Attitude
(OSAKA) Questionnaire

We used the English version of the OSAKA questionnaire to assess PCPs’ knowledge
and attitudes towards OSA. This data-collection instrument was initially constructed and
validated in the United States to assess physicians’ knowledge and attitudes regarding the
identification and management of patients with OSA [21]. The OSAKA questionnaire is
a self-administered survey that takes only a few minutes to complete. It comprises the
following parts:
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The first part: This contains eighteen questions that assess five domains (epidemiology,
pathophysiology, symptoms, diagnosis, and treatments). Knowledge items are presented
as yes, no, and do not know options. The score for the correct answer was given as one; the
other choices were marked as zero.

The second part: This constituted five items. The first is developed to measure the
importance of OSA as an important clinical disease. The second item assessed the impor-
tance of identifying OSA patients by their PCPs. The remaining three items measured the
self-confidence of PCPs in the management of OSA patients. The participants responded
to these three items on a 5-point Likert scale, ranging from 1 to 5 (1—strongly disagree to
5—strongly agree). Both knowledge and attitude scores were further classified into low
(<60% of the overall score), average (60 to 79% of the overall score), and high (≥80% of the
overall score). This category was included according to Bloom’s criteria and has been used
by several studies in the past [22,23].

2.5. Statistical Analysis

We used the statistical package for social sciences (SPSS), V.21 (IBM, SPSS Inc., Chicago,
IL, USA) for data entry, coding, and analysis. The present study used frequency with
proportion to show categorical data and mean and median to depict quantitative data. The
Shapiro–Wilk test was used to test the data’s normality assumption. We applied Spearman’s
analysis to find the correlation between knowledge and attitude scores. Furthermore, we
executed a Chi-square test for categorical background characteristics of the PCPs and a
Wilcoxon rank sum test for age and practice duration of the PCPs to find the association
between the knowledge categories. We have set the p-value of less than 0.05 as a significant
value. Finally, all of the statistical tests that were run were two-tailed.

3. Results

The total number of PCPs who participated in this study was 264, and these partici-
pants were selected using a systematic sampling strategy. The present survey’s participants’
demographic characteristics and education details are described in Table 1. Among the
PCPs who participated, 48.1% were males and 51.9% were females, with a mean (SD) age
of 33 (8.01). Nearly half (47.7%) of them had only undergraduate (MBBS) qualifications,
and 57.9% of them were residents with a mean (SD) practice duration of 8 (6.6) years.

Table 1. Demographics and participants’ characteristics (n = 264).

Characteristic Frequency Percentage

Gender
Male 127 48.1
Female 137 51.9
Age in years, mean (SD) 33 (8.01)
Regions
Aljouf 59 22.3
Tabuk 89 33.7
Northern border 116 43.9
Latest qualification
MBBS 126 47.7
MD 69 26.1
Board certified 42 15.9
Others 27 10.2
Current position
Residents 153 57.9
Specialists/Registrars 63 23.9
Consultants 48 18.2
Practice duration in years, mean (SD) 8 (6.6)
Rate OSA Cases encountered Mean (SD) 2.63 (2.22)
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Regarding referral patterns, 104 (39.4%) OSA patients encountered by the physicians
were referred to ENT specialists, 21.0% were referred to a sleep clinic, and 18.2% of patients
were referred to pulmonologists (Table 2).

Table 2. Referral patterns of primary care physicians (n = 264).

Specialty Frequency Percentage

ENT 104 39.4
Sleep clinic 57 21.0
Respiratory 48 18.2
Neurology 13 4.9
Pediatrics 4 1.5
Others 25 9.5
None 13 4.9

Figure 2 shows the categories of knowledge and attitude scores, as per Bloom’s
category. Among the sampled physicians, 43.9% had a low score in knowledge, while 18.9%
had high scores. Regarding attitude, 45.1% had a low score and only 2.7% had a high score.
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Table 3 depicts the proportion of correct answers given by the studied PCPs. The
current survey found that the highest proportion of the correct answer was found for the
statement “In children, adenoids and large tonsils most commonly cause OSA (81.8%)”,
followed by the statement “Snoring is present in most of the patients with OSA (81.4%)”,
and “An overnight sleep study is a gold standard for diagnosing OSA (78.0%)”.
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Table 3. Proportion of correct answers given by the study participants for each knowledge sec-
tion item.

Question
Number OSAKA Questions

Correct
Answer
n (%)

1 Females with OSA (obstructive sleep apnea) may have only fatigue 149 (56.45)
2 Uvulopalatopharyngoplasty is a cure for most patients with OSA 130 (50.8)
3 Adult OSA prevalence is estimated to be between 2 and 10% 108 (40)
4 Snoring is present in most of the patients with OSA 215 (81.4)
5 OSA has an association with hypertension 175 (66.3)
6 The gold standard for the diagnosis of OSA is overnight sleep study 206 (78)
7 CPAP therapy may lead to nasal congestion 163 (61.7)
8 Laser-assisted uvuloplasty is an appropriate treatment for severe OSA 134 (50.8)
9 OSA may be due to a loss of upper airway muscle tone during sleep 184 (69.7)
10 In children, adenoids and large tonsils most commonly cause OSA 216 (81.8)

11 A useful examination in suspected OSA is a craniofacial and oropharyngeal
examination 193 (73.1)

12 Alcohol at bedtime improves OSA 81 (30.7)

13 Untreated OSA has an association with a higher incidence of car related
accidents 180 (68.2)

14 A collar size greater than 17 is associated with OSA in males 108 (40.9)
15 Females suffer from OSA more than males 141 (53.4)
16 CPAP is the first therapy for severe OSA 92 (34.8)
17 In adults, it is normal to have five apneas or hypopneas in one hour 95 (36)

18 There may be an association between untreated OSA and arrhythmias of
the heart 171 (64.8)

Median (IQR) of the correct answer (%) in the knowledge category 59.14
(33.3%)

When assessing the association between PCPs’ sociodemographic and background
characteristics, we found a significant association among different regions (p = 0.002) in
terms of knowledge categories. No other factors were significantly associated with the
knowledge categories (Table 4).

Table 4. Relationship between knowledge and background characteristics of the PCPs (n = 264).

Knowledge

Total (264) Low/Average (214)
n (%)

High (50)
n (%) p-Value

Gender *
Male 127 107 (84.3) 20 (15.7) 0.213
Female 137 107 (78.1) 30 (21.9)
Age in years: Mean (SD) ** 33.40 (8.41) 32.98 (8.11) 0.744
Regions *
Aljouf 59 51 (86.4) 8 (13.6) 0.002 ***
Tabuk 89 81 (91.0) 8 (9.0)
Northern border 116 81 (70.7) 34 (29.3)
Latest qualification*
MBBS 126 97 (77.0) 29 (23.0) 0.056
MD/MS 69 58 (84.1) 11 (15.9)
Saudi Board certified 42 33 (78.6) 9 (21.4)
Others (Fellowship, PhD) 27 26(96.3) 1 (2.0)
Current position *
Residents 153 121 (79.1) 32 (20.9) 0.585
Specialists/Registrars 63 52 (82.5) 11 (17.5)
Consultants 48 41 (85.4) 7 (14.6)
Practice duration in years, mean (SD) ** 7.99 (6.55) 6.82 (5.68) 0.267

* Chi-square test applied; ** independent t test applied; *** Significant association.

Regarding the importance of the attitude section, nearly half (50.8%) of the participants
recognized OSA as an important or very important clinical disease. Additionally, 51.5%
of the PCPs considered identifying people with OSA to be very critical. Regarding self-
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confidence, 73.9% of the participants were confident in finding people with OSA, and 56.8%
were confident in caring for OSA patients (Table 5).

Table 5. PCPs’ responses and associated factors in the attitude section (n = 264).

Item Frequency Proportion

Importance of identifying OSA patients (data shown are either important or very importance)
OSA is an important disease 134 50.8
Diagnosis of people with OSA is very much essential 136 51.5
Self-confidence (data shown are either agree or strongly agree)
Confident in diagnosing patients with a high risk of
developing OSA 195 73.9

Confident in their capability to care for OSA patients 150 56.8
Confident in their skills to manage OSA patients on
CPAP treatment 125 47.3

Spearman’s correlation of the current study identified a positive (weak) correlation
between knowledge scores and attitude scores (rho—0.151, p = 0.017) (Table 6).

Table 6. Correlation between knowledge and attitude scores, assessed by Spearman’s correlation test.

Spearman’s Coefficient Value (Rho) p-Value

Knowledge–Attitude 0.151 0.017 *
* Significant value.

4. Discussion

The proper management of sleep disorders, including OSA, could help prevent several
chronic diseases. The role of PCPs is vital in diagnosing and referring patients to secondary
care, as most cases require this step. Our survey assessed PCPs’ knowledge and attitudes
towards OSA and its referral patterns.

Our study results explored a wide variation in the knowledge questionnaire items,
ranging from 36.0% to 81.8%, which is comparable to the studies performed by Corso et al.
and Embarak et al. [24,25]. This result demonstrates that knowledge regarding OSA is
inadequate and needs appropriate curriculum training. Our study outlined that the highest
proportion of correct answers from PCPs was for the item related to snoring. This finding is
in alignment with an Egyptian study conducted in 2020. In this study, the majority (79.7%)
of the participants also agreed that most patients with OSA were snorers. The present
study reported that the proportion of median (IQR) total knowledge scores of PCPs was
59.4 (33.3%). Recent studies conducted in Ecuador and Saudi Arabia also reported a similar
finding, and their results found that the respondents’ mean score was around 10 out of
18 [18,26]. However, some other studies have reported slightly higher knowledge mean
scores among participants [14,24]. The most likely factors for the dissimilarities in the
results could be the study settings and the inclusion of participants. Regarding referral
patterns, PCPs most commonly referred suspected and diagnosed OSA cases to an ENT
specialist; Devaraj et al. also found similar results [19].

Knowledge regarding the association between hypertension and OSA is essential
for physicians. The present study revealed that only two-thirds of the PCPs answered
correctly to the statement “OSA is associated with hypertension”. Interestingly, a cross-
sectional study conducted by Cherrez et al. found that a lower proportion (less than
50%) of the physicians responded with correct answers to the above statement [27]. The
present study found that a lower proportion of the participants answered correctly to the
statement, “Continuous positive airway pressure (CPAP) is the first line of therapy for
severe OSA management”. Similar to our findings, numerous recent surveys have explored
a lower level of knowledge regarding this statement among their study participants [27–30].
Our study findings and studies from other countries indicate that PCPs have insufficient
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knowledge regarding OSA, which could decrease their ability to diagnose and refer patients
to a specialist for necessary care. Regarding the identification of associated factors for the
PCPs’ knowledge of OSA, we did not find any significantly associated factors, except for
regional distinctions.

Numerous existing texts suggest that self-confidence is an essential feature of a great
physician, including PCPs [31–33]. This northern Saudi Arabian survey revealed that only
a low proportion of the PCPs were confident in caring for OSA patients (56.8%), and the
same was true regarding their ability to handle OSA patients on CPAP. Similar to this
study’s findings, another study by Chang et al. compared PCPs’ attitudes toward OSA in
three African regions, and they reported that their study participants had low confidence
in caring for OSA patients [28]. However, an Italian study by Corso et al. noted that a
higher proportion of their participants had confidence in the items mentioned. The possible
variations in the study findings could be due to the differences between the respective
study participants [24]. Both our study and the study by Chang et al. conducted the
survey using the OSAKA questionnaire, whereas the latter survey was conducted among
anesthesia specialists. Al-Khafaji et al. 2021, assessed the confidence of Middle Eastern
and North African physicians of different specialties’ in managing patients with OSA;
they found that 72% of practitioners in internal medicine and 49% of practitioners in
family medicine/general medicine were confident in managing patients with OSA [16].
However, most primary care physicians executed referrals for patients with suspected OSA
to otorhinolaryngologists (72–83%) [14,28]. In addition, only 10% of PCPs used screening
tools for OSA, and only 16% of PCPs used the latest clinical practice guidelines, according
to Devaraj et al. in a 2020 study [14].

A positive attitude among healthcare workers is critical for patient care. The present
study explored a positive correlation between knowledge and attitude, assessed by Spear-
man’s correlation test (Spearman’s rho = 0.151, p = 0.014). Similar to the present study’s
results, Al-Khafaji et al., in 2021, and Odeja et al., in 2019, also revealed the same find-
ings [16,27].

5. Strengths and Weaknesses of the Present Study

The current survey is the first of its kind in the northern region of Saudi Arabia and was
conducted recently. We also used a standard and validated data collection tool. However,
cross-sectional and questionnaire-related survey biases, such as self-selection bias, could
have influenced the results. Additionally, the study is limited to northern regions, and the
findings may not be suitable for other regions of Saudi Arabia.

6. Conclusions

The present study explored inadequate knowledge of OSA among primary care
physicians, and we also examined a positive correlation between knowledge and attitude
among PCPs. Hence, improving PCPs’ knowledge regarding OSA and the necessity for
referral in this region arise recommended through the use of different training methods.
Furthermore, the study findings highlight the need to include appropriate OSA programs
and CME for PCPs, effective OSA education for undergraduates, and enhanced residency
training with the provision of sleep medicine rotations, lectures, and workshops on OSA
screening, diagnosis, and management.
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Abstract: Background: Many patients with obstructive sleep apnea (OSA) are mouth-breathers.
Mouth-breathing not only narrows the upper airway, consequently worsening the severity of OSA,
but also it affects compliance with nasal continuous positive airway pressure (CPAP) treatment.
This study aimed to investigate changes in OSA by the use of mouth tape in mouth-breathers with
mild OSA. Method: Mouth-breathers with mild OSA who met inclusion criteria and tolerated the
sealing of the mouth were enrolled in the study. We used 3M silicone hypoallergenic tape was used
to seal the mouths of the participants during sleep. The home sleep test (HST) used in this study
was ApneaLink®. Subjects received both a baseline HST and an outcome HST to be used 1 week
later while their mouths were taped. The changes between the baseline and the outcome HSTs were
compared, and the factors that influenced the differences in the sleep-test parameters after the shift
of the breathing route were analyzed. A “responder” was defined as a patient who experienced a
reduction from the baseline snoring index of at least 50% under mouth-taping in the HST; otherwise,
patients were considered as having a poor response. Results: A total of 20 patients with mild OSA
were included. Following the taping of the mouth, a good response was found in 13 patients (65%).
The median apnea/hypopnea index (AHI) decreased significantly, from 8.3 to 4.7 event/h (by 47%,
p = 0.0002), especially in supine AHI (9.4 vs. 5.5 event/h, p = 0.0001). The median snoring index (SI)
was also improved (by 47%, 303.8 vs. 121.1 event/h, p = 0.0002). Despite no significant difference in
the mean saturation, improvements in the oxygen desaturation index (8.7 vs. 5.8, p = 0.0003) and
the lowest saturation (82.5% vs. 87%, p = 0.049) were noted. The change in AHI was associated
with baseline AHI (r = −0.52, p = 0.02), oxygen desaturation index (ODI) (r = −0.54, p = 0.01), and SI
(r = −0.47, p = 0.04). The change in SI was strongly associated with baseline SI (r = −0.77, p = 0.001).
Conclusions: Mouth-taping during sleep improved snoring and the severity of sleep apnea in mouth-
breathers with mild OSA, with AHI and SI being reduced by about half. The higher the level of
baseline AHI and SI, the greater the improvement was shown after mouth-taping. Mouth-taping
could be an alternative treatment in patients with mild OSA before turning to CPAP therapy or
surgical intervention.

Keywords: obstructive sleep apnea; snoring; mouth-taping; mouth-breathing

1. Introduction

Preferentially, people breathe through the nasal route for its physiological functions—
heating, humidifying, and filtration—during the daytime and while sleeping. During
the daytime, the resistance of the upper airway is similar in nasal-breathing and mouth-
breathing [1,2]. During sleep, the resistance is lower in those breathing through the nasal
route than in those breathing through the mouth [1,2]. Therefore, the fraction of mouth-
breathing normally decreases during sleep. However, for patients with obstructive sleep
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apnea (OSA), open-mouth-breathing (OMB) is a common symptom during sleep. Mouth-
breathing during sleep decreases the retropalatal and retroglossal areas via the posterior
displacement of the soft palate and the inferior movement of the mandible, causing a
reduction in the length of the upper-airway dilator muscles, which altogether aggravates
the severity of OSA [3–7].

Continuous positive airway pressure (CPAP) is the treatment of choice for obstructive
sleep apnea (OSA). However, poor adherence to CPAP therapy remains the major issue for
OSA patients as nearly one-third of patients cannot tolerate CPAP use after 1 month [8,9].
Studies have shown that mouth-breathing is one reason for poor adherence [10]. Overall,
OMB not only affects the severity of OSA [1,5] but also the compliance with nasal CPAP
therapy [1,8,10].

