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is linked to a higher occurrence of obstructive sleep apnea 
(OSA) [2]. OS affects approximately 1% of the population, 
has a worse prognosis, and imposes a greater disease burden 
than either underlying disorder alone [3].

Sympathetic dysregulation, an enhanced pro-inflam-
matory state, imbalance between oxidant and antioxidant 
capacity, and endothelial dysfunction are some of the patho-
physiological pathways shared between COPD and OSA, all 
of which can contribute to cardiovascular and other comor-
bidities [4]. Patients with OS exhibit more pronounced sleep 
hypoxia than those with either disease alone and are more 
likely to present daytime symptoms than patients with OSA 
alone [4, 5]. Currently, continuous positive airway pressure 
(CPAP) is the recommended treatment for patients with OS, 
as it improves sleep disordered breathing (apneas, hypop-
neas and nocturnal oxygenation) and daytime symptoms, 
regardless of COPD severity [5]. Current data strongly 

Introduction

Overlap syndrome (OS) is defined as the concomitant pres-
ence of apneas and hypopneas during sleep along with 
chronic obstructive pulmonary disease (COPD) in the same 
patient [1]. Although it is unclear whether each disorder 
increases the prevalence of the other, greater COPD severity 
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Abstract
Purpose  Vitamin D (Vit D) deficiency has been associated with both obstructive sleep apnea (OSA) and chronic obstruc-
tive pulmonary disease (COPD) as well as with their combination, known as overlap syndrome (OS). There is evidence that 
continuous positive airway pressure (CPAP) may lead to an increase of Vit D levels in OSA patients. However, the effect of 
CPAP treatment on Vit D levels in OS patients has yet to be determined. The aim of the present study was to investigate the 
effect of one year of CPAP therapy on Vit D levels in patients with OS.
Methods  Vit D serum levels were measured in consecutive OS patients at baseline and after one year of CPAP therapy. 
Compliance with CPAP therapy was assessed by the data retrieved from the CPAP device.
Results  Vit D serum levels were measured in 46 OS patients (43 males). Among participants, 27 had good and 19 poor 
compliance with CPAP therapy. Results showed that serum Vit D levels increased after 12 months of CPAP therapy from 
21.3 ± 8.4 to 23.8 ± 8.7 ng/ml (p = 0.001). Moreover, patients with good CPAP compliance demonstrated higher serum 25(OH)
D levels compared to those with poor compliance (25.8 ± 7.6 versus 20.4 ± 9.6 ng/ml, respectively; p = 0.038).
Conclusions  In conclusion, 12 months of CPAP therapy improved Vit D serum levels in OS patients, more so in compliant 
patients.
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suggest that adherence to CPAP therapy is essential in OSA 
management and improvement of OSA-related symptoms 
and complications [6].

Vitamin D (Vit D) is a fat-soluble vitamin essential for 
bone mineralization, as it modulates calcium and phospho-
rus homeostasis [7]. Vit D is obtained through the consump-
tion of various foods, but it is mainly synthesized in the 
skin after sunlight exposure [7]. Vit D adequacy is currently 
assessed by quantifying serum levels of 25-hydroxyvi-
tamin D [25(OH)D], the circulating metabolite of Vit D 
[7]. Regarding the respiratory system, Vit D significantly 
impacts tissue remodeling, reduces inflammatory cytokines 
and modulates both innate and adaptive immune systems 
[8]. In COPD patients, adequate Vit D levels have been 
shown to improve lung function and respiratory symptoms, 
while also reducing sputum volume and acute exacerba-
tions [9]. Evidence indicates a potential link between OSA 
and diminished Vit D levels, and CPAP therapy has dem-
onstrated positive effects on Vit D status [10]. OS patients 
exhibit hypovitaminosis D more frequently compared to 
OSA patients and healthy controls [11]. However, whether 
CPAP therapy impacts Vit D status in OS patients has yet to 
be revealed.