Chronic nasal obstruction may lead to mouth-breathing due to decreased nasal flow.
Although nasal obstruction is not alone in causing OSA [4], it is frequently associated with
mouth-breathing during sleep. Therefore, treating nasal congestion consequently improves
mouth-breathing, sleep quality, and compliance with nasal CPAP therapy [11]. The use of
mouth tape is one way to maintain nasal-breathing during sleep. A previous pilot study
has demonstrated the positive effect of the use of mouth tape against mild OSA (AHI 5, <15)
by reducing the AHI and snoring index [12]. However, the previous study used a specially
designed tape that limited its use because of low accessibility. In this study, we adopted a
widely used 3M tape with advantages (easy to adhere, easy to remove, and non-allergenic)
through a simple paste method to seal off the mouth. This tape made mouth-taping easy to
perform, and the results are prone to be reproducible for scientific verification. This method
can also be implemented easily as a first line of treatment before turning to mainstream
therapies, such as CPAP, oral appliances, or surgery. The novelty of this study is that it is a
proof of concept and technique—mouth-taping can improve snoring and sleep apnea in
mouth-breathers with mild OSA.

The study aimed to investigate the impact of using 3M tape to seal the mouth in
mouth-breathers with mild OSA and to explore the factors that influence the reduction of
snoring during the shift of the breathing route.

2. Methods
2.1. Ethics Statement

The study was approved by the Institutional Review Board (IRB) of Chang Gung
Memorial Hospital (IRB no. 202201088B0) accompanied by with waivers of the participants’
consent. Linkou Chang Gung Memorial Hospital is the main branch of Chang Gung
Memorial Hospital. The IRB of Chang Gung Memorial Foundation is the representative and
is responsible for all branches of the Chang Gung Memorial Hospital in IRB review affairs.

2.2. Study Population

This retrospective study was conducted between 2020 and 2021 in Chang Gung
Memorial Hospital, Linkou Medical Center, Taoyuan, Taiwan. Eligible candidates were
diagnosed with adult OSA with a major complaint of snoring.

2.3. Study Design

The inclusion criteria included patients between the ages of 20 and 60 years, with a
body mass index (BMI) of <30 kg/m2, AHI < 15 event/h, symptoms of sleep-disordered
breathing, witnessed mouth-breathing during sleep, and dryness of throat upon waking
in the morning. The exclusion criteria were: significant retrognathia; an allergy to mouth
tape; intolerance to the sealing of the mouth (the mouth tape was dislodged from the origin
site by morning); comorbidity of severe medical diseases; hypertrophy of the palatine tonsil
(grade III/IV); previous nose, palate, or tongue surgery; and shift workers. For patients with
nasal obstruction, medication and nasal spray were used to ameliorate clinical symptoms
and facilitate mouth-taping. Since all subjects visited our clinic for the improvement of
snoring, the response was therefore based on the change in snoring index. A “responder”
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was defined as a patient who experienced a reduction from the baseline snoring index of at
least 50% under mouth tape in a home sleep test; otherwise, patients were considered as
having a poor response.

2.4. Home Sleep Test (HST)

Because of the COVID-19 pandemic, we decided to shift away from in-lab sleep tests
to HST in some of our sleep-disordered-breathing patients out of a concern for safety and
to avoid a delayed diagnosis of OSA. For those patients who had a comorbidity with
insomnia, other sleep disorders, or major medical diseases, standard polysomnography
was arranged as usual. The HST used in this study was ApneaLink® (ResMed, Sydney,
Australia), which is an ambulatory sleep monitor that can detect OSA with acceptable
reliability [13,14]. Parameters were measured and analyzed automatically, and then they
were reviewed and rescored by an experienced sleep specialist. Reports with incomplete
data, such as insufficient recording time (<4 h), a signal that was too weak/sensor loss, or a
chaotic signal were excluded, and those patients received new home sleep tests. Subjects
received both a baseline HST and an outcome HST to be administered 1 week later under
mouth-taping.

2.5. Mouth-Taping

The mouth tape used in the study was 3M silicone hypoallergenic tape (1 inch in
length). The tape was trimmed to measure 4 cm in length and placed on the philtrum,
spanning the upper and lower lips, so as to seal the mouth during sleep. The nocturnal
change in airflow during mouth-breathing vs. nasal-breathing is demonstrated in Figure 1.
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Figure 1. Figures demonstrating the breathing routes of (A) mouth-breathing and (B) nasal-breathing
after mouth-taping.

2.6. Data Collection

Basic demographic information (age, sex, and body mass index) was obtained. The
variables of the HST included the apnea/hypopnea index (AHI, the sum of AI and HI
per hour); the apnea index (AI, decrease in airflow by 90% of baseline for at least 10 s);
the hypopnea index (HI, decrease in airflow by 30% to 90% of baseline in addition to a
≥3% reduction of oxygen saturation for at least 10 s per hour) [13]; the supine AHI (AHI
of patients in a supine position); the non-supine AHI (AHI of patients in a non-supine
position); the mean saturation (the mean saturation during sleep); the lowest saturation
(the lowest saturation during sleep) [15]; the 90% saturation percentage (the percentage of
total time with an oxygen saturation level lower than 90%); the oxygen desaturation index
(ODI, the average number of desaturation events per hour) [16]; and the snoring index (SI,
the number of snoring events per hour).

82



Healthcare 2022, 10, 1755

2.7. Statistical Analysis

Statistical analysis was conducted using STATA v. 15 (StataCorp LLC, College Sta-
tion, TX, USA). Data are presented as the median with the interquartile range (IQR,
25th–75th percentile) or number (percentage, %). Wilcoxon signed-rank tests were used to
compare the baseline and outcome HST data, and Chi-square tests were used for comparing
the categorical data between the groups. Spearman rank-order correlation analysis was
used to evaluate the relationships between variables. A p-value < 0.05 was regarded as
statistically significant.

3. Results

A total of 20 patients met the inclusion criteria and were included for further analysis.
Table 1 summarizes the distribution of the baseline characteristics. The study population
consisted of 19 men (95.0%) and 1 woman (5.0%) with a median age of 38 years (IQR: 30–43
years old). The median BMI was 24.5 kg/m2 (IQR: 23.6–26.0 kg/m2). Median AHI values
before the use of the mouth tape were 8.3 (IQR: 6.2–12.9) events per hour.

Table 1. Demographic information.

n (%) or Median (IQR)

Age (in years) 38 (30–43)

Sex (male/female) 19 (95.0%)/1 (5.0%)

Height (cm) 175 (170.9–177.25)

Weight (kg) 74 (67.7–79.5)

BMI (kg/m2) 24.5 (23.6–26.0)

A comparison of the HST data from before and after the use of the mouth tape is shown
in Table 2. The severity of OSA decreased in all participants after the mouth tape was used.
Specifically, a significant reduction of values was seen in the AHI (p value = 0.0002), the AI
(p value = 0.002), and the HI (0.003) (see Figure 2). The individual SI improved significantly
after mouth-taping (see Figure 3). Moreover, most of the participants experienced worse
symptoms in the supine position (median AHI: 9.4, IQR: 7.3–15.7) than in the non-supine
position (median AHI: 3.2, IQR: 0.1–5.0). Mouth-tape use predominantly improved the
OSA symptoms in the supine position, with a reduction of the median AHI from 9.4 to
5.5 events per hour (p value = 0.0001).
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Table 2. HST data from before and after mouth-taping.

Mouth-Breathing Nasal-Breathing Changes (Percentage %)
†

HST Parameters Median IQR Median IQR Median IQR p-Value

AHI (event/h) 8.3 6.2–12.9 4.7 2.7–7.6 −47% −59%~−23% 0.0002

AI (event/h) 1.7 0.8–3.9 0.6 0.2–1.8 −51% −76%~−18% 0.002

HI (event/h) 5.6 4.5–8.7 4 2.4–5.9 −44% −56%~−14% 0.003

Supine AHI
(event/h) 9.4 7.3–15.7 5.5 3.8–8.9 −41% −54%~−41% 0.0001

Non-supine AHI
(event/h) 3.2 0.1–5.0 0.6 0.1–2.2 −55% −95%~−44% 0.03

Mean saturation (%) 95 94.5–95.5 95 94.5–96 0% −1%~1% 0.9

Lowest saturation (%) 82.5 80.5–88 87 84–89.5 2% −1%~8% 0.049

90% saturation (%) 1 0–2.5 0 0–1 −67% −100%~0% 0.12

ODI (event/h) 8.7 6.6–12.8 5.8 3.3–8.1 −36% −58%~−20% 0.0003

Snoring index (event/h) 303.8 137.8–348.3 121.1 41.8–168.4 −47% −59%~−23% 0.0002

HST: home sleep test, AHI: apnea/hypopnea index; AI: apnea index; HI: hypopnea index; ODI: oxygen de-
saturation index; IQR: interquartile range. † changes (percentage %) = (value of nasal-breathing − value of
mouth-breathing)/value of mouth-breathing.
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An association between the use of mouth tape and a change in the mean saturation
and 90% saturation during sleep was not found in the study. However, significant improve-
ments in ODI (p value = 0.0003) and SI (p value = 0.0002) were shown, from 8.7 to 5.8 and
303.8 to 121.1, respectively. No significant factors (including age, sex, BMI, and all sleep
parameters) affecting response (>50% reduction from baseline snoring index) of the use of
mouth tape were found in the analysis. The correlations between variables contributing to
the change in the AHI and SI were also examined. A statistically significant correlation of
change in AHI was seen in the baseline AHI (r = −0.52, p value =0.02), the baseline oxygen
desaturation index (ODI) (r = −0.54, p value =0.01), and the baseline SI (ρ = −0.47, p value
= 0.04). Furthermore, a change in SI was associated with a baseline SI (r = −0.77, p value
=0.001) (see Figure 4).
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4. Discussion

Studies have shown an association between OMB and OSA [1,17]. OMB elongates
and narrows the upper airway, which negatively affects the severity of OSA [6]. There-
fore, a higher percentage of mouth-breathers is found among people with OSA. Humans
preferentially breathe through the nasal route during the daytime and while sleeping for
the benefit of physiological functions. However, during sleep, people might have OMB
resulting from chronic nasal obstruction or habitual mouth-breathing [3]. For people with
nasal obstruction, medication and nasal spray were given before the use of mouth tape.
In the study, we evaluated the potential benefits of using mouth tape in treating mild
OSA patients with open-mouth-breathing (OMB). The study only enrolled patients who
tolerated the use of mouth tape during sleep. The hypothesis is that taping the mouth in
these patients during sleep may improve their OSA by causing them to switch from oral-
to nasal-breathing.

The results showed improvements in most of the parameters in the sleep tests. There
was a significant decrease (p = 0.0002) in AHI after the use of mouth tape. The level of the
AHI was even lowered to the normal range in some participants.

In the study, most (75%) of the participants had positional sleep apnea [18,19]. The
supine AHI experienced a significant reduction after the use of mouth tape (p-value: 0.0001).
In a previous study, positional sleep apnea was demonstrated as being more common in
mild OSA patients [19], and the obstruction site was more likely in the soft palate [20].
Lee et al. also demonstrated significant changes in the retropalatal space between the
closed-mouth and the open-mouth positions due to the posterior displacement of the soft
palate when the mouth is open [1]. More-elongated and narrower upper-airway spaces
were also found in patients with OSA using 3D multidetector computed tomography (3D
MDCT) [6]. We can infer that, after the treatment of any nasal obstruction and the switch
to nasal-breathing via the taping of the mouth, the retropalatal space might be widened
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and therefore improve snoring and the severity of OSA. Since ODI and AHI have a good
concordance, a significant reduction of ODI after mouth-taping is also conceivable [21].

No significant factor affecting the effectiveness of the use of mouth tape was seen in
the analysis. However, in positional sleep apnea patients (n = 15), 11 (73.3%) of them were
classified as responders. In comparison, only 2 (40%) out of the 5 non-positional sleep
apnea patients were responders. Although the results did not show a statistical significance,
that could be attributable to the small sample size as the percentage difference (33.3%)
was substantial. A study with a larger sample size could be performed to investigate
the effectiveness.

A statistically significant negative correlation was observed between the change of
the AHI with the baseline AHI, ODI, and SI. For patients with a higher level of baseline
AHI, ODI, and SI, the effectiveness of mouth-taping was greater. The improvement of the
AHI was greater in the more severe cases of mild OSA, but not in the moderate or severe
cases of OSA (AHI > 15). Mouth-taping is not recommended for moderate or severe OSA
patients because it may impose dangers rather than benefits in these patients. Besides, a
strong negative correlation between the change in SI and the baseline SI was found in the
analysis, which could be a good predictor of the effectiveness of mouth-taping treatment.

In recent years, oral appliances such as mouth tape and oral shield devices have
been invented and have been shown to be effective in clinical use [22]. Foellner et al. [23]
showed the positive effect of using an oral shield device concomitantly with nasal CPAP.
Huang et al. [12] also demonstrated the promising result of using novel oral patches for
treating mild OSA. However, the device and the patch are of limited use due to their
accessibility. The 3M mouth tape is already a product on the market, and it is prevalent and
accessible. Moreover, the product is affordable and user-friendly. Our study highlights the
utility of 3M mouth tape as an easy and inexpensive tool to mitigate the severity of OSA in
selective patients.

There are some limitations to this study. First, the study has a small sample size
without a control group, and no comparison could be made to determine whether there
was a placebo effect. Second, this is a retrospective study with a short follow-up period,
and no long-term effect was evaluated. Besides, the home sleep test used in the study
may underestimate the severity of OSA. Also, the low proportion of women is another
drawback. Finally, the follow-up period is short, and there could possibly be an issue of low
adherence to mouth-taping in the long term. For further research, prospective studies with
larger sample sizes and control groups can be done to assess the efficacy of the mouth tape.

5. Conclusions

Our study provided a simple and effective treatment modality using 3M mouth tape
for mild OSA patients with open-mouth-breathing. The AHI and SI were reduced by nearly
half after mouth-taping during sleep; the more severe the baseline AHI and SI, the greater
the improvement after mouth-taping. For mild OSA mouth-breathers, mouth-taping could
be an alternative treatment before CPAP therapy or surgical intervention are tried.
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Abstract: Background: During the recent pandemic, Healthcare Professionals (HCPs) presented a
significant prevalence of psychological health problems and sleep disturbances. The aim of this study
was to assess the impact of COVID-19 on HCPs’ sleep and mental stress with a separate analysis for
primary care HCPs. Methods: A cross-sectional observational study with an online anonymized,
self-reported questionnaire was conducted in May 2020 (1st wave) and repeated in December 2020
(2nd wave). Patient health questionnaire-4 (PHQ-4), dimensions of anger reactions-5 (DAR-5) scale,
3-item UCLA loneliness scale (LS) and sleep condition indicator (SCI) were used. Results: Overall,
574 participants were included from the 1st wave, 514 from the 2nd and 469 were followed during
both. Anxiety and depression were significantly higher during the 2nd wave vs. the 1st (32.8% vs.
12.7%, p < 0.001 and 37.7% vs. 15.8%, p < 0.001). During the 2nd wave, HCPs scored significantly
higher in DAR-5 (9.23 ± 3.82 vs. 7.3 ± 3.3, p < 0.001) and LS (5.88 ± 1.90 vs. 4.9 ± 1.9, p < 0.001) with
worse sleep quality SCI (23.7 ± 6.6 vs. 25.4 ± 3.2, p < 0.001). This was more evident in primary care
HCPs. Significant correlations were found between SCI and PHQ4, DAR5 and LS. Conclusion: There
is a need to support HCPs’ mental health and sleep, especially in those working in primary care.

Keywords: sleep disorders; COVID 19; waves; primary care; sleep condition indicator; anger; anxiety;
depression; PHQ4; DAR-5; loneliness

1. Introduction

In December 2019, a novel coronavirus was identified (SARS-CoV-2) leading to a global
pandemic and subsequently increasing the amount of pressure on Healthcare Professionals
(HCPs). HCPs were exposed to situations outside their ordinary work and experienced high
levels of stress and irregular schedules with frequent and long work shifts [1–3]. During
the previous epidemics, such as H1N1, SARS and MERS, HCPs reported significant levels
of physiological distress and sleep disorders and it has been shown that disturbed sleep
is closely associated with anxiety, depression and post-traumatic stress [4–6]. During the
recent pandemic, HCPs presented a significant prevalence of psychological health problems,
burnout and sleep disturbances, especially insomnia [7–15]. Sleep disorders are a common
problem also reported in the general population during the pandemic with prevalence
similar or lower than that of HCPs. However, significant variations were observed in the
literature with estimates for sleep problems among different populations ranging from 8%
to 91% [16]. Patients infected from SARS-COV-2 appeared to be the most affected group
with a prevalence reaching 75% [16]. Furthermore, in a recent systematic review with a
meta-analysis, the rates of sleep problems were found to be comparable in both HCPs
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and the general population (i.e., 36% in HCPs vs. 32% in the general population) [16].
Despite the variation between different systematic reviews and meta-analysis, the pooled
prevalence of sleep disorders in HCPs ranged from 36% to 45% [9,16,17].

HCPs are considered as pivotal to COVID 19 crisis management, playing a major role in
screening and treating patients, especially HCPs working in primary care. Furthermore, at
the beginning of the COVID 19 pandemic, the failure of providing essential care protective
equipment, the rapid transmission of the disease and the lack of a definite treatment
increased the feeling of insecurity, powerlessness and frustration which further increased
psychological and mental health problems. Increased pressure during work results in an
increased risk of adverse mental health outcomes and also sleep disorders [11–20]. Lifestyle
factors such as smoking and alcohol use, the use of substances and the pre-existence
of mental health disorders may influence the development of subsequent mental health
conditions and sleep disorders in HCPs [21–23].

During the pandemic, the role of primary care, and primary care HCPs became more
important as primary care centers were the first point of contact for patients suspected
of COVID-19; additionally, the majority of hospitals were transformed into COVID 19
pandemic facilities. Primary care HCPs served in the diagnosis and treatment of suspicious
or diagnosed COVID 19 cases in the hospitals, especially in the emergency departments.
This led to an increase in the workload but also in the risk of primary care HCPs’ exposure
to COVID 19. The effect of the pandemic on the mental health and sleep of frontline HCPs
has been proven to be significantly worse compared with non-frontline HCPs [24].

As the pandemic evolves, its effects on the mental health of HCPs may change. Notably,
the majority of studies so far have been web-based and several of them were performed
during 2020, i.e., before the initiation of vaccination [9–11,25,26]. Most of the existing
research examines the impact of COVID-19 on sleep using cross-sectional surveys with
questions addressing possible changes in sleep and an evaluation of changes from one time
point to another (between different waves of the pandemic or before and after different
lock downs) [27,28].

We hypothesized that, after experiencing the first COVID-19 wave, HCPs’ level of sleep
quality together with psychological distress, such as anxiety and depression, anger and
loneliness, further deteriorated, especially in primary care HCPs more exposed to COVID
19. We aimed to compare the same groups of HCPs during the two first consecutive waves
and to evaluate if demographic and social factors, exposure to COVID 19 and psychological
distress affected sleep quality with a separate analysis for primary care HCPs.

2. Methods

This was a cross-sectional time-series study (https://dam.ukdataservice.ac.uk/media/
455362/changeovertime.pdf (last accessed 8 July 2022)). The protocol was approved by
the institutional review board of G Papanikolaou General Hospital, Exohi, Thessaloniki,
Greece (N 876, Approval Date 20 May 2020), and all the participants provided their written
electronic consent that was included in the online questionnaire before the initiation of
enrolment. An information sheet with detailed explanations of the research purpose was
included in the survey. For several questions, the participants were not able to continue
to the next question of the survey unless they had provided a response. The participants
were informed about the anonymization of the data and no incentives were offered. A
pilot study was conducted from a sample of 30 HCPs working in G Papanikolaou Hospital
before the initiation of data collection in both waves and these results were excluded from
the survey.

The questionnaire of the study was sent to all employees of the hospitals and healthcare
centers (physicians, nurses, physiotherapists, etc.) of both the public and private sector in
the province of Thessaloniki, Greece, via emails delivered from the local medical and nurses
associations during the first two epidemic waves of COVID-19; the first during May 2020
and the second during December 2020. The questionnaire included questions about the
baseline characteristics of the participants (age, gender, marital status, children, education,

89



Healthcare 2022, 10, 1395

occupation, job location, specialty, work in an intensive care unit (ICU) and with COVID
patients), as well as alcohol consumption, smoking habits assessed by the Heaviness of
Smoking Index (HSI) [29], anxiety and depression using the patient health questionnaire-4
(PHQ-4) [30], anger using the dimensions of anger reactions-5 (DAR-5) scale [31], loneliness
using the 3-item UCLA loneliness scale [32], and sleep related disorders using the sleep
condition indicator (SCI) [33]. During the follow up of the HCPs (second wave), the
questionnaire included a question asking the participants to declare whether they had
completed the questionnaire previously. From this question and by crosschecking with the
demographics of the participants, we managed to maintain the same groups of HCPs that
were followed up during both waves and measured the variables in the same respondents
over time.

The HSI is a questionnaire that evaluates nicotine dependence by using only the
following two items: the time to first cigarette in the morning and the number of cigarettes
per day. Scores ranging from 0 to 2 indicate low addiction, from 3 to 4 moderate addiction
and from 5 to 6 high addiction [29].

The PHQ4 [30] is a brief screening scale for the evaluation of anxiety and depression
consisting of 4 questions rated from 0 to 3. The total score of PHQ4 is determined by the
addition of each of the 4 questions together with scores from 0–2 rated as normal, 3–5 as
mild, 6–8 as moderate and 9–12 as severe. If the total score of the first two questions is ≥3,
anxiety is suggested, whereas if the total score of the last two questions is ≥3, depression is
suggested [30].

The DAR-5 [31] is a 5-item self-report five-point Likert scale, ranging from 1–5, which
is used for the assessment of anger intensity, duration, frequency and impact on social
functioning over a 4-week period. The total score ranges from 5 to 25 with higher scores
indicating worse symptomatology. A cut-off score of above 12 is indicative of functional
impairment and psychological distress related to anger [31].

The UCLA loneliness scale comprises of three questions that evaluate three dimensions
of loneliness (relational and social connectedness and self-assessed isolation). The scores
for each question are added together with a range of scores from 3 to 9; with individuals
with scores of 6–9 characterized as “lonely” [32].

The SCI [33] is an eight-item scale, based upon DSM-5 insomnia criteria, comprising two
items evaluating sleep continuity, two items evaluating sleep satisfaction or dissatisfaction,
two items evaluating the severity of the sleep disorder (nights per week; duration of problem)
and two evaluating the daytime consequences of poor sleep (effects on mood, energy or
relationships, concentration, daytime performance). Each item is scored on a five-point scale
(0–4), with lower scores (ranging from 0 to 2) reflecting DSM-5 threshold criteria for insomnia
disorder. Total SCI scores ranged from 0 to 32, with higher values indicating better sleep. An
SCI score of ≤16 was found to be indicative of possible insomnia disorder [33,34].

3. Statistical Analysis

Statistical analysis was performed using SPSS (version-20 IBM-SPSS-statistical-software,
Armonk, NY, USA). Continuous variables were presented as mean ± SD and categorical
variables as number (%). p <0.05 was accepted as statistically significant. The normality
of continuous data was assessed using the Kolmogorov–Smirnov test. For the detection
of statistically significant differences between the whole population of responders of the
two waves, independent-samples-T-test for parametric and the Mann–Whitney-U-test
for non-parametric variables were used. Paired t-test or McNemar’s test were used to
compare the same HCPs that were followed up during both the first and second waves
for parametric and non-parametric variables, respectively. A chi-square was used for the
detection of significant differences between the two waves in categorical variables. Regres-
sion analyses were performed to evaluate the association of predictive factors with changes
in sleep quality across the two time points, whereas Pearson’s Correlation was used to
explore the associations of different of factors (SCI, PHQ4, DAR5, LS) in the two different
waves. Variables including age, gender, employment status (working in primary care or
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not, working in the private sector), depression, anxiety, anger and loneliness were included.
Associations between different risk factors and poor sleep quality, assessed by SCI cut off
16, were determined with binary logistic regression analysis. The identified covariates were
presented in terms of correlation coefficient (r or R2). Additionally, a separate analysis
was performed only for primary care HCPs. G*Power software was used to calculate the
sample size showing that a sample size of 248 would be required for an expected effect size
of d = 0.55, an alpha of 5%, and beta of 20% for two groups with an allocation ratio of 1.8
when performing Mann–Whitney U tests.

4. Results

Five hundred and seventy-four participants answered the questionnaire during the
first wave, 514 during the second wave and 469 were followed during both the waves. The
socio-demographic characteristics of the participants of the two groups were comparable,
apart from the absence of physiotherapists among the participants from the second wave
(Table 1). It was also evident that during the second wave, the participants had been treating
COVID-19 patients more often than in the first (p < 0.001). According to the answers of the
PHQ-4 questionnaire, HCPs presented significantly worse mental status during the second
wave with more anxiety and depression symptoms (Table 1). Additionally, the participants
felt angrier and lonelier compared to the first wave. They scored significantly higher in the
DAR-5 and the UCLA loneliness scale (Table 1).

Table 1. Differences between socio-demographic characteristics, mental health indices and sleep
quality of al the responders of the 1st and of the 2nd wave. (Mean ± s.d.).

Wave 1
n = 574

Wave 2
n = 514 p

Age, years 45.5±11 45.1±8.2 0.4

Gender (males%) 47.4% 45.3% 0.39

Married 63.4% 64.2% 0.61

Children 33.6% 36.8% 0.4

Smoking 32.9% 33.1% 0.3

Physician 79.2% 81.8% 0.75

Pathological specialty 58.2% 59.0%

0.87Surgical specialty 32.7% 30.9%

Laboratory specialty 9.2% 10.1%

Nurse 8.9% 10.7% 0.41

Physiotherapist 3.3% 0.0% 0.001

Work in ICU 9.9% 11.5% 0.22

Treating COVID 19 patients 19.3% 46.4% <0.001

HSI 2.44 ± 1.7 2.41 ± 1.6 0.8

DAR5 7.7 ± 2.6 9.1 ± 3.6 <0.001

DAR-5 > 12 8.5% 22.4% <0.001

LS 5.01 ± 1.6 5.9 ± 1.6 <0.001

LS > 6 35.4% 51.3% <0.001

SCI 26.4 ± 5.7 23.4 ± 6.2 <0.001

SCI < 16 6.7% 19.7% <0.001
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Table 1. Cont.

Wave 1
n = 574

Wave 2
n = 514 p

PHQ4 2.8 ± 2.3 4.5 ± 1.3 <0.001

Normal (0–2) 48.4% 26.9%

<0.001
Mild (3–5) 39.9% 41.0%

Moderate (6–8) 9.6% 20.1%

Severe (9–12) 2.1% 12.0%

PHQ4 Anxiety 1.34 ± 1.21 2.2 ± 1.9 <0.001

PHQ4: Anxiety > 3 13.1% 33.1% <0.001

PHQ4 Depression 1.53 ± 1.30 2.41 ± 2.1 <0.001

PHQ4: Depression > 3 16.9% 38.2% <0.001
s.d. = standard deviation, ICU = Intensive Care Unit, HSI = Heaviness of Smoking Index, PHQ4 = patient health
questionnaire-4, DAR-5 = Dimensions of Anger Reactions-5, LS = UCLA Loneliness Scale, SCI = Sleep Condition
Indicator; Independent-samples-t-test for parametric and the Mann–Whitney-U-test for non-parametric variables
were used for continuous variables; Chi-square was used for categorical variables.

When the mental health variables and sleep quality of the 469 respondents that were
followed up during both first and second waves were compared, worse outcomes were
found in all parameters. Sleep quality, anxiety, depression, anger and loneliness were
significantly worse during the second wave of the pandemic (Table 2).

Table 2. Differences between socio-demographic characteristics, mental health indices and sleep
quality of the responders that were followed up during both first and second waves (Mean ± s.d.).

Wave 1
n = 469

Wave 2
n = 469 p

Work in ICU 9.2% 12.8% 0.08

Treating COVID 19 patients 21.% 48.6% <0.001

HSI 2.3 ± 1.8 2.4 ± 1.7 0.78

DAR5 7.3 ± 3.3 9.2 ± 3.8 <0.001

DAR-5 > 12 7.6% 22.0% <0.001

LS 4.9 ± 1.6 5.9 ± 1.9 <0.001

LS>6 34.1% 54.3% <0.001

SCI 25.4 ± 3.2 23.7 ± 6.6 <0.001

SCI<16 6.1% 18.6% <0.001

PHQ4 2.7 ± 3.4 4.4 ± 2.9 <0.001

Normal (0–2) 49.1% 26.2%

<0.001
Mild (3–5) 40.1% 42.0%

Moderate (6–8) 8.9% 20.3%

Severe (9–12) 1.9% 11.5%

PHQ4 Anxiety 1.29 ± 1.26 2.08 ± 1.58 <0.001

PHQ4: Anxiety > 3 12.7% 32.8% <0.001

PHQ4 Depression 1.47 ± 1.2 2.38 ± 1.60 <0.001

PHQ4: Depression > 3 15.8% 37.7% <0.001
s.d. = standard deviation, ICU = Intensive Care Unit, HSI = Heaviness of Smoking Index, PHQ4 = patient health
questionnaire-4, DAR-5 = Dimensions of Anger Reactions-5, LS = UCLA Loneliness Scale, SCI = Sleep Condition
Indicator; Paired t-test or McNemar’s test were used for parametric and non-parametric variables, respectively.
Chi-square was used for categorical variables.
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During the second wave, the participants presented significantly worse sleep quantity
(p < 0.001) and quality (p < 0.001) with more awakenings compared with the first wave
with 46.8% reporting that they experienced problems with their sleep 2 ≥ nights per week
(Table 3). Additionally, 16.3% of HCPs, compared with 5.7% in the first wave, thought that
poor sleep affected their mood, energy or relationships during the past month, whereas
11.7% vs. 5.5% thought that poor sleep affected their productivity, concentration and ability
to stay awake (Table 3). Almost 11% of HCPs during the second wave believed that poor
sleep caused trouble to them in general, compared with 4.3% in the first (Table 3). During
the second wave, a significantly lower total score in the SCI (23.7 ± 6.6 vs. 25.4 ± 3.2,
p < 0.001) was found, a fact that meant more frequent insomnia symptoms with a SCI cut
off 16 (18.6% vs. 6.1%, p < 0.001) (Table 2).

Table 3. Comparison of sleep-related variables of participants followed up during the 1st and 2nd wave.

1st Lockdown
(n = 469)

2nd Lockdown
(n = 469) p (Value)

What is the quality of your
sleep during the pandemic
compared to before that?

Worse 15.7% 32.8%

<0.001The same 71.1% 62.7%

Better 13.2% 4.5%

The last 2–3 weeks how
much of a problem were

any episodes of awakening
during your sleep?

No problem at all 43.2% 35.8%

<0.001
Small problem 39.9% 37.7%

Moderate problem 15.7% 22.6%

Great problem 1.2% 3.8%

Do you use sleeping pills?

I do not use 93.0% 92.3%

0.67I was using them before the lockdown 4.9% 4.7%

I started using them during the lockdown 2.1% 3.0%

SCI: How long does it take
you to fall asleep?

> 60 min (0) 4.9% 6.0%

<0.001

46–60 min (1) 0.0% 13.9%

31–45 min (2) 0.0% 2.3%

16–30 min (3) 40.4% 31.8%

0–15 min (4) 54.7% 46.1%)

SCI: If you then wake up
during the night . . . how
long are you awake for in

total? (add up all the
awakenings)

> 60 min (0) 2.6% 5.8%

<0.001

46–60 min (1) 7.7% 0.0%

31–45 min (2) 0.0% 10.0%

16–30 min (3) 12.9% 16.0%

0–15 min (4) 76.8% 68.2%

SCI: How many nights a
week do you have a

problem with your sleep?

5–7 nights (0) 5.9% 10.7%

0.002

4 nights (1) 6.4% 8.1%

3 nights (2) 8.9% 12.4%

2 nights (3) 13.9% 15.6%

0–1 nights (4) 64.8% 53.3%

93



Healthcare 2022, 10, 1395

Table 3. Cont.

1st Lockdown
(n = 469)

2nd Lockdown
(n = 469) p (Value)

SCI: How would you
rate your sleep quality?

Very poor (0) 0.3% 0.4%

<0.001

Poor (1) 6.3% 0.0%

Average (2) 24.6% 17.3%

Good (3) 0.0% 28.8%

Very good (4) 68.8% 53.5%

SCI: Thinking about the
past month, to what
extent has poor sleep
affected your mood,

energy, or
relationships?

Very much (0) 1.2% 2.6%

<0.001

Much (1) 4.5% 13.7%

Somewhat (2) 17.6% 25.1%

A little (3) 20.7% 19.8%

Not at all (4) 56.0% 38.8%

SCI: Thinking about the
past month, to what
extent has poor sleep

affected your
concentration,

productivity, or ability
to stay awake?

Very much (0) 0.5% 2.3%

<0.001

Much (1) 5.0% 9.4%

Somewhat (2) 16.3% 25.5%

A little (3) 18.0% 21.4%

Not at all (4) 60.2% 41.3%

SCI: Thinking about the
past month, to what
extent has poor sleep

troubled you in
general?

Very much (0) 0.7% 1.8%

<0.001

Much (1) 3.6% 9.1%

Somewhat (2) 12.2% 26.2%

A little (3) 18.7% 20.9%

Not at all (4) 64.8% 42.1%

SCI: How long have
you had a problem

with your sleep?

>12 months (0) 10.3% 11.3%

<0.001

7–12 months (1) 1.2% 5.6%

3–6 months (2) 2.8% 4.9%

1–2 months (3) 11.1% 11.5%

<1 month/I do not have a problem (4) 74.6% 66.7%

s.d. = standard deviation, SCI = sleep condition indicator; Chi-square was used for categorical variables.

In a separate analysis of primary care HCPs, there were statistically significant dif-
ferences between them and all the other HCPs, as they were younger, mostly female, and
experienced a worse quality of sleep, more anxiety, anger and loneliness (Table 4). These
differences were more evident during the first wave of the pandemic. During the second
wave, no significant differences were observed between the groups of HCPs, with similar
scores in SCI, PHQ4, DAR5 and LS. However, when the sleep quality, depression, anxiety,
anger and loneliness of each group of HCPs, i.e., primary care HCPs or all the others,
were compared between the two waves, significant aggravation was found in almost all
variables and in both groups (Table 4).