In the present study we aimed to investigate the effect of 
12 months of CPAP therapy on Vit D levels in patients with 
OS and to assess whether compliance with CPAP treatment 
may have an important role in modifying these levels.

Materials and methods

Patients and study design

The enrollment of participants included consecutive patients, 
who were referred to the sleep laboratory of our institution 
for symptoms related to sleep-disordered breathing between 
November 2017 and June 2020. All patients underwent an 
assessment for COPD and those with concurrent diagnosis 
of OSA and COPD (OS) were enrolled in the study. All par-
ticipants gave informed consent prior to enrollment in the 
study. The study protocol received approval from the Ethics 
Committee of University General Hospital of Alexandrou-
polis (IRB: 14 − 1/27.01.2017) according to the Helsinki 
Declaration of Human Rights.

Individuals who were newly diagnosed with OSA and 
COPD were included in the study. Inclusion and exclusion 
criteria have been described elsewhere [11].

Baseline assessments included comprehensive medical 
history with a focus on the presence of respiratory symp-
toms, current medication, sleeping habits and tobacco con-
sumption. Age, gender, neck, waist and hip circumference 
were also recorded, and the waist-to-hip ratio (WHR) as 

well as the body mass index (BMI) were calculated. For the 
assessment of daytime sleepiness included patients filled in 
the Greek version of the Epworth Sleepiness Scale (ESS), 
a questionnaire that determines the likelihood of falling 
asleep in a variety of daily circumstances [12]. A score 
above 10 (> 10) defined the presence of excessive daytime 
sleepiness [12].

After 12 months of CPAP therapy, assessments of anthro-
pometric parameters and COPD status and symptoms were 
repeated. Information on COPD exacerbations, medication 
use and treatment adherence was recorded. Compliance to 
CPAP therapy was specifically verified using data retrieved 
directly from the patients’ device.

OSA and COPD diagnosis and treatment

All participants underwent a Type I sleep study (Alice® 4, 
Philips Respironics, Murrysville, PA, USA) for OSA diag-
nosis. Each sleep study was manually scored in accordance 
with international guidelines [13]. Diagnosis and severity of 
OSA were set according to the apnea/hypopnea index (AHI) 
and related symptoms [14].

Individuals included in the study underwent pulmonary 
function testing (PFTs) (MasterScreen Body, JAEGER®, 
Germany) according to standardized criteria [15]. ]. Arterial 
blood gas (ABG) analysis was also performed (ABL3000 
auto-analyzer, Radiometer Co., Tokyo, Japan) the day pre-
ceding polysomnography. COPD was diagnosed and partic-
ipants were categorized into the “ABE” groups according to 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) 2023 guidelines and classification [16, 17].

Following OSA diagnosis, an in-laboratory auto-adjust-
ing CPAP titration study was performed and optimal thera-
peutic pressure settings were determined according to the 
AASM guidelines [18]. Good compliance with OSA treat-
ment was defined as an average of CPAP use for at least 4 h 
per night in at least 70% of nights [18]. All patients received 
the optimal COPD treatment based on disease severity, 
as recommended by the GOLD report [17]. All patients 
received instructions for good compliance to CPAP and 
were trained in the correct daily use of inhalation devices.

Diagnostic procedures have been described in detail else-
where [11].

Vitamin D measurement

Vitamin D levels were measured in serum samples taken 
upon waking after polysomnography, and again 12 months 
after the initiation of CPAP therapy. Serum 25(OH)D lev-
els were determined using a commercial radioimmunoassay 
kit (DiaSorin, Stillwater, MN, USA), in accordance with 
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the manufacturer’s guidelines. Vitamin D deficiency was 
defined as serum levels ≤ 20 ng/mL.