In the regression analysis, the predictors that mostly affected sleep quality during
the first wave were being a primary care HCP, being married and psychological distress
assessed by PHQ4. However, during the second wave, the most important factors were
again psychological distress, anger and loneliness, but not marital status and being a
primary care HCP. Parenthood did not associate with sleep quality as assessed with SCI.
Treating COVID patients did not have a significant effect on the quality of sleep of HCPs.
In the separate analysis of primary HCPs, the most significant factor that affected sleep
quality during the first wave was PHQ4, and during the second wave additionally DAR5
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and loneliness (Table 5). Treating COVID 19 patients, parenthood and marital status were
not associated with the sleep quality of primary care HCPs in the regression analysis during
both waves.

Table 4. Comparison between primary care HCPs with all the others participants during the 1st and
2nd wave.

Primary Care
HCP

1st Wave
n = 236

All the Others
1st Wave
n = 233

p
Primary Care

HCP 2nd Wave
n = 236

All the Others
2nd Wave

n = 233
p

Age 43.4 ± 11.1 47 ± 12.8 0.003 43.4 ± 11.1 47 ± 12.8 0.003

Gender (male%) 38.5% 49.3% 0.01 38.5% 49.3% 0.01

Married 59.7% 72.1% 0.004 59.7% 72.1% 0.004

HSI 2.2 ± 1.6 2.6 ± 1.7 0.07 2.3 ± 1.6 2.3 ± 1.7 0.8

SCITOTAL 25.4 ± 6.2 ** 27.4 ± 5.2 * 0.001 23 ± 6.6 ** 24.3 ± 6.4 * 0.1

SCI < 16 11.5% $ 5.1% *** 0.02 20.6% $ 14.3% *** 0.15

PHQ4TOTAL 3.15 ± 2.3 * 2.5 ± 2.2 * 0.001 4.65 ± 3 * 4.1 ± 2.8 * 0.07

PHQ4-anxiety ≥ 3 14.8% * 9.3% * 0.05 36% * 29.3% * 0.15

PHQ4-depression ≥ 3 17.8%* 14.9% * 0.4 40.6% * 34.2% * 0.19

DAR5TOTAL 8 ± 2.6 * 7.2 ± 2.5 * 0.001 9.3 ± 3.9 * 8.8 ± 3.3 * 0.18

DAR5≥12 9.7%* 6.7%* 0.2 23.5% * 17.3% * 0.12

LONELINESTOTAL 5.2 ± 1.7 * 4.8 ± 1.6 * 0.009 5.9 ± 1.9 * 5.7 ± 1.85 * 0.5

LS > 6 38.4% *** 29.9% * 0.04 53.4% *** 52.7% * 0.9

HIS = Heaviness of Smoking Index, PHQ4 = patient health questionnaire-4, DAR-5 = Dimensions of Anger
Reactions-5, LS = UCLA Loneliness Scale, SCI = Sleep Condition Indicator; Independent-samples-T-test for
parametric and the Mann–Whitney-U-test for non parametric continuous variables were used to compare between
the different groups of HCPs; Paired t-test or McNemar’s test were used for parametric and non-parametric
variables, respectively in order to compare the same group during the two waves; Chi-square was used for
categorical variables * comparison between 1st and 2nd wave p < 0.001 ** p = 0.002 *** p = 0.003, $ p = 0.05.

Table 5. Multiple regression analysis examining the association between sleep quality and character-
istics of the population of HCPs and separately of primary care HCPs followed during the 1st and
the 2nd waves.

All Population (n = 4 69)

Variables Standardized β t p R R2 Adjusted R2

SCI 1st 0.58 0.34 0.32

age −0.057 −1.25 0.2

gender −0.04 −0.85 0.4

MARRIED 0.12 2.12 0.03

Primary care HCP 0.092 2.045 0.04

PHQ4 −0.49 −8.42 <0.001

DAR5 −0.096 −1.75 0.08

LONELINESS −0.13 0.257 0.8

Treating COVID patients −0.057 −1.31 0.2

SCI 2nd 0.616 0.38 0.36
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Table 5. Cont.

All Population (n = 4 69)

Variables Standardized β t p R R2 Adjusted R2

age 0.11 1.29 0.2

gender −0.019 −0.228 0.8

Married −0.04 −0.67 0.5

Primary care HCP 0.013 0.27 0.19

PHQ4 −0.33 −4.9 <0.001

DAR5 −0.17 −2.8 0.005

LONELINESS −0.23 −4.05 <0.001

Treating COVID patients −0.06 −1.16 0.25

Only primary care (n = 236)

SCI 1st 0.62 0.38 0.36

age −0.04 −0.04 0.5

gender −0.03 −0.59 0.6

PHQ4 −0.55 −6.85 <0.001

DAR5 −0.065 −0.37 0.7

LONELINESS 0.07 0.97 0.6

Treating COVID patients −0.08 −1.23 0.2

SCI 2nd 0.59 0.35 0.32

age −0.09 −1.13 0.3

gender −0.07 0.88 0.42

PHQ4 −0.24 −2.34 0.02

DAR5 −0.23 −2.5 0.015

LONELINESS −0.3 −3.6 <0.001

Treating COVID patients 0.04 0.49 0.6

PHQ4 = patient health questionnaire-4, DAR-5 = Dimensions of Anger Reactions-5, LS = UCLA Loneliness Scale,
SCI = Sleep Condition Indicator.

In a separate gender analysis, the multiple regression analysis (age, primary care
or not, PHQ4, DAR5, LS, HIS) revealed that apart from PHQ4, treating COVID patients
(β = −0.175, t = −2.7, p = 0.008) and DAR5 (β = −0.16, t = −2.04, p = 0.04) were significantly
associated with sleep quality (SCI) in men but only during the first wave. During the
second wave in men, and in both waves in women, the associations did not differ from the
analysis for both genders together (Table 5). The only factor associated with SCI cut off 16
was PHQ4 in men (OR: 1.94, 95% Confidential Interval 1.13–3.31, p = 0.015), but not women
(OR: 1.6, 95% Confidential Interval 0.64–4.01, p = 0.21) and only during the first wave.

In the further analysis of psychological distress assessed by the PHQ4, marital status
and parenthood did not associate with anxiety and depression. PHQ4 significantly associated
with SCI, DAR5, Loneliness (p < 0.001) and female gender (p < 0.04) in both waves. Significant
negative correlations were found between SCI and PHQ4, DAR5 and LS for all the participants
in both waves and also in the separate analysis for primary care HCPs (Table 6).
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Table 6. Correlation of sleep quality with mood changes, anger and loneliness during the two waves.
Analysis of all participants and separately for primary care.

PHQ4 p DAR5 p LS p HSI p

All Participants (n = 469)

SCI 1st −0.61 <0.001 −0.395 <0.001 −0.28 <0.001 −0.2 0.15

SCI 2nd −0.46 <0.001 −0.45 <0.001 −0.45 <0.001 0.19 0.2

Only Primary Care (n = 236)

SCI 1st −0.55 <0.001 −0.38 <0.001 −0.31 <0.001 −0.115 0.2

SCI 2nd −0.56 <0.001 −0.49 <0.001 −0.47 <0.001 0.08 0.47

PHQ4 = patient health questionnaire-4, DAR-5 = Dimensions of Anger Reactions-5, LS = UCLA Loneliness Scale,
SCI = Sleep Condition Indicator, HSI = Heaviness of Smoking Index.

5. Discussion

To the best of our knowledge, this is the first study that attempted to demonstrate the
changes in sleep quality, mental distress, anger and loneliness in Greek HCPs in relation
to the evolving COVID-19 pandemic. To date, no longitudinal studies evaluating these
factors on HCPs and especially primary care HCPs have been conducted in northern Greece.
Our results indicate that the sleep quality of all HCPs significantly worsened during the
pandemic, together with the levels of anxiety, depression, anger and loneliness. Primary
care HCPs were more significantly affected in both waves.

There is a bidirectional relationship between psychological distress and sleep quality.
Anxiety and stress affect sleep quality by being the main precipitating factors for the devel-
opment of sleep dysfunction and, on the other hand, sleep quality is an important factor
for the regulation of stable emotional control [35–38]. In a meta-analysis evaluating the
psychological and mental impact of COVID 19 on medical staff and the general population,
the prevalence of anxiety was found to be rather similar between these groups (26% and
32%, respectively) [37]. The COVID-19 pandemic is the most recent global public health
event after SARS and Middle East Respiratory Syndrome (MERS). There is evidence that
HCPs suffered from emotional distress and psychiatric morbidity during all these previous
outbreaks with prevalence reaching almost 50% [39,40].

During the early stage of the COVID-19 pandemic, anxiety symptoms were reported
in 28.8% and depressive symptoms in 16.5% of the general population in China [41]. On
the other hand, among HCPs the incidence of anxiety and depression was reported to
be around 44% and 50%, respectively [42,43]. In our study, HCPs were found to have
a significantly worse mental status during the second wave compared to the first, with
anxiety symptoms reported in 32.8% and depression in 37.7% of the participants. This was
more evident in primary care HCPs compared with the other groups of HCPs with 23.8%
reporting symptoms of anxiety and 27.5% of depression. Anxiety symptoms were also
found to be more frequent than depression in other studies [43]. The application of different
tools to assess mental health, and using different cutoff points, may have contributed to
the heterogeneity of results between different studies. Mild symptoms of fear and stress
are considered a normal reaction to a newly recognized condition such as the COVID 19
pandemic. It seems that most HCPs experienced mild symptoms of both depression and
anxiety, as in our study, while more severe symptoms were reported less frequently [9,43].

Considerable evidence, especially in the form of cross-sectional studies and systematic
reviews, has demonstrated the significant impact of COVID 19 on psychological and mental
health outcomes and sleep disorders [35–43]. However, until now, limited published studies
were available evaluating the changes in the mental health of HCPs during the course of
the pandemic and more specifically comparing the differences over the different waves.
Similar to our findings, other studies [44] also reported higher odds of psychological
distress, such as depression and anxiety, among those HCPs who were involved with the
treatment of patients suffering from COVID19. Additionally, a longitudinal study that
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was carried out in Japan and evaluated four waves of the pandemic showed that even
when the cases of COVID 19 were low, HCPs continuously experienced high psychological
distress [45]. Our results indicate that the levels of anxiety, depression, anger and loneliness
together with the worsening of sleep quality increased during the course of the pandemic.
Several factors may influence mental health outcomes. Specifically, in our study, negative
correlations were observed between psychological distress, anger, loneliness and sleep
problems, especially in primary care HCPs, which makes more evident the importance of
implementing strategies to improve the work environment and support HCPs.

The existing literature reported that the prevalence of psychological symptoms in
HCPs during the COVID-19 pandemic was higher than in the previous epidemics [44–51].
We found that during the second wave, the participants felt angrier and lonelier compared
to the first, with 22% presenting clinically significant anger and 54.3% indicating significant
loneliness. This may have a negative impact on the provision of health services [52]. A
survey evaluating the impact of COVID-19 on mental health and its associated factors
among HCPs across 31 countries showed that more psychological consequences were found
in the HCPs with less social support possibly because they did not have the opportunity to
express their feelings [50]. This is in accordance with our study as loneliness was found
to be an important factor affecting sleep quality especially during the second wave in the
total population and separately in primary HCPs.

Stress is a well-known cause of sleep disturbances in HCPs [44–51] and possibly due
to that, the prevalence of sleep disturbances in COVID-19 medical staff was higher than
in other community groups [53]. In Wuhan, HCPs experienced high levels of depression
anxiety, anger, fear and stress, due to the possibility of infection, the direct exposure to
disease and excessive work pressure [51]. In addition, it was found that 39.2% of HCPs in
China suffered from sleep disturbances during the pandemic [43]. In our study, a strong
correlation was found between sleep quality (SCI) and mental health (PHQ4), even in the
separate analysis of depression and anxiety, further verifying this important bidirectional
relationship. This was even more evident in the separate analysis of primary care HCPs.

It was found that consultants and physicians with greater responsibility for treating
COVID-19 patients developed sleep disturbance more frequently [19,50,54,55]. A sys-
tematic review and meta-analysis revealed that almost 35% of HCPs suffered from sleep
disturbances, with those working at the front line against COVID-19 being more vulnerable.
Increased stress in the workplace due to exposure to COVID 19 increased sleep problems
in HCPs and especially nurses and physicians [56]. In our analysis, primary care HCPs
presented worse sleep quality that was aggravated during the evolution of the pandemic
in the second wave with 20.6% reporting symptoms of insomnia. During that time, almost
50% of HCPs that responded were providing treatment to COVID 19 patients.

On the other hand, a study during the early outbreak of COVID-19 in Hubei Province [57]
demonstrated that the sleep problems (PSQI scores) of both frontline and non-frontline
workers did not differ significantly; however frontline HCPs were more susceptible to more
severe sleep disturbances (PSQI > 10). In that study, binary logistic regression analysis
revealed associations between medical occupation, parenthood, anxiety and depression
with poor sleep quality. In our study, the most significant associations were between
being primary care HCP and psychological distress (PHQ4) during the first wave and
between psychological distress, anger and loneliness during the second wave with poor
sleep quality.

Other factors that may contribute to sleep problems in HCPs are being female [58–60],
aged 41–45 years [51,60], caring for children [57,58] and being single [60]. Importantly, in
our study female gender did not show an independent effect on SCI as well as parenthood
and marital status. In previous studies, female sex was associated with poor sleep quality,
increased anxiety and stress compared with men [61,62], and this also applied for HCPs
during COVID-19 pandemic [52,56,63]. Additionally, it was found that sleep disturbances
among HCPs positively related to increased age and this could be attributed to increased
fatigue from work during the years, physical problems and increased need for rest and
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sleep with older age [56,63]. In our study, age did not affect the results probably because
most of the HCPs were of the same age range (40–50 years old).

The majority of studies so far quantified sleep habits with the use of self-reported
questionnaires such as the Pittsburgh Sleep Quality Index (PSQI), Athens Insomnia Scale
(AIS), Insomnia Severity Index (ISI), and some also used questionnaires designed by the
researchers [64]. The selection of the questionnaire may have a significant impact on the
results and may possibly explain the heterogeneity of prevalence rates of sleep disorders
across different studies [9,16]. For example, with the administration of PSQI, higher rates of
sleep disturbances were demonstrated compared with AIS and ISI; this could be attributed
to the fact that the PSQI evaluates sleep quality in general assessing a broad range of
sleep disorders such as snoring, sleep medications and nightmares, whereas AIS and
ISI are more specific to insomnia symptoms [16]. Based on scores such as the PSQI, the
prevalence of poor sleep quality in HCPs ranged between 18.4 to 84.7% [16,43,55,61,64–68].
A study showed that HCPs’ sleep quality worsened after one-month during the early
COVID-19 pandemic, with the percentage of HCPs presenting PSQI > 5 increasing from
62% to 69.3% [68]. In a rather recent study evaluating Italian pediatric HCPs, the median
PSQI value was 8.0 (5.0–10.0) with 68.6% of the participants having a score higher than
5 indicating sleep disturbance, 20.0% of 11–16 indicating poor sleep quality and 2.3% more
than 16 indicating very poor sleep quality [69]. In our study, we used the SCI for the
assessment of sleep disorders with a cut off of 16 being indicative of insomnia disorder.
During the progression of the pandemic, 18.6% of HCPs had a SCI score ≤16 which is
indicative of a possible insomnia disorder. The deterioration of insomnia was evident in
both primary care and non-primary care HCPs during the second wave pandemic with
20.6% of primary care HCPs and 14.3% of all the other HCPs having SCI score ≤16.

Insomnia was the most frequent sleep disorder found in other studies with a preva-
lence ranging from 23.6% to 68% when assessed by ISI scores, with ISI ≥ 15 indicating
moderate-to-severe insomnia in 7–15% [70]. Other studies using AIS with a cut-off of 6
found that 68% of physicians and 53% of nurses suffered from insomnia [69–72]. Apart
for insomnia, other sleep disorders such as nightmares, sleep terrors and sleepwalking
were more frequently reported in HCPs [66]. Furthermore, a study that evaluated HCPs
insomnia using wearable sleep oximeters found a high rate of co-morbid moderate to severe
sleep apnea in HCPs with insomnia being attributable to stress reaching up to 38.5% [73].

The main strength of our study lies on the cross-sectional time-series design to study
differences in sleep quality and mental health symptoms among the same groups of HCPs
during two consecutive waves of the pandemic. However, our study has some limitations.
It was based on an online questionnaire that cannot guarantee the accuracy of all the
information provided from the participants. Additionally, it was very difficult to overcome
the selection bias as the study was based on an online survey and the sampling from each
facility might not be representative. Unfortunately, the majority of the participants of our
study were physicians, and this could be the reason that we did not find any significant
differences between different types of HCPs, especially in nurses so we cannot make
safe conclusions and comparisons between different groups of HCPs. Unfortunately, the
existence of previous history of anxiety and/or depression before the pandemic was not
evaluated and this could have affected our results. However, the significant deterioration
of these symptoms over the pandemic is an important finding even in the absence of data
of a possible prior disorder.

The relationship between COVID-19- related sleep disturbance and stress is bidi-
rectional. Poor sleep may lead to daytime sleepiness, fatigue and impaired daytime
performance resulting in work errors further worsening the psychological condition of
HCPs. During a crisis such as COVID-19, the good quality of sleep of HCPs becomes
of essence as poor sleep or sleep deprivation may reduce work efficiency by impairing
cognitive functioning and decision-making processes, increasing the risk of medical errors
and poor patient outcomes. In addition to poor patient outcomes, reduced sleep quality
has been related to decreased personal satisfaction, adverse mental health and increased
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burnout and may also be associated with increased morbidity, risk for obesity, diabetes and
cardiovascular complications such as heart attack and stroke [23]. Stress and depression
have been linked with increased likelihood of impaired professional behavior [39,53]. The
psychological impact of the pandemic is more evident in frontline HCPs, but it is also felt
by HCPs of other specialties [9,16,69]. Sadly, the emotional impact of the pandemic has led
to suicides among HCPs [66]; something that is very alerting as compared with the general
population physicians are at an increased risk of committing suicide [74].

As sleep disorders, especially insomnia, have been related in the development of
mood changes, and vice versa [36,59,75], a position paper referring to the protection of
HCPs during the COVID-19 pandemic emphasized that apart from personal protective
equipment and food, psychological and family support are also important [76]. The
European Academy for Cognitive-Behavioral Treatment of Insomnia (the European CBT-
I Academy) provided some recommendations addressing the sleep problems of HCPs
who experienced an increased work burden during the COVID-19 pandemic. Practical
recommendations such as expressing concerns to family members, relaxing by exercising
with yoga or reading, were some of the methods proposed for dealing with sleep disorders
at home [77].

6. Conclusions

Our study emphasized the need for supporting HCPs’ mental health and sleep, especially
in those treating COVID patients and working in the primary care. Poor sleep is associated
with a higher risk of developing mental illness such as generalized anxiety and depressive
symptoms especially during a pandemic. Improving the sleep of HCPs is essential during
the COVID-19 pandemic. The national health systems should implement effective strategies
for the early identification of various risk factors and accurate recognition of sleep disorders
and mental distress. The provision of effective management strategies in a timely manner is
essential for the protection of HCPs and also of their patients [74–76]. Reasonable working
schedules that allow the appropriate recovery of HCPs and relaxation techniques such as
mindfulness and emotional support are essential [78]. On the other hand, there is still
no longitudinal investigation assessing the duration and intensity of sleep disorders and
psychological distress in medical staff. It is very important to evaluate the long-term effects of
the pandemic and the effectiveness of the implemented supporting strategies. Additionally, it
is necessary to assess the different outcome measures across different time points, the effect of
vaccination or of other possible treatments for COVID 19, as the impact of the pandemic on
mental health and sleep may change over time.
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Abstract: Background: Obstructive sleep apnea syndrome (OSAS) is a significant public health
issue. In the general population, the prevalence varies from 10% to 50%. We aimed to phenotype
comorbidities in OSAS patients referred to the primary health care (PHC) system. Methods: We
enrolled 1496 patients referred to the PHC system for any respiratory- or sleep-related issue from
November 2015 to September 2017. Some patients underwent polysomnography (PSG) evaluation
in order to establish OSAS diagnosis. The final study population comprised 136 patients, and the
Charlson comorbidity index was assessed. Categorical principal component analysis and TwoStep
clustering was used to identify distinct clusters in the study population. Results: The analysis
revealed three clusters: the first with moderate OSAS, obesity and a high ESS score without significant
comorbidities; the second with severe OSAS, severe obesity with comorbidities and the highest ESS
score; and the third with severe OSAS and obesity without comorbidities but with a high ESS score.
The clusters differed in age (p < 0.005), apnea–hypopnea index, oxygen desaturation index, arousal
index and respiratory and desaturation arousal index (p < 0.001). Conclusions: Predictive comorbidity
models may aid the early diagnosis of patients at risk in the context of PHC and pave the way for
personalized treatment.

Keywords: comorbidities; Greece; OSAS; phenotyping; primary health care

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a disease characterized by recurrent
episodes of partial or complete collapse of the upper airway. It occurs during sleep despite
the documented ongoing effort to breath. This leads to a partial reduction in airflow,
followed by arousal, with an abrupt reduction in blood oxygen saturation (hypopneas). A
complete cessation of airflow lasting at least 10 s during sleep is defined as apnea. This
pattern can occur many times during the night [1].

OSAS prevalence is estimated to be approximately 5–10% in the general population,
regardless of race and ethnicity, with certain subgroups of the population bearing higher
risk [2]. An estimated 10% of middle-aged men and 3% of middle-aged women suffer from
moderate/severe disease [3].

Early OSAS diagnosis can make a significant contribution to reducing comorbidity,
healthcare costs, mortality rates and facilitating the reference for medical services. Still,
few studies have investigated the early detection of OSAS in patients attending primary
health care (PHC) services either due to snoring and/or sleep interruption and daytime
sleepiness. Predictive comorbidity models enrich our knowledge about OSAS heterogeneity
and aid in the early diagnosis of patients at risk, facilitating better individualized treatment
approaches for patients. Some years ago, we were the first to employ, categorical principal
component analysis (CATPCA) in combination with cluster analysis in an OSAS population
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in order to detect comorbidity phenotypes [4]. Our scope was to identify the interplay
between OSAS and its comorbidities, an approach that had served well in phenotyping in
other areas and that also gained popularity after our study in the OSAS field [5–11].

The aim of the current study was to evaluate our previously published CATPCA and
TwoStep cluster (TSC) predictive comorbidity phenotyping model in OSAS patients who
underwent polysomnography (PSG) after referral from the Greek PHC services.

2. Materials and Methods
2.1. Study Population

We performed an epidemiological observational study to investigate the relationship
between OSAS, concomitant diseases and the characteristics of the studied PHC population.
We screened 1496 patients referred to the PHC system in the northern part of Greece for any
respiratory or sleep problem from November 2015 to September 2017. The study population
consisted of adults, 18 to 65 years of age, who had previously undergone a full standard
PSG in the Sleep Unit of the “AGIOS PAVLOS” General Hospital. Patients previously
diagnosed with respiratory failure were excluded from our study. We designed a database
that included patient demographics and anthropometric and socio-economic data, along
with behavioral characteristics, clinical history, and Epworth Sleepiness Scale and Berlin
Questionnaire results, and all parameters were included in the patients’ overnight PSGs in
the laboratory. From the initially screened population, 136 patients were included in the
final analysis. The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the Institutional Review Board of the 4th HEALTH REGION–
MACEDONIA & THRACE (21990/5 July 2016).

2.2. OSAS Definition Severity and Diagnosis

A common measurement of sleep apnea is the apnea–hypopnea index (AHI), which is
the number of apneas and hypopneas that occur per hour of sleep, and it is used to grade
the degree of OSAS severity [12]. In our study, the determination of AHI was achieved after
a full-night PSG in the laboratory. According to the American Academy of Sleep Medicine
(AASM), there are four types of OSAS [13,14]:

1. Normal (AHI < 5);
2. Mild (AHI ≥ 5–14);
3. Moderate (AHI ≥ 15–29);
4. Severe OSAS (AHI ≥ 30).

2.3. Polysomnography (PSG)

PSG is considered the “gold-standard” for sleep disorder diagnosis and requires an
overnight stay in a sleep laboratory. Laboratory-based full-night PSG was performed
in the studied population and included the monitoring of sleep state through the use
of electroencephalography (EEG), electrooculography (EOG), electromyography (EMG),
electrocardiography (ECG), oral thermistor, sound probe around the neck for snoring mea-
surement, pulse oximetry-determined changes in blood oxygen levels and body position,
and the respiratory effort was measured with the use of abdominal and thoracic belts.
Arousals were measured as sudden shifts in brain wave activity. Apnea was defined as a
pause in respiration nasal airflow using pressure transducers for at least 10 s. Apneas were
further classified as obstructive, central or mixed based on whether the effort to breath
was present during the event. Hypopnea was defined as a reduction in ventilation of
at least 30% from the baseline in airflow reduction for >10 s. This results in a decreased
arterial saturation associated with at least 4% oxygen desaturation due to partial airway
obstruction [15].

2.4. Questionnaires

In addition to PSG, screening tools, such as questionnaires, indicate the risk of patients
for OSAS. They are simple, cost effective and validated tools recommended for the initial
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screening of OSAS [15]. The Epworth Sleepiness Scale (ESS) consists of eight different
situations, and the questionnaire asks the subject to rate the probability of falling asleep
in specific situations. Patients with scores ≥ 11 and experiencing involuntary sleepiness
during activities that require more active attention, such as talking or driving, are suggested
to have excessive daytime sleepiness [14,16]. The Berlin Questionnaire (BQ) has three
parts. The survey items address the presence and frequency of snoring behavior, daytime
sleepiness or fatigue and history of obesity or hypertension [15].

2.5. Comorbidity Assessment

Comorbidity assessment is an important component of health services research and
an inevitable clinical prognostic factor. Comorbidity may impact treatment, prognosis and
quality of care assessment. In our study, the severity of comorbidity was determined based
on the adjusted Charlson comorbidity index (CCI) score. The CCI score was calculated
for the studied population based on an algorithm formatted as a Microsoft Excel Macro,
which provides a rapid method for calculating the CCI score. The CCI score was developed
by Hall et al. in 1987 and predicts the one-year mortality for a patient who may have a
range of comorbid conditions (index consists of 19 medical conditions). Each condition is
assigned a score of 1, 2, 3, or 6, with total scores ranging from 0 to 37. Comorbidity, in our
study, was defined in terms of the absence or presence of one or more conditions included
in and scored by the CCI criteria [17].

2.6. Statistical Analysis

The statistical analysis was performed using the IBM SPSS Statistics 21.0 software
package. Data normality was assessed by the Kolmogorov–Smirnov test. Data are presented
as mean ± standard deviation (SD) for data with normal distribution, and as median
with interquartile ranges in parenthesis for skewed data. Independent samples t test or
Mann–Whitney U test was used where appropriate. Categorical variables are expressed
as percentages, and the chi-square or Fischer’s exact test was used. Differences between
clusters were tested by one-way ANOVA analysis with post-hoc Bonferroni correction.
p < 0.05 is considered significant.

2.7. Categorical Principal Component Analysis (CATPCA)

CATPCA is a variant of the principal component analysis (PCA). This method is
the nonlinear equivalent of the standard PCA and reduces the observed set of variables
into a smaller set of uncorrelated variables called principal components, which represent
most of the information found in the original variables. The most important advantages
of nonlinear over linear PCA are that it incorporates multivariate variables and that it
can handle and discover nonlinear relationships between variables [18]. The method is
most useful when many variables prohibit an effective interpretation of the relationships
between objects. It reduces the dimensionality of a set of variables while accounting for as
much of the variation as possible, and this optimal scaling allows better performance. By
reducing the dimensionality, the clustering process is facilitated. Categorical variables are
optimally quantified in the specified dimensionality. As a result, nonlinear relationships
between variables can be modeled. CATPCA maximizes the correlations of the object scores
with each of the quantified variables for the number of components (dimensions) specified
to be used as clustering variables. This method was used on the components of the CCI.

2.8. TwoStep Clustering

Subsequently, components extracted from the CATPCA were used as clustering vari-
ables along with the AHI. For this, the SPSS TwoStep cluster (TSC) method was used. TSC
is a scalable cluster analysis algorithm designed to handle very large mixed datasets and to
reveal data groups (clusters) within a dataset that would not otherwise be apparent. TSC
integrates a hierarchical and partitioning clustering algorithm, adding attributes to cluster
objects. This method defines the relationships among items and improves the weaknesses
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of applying a single clustering algorithm. Clusters are categories of items with many
features in common.

The TSC method is divided into the following two steps: Step 1: the pre-cluster step
identifies regions with dense intercorrelations in the input variables and produces primary
sub-clusters [19]. Step 2: these initial sub-clusters resulting from the first step are merged
into the final clusters using the hierarchical agglomerative clustering method. Determining
the optimal number of clusters in a data set is a fundamental issue in partitioning clustering;
the TwoStep algorithm automatically incorporates the Bayesian information criterion (BIC)
and the change in the distance measurement by also calculating the log likelihood ratio
distance [20].

Finally, a post-hoc test provided by the TSC method is the average silhouette coefficient,
which is a measure that indicates how similar an object is to its own cluster (cohesion)
compared to other clusters (separation). The silhouette ranges from −1 (indicating a
very poor model) to +1 (indicating that the object is well matched to its own cluster and
poorly matched to neighboring clusters). An average silhouette greater than 0.5 indicates a
reasonable partitioning of data [21]. In our study, the optimal cutoff was set at >0.85 when
comparing the differentiation between clusters.

3. Results
3.1. Participant Characteristics

Among the 288 participants, 115 patients were diagnosed with other sleeping breathing
disorders, 28 declined to undergo PSG, and 9 recordings were technically unacceptable.
Thus, a total of 136 patients were included in our study. In Table 1, the demographics and
the respiratory and sleep apnea characteristics of the study participants are shown.

Table 1. Sample demographics, questionnaires, and PSG results.

All Sample Gender
p Value

n = 136 Females Males

Age (years) 48 (38, 57.75) 50 (36.8%)
45 (36, 54)

86 (63.2%)
45 (36, 54) p < 0.001

Weight (kgr) 91.50 (84, 105) 88.27 ± 20.32 96.5 (86, 11.3) p = 0.026

Height (cm) 172 ± 9.99 163.5 ± 7.70 176.8 ± 7.33 p < 0.001

Body Mass Index (BMI) 32.37 (28.10, 34.08) 32.73 ± 7.59 31.60 (28.03, 33.63) p = 0.204

Low Epworth Sleepiness Scale (ESS) 68 (50%)
8 (6, 9)

29 (58%)
9 (7, 9)

39 (45.3%)
8 (6, 9) p = 0.214

High ESS 68 (50%)
13 (11.25, 15.75)

21(42%)
13 (12, 14.5)

47 (54.7)
13 (11, 16) p = 0.846

Low-Risk Berlin Questionnaire (BQ) 30 (22%) 8 (16%) 22 (25.6%)

High-Risk BQ 106 (78%) 42 (84%) 64 (74.4%)

Apnea Hypopnea Index (AHI) Mild 20 (14.7%)
11.70 (10.30, 13.38)

8 (16%)
10.70 (9.20, 13.85)

12 (13.9%)
11.70 (11.40, 13.38) p = 0.333

Moderate AHI 34 (25%)
21.50 (19.85, 25.45)

14 (28%)
20.70 (18.68, 25.55)

20 (23.3%)
22.40 (20.03, 25.53) p = 0.660

Severe AHI 74 (54.4%)
60.40 (41.33, 81.53)

23 (46%)
60.20 (38.30, 70.10)

51 (59.3%)
63.20 (44.70, 86.60) p = 0.382

AHI 31.75 (18.43, 63) 26.55 (14.43, 52.43) 34.95 (20.70, 71.25) p = 0.024

Obstructive Apnea Index (OAI) 7.6 (1.93, 25.33) 4.25 (0.98, 11.38) 10.30 (3.08, 40.43) p = 0.001
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Table 1. Cont.

All Sample Gender
p Value

n = 136 Females Males

Oxygen Desaturation Index (ODI) 24.40 (12.40, 54.53) 19.40 (10.98, 42.43) 27.85 (14.25, 60.98) p = 0.036

Respiratory Arousal Index (RAI) 7.10 (0.5, 28.43) 14.85 (3.55, 30) 4.40 (0.2, 23.85) p = 0.016

Desaturation Arousal Index (DAI) 0.9 (0.3, 2.55) 1 (0.4, 2.33) 0.65 (0.2, 3.1) p = 0.336

Arousal Index (AI) 18.75 (8.33, 36.78) 21.40 (11.15, 34.95) 14.75 (5.98, 45.75) p = 0.228

Charlson Comorbidity Index (CCI) 1 (0, 1) 1 (0, 1) 0 (0,1) p = 0.024

Data are presented as mean ± SD for normally distributed data (height) or median (interquartile ranges) for
skewed data (remaining data). Normally distributed data were analyzed by Student t-test and skewed data with
Mann–Whitney U test.

3.2. Cluster Analysis

CATPCA produced three components (Table 2 represents Cronbach’s alpha value)
that were used with AHI staging as clustering variables in the TSC technique. Applying
this method, three distinct clusters were identified from the analysis.

Table 2. Cronbach’s alpha value.

Dimension Cronbach’s
Alpha

Variance Accounted for Total
(Eigenvalue) Dimension Cronbach’s

Alpha

1 0.729 1.946 1 0.729
2 −0.015 0.990 2 −0.015

Total 0.989 2.936 Total 0.989

Clusters can correspond to phenotypes. The first phenotype corresponds to moderate
OSAS, obesity and a high ESS score without significant comorbidities; the second to severe
OSAS, severe obesity with comorbidities and the highest ESS score; and the third to
severe OSAS and obesity without comorbidities but with a high ESS score. The clusters
differed significantly in age (p < 0.005), apnea–hypopnea index (AHI), oxygen desaturation
index (ODI), arousal index (AI) and respiratory and desaturation arousal index (p < 0.001)
(Tables 3–5).