Statistical analysis

All analyses were performed using the IBM Statisti-
cal Package for Social Sciences version 26.0 (IBM Corp. 
Released 2019. IBM SPSS Statistics for Windows, Ver-
sion 26.0. Armonk, NY: IBM Corp). Continuous variables 
were assessed for normality with the Shapiro–Wilk test. 
Normally distributed continuous variables are expressed as 
mean ± standard deviation; non-normal continuous variables 

are expressed as median (25th -75th percentile). Percent-
ages were compared with the McNemar test and means 
were compared with the paired t-test. Significance level was 
set at p < 0.05 for all analyses.

Results

Overall, 46 patients (43 males and 3 females; mean age 
60.9 years) were included in the study and evaluated over 
a 12-month period. The majority (63%) of the participants 
were former smokers and they were classified in group 
B, according to the GOLD COPD classification system. 
Patients’ anthropometric characteristics are reported in 
Table  1. Polysomnography demonstrated moderate OSA 
in 13 and severe OSA in 33 patients, with detailed sleep 
parameters provided in Table 2. Regarding GOLD airflow 
limitation, most of the patients were in group 2 (FEV1 
50–79% predicted). Pulmonary function parameters are 
shown in Table 3.

After 12 months of treatment with CPAP, significant 
reductions were observed in: AHI [from 41.1 (26.1–62.6) 
to 3.1 (1.5–7.6), p < 0.001), Epworth sleepiness scale (ESS) 
score [from 9 (6–15) at baseline to 3 (2–5), p < 0.001] and in 
COPD assessment test (CAT) score [from 9 (6–11) at base-
line to 5 (2–8), p < 0.001].

At baseline, no association was observed between Vit D 
serum levels and any of the anthropometric characteristics, 
PFT results, or polysomnographic measurements. Serum 
25(OH)D levels were similar between patients with mod-
erate and severe OSA (20.9 ± 10.2 versus 21.5 ± 7.7 ng/ml 
respectively, p = 0.850).

A subgroup analysis divided patient with OS into 2 
groups based on GOLD airflow limitation stages: one 
group with mild/medium airflow limitation that included 
39 patients, and a group with severe/very severe airflow 

Table 1  Comparison of anthropometric characteristics of OS patients 
at baseline and after 12 months of CPAP treatment

OS patients (n = 46)
Baseline 12 months p

Gender (males/females) 43/3 43/3 -
Age (years) 60.9 ± 9.1 61.9 ± 9.1 0.998
Neck circumference (cm) 46.7 ± 3.6 45.2 ± 7.6 0.195
Waist circumference (cm) 128 ± 11,9 125.7 ± 17.3 0.234
Hip circumference (cm) 119.3 ± 12.7 120.6 ± 14.3 0.272
WHR 0.96 ± 0.13 1.06 ± 0.15 < 0.001
BMI (kg/m2) 37.8 ± 5.5 36.4 ± 8.1 0.128
Tobacco smoking
   Ex-smokers (n/%) 29 (63) 36 (78.3) 0.146
   Current smokers (n/%) 17 (37) 10 (21.7) 0.065
COPD GOLD stage (n/%)
   A 14 (30.4) 27 (58.7) < 0.001
   B 20 (43.5) 16 (34.8) 0.180
   E 12 (26.1) 3 (6.5) 0.022
Abbreviations: BMI, body mass index; WHR, waist to hip ratio

Table 2  Sleep parameters of OS patients at baseline
OS patients (n = 46)

TST (min) 315.8 (271.3–350)
N1 (%) 12.5 (4.3–20)
N2 (%) 72.1 (57.5–84.6)
N3 (%) 6.3 (0–15.4)
REM (%) 4.9 (0–10.6)
Sleep efficiency (%) 84 (72.2–90.5)
Arousal index 7 (2–47.6)
AHI (events/h) 41.1 (26.1–62.6)
Aver SaO2(%) 91 (87–92)
Min SaO2(%) 74 (64–77)
T < 90% (%) 25.8 (9.4–49.1)
OSA n (%)
   Moderate 13 (28.2)
   Severe 33 (71.8)
ESS score 9 (6–15)
Abbreviations: AHI, apnoea hypopnea index; Aver SaO2, average 
oxyhemoglobin saturation; ESS, Epworth sleepiness scale; Min 
SaO2, minimum oxyhemoglobin saturation; N1, sleep stage 1; N2, 
sleep stage 2; N3, sleep stage 3; REM, rapid eye movement; TST, 
total sleep time; T < 90%, time with oxyhemoglobin saturation < 90%