Table 3. Correlation-transformed variables.

AHI ODI CCI (0–37)

AHI 1.000 0.934 0.047
ODI 0.934 1.000 0.100

CCI (0–37) 0.047 0.100 1.000
Dimension 1 2 3
Eigenvalue 1.946 0.990 0.064

Table 4. One-way analysis of variance (ANOVA) descriptives.

Cluster 1 Cluster 2 Cluster 3
p-value

n = 67 (49.3%) n = 25 (18.4%) n = 44 (32.4%)

Males
Females

37 (27.2%)
30 (22.05%)

16 (11.76%)
9 (6.61%)

33 (24.26%)
11 (8.08%)

Age (males)
Age (females)

44.11 ± 9.74
49.43 ± 12.54

p = 0.017

48.94 ± 12.55
57.00 ± 7.87

p = 0.96

42.91 ± 11.15
55.64 ± 8.29

p =0.001
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Table 4. Cont.

Cluster 1 Cluster 2 Cluster 3
p-value

n = 67 (49.3%) n = 25 (18.4%) n = 44 (32.4%)

BMI (males)
BMI (females)

29.43 ± 4.76
30.71 ± 7.57

p = 0.25

33.42 ± 3.75
37.49 ± 6.80

p = 0.18

34.14 ± 6.04
35.77 ± 6.03

p = 0.46

ESS (0–24) 10.09 ± 4.13 11.60 ± 3.99 11.23 ± 3.19 p = 0.146

AHI 20.08 ± 10.29 44.85 ± 31.08 73.42 ± 20.46 p = 0.001

ODI 14.50 ± 8.73 40.47 ± 31.31 61.46 ± 22.01 p = 0.001

AI 14.99 ± 10.60 32.69 ± 28.26 42.70 ± 31.58 p = 0.001

RAI 7.49 ± 9.01 25.42 ± 29.13 32.36 ± 32.22 p = 0.001

DAI 1.02 ± 1.31 1.85 ± 2.47 3.08 ± 3.69 p = 0.001

SAI 0.64 ± 1.01 0.81 ± 1.10 0.52 ± 1.04 p = 0.541

Data are presented as mean ± standard deviation (SD). ESS = Epworth Sleeping Scale; AHI = apnea index +
hypopnea index/h; ODI = Oxygen Desaturation Index; AI = Arousal Index; RAI = Respiratory Arousal Index;
DAI = Desaturation Arousal Index; SAI = Snore Arousal Index.

Table 5. CCI (0–37) TwoStep Cluster Number crosstabulation.

TwoStep Cluster Number
Total

1 2 3

CCI (0–37)

0

Count 40 a 0 b 23 a 63
Residual 9.0 −11.6 2.6

Std. Residual 1.6 −3.4 0.6
Adjusted Residual 3.1 −5.1 1.0

1

Count 27 a 0 b 21 a 48
Residual 3.4 −8.8 5.5

Std. Residual 0.7 −3.0 1.4
Adjusted Residual 1.2 −4.1 2.1

2

Count 0 a 14 b 0 a 14
Residual −6.9 11.4 −4.5

Std. Residual −2.6 7.1 −2.1
Adjusted Residual −3.9 8.3 −2.7

3

Count 0 a 8 b 0 a 8
Residual −3.9 6.5 −2.6

Std. Residual −2.0 5.4 −1.6
Adjusted Residual −2.9 6.1 −2.0

4

Count 0 a 2 a 0 a 2
Residual −1.0 1.6 −6

Std. Residual −1.0 2.7 −8
Adjusted Residual −1.4 3.0 −1.0

8

Count 0 a 1 a 0 a 1
Residual −5 8 −3

Std. Residual −7 1.9 −6
Adjusted Residual −1.0 2.1 −7

Total Count 67 25 44 136

Each subscript letter denotes a subset of TwoStep Cluster Number categories, whose column proportions do not
differ significantly from each other at the 0.05 level.

Total Cronbach’s alpha and total variance explained based on cumulative eigenvalue
were determined for each scaled model in comparison to the previous model. The objective
of this evaluation was to maintain internal consistency among comorbidity features, while
aiming prospectively for an increase in variance explained by the scaled model.
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4. Discussion

Although OSAS public awareness and its associated health consequences have in-
creased, the prevalence of OSAS continues to rise, and a significant part of the affected
population remains undiagnosed. Several studies have shown that a phenotyping ap-
proach is important in early detection and provides more adapted treatment to the patient’s
needs. The identification of subgroups based on comorbidities and symptoms is crucial to
understand OSAS causality and to develop management strategies customized for each
subgroup. Such approaches have not been validated in the context of a community-based
population [22]. Our study aimed to apply an OSAS comorbidity phenotyping approach
previously developed by our group in a sample of the primary health care population [4].

This study placed emphasis on the standardized definition of comorbidity and OSAS
severity based on AHI. TSC revealed three distinct clusters referred to as moderate-to-
severe OSAS in our study population. Comorbidity scores were segregated into the severe
OSAS cluster without comorbidities and severe OSAS with comorbidities. Our results are
in line with those of the study by Vavougios et al. [4], although we found three distinct
clusters out of six, which was maybe due to the lower number of patients. Specifically,
Vavougios et al. found six distinct clusters, where one corresponded to healthy subjects,
one corresponded to mild OSAS without comorbidities, two corresponded to moderate
OSAS with and without comorbidities and, finally, two corresponded to severe OSAS with
and without comorbidities [4]. In both studies, clinical changes in age, BMI, ODI, AHI and
AI were found to be associated with a higher risk of belonging to a more serious phenotype.
Despite the strong association between OSAS and obesity, studies have shown that an
important number of OSAS patients have a BMI within the normal range [23]. However, this
relationship is reinforced by studies concluding that patients with a higher BMI experience
frequent ODI periods, resulting in a higher AI and decreased sleep efficiency [24]. Moreover,
a 10% increase in weight gain was associated with a huge probability of developing OSAS,
and a 10% weight loss predicted a 26% decrease in AHI [25]. Furthermore, as others have
noted, both the current study and the study by Vavougios et al. discovered a nonlinear
relationship between comorbidity and OSAS severity [26]. This recurrent finding indicates
that moderate-to-severe OSAS patients can be furthermore stratified by resiliency against
comorbidities [27], albeit studies determining the trajectory of exposure to moderate or
severe untreated OSAS are understandably lacking.

There are important differences between the current study and the study by Vavougios
et al. that need to be addressed. The current study was a PHC population-based study, as
opposed to a study involving OSAS patients recruited from a sleep clinic, where participants
reported sleep-related disturbances without a diagnosis of OSAS or other sleeping breathing
disorder. Furthermore, in the current study, there were different clinical features and criteria
included in the analysis [4].

Few studies have formally characterized the distinct combinations of symptoms
and comorbidities in OSAS patients. To our knowledge, the first study that applied
cluster analysis and that identified distinct subgroups of OSAS patients was performed
by Ye et al. (ISAC study), which only placed emphasis on patients with moderate-to-
severe OSAS (AHI ≥ 15 events/h) who were referred to a sleep clinic [28], whereas we
also included patients with mild OSAS in a community-based study. The ISAC study was
relatively consistent in the severity of the disease and the presence of symptoms, including
comorbidities, as they distinguished them in their study population. In contrast to our
study, the use of a predetermined definition of comorbidity, such as CCI, is considered a
major difference, because CCI excludes hypertension, and cardiovascular disease (CVD) has
several different aspects [28]. Recently, Pien GW et al. studied the follow-up data from the
ISAC cohort to assess the differences in symptom responses after 2 years of CPAP treatment
among the defined clusters. More specifically, they examined the relationship between
OSAS clusters and successful CPAP treatment, and they concluded that the clusters with
more severe OSAS were more likely to respond to treatment [29]. Keenan et al. (SAGIC
study) studied OSAS patients who were middle aged and obese and had predominantly
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severe OSAS. After using cluster analysis, they found five clusters, where three of them
were similar to those of the ISAC study and the remaining two were less symptomatic [30].

The study by Saaresanta et al. studied a huge population in 18 countries who were
referred to sleep centers. Four clinical phenotypes were reported based on daytime symp-
toms; insomnia; and comorbidities, including CVD and anatomical and phycological
features. The results are in line with the findings of the ISAC study [31].

A recent clustering study studied a large French population of moderate-to-severe
OSAS patients with the same inclusion criteria as in the SAGIC study. They assessed
demographics, lifestyle factors, OSAS severity, comorbidities and environmental risk
factors. They identified six clusters parallel to those of the SAGIC study, but the absence of
insomnia-related symptoms was the key difference. However, the major difference with
our study was that OSAS severity measurements (AHI/ODI) were not considered to define
subgroups [32].

A smaller study in Italy (198 OSAS patients) identified three clusters in a sample
referred to a sleep clinic that were similar to those of our study, and the differences between
the clusters were a consequence of OSAS severity, BMI and ESS [33]. The first community-
based study was the Wisconsin Sleep Cohort Study, with participants randomly selected
from a working population. The study showed a high prevalence of SDB, using PSG in
adults [34]. Moreover, a huge study from the Australian PHC system (BEACH) analyzed all
adults for OSAS or snoring from 2000 to 2014; however, the data did not reveal if patients
were formally tested for OSAS or which path they followed in doing so (direct referral for
testing or only after seeing a specialist) [35]. Recently, two Spanish studies, PASHOS and
GESAP, studied a program of the PHC system and a sleep unit for OSAS management.
Although the protocol that both studies followed was similar to ours, PSG was not used as
the standard test for OSAS diagnosis, and the upper age range was much larger in both
studies than in our study [36,37].

5. Conclusions

The main strength of our study was that we studied a partnership of a PHC system
and a sleep clinic to establish OSAS diagnosis and to evaluate the resulting OSAS clusters
in the initial population. A potential limitation of our study was that it involved a small
sample size, and our population was predominantly male. However, the design of our
study was closely associated with clinical practice, and our findings indicate that PHC
can be incorporated into the clinical management of OSAS patients in a similar way to
that used for other chronic diseases. Our study also corroborated a nonlinear relationship
between comorbidity and OSAS severity, indicating that moderate-to-severe OSAS patients
can be further stratified by resiliency against comorbidities.
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Abstract: Inflammation in elderly is associated with physical and cognitive morbidity and mortality.
We aimed to explore the association of modifiable lifestyle parameters with inflammation among non-
demented, community-dwelling elderly. A sub-sample of 117 patients with mild cognitive impair-
ment (MCI, n = 63) and cognitively non-impaired controls (CNI, n = 54) were recruited from a large,
population-based cohort in Crete, Greece, of 3140 elders (>60 years old). All participants underwent
assessment of medical history/physical examination, extensive neuropsychiatric/neuropsychological
evaluation, diet, three-day 24-h actigraphy, subjective sleep, physical activity, and measurement of
IL-6 and TNFα plasma levels. Associations between inflammatory markers and diet, objective sleep
duration, subjective sleep quality, and lack of physical activity were assessed using multivariate
models. Regression analyses in the total group revealed significant associations between TNF-α and
low vegetable consumption (p = 0.003), and marginally with objective long nighttime sleep duration
(p = 0.04). In addition, IL-6 was associated with low vegetable consumption (p = 0.001) and lack of
physical activity (p = 0.001). Poor diet and lack of physical activity appear to be modifiable risk factors
of inflammation, whereas long sleep appears to be a marker of increased inflammatory response in
elderly. Our findings may have clinical implications given the association of inflammatory response
with morbidity, including cognitive decline, and mortality in elderly.

Keywords: inflammatory markers; elderly; objective sleep; diet; physical activity

1. Introduction

In the elderly, several molecular and cellular changes of the innate and acquired
immunity have been described as potential contributors to biological aging [1]. Among
others, dysregulation of the immune system, known as inflammaging, is characterized by
low-grade but constant elevations of pro-inflammatory markers, such as interleukin (IL)-1,
IL-6, IL-8, IL-13, C-reactive protein (CRP), interferon a (IFNa) and interferon b (IFNb),
and tumor necrosis factor-alpha (TNFα). High levels of pro-inflammatory markers are
evident in the majority of elderly, even among those without risk factors or clinically active
diseases [2]. Pro-inflammatory responses, cellular senescence and immune senescence [3,4]
are important components in the disorders of aging, including cardiovascular disease,
cancer, chronic kidney disease, dementia, and depression, and other age-related conditions,
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such as functional decline, sarcopenia, frailty and mortality [2]. In light of these observa-
tions, there is a growing trend to approach overall mortality and morbidity, through the
study of how various modifiable factors, such as diet, sleep and physical exercise, can affect
the inflammatory load and consequently impact overall quality of life [5].

In older populations, research examining the relation of dietary parameters and
inflammatory markers is rather scarce and has not produced consistent results so far. Obser-
vational and intervention studies, performed in either community-dwelling or hospitalized
older individuals, concluded that sufficient evidence exists only regarding the protective
role of n-3 polyunsaturated fatty acid intake [6,7]. In relation to diet overall, two studies in
older adults from Italy and Scotland found that closer adherence to a Mediterranean diet,
a plant-based dietary pattern, is related to decreases in inflammation-related markers over
time (three or six years, respectively) [8,9]. However, little is known about the associations
between inflammatory markers and specific food groups (i.e., vegetables, red meat, dairy,
legumes, etc.) in older adults, including elderly with mild cognitive impairment (MCI),
information that may be easily addressed in daily clinical practice.

Other studies have focused on possible links between sleep and inflammation in
older adults. Sleep architecture changes significantly as we age [10,11], and health decline
contributes to increasing sleep problems among the elderly, such as insomnia, sleep apnea,
circadian rhythm sleep–wake disorders, and poor sleep quality and quantity [10,12]. Re-
search so far indicates a U-shape association between objective sleep measurements and
increased inflammatory markers among cognitively non-impaired elderly (CNI) [13–16],
while others found no significant association between them [17,18].

Finally, in relation to physical activity, there is solid evidence reporting that physical
activity based on amount and intensity of leisure time activities are related to lower
concentrations of inflammatory markers in blood in older population groups [19–26].
Notably, this association has not been systematically studied using simple questions such
as frequency of daily continuous brisk walking, reflecting a common and accessible for
elderly form of physical activity with evidence for health benefits based on the UK Chief
Medical Officer’s guidelines [27].

In terms of exercise, higher levels based on rather strenuous exercise programs have
a beneficial effect on inflammation levels in healthy elderly [22]. Longitudinal studies
investigating associations between inflammatory markers and exercise in patients with
MCI are very few. A recent pilot study demonstrated that 12 weeks of aerobic training in
30 CNI and 30 patients with MCI significantly decreased inflammatory markers in both
groups [28]. Moreover, a recent meta-analysis has linked lifestyle interventions, including
exercise, with significant reductions in IL-6 and TNFα levels in patients with MCI and
dementia [29].

MCI is an early stage of impairment in memory and/or other cognitive functions (such
as language, executive, or visuoconstruction capacity) in individuals who maintain the
ability to independently perform most activities of daily living and sustain a normal level
of function [30–32]. On the other hand, the prevalence of MCI is high (about 15–20% in
elderly above 60 years), with a significant annual rate in which MCI progresses to dementia
varying between 8 and 15% per year [31]. Based on that, MCI is an important condition
to identify and treat. Therefore, identifying possible modifiable factors that may delay or
reverse the progression of MCI to dementia is very important.

To our knowledge, there is no study evaluating the joint contribution of all three
parameters of lifestyle, i.e., diet, sleep, and physical activity, as described above in relation
to inflammation markers in older non-demented adults, including patients with MCI. To fill
this gap in the literature, the aim of the present study was to examine in a comprehensive
way the association between inflammation and diet based on food groups, subjective and
objective sleep and mild physical activity based on daily continuous, brisk walking, in
a sample of community-dwelling older adults. A secondary objective was to explore if the
purported role of each of the three lifestyle parameters is modified by the presence of age-
related cognitive impairment as indicated by diagnosis of MCI. Based on our previous work

116



Healthcare 2022, 10, 143

and existing literature, we hypothesized that objective sleep, diet, and physical activity will
independently relate to inflammation levels, both in cognitively non-impaired elderly, as
well as among persons with MCI.

2. Materials and Methods
2.1. Study Design

The present sample consisted of participants of the Cretan Aging Cohort, a cross-sectional
study of community-dwelling elders, recruited from the rural and urban areas in the
district of Heraklion, Crete, Greece, between March 2013 and June 2015. The primary
aim of this study was to investigate the prevalence of and risk factors associated with
cognitive decline [33]. The Cretan Aging Cohort study was conducted in two phases.
The study was conducted according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects/patients were approved by the
Bioethics Committee of the University Hospital of Heraklion, Crete (Protocol Number:
13541, 20 November 2010). Written informed consent was obtained from all subjects.