Table 3  Pulmonary function parameters of OS patients at baseline and 
after 12 months of CPAP treatment

OS patients (n = 46)
Baseline 12 months p

FEV1 (% predicted) 67.8 ± 18.8 72 ± 18.4 0.097
FVC (% predicted) 80 ± 20.6 86.1 ± 21.2 0.018
FEV1/FVC (%) 66.3 ± 5 66.4 ± 5.2 0.796
GOLD airflow limitation 
stage (n/%)
   1 10 (21.8) 15 (32.6) 0.267
   2 29 (63) 27 (58.7) 0.424
   3 4 (8.7) 3 (6.5) 0.998
   4 3 (6.5) 1 (2.2) 0.500
CAT score 9 (6–11) 5 (2–8) < 0.001
Abbreviations: CAT, COPD assessment test; FEV1, forced expiratory 
volume in first second; FVC, forced vital capacity
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in patients with both moderate (21 ± 10.2 before versus 
24.3 ± 10.6 ng/ml after therapy, p = 0.019) and severe OSA 
(21.5 ± 7.7 before versus 23.6 ± 7.5 ng/ml after therapy, 
p = 0.013).

Of the participants, 27 were with good- and 19 with 
poor compliance with CPAP treatment. The first group dis-
played increased 25(OH)D serum levels compared to the 
second, i.e., poor compliance (20.4 ± 9.6 versus 25.8 ± 7.6 
ng/ml respectively, p = 0.038) (Fig. 2). Specifically, patients 
with good CPAP compliance had a greater increase in Vit 
D serum levels compared to those non-compliant with 
treatment (3.4 ± 4 before versus 0.9 ± 3.3 ng/ml after CPAP 
therapy). Additionally, a greater proportion of patients 
adherent with CPAP therapy shifted from a deficient to a 
sufficient Vit D status compared to those with poor com-
pliance with treatment (8 with good versus 0 with poor 
CPAP compliance, p = 0.017). After 12 months of treat-
ment, patients in group A, according to GOLD COPD clas-
sification, had higher 25(OH)D serum levels compared to 
those of patients in group E (26 ± 8.2 versus 14.2 ± 2.5 ng/
ml respectively, p = 0.001) and similarly patients in group 
B presented increased 25(OH)D serum levels compared to 
those of patients in group E (21.8 ± 9.3 versus 14.2 ± 2.5 ng/
ml respectively, p = 0.048).

limitation that included 7 patients. Vit D serum levels were 
similar between groups both prior to (p = 0.211) and fol-
lowing (p = 0.388) CPAP therapy, and so was the amount of 
increase of Vit D levels (p = 0.455) after 1 year of treatment. 
Analyzing COPD severity, patients in group A, according 
to GOLD COPD classification, exhibited higher baseline 
Vit D serum levels than those in group E (25.8 ± 9.4 ng/ml 
versus 17.9 ± 7.4 ng/ml respectively, p = 0.038). However, 
this difference between the two groups was attenuated after 
one year of CPAP therapy (p = 0.100) and no difference was 
noted in the amount of Vit D levels increase between the 
two groups (p = 0.819). Additionally, no significant differ-
ences in serum Vit D levels were observed between patients 
in groups COPD GOLD A and B (p = 0.130), or between 
patients in groups COPD GOLD B and E (p = 0.672).