Phase I: Eligible participants were those aged > 60 years who visited selected primary
health care facilities in areas of the Heraklion district for any reason. Consenting individuals
(n = 3200) completed an interview with a specially trained nurse, who used a structured
questionnaire to document sociodemographic information, anthropometric measurements,
physical and mental health issues, and medication use. Cognitive function was evaluated
using the Greek version of the Mini Mental State Examination (MMSE) test [34], applying
a universal cut-off of 23/24 points (because the majority of participants had ≤6 years
of formal education) for referral of patients for further evaluation. Based on this cut-off,
participants were divided into two groups: those with MMSE <24, considered to be at risk
for cognitive impairment, and the not-at-risk group with MMSE ≥24 [33]. After excluding
participants with crucial missing data (MMSE score, age), the final study sample consisted
of 3140 people (57.0% women) aged 73.7 ± 7.8 (60–100) years, who had completed an
average of 5.8 ± 3.3 (0–18) years of formal education and lived mostly in rural areas.

Phase II: Participants who scored < 24 points on the MMSE (n = 636) were referred
for an extensive neuropsychological and neuropsychiatric evaluation in phase 2 of the
study. The 344 consenting subjects were similar with the 636 originally refereed subjects
in terms of age, gender, and body mass index (BMI). Certified neurologists, psychiatrists
and internists completed an extensive questionnaire based on the one used in the Hellenic
Longitudinal Investigation of Aging and Dietstudy [35]. Trained neuropsychologists per-
formed a test battery evaluating a variety of cognitive domains. Apart from medical and
family history, daily activities, dietary patterns and sleep characteristics were assessed
as well (for a detailed description of all tests and scales used, see [33]). Diagnosis of any
type of MCI was based on modified Petersen criteria (IWG-1) [36] and on a consensus
decision between two or more clinicians who took into account results from the compre-
hensive neuropsychiatric and neuropsychological evaluation. Diagnosis of MCI further
required that cognitive deficits could not be accounted for by clinically significant mood or
anxiety disorder.

To be included in the MCI group participants had to have age- and education-adjusted
z scores <−1.5 on indices derived from at least two tests within a given cognitive domain
(episodic memory, language, attention/executive) and demonstrate intact levels of every-
day functionality according to a comprehensive, informant scale of instrumental activities
of daily living [37] adapted for the Greek population from Lawton and Brody (1969). Using
the non-cognitively impaired pool of subjects who scored >24 on the MMSE (n = 2504),
a control group of 181 participants was created after stratifying for residence, gender, and
age. Of those, 161 agreed to participate in phase 2 of the study (see Figure 1). In phase II,
among 505 participants examined, 231 were diagnosed as MCI, 128 with dementia, and 146
were CNI [33].
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Figure 1. Study flowchart. Abbreviations; MMSE: Mini Mental State Examination, CNI: cognitively
non-impaired, MCI: mild cognitive impairment.

2.2. Participants

The current analyses were performed on a sub-sample of participants from Phase II
in whom we obtained complete data of objective (actigraphy) and subjective sleep, mea-
surements of inflammatory markers (TNF-α and IL-6 plasma level), as well as dietary
and physical activity habits based on valid questionnaires. The final sample included
non-cognitively impaired participants (CNI) (n = 54), and participants with a diagnosis of
MCI (n = 63) (Figure 1). Given that all participants in this cohort were community-dwelling
members of primary care health units, elderly people with severe terminal medical illnesses
or severe movement impairment were not included in this cohort.

2.3. Measurements
2.3.1. Inflammatory Markers

Blood samples were collected from each participant between 10:00 am and 12:00 pm,
transferred to EDTA-containing tubes (three per participant) and refrigerated until centrifu-
gation (within 3 h) for plasma isolation. Afterwards, the plasma samples were kept in deep
freeze (−80 ◦C). Plasma TFN-α and IL-6 were measured by ELISA technique (Human TNF-
alpha Quantikine HS ELISA and Human IL-6 Quantikine HS ELISA kits respectively, R&D
Systems Europe, Abington, UK). For the TNF-α measurement, the inter-assay coefficient
of variation was 12.74%, the intra-assay coefficient of variation was 19.04, and the lower
detection limit was 0.209 pg/mL. For the IL-6 determination, the inter-assay coefficients of
variation were 13.09%, the intra-assay coefficients of variation were 11.04, and the lower
detection limit was 0.133 pg/mL.

2.3.2. Diet

Habitual diet was assessed using a validated semi-quantitative food frequency
questionnaire [38]. It comprises 69 questions on the consumption of foods or combination
of foods, including dairy products, cereals, fruits, vegetables, meat, fish, legumes, added
fats, alcoholic beverages, stimulants and sweets. Using a 6-point scale (“never/rarely”,
“1–3 times/month”, “1–2 times/week”, “3–6 times/week”, “1 time/day”, “≥2 times/day”),
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participants were asked to indicate the absolute frequency of consuming a certain amount
of food, expressed in g, millilitres, or in other common measures, such as slice, tablespoon
or cup, depending on the food. Responses to the food frequency questionnaire were con-
verted to daily intakes of specific food items and were extrapolated into macronutrient
intakes. Energy intake was calculated by summing energy intake from macronutrients
and alcohol, assuming 4 kcal/g for carbohydrates and proteins, 9 kcal/g for lipids, and
7 kcal/g for alcohol. Responses were also grouped into major groups (expressed as serv-
ings/day). Adherence to the Mediterranean dietary pattern was evaluated using the
MedDietScore, an 11-item composite score calculated for each participant from the FFQ-
based food consumption [39]. The score is based on the weekly consumption of 11 food
groups (non-refined cereals, fruits, vegetables, legumes, potatoes, fish, meat and meat
products, poultry, full fat dairy, olive oil use and alcohol). A score 0–5 is given for each
food group. The potential range of MedDietScore is between 0 and 55, with higher values
indicating greater adherence to the Mediterranean diet.

2.3.3. Sleep Measurements

Subjective Sleep: Subjective sleep and presence of any sleep disorder were evaluated
using 20 sleep-related questions from a standardized questionnaire, used in the Penn State
Cohort and described in detail elsewhere [40]. In the current analysis, subjective sleep
variables examined were non-refreshing sleep, excessive daytime sleepiness (EDS), sleep
apnea symptoms and insomnia symptoms qualified in terms of severity on a scale of 0–4
(0 = none, 1 = mild, 2 = moderate, 3 = severe). Non-refreshing sleep was evaluated by
a positive response (“often” or “always”) to the following question “Do you feel groggy
and un-refreshed after you wake up in the morning”. Excessive Daytime Sleepiness (EDS)
was evaluated by a positive response (“often” or “always”) to one or both of the questions:
“Do you feel groggy or sleepy most of the day but manage to stay awake”, and/or “Do
you have irresistible sleep attacks”. The presence of symptoms consistent with sleep apnea
was indicated by a positive response on one or both of the following questions: “Do you
know/Have you been told that you stop breathing or breath irregularly during sleep,
occasionally, often or always?” and “Do you know/Have you been told that you snore
during sleep to a moderate/severe degree?”. Finally, the presence of “insomnia symptoms”
was established on a “yes” answer to the questions: “Do you have difficulty falling asleep”,
“Do you have difficulty staying asleep” or “Do you wake up in the morning earlier than
desired” often or always.

Objective Sleep: Objective measurement of sleep in a free-living environment was
documented for three consecutive 24-h periods during weekdays using an actigraph
(Actigraph, GT3XP model, Pensacola, FL, USA) placed on the non-dominant arm of the
participant. The actigraphic data were examined together with sleep diaries in which
the actigraph was removed and “bedtime”/“out of bedtime” times were reported daily.
Night was defined based on the questions “What time did you go to bed” and “What time
did you get out of bed” answered by the participant in the sleep diary. Naps, defined as
daytime sleep for more than 20 min, were based on the actigraphy and the sleep diary
provided by the participant [41,42]. Actigraphy data including among other night sleep
efficiency (SE), night sleep onset latency (SOL), night total sleep time (TST), night time
in bed (TMB), night wake time after sleep onset (WASO), number of awakenings during
the night, night average duration of awakenings, 24-h (nighttime and daytime) sleep time
(24-hTST), and 24-h (nighttime and daytime) time in bed (24-h TMB) were analyzed using
the ActLife 6 software (Actlife v6.9.5 LLC, Pensacola, FL, USA). Periods without actigraphic
activity which, based on the sleep diaries, were not identified as sleep were considered
as artifacts and were removed from the analysis. Sleep parameters were averaged over
three consecutive 24-h. Participants with actigraphy recorded over fewer than three days
or average night TST ≤ 3 h were excluded from the analysis. The start time of the 24-h
period was set at 11:00 am on the day that the actigraph was applied on the participant’s
hand by our staff. Objective sleep parameters were analyzed as continuous variables in all
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group comparisons. From the objectively recorded sleep time data, we regrouped the entire
study sample into two ordinal groups. Initially, the total group was divided in quartiles.
Our previous findings based on the same cohort have shown that long but not short sleep
duration is associated with cognitive impairment both among CNI and MCI participants.
Based on that, we divided the sample to the top 25% of persons above the median percent
sleep time (long sleep duration group), and the 75% of persons in the bottom half (normal
sleep duration group). We then rounded the cut-off points to meaningful numbers and thus
created the following two sleep duration groups: the long sleep duration group consisted
of those who slept ≥7.5 h (coded as 1), and the normal sleep duration group of those who
slept <7.5 h (coded as 0) [43].

Finally, short sleep duration was defined as total night <360 min, corresponding to the
lower quartile of the distribution of night total sleep time (TST) in the total sample of the
present study.

2.3.4. Physical Activity

Regular physical activity was based on participant responses to a single question
“How many days did you walk for more than 10 min in a row in a brisk manner during the
last week”. Since we aimed to evaluate the role of mild physical activity, lack of physical
activity was defined if participants had less than three days of 10 min of brisk walking in
a row during the last week, given that adults engaging in less than 30 min of activity per
week are considered as significantly inactive [44]. Lack of activity was coded with a value
of 1 and presence of activity with 0.

2.3.5. Other Variables

Demographic variables such as gender, and age, and body mass index (BMI) were
also assessed. Additionally, prescription of any type of psychotropic medication (in-
cluding benzodiazepines) was recorded. Finally, a diagnosis of late-life depression was
based on the Phase II clinical interview by a team of a certified psychiatrist, a neurologist
and a geriatrician, score on self-report psychiatric symptom scales, and the thorough
neuropsychological evaluation.

2.4. Statistical Analysis

In preliminary univariate analyses we assessed diagnostic group differences on de-
mographic variables, sleep, and lifestyle habits and proinflammatory cytokines. Group
differences on continuous variables (total sleep time, sleep efficiency, sleep latency, wake
time after sleep onset, cytokine levels, dietary intake) were assessed through ANOVAs
and on categorical variables (subjective sleep indices, physical activity) using chi-square
tests. In these analyses age, gender, BMI, use of psychotropic medications, sleep apnea
symptoms, and diagnosis of depression served as covariates.

The main objective of the study involved assessing the joint contribution of demo-
graphic, sleep (objective and subjective), and lifestyle variables on IL-6 or TNF-a levels in
a sample of elders varying considerably in cognitive status. Variable selection for multivari-
ate models was based on partial correlations, computed in the total sample, between each
independent variable and IL-6 or TNF-a levels, controlling for MCI diagnosis (coded as 0
for the NCI group and 1 for the MCI group). Variables of interest were entered in the multi-
variate models if their corresponding partial correlation with IL-6 or TNF-a had a p-value
< 0.1. These multiple linear regression models included IL-6 or TNF-a as the dependent
variable and age, gender, BMI, and MCI diagnosis as confounders. Both models (the first
with IL-6 and the second with TNF-a as the dependent variable) were recomputed, strati-
fied by clinical group (with age, gender, and BMI as confounders). The effects of interest in
these analyses were (i) R2 change (evaluated at study-wise p < 0.05/6 = 0.008), and (ii) the
regression coefficients for each independent variable entered in the second step of each
model (following all covariates), which were evaluated at family-wise p < 0.05/3 = 0.017
for the model predicting TNF-a and at p < 0.05/2 = 0.025. A priori power estimation (using
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G*Power 3.1 [45]) indicated that the sample size was adequate to detect a minimum change
in R2 = 0.095 (corresponding to a small effect size) to ensure power of 80% at p = 0.05.

3. Results
3.1. Sample Demographics, Clinical and Preclinical Variables

The final sample included 117 participants (63.7% women; Table 1) aged 74.5 years
(SD = 7.4), who had attained an average of 5.1 (SD = 3.1) years of formal education. The
sample average MMSE score was 24.9 points (SD = 3.6) and comprised 54 cognitively
non-impaired (CNI) and 63 persons diagnosed with MCI (Figure 1). Table 2 shows
inflammatory markers, diet, subjective and objective sleep variables, and physical ac-
tivity in the total sample (corresponding values by clinical group are presented in the
Supplementary Tables S1 and S2). In univariate analyses, the two clinical groups were
comparable on levels of IL-6/TNF-a, sleep parameters, frequency of mild activity (p > 0.1)
and the majority of dietary variables with some exceptions (descriptives by clinical group
and corresponding effect sizes are presented in Table 3). Specifically, CNI participants
reported greater adherence to the Mediterranean diet, greater daily energy intake, and
greater consumption of red meat, non-refined and refined cereals, and sweets, compared to
MCI participants.

Table 1. Demographic and clinical parameters of the total sample and by diagnostic group.

Total Group|(n = 117) CNI (n = 54) MCI (n = 63)

Mean SD Mean SD Mean SD p Cohen’s d

Age (years) 74.0 7.4 72.3 7.6 75.6 7.0 0.005 0.45
Education (years) 5.1 3.1 5.4 2.7 4.8 3.5 0.3 0.19

Gender (%)
0.3 0.18Men 36.3 - 40.7 28.6

Women 63.7 - 59.3 71.4
MMSE 24.9 3.6 27.0 2.8 22.9 2.8 <0.001 1.19
GDS 3.5 3.4 2.7 3.4 4.5 3.3 0.008 0.50

HADS-Anxiety 2.8 3.3 2.6 3.4 3.4 3.3 0.3 0.25
Depression (%) 27.4 - 11.1 - 39.7 - 0.001 0.65

Psychotropic medication (%) 31.9 - 24.2 - 44.2 - 0.011 0.53
Benzodiazepine use (%) 8.8 - 9.7 - 8.2 - 0.9 0.11

BMI 30.0 4.8 30.5 4.9 29.3 4.5 0.06 0.26

MMSE: Mini Mental State Examination; GDS: Geriatric Depression Scale; HADS: Hospital Anxiety and De-
pression Scale. BMI: body mass index, CNI: cognitively non-impaired, MCI: mild cognitive impairment. Note:
Corresponding values for the combined, total sample of CNI and MCI participants in the Cretan Aging cohort
(n = 377, Mean age = 75.4, SD = 7.3) are as follows. MMSE: Mean = 24.5, SD = 3.5; GDS: Mean = 3.7, SD = 3.5;
HADS-Anxiety: Mean = 3.0, SD = 3.4; BMI: Mean = 30.1, SD = 4.7. Total CNI group; MMSE: Mean = 26.4 (SD = 3.1);
GDS: Mean = 3.1 (SD = 3.2); HADS-Anxiety: Mean = 2.9 (SD = 3.6); BMI: Mean = 30.5 (4.7). Total MCI group;
MMSE: Mean = 22.3 (SD = 2.6); GDS: Mean = 4.3 (SD = 3.5); HADS-Anxiety: Mean = 3.3 (3.2); BMI: Mean = 29.9
(SD = 4.6).

Table 2. Inflammatory markers, sleep, diet, and physical activity levels of the entire sample (n = 117).

Mean SD Mean SD

IL-6 (pg/mL) 1.28 0.9 Energy 2228.1 536.20
TNF-α (pg/mL) 1.12 0.6 MDS 34.7 4.6
Night TST (min) 411.2 70.9 Servings per day of:
24-h TST (min) 448.7 84.2 Vegetables 2.54 1.28

Night TST > 450 min (%) 21.0 - Red meat 1.27 0.84
Night TST < 360 min (%) 26.1 - Dairy 1.06 0.80

Night TMB (min) 503.2 78.8 Legumes 0.65 0.45
24-h TMB (min) 560.4 107.5 Non-refined cereal 0.91 0.94

Night Sleep Efficiency 83.0 8.8 Refined cereal 2.56 1.20
Night WASO 77.0 42.3 Potatoes 0.38 0.24

Night Sleep latency 13.0 12.0 Fruit 2.83 1.95
Number of Awakenings 15.9 6.1 Fish 0.83 0.66
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Table 2. Cont.

Mean SD Mean SD

Sleep duration (min) 394.0 115.9 Poultry 0.52 0.37
Non-refreshing sleep (%) 12.9 - Eggs 0.19 0.19

Leg movement (%) 1.7 - Sweets 0.44 0.45
EDS (%) 2.6 - Alcoholic beverages 0.54 0.97

Sleep Apnea symptoms (%) 17.2 -
Insomnia-type symptoms (%) 32.5 -

Physical activity (%) 64.0 -

Note: Consumption of major food categories is in servings/day. TST: total sleep time, TMB: time in bed, WASO:
wake time after sleep onset, EDS: excessive daytime sleepiness, Energy: total energy intake (kcal/day), MDS:
Mediterranean diet score. IL-6 normal levels < 2 pg/mL [46], TNFα normal levels < 3.1 pg/mL [47].