At baseline, no significant association was observed 
between Vit D serum levels and any of the anthropometric 
characteristics, PFT results, or sleep parameters. In terms of 
OSA severity, there was no significant difference in serum 
25(OH)D levels between moderate and severe OSA patients 
(20.9 ± 10.2 ng/ml for mild versus 21.5 ± 7.7 ng/ml for 
severe OSA patients, p = 0.850). Regarding COPD severity, 
patients in group A, according to GOLD COPD classifica-
tion, had higher Vit D serum levels compared with those 
of group E (25.8 ± 9.4 ng/ml versus 17.9 ± 7.4 ng/ml respec-
tively, p = 0.038).

Following 12 months of CPAP therapy, serum 25(OH)D 
levels increased from a baseline of 21.3 ± 8.4 to 23.8 ± 8.7 
ng/ml (p = 0.001) (Fig.  1). This increase was observed 

Fig. 1  Comparison of 25(OH)
D levels at baseline and after 12 
months of CPAP treatment
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circumference [23]. Several studies have also identified 
an association between Vit D status and OSA severity [21, 
22, 24]. To further strengthen this hypothesis, in a recent 
meta-analysis patients with moderate and severe OSA had 
significantly decreased 25(OH)D levels and presented with 
Vit D insufficiency more frequently in comparison with 
non-apneic individuals, regardless of age, BMI and place 
of residence [25].

Few studies have explored the link between Vit D insuf-
ficiency and OS. The 2005–2008 National Health and Nutri-
tion Examination Survey reported a high prevalence of Vit 
D insufficiency and deficiency among OS patients [26]. We 
have previously compared 25(OH)D serum levels between 
30 OS patients, 30 OSA patients and 30 healthy controls 
[11]. Patients with OS had diminished serum 25(OH)D lev-
els compared with OSA patients and controls (14.5 versus 
18.6 versus 21.6 ng/mL, p < 0.001). In the OS group, AHI 
and FEV1 were identified as the principal determinants of 
serum 25(OH)D levels [11]. At present, there is a paucity 
of studies examining the effect of CPAP therapy on Vit D 
status in OS patients.

In the present study, CPAP therapy resulted in an increase 
of serum Vit D levels in OS patients at 12 months compared 
to baseline levels. Yet, the effect of CPAP treatment on 
Vit D levels in patients with OSA remains undefined [27]. 
Data from a recent meta-analysis failed to corroborate the 
positive impact of CPAP therapy on Vit D status in OSA 
patients, and this was regardless of treatment duration [25]. 

Discussion

Herein, we evaluated serum Vit D levels in OS patients over 
a period of 12 months of CPAP treatment. Our results indi-
cated an improvement in Vit D levels following CPAP ther-
apy. Additionally, patients adherent to CPAP therapy had 
higher serum Vit D levels compared to those non-adherent 
to treatment.

Although a connection between Vit D insufficiency and 
COPD has been previously documented, the causal nature 
of this relationship and the potential effects of Vit D supple-
mentation still need to be established [19]. Results from a 
meta-analysis of 21 studies revealed decreased Vit D lev-
els in COPD patients compared with controls, especially in 
those with severe COPD and those experiencing exacerba-
tions [20]. In the same meta-analysis, patients with lower 
Vit D levels were more likely to have COPD and severe 
COPD, while COPD exacerbations were independent of Vit 
D status [20]. Furthermore, Vit D supplementation in COPD 
patients improved lung function, 6-minute walk distance 
and reduced acute exacerbations, as well as sputum volume 
and CAT score [9].

Though conflicting, overall evidence suggests that serum 
Vit D levels are reduced in OSA patients [21, 22]. In a 
large prospective cohort study, patients with Vit D insuf-
ficiency had an increased propensity of developing OSA. 
This was more evident for obese patients with large waist 

Fig. 2  Comparison of 25(OH)D 
serum levels between OS patients 
with poor and good CPAP com-
pliance after 12 months of CPAP 
treatment
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and stabilizing sleep stage transition, significantly improves 
daytime sleepiness, decreases fatigue and increases energy 
in patients with OSA, thus increasing outdoor activity, 
sun exposure and Vit D skin production [37, 38]. Finally, 
nocturnal intermittent hypoxia, which is related to apneic 
events, has been previously associated with low Vit D levels 
[21]. This is also true for treatment with CPAP, which alle-
viates nocturnal hypoxia and attenuates its effect on Vit D 
levels [39].