Table 3. Inflammatory Markers, diet, sleep, and physical activity by diagnostic group.

CNI (n = 54) MCI (n = 63) p Cohen’s d CNI (n = 54) MCI (n = 63) p Cohen’s d

IL-6 (pg/mL) 1.36 (1.0) 1.21 (0.7) 0.7 0.17 Energy Intake 2455.8 (472.2) 2017.9 (508.7) 0.2 0.89
TNF-α (pg/mL) 1.07 (0.6) 1.16 (0.6) 0.1 0.16 MDS 35.9 (4.3) 33.6 (4.6) 0.016 0.49
Night TST (min) 408.9 (77.8) 414.5 (64.6) 0.4 0.09

Night TST > 450 min (%) 16.1 25.0 0.2 0.24 Servings per day of:
Night TST < 360 min (%) 25.8 27.3 0.9 0.02 Vegetables 2.72 (1.30) 2.41 (1.22) 0.7 0.24

24-h TST (min) 438.0 (92.9) 457.8 (75.3) 0.2 0.24 Red meat 1.47 (0.95) 1.12 (0.68) 0.002 0.55
Night TMB (min) 493.4 (88.1) 511.6 (68.3) 0.14 0.25 Dairy products 1.08 (0.80) 1.05 (0.82) 0.5 0.04
24-h TMB (min) 539.8 (117.9) 578.0 (95.9) 0.1 0.36 Legumes 0.64 (0.40) 0.66 (0.49) 0.8 0.05

Night Sleep Efficiency 82.9 (8.0) 81.2 (9.3) 0.3 0.22 Non-refined cereals 1.14 (1.08) 0.73 (0.78) 0.3 0.44
Night WASO 71.1 (41.3) 82.0 (43.2) 0.3 0.25 Refined cereals 2.65 (1.16) 2.48 (1.24) 0.2 0.13

Night Sleep latency 11.2 (7.0) 14.5 (14.7) 0.1 0.28 Potatoes 0.38 (0.23) 0.40 (0.25) 0.3 0.08
Number of Awakenings 15.4 (6.5) 16.3 (5.8) 0.9 0.15 Fruit 3.14 (1.77) 2.57 (2.07) 0.2 0.34

Sleep duration (min) 412.3 (123.1) 378.0 (106.6) 0.5 0.29 Fish 0.89 (0.74) 0.78 (0.58) 0.5 0.17
Non-refreshing sleep (%) 11.1 14.5 0.5 0.16 Poultry 0.51 (0.36) 0.53 (0.39) 0.7 0.06

Leg movement (%) 1.9 1.6 0.9 0.02 Eggs 0.24 (0.22) 0.15 (0.14) 0.017 0.47
EDS (%) 1.6 3.7 0.6 0.16 Sweets 0.54 (0.48) 0.35 (0.41) 0.006 0.43

Sleep Apnea symptoms (%) 16.7 17.7 0.9 0.04 Alcoholic beverages 0.74 (1.21) 0.38 (0.69) 0.1 0.39
Insomnia-type symptoms (%) 27.8 36.5 0.3 0.23

Physical activity (%) 62.0 65.6 0.9 0.03

Notes: Consumption of major food categories is in servings/day. Unless otherwise indicated, values are means
(SD), CNI: cognitively non-impaired, MCI: mild cognitive impairment, TST: total sleep time, TMB: time in bed,
WASO: wake time after sleep onset, EDS: excessive daytime sleepiness, Energy: total energy intake (kcal/day),
MDS: Mediterranean diet score.

3.2. Associations of Inflammatory Markers with Sleep, Diet and Physical Activity

Univariate analyses: As shown in Table 4, in the entire sample, higher TNF-α levels
were significantly associated with age (r = 0.230, p = 0.017), nighttime TST over 450 min
(r = 0.202, p = 0.03), less frequent consumption of vegetables (r = −0.407, p < 0.001) and
red meat (r = −0.190, p = 0.03). These correlations were adjusted for MCI diagnosis, which
was weakly associated with inflammatory markers (Spearman r < 0.13). Moreover, higher
levels of IL-6 were significantly associated with lack of mild physical activity (r = −0.303,
p = 0.002) and less frequent consumption of vegetables (r = −0.393, p < 0.001). Correlations
of inflammatory markers with all other variables (including depression diagnosis) were
also very small (Spearman r < 0.15).

A similar pattern of associations between pro-inflammatory markers and food
groups/physical activity was observed within each group, although the association be-
tween TNF-a and red meat consumption failed to reach significance, probably due to
reduced statistical power (p > 0.4).

Multivariate analyses: According to the results of the univariate analyses, the following
variables of interest were included in the model accounting for TNF-a levels: long nighttime
TST, consumption of vegetables, and consumption of red meat. Entered together in the
second step of the model (following age, gender, BMI, and MCI diagnosis which were
entered as confounders in the first step), these variables resulted in significant model
improvement (change in R2 = 0.168, p < 0.001). As shown in Table 5, high TNF-α levels
were significantly associated with lower vegetable consumption (p = 0.001) and marginally
with night TST of more than 450 min (p = 0.04). In the analyses stratified by MCI diagnosis,
consumption of vegetables remained significant in both groups (p < 0.016), although long
nighttime TST failed to reach significance (p > 0.2).
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Table 4. Partial correlations of demographic, clinical, sleep, and lifestyle parameters with proinflam-
matory cytokine levels in the entire sample.

TNF-α IL-6

Age 0.230 †1 0.157
Gender (male) 0.157 0.147

Depression Diagnosis −0.164 −0.081
Physical activity −0.070 −0.303 †5

Night TST > 450 min 0.202 *2 0.079
Insomnia Symptoms −0.131 −0.043

Consumption of vegetables −0.407 †3 −0.393 †6

Consumption of red meat −0.190 *4 −0.140
Consumption of dairy 0.142 0.059

Consumption of legumes −0.049 −0.134
Note: Pearson or Spearman r values controlling for Mild Cognitive Impairment diagnosis. Variables are listed if
the zero-order correlations with either IL-6 or TNF-a were associated with p < 0.1. TST: total sleep time. * p < 0.05,
† p < 0.01, 1 CNI: r = 0.192, p = 0.2; MCI: r = 0.245, p = 0.06, 2 CNI: r = 0.288, p = 0.04; MCI: r = 0.069, p = 0.5,
3 CNI: r = −0.418, p < 0.001; MCI: r = −0.328, p = 0.01, 4 CNI: r = −0.144, p = 0.3; MCI: r = −0.100, p = 0.4, 5 CNI:
r = −0.318, p = 0.02; MCI: r = −0.298, p = 0.02, 6 CNI: r = −0.402, p = 0.002; MCI: r = −0.369, p = 0.003.

Table 5. Associations of TNF-α with modifiable lifestyle habits using Multiple Linear Regression
analysis in the entire sample.

B 95% CI p Value

Night TST > 450 min 0.230 (0.010 to 0.449) 0.04 1

Consumption of vegetables −0.203 (−0.289 to −0.117) 0.001 2

Consumption of red meat −0.102 (−0.077 to 0.282) 0.3
Constant 0.595 (−0.741 to 1.931) 0.4

TST: total sleep time; variables were included in the final models if they correlated with TNF-a at p < 0.1.
Confounders: age, gender, BMI, Mild Cognitive Impairment diagnosis. Change in R2 = 0.174, p < 0.001. Unstan-
dardized regression coefficients are reported throughout, in bold if significant at Bonferroni-adjusted p < 0.017.
1 CNI: B = 0.287, p = 0.2; MCI: B = 0.130, p = 0.2, 2 CNI: B = −0.240, p = 0.002; MCI: B = −0.152, p = 0.016.

The following variables of interest were entered in the model accounting for IL-6 levels
in the total sample: physical activity and consumption of vegetables jointly accounted for
24.2% of variance beyond that explained by step 1 confounders (age, gender, BMI, MCI
diagnosis; change in R2 = 0.246, p < 0.001). As shown in Table 6, higher levels of IL-6 were
significantly associated with lack of physical activity (p = 0.001) and less frequent consump-
tion of vegetables (p = 0.001). In the analyses stratified by MCI diagnosis, consumption of
vegetables remained significant in both groups (p < 0.009), while lack of physical activity
failed to reach significance (p = 0.06). Post-hoc power estimation indicated that the present
sample size ensured adequate power (80%) to reveal a statistically significant independent
contribution of physical activity to IL-6 levels (at p < 0.05), modest power (56–63%) to reveal
statistically significant contribution of vegetable and meat consumption to TNF-a levels,
and much lower power (26–36%) regarding the contribution of long nighttime TST and
vegetable consumption to TNF-a and IL-6 levels, respectively.

Table 6. Associations of IL-6 with modifiable lifestyle habits using Multiple Linear Regression
analysis in the entire sample.

B 95% CI p Value

Physical activity −0.538 (−0.847 to −0.230) 0.001 1

Consumption of vegetables −0.300 (−0.428 to −0.172) 0.001 2

Constant 1.887 (−1.169 to 3.943) 0.07
Variables were included in the final models if they correlated with IL-6 at p < 0.1. Confounders: age, gender, BMI,
Mild Cognitive Impairment diagnosis. Change in R2 = 0.242, p < 0.001. Unstandardized regression coefficients
are reported throughout, in bold if significant at Bonferroni-adjusted p < 0.025. 1 CNI: B = −0.739, p = 0.06; MCI:
B = −0.315, p = 0.09, 2 CNI: B = −0.303, p = 0.008; MCI: B = −0.222, p = 0.009.
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4. Discussion

The main findings of this study are that the plasma levels of pro-inflammatory cy-
tokines, i.e., TNF-α and IL-6, among community-dwelling elderly with and without mild
cognitive impairment are independently and significantly associated with decreased con-
sumption of vegetables, objective long sleep duration and self-reported lack of physical
activity. It appears that poor diet and lack of physical activity may be predisposing factors
related with inflammation in elderly, whereas long sleep duration seems to be a marker of
increased inflammation in this population.

The first key finding of this study is that a diet low in vegetables correlates with
high levels of both TNF-α and IL-6. This correlation was significant in the entire elderly
group, as well as both in the cognitively non-impaired and the MCI patients’ subgroups,
separately. Previous literature has examined associations between Mediterranean diet
and inflammation in various age groups, however few studies have reported associations
between inflammatory markers and specific food groups in elderly populations. Specifically,
some studies in young-middle-aged or wide age range cohorts reported associations
between inflammatory markers such as CRP, IL-6, IL-1β and TNFα, TNFαR2 and vegetables
/or vegetables and fruit combined [48–52]. However, none of these studies were focused on
the elderly. One previous study in healthy, elderly men failed to find associations between
vegetables consumption and CRP [20]. This study showed that in non-demented elderly,
IL-6 and TNFα were significantly associated with low consumption of vegetables. Our
finding may be explained by the special characteristics and environment of our sample,
i.e., rural population, residing in a region in the Mediterranean Sea with mild sunny
climate, and local produce of a large variety of vegetables and fruit, which were easily
accessible, cheap and part of daily diet consumed in rather high amounts. It is known that
the Cretan cuisine makes wide use of a large variety of greens and vegetables; based on
previous research, Cretans consume up to three times more vegetables compared to other
Europeans [53,54]. Moreover, based on previous literature, vegetables intake in Crete is
high compared to other cohorts of older adults in western countries [55–57], but also in
Greece [58].

Furthermore, to our knowledge, this is the first study to report an association between
pro-inflammatory cytokines, IL-6 and TNFα and low vegetable consumption in elderly
with mild cognitive impairment. Previous literature reports elevation of pro-inflammatory
cytokines, IL-6 and TNFα in patients with degenerative dementias [59–61], while other
studies have shown that adherence to Mediterranean diet, rich in specific food groups
including vegetables, may be beneficial to cognitive function [62,63]. Future interventional
studies in larger samples, focusing on the elderly with or without MCI, are needed to
validate and expand our findings.

The second significant finding is that long objective total sleep time (TST) > 450 min
is associated with higher levels of TNF-α in non-demented community-dwelling elderly.
This effect reached significance after correcting for multiple comparisons in the subgroup
of persons with MCI and approached significance in the analyses on the total sample. Al-
though a recent meta-analysis including both objective and subjective sleep measurements
in a wide age-range of adults [64] also reported an association between long sleep and
inflammation, to our knowledge, only one previous original study reported this associa-
tion in elderly men without cognitive impairment [65]. Our study confirms and expands
previous findings on the association between long-sleep and higher inflammatory levels in
elderly populations.

A study based on objective actigraphic sleep found a U-shape association between
sleep duration and all-cause mortality among elderly [66]. Several studies have reported
associations between long sleep duration and cardiovascular disease, coronary heart dis-
ease, cognitive decline, and all-cause mortality in this age group [43,67–70]. It appears that
objective long sleep is a result/marker of increased inflammation in elderly subjects [65].
In contrast, and at the other end of the spectrum, short sleep duration, either habitual or as
a result of experimental sleep deprivation, appears to induce higher levels of inflammatory
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markers both in elderly [14] and younger populations [71–75]; a condition that is reversed
by lengthening sleep duration [76,77]. The underlying mechanisms relating long sleep and
increased inflammation involve the pro-inflammatory cytokines IL-1β and TNFα, which
have a significant role in the regulation of sleep both in animals and humans [78,79]. In ad-
dition, elevated cytokine levels are associated with excessive sleep and daytime sleepiness.
Previous literature has demonstrated that exogenous administration of IL-1β and IL-6 to
patients can induce somnolence and/or increased sleep [79]. Furthermore, in patients with
excessive daytime sleepiness disorders, such as sleep apnea and narcolepsy, peripheral
levels of IL-6 and TNFα are elevated and appear to mediate sleepiness and fatigue [80];
indeed, in a pilot study, Etanercept, a TFNα antagonist, significantly and markedly reduced
daytime sleepiness in patients with sleep apnea [81].

Finally, we found that lack of physical activity is correlated with increased IL-6 levels.
Many studies in the past have shown the inverse association of physical activity/exercise
and inflammation in elderly populations [20–24,26,82–84]. In some of these studies phys-
ical activity based on self-reported amount and intensity of leisure activities or exercise
programs appeared to be strenuous [20–24,84], whereas others used objective measures
of physical activity such as step count, hand grip and accelerometry, and the chair stand
test among others [24,26,82,83]. Furthermore, this study including MCI patients further
confirms and expands earlier findings involving determinants of proinflammatory cy-
tokines among these patients, i.e., associations between exercise and IL-6 and TNFα among
patients with MCI with co-morbid insulin resistance, and significant decrease of inflam-
matory markers, such as IL-6, TNFα and CRP, in MCI patients after a 12-week exercise
program [28]. This study showed that even mild self-reported activity assessed with a
single question easily administered in a primary care setting, i.e., walking for a minimum of
10 min in a row in a brisk manner on three or more days per week, may have a significant
impact on systemic inflammation in both cognitively intact and MCI elderly.

4.1. Strengths and Limitations

The main strength of the current study is the inclusion of multiple, modifiable lifestyle
factors such as diet, sleep, and physical activity as potential correlates with underlying
inflammation in elderly. Furthermore, our study has included a fairly large sample living
in an area with unique dietetic habits such as large consumption of fresh vegetables. In
addition, our outcome variables are easily measurable and applicable in a primary care
setting such as single questions or actigraphy. Finally, the associations between diet,
physical activity and inflammation were significant in the entire group and remained
significant or borderline significant in both subgroups, i.e., cognitively intact or patients
with MCI.

However, some limitations should also be acknowledged. In our study, actigraphy
was performed for three consecutive 24-h periods, compared to 1–2 weeks of actigraphy
recordings which is the recommended duration. Additionally, we used only self-reported
symptoms of apnea to screen for obstructive sleep apnea (OSA), a condition highly preva-
lent among the elderly [85]. Similarly, EDS and subjective sleep duration were based on
participants’ self-reports. Additionally, in our model we did not include other factors po-
tentially associated with inflammation, such as medication use and medical co-morbidities.
Moreover, physical activity was based on self-report. However, the fact that vegetables are
significantly related with both inflammatory markers examined in the regression models
supports their independent role in inflammation in our sample. Finally, because of the
cross-sectional nature of this study, causality between inflammation and lifestyle variables
such as diet, sleep and physical activity cannot be examined.

4.2. Implications

Inflammatory response is associated with morbidity, including cognitive decline and
mortality in elderly. Our study extends the existing literature by linking in a comprehensive
way poor vegetable consumption, long sleep duration, and lack of physical activity with
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higher levels of inflammation among non-demented community-dwelling elderly. We
propose that adopting a diet rich in vegetables and a physically active lifestyle, by lowering
inflammation, could help reduce mortality and morbidity, including cognitive decline
among elderly. Furthermore, given that long sleep seems to relate with inflammation levels,
as well as cognition and disease severity among elders with cognitive decline [42,43,86],
we and others have previously reported that treatment with sedative/sleep-prolonging
psychotropic medication in this population should be given with caution [42,43,86,87].
These simple practical recommendations could be easily applied in a primary care setting.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/healthcare10010143/s1, Table S1: Zero order and partial correlations of variables of interest
with levels of IL-6, Table S2: Zero order and partial correlations of variables of interest with levels
of TNF-a.
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