Nonetheless, our study has limitations. First, the number 
of patients included in the study was relatively small, but 
this was due to the small prevalence of OS in the general 
population. Second, females are significantly under-rep-
resented in our study population. This aligns with the low 
prevalence of both COPD and OS among females. Never-
theless, this gender imbalance could have an impact on the 
generalizability of the study findings. Lastly, the potential 
effect of sun exposure and/ or dietary habits among partici-
pants was not evaluated. However, all participants reside in 
the same region of Greece (having similar exposure to sun) 
and share similar dietary and clothing characteristics.

In conclusion, this study reports that 12 months of CPAP 
treatment resulted in improved Vit D serum levels in OS 
patients. This might be due to the improvement of OSA 
and its related symptoms. The present study highlights the 
importance of good compliance with CPAP therapy for OS 
patients, in order to limit sequelae inherent to both OSA and 
COPD. Further studies with larger sample sizes in this field 
are still needed.
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However, the findings of this study should be interpreted 
cautiously, given the limited number of studies analyzed in 
the meta-analysis and the inclusion of OSA patients with 
poor adherence to CPAP therapy. In the study of Liquori et 
al. [28], 12 months of CPAP therapy resulted in increased 
serum Vit D levels, with a notably stronger effect among 
obese patients and those with good adherence to therapy. 
Transitioning from inadequate to adequate Vit D levels was 
more common in OSA patients with good CPAP compliance 
compared to those not adequately using CPAP treatment. 
Their results were replicated in our study, where adequate 
treatment adherence was a significant factor for achieving 
adequate Vit D levels in OS patients and led more frequently 
to the normalization of Vit D status. Similarly, in the study 
of Siachpazidou et al., adequate Vit D status was correlated 
with higher CPAP use both after 3 and 12 months of therapy, 
with daily CPAP usage emerging as a significant predictor 
of 25(OH)D levels after 1 year of treatment [29]. In a recent 
study involving 60 patients, 12 months of CPAP treatment 
improved bone mineral density and Vit D serum levels in 
males with severe OSA [30].

In COPD patients, Vit D deficiency may be due to 
reduced sun exposure as a result of limited outdoor activity, 
reduced cutaneous synthesis caused by aging and smoking, 
increased Vit D catabolism resulting from glucocorticoid 
treatment and lower Vit D storage capacity [31]. Exces-
sive daytime sleepiness, a key feature in OSA, is thought 
to reduce outdoor activities of OSA patients, limiting sun 
exposure and reducing cutaneous synthesis of Vit D [32]. 
Short sleep duration secondary to sleep fragmentation, 
another main feature of OSA, increases the risk for Vit D 
insufficiency, and in OSA patients Vit D serum levels have 
been inversely associated with sleep stage transitions, an 
indicator of sleep fragmentation [21, 33]. In addition, noc-
turnal intermittent hypoxia accompanying apneic events 
negatively affects Vit D status through a mechanism that 
involves hypoxia-inducible factor (HIF)-1α [34]. Based on 
the above assumptions, smoking, frequent COPD exacer-
bations that require glucocorticoid treatment, excessive 
daytime sleepiness and severe OSA, associated with sleep 
fragmentation and nocturnal hypoxia could be considered 
as the main predictors of low Vit D levels in OS patients.

The underlying pathophysiological mechanisms respon-
sible for the positive effects of CPAP treatment on Vit D 
levels are multifactorial. Data show that OSA patients with 
short sleep duration are exposed to an increased risk of Vit 
D deficiency [35]. This is because excessive daytime sleepi-
ness, a common feature of OSA, may limit outdoor activity 
and reduce Vit D synthesis. Of note, several lines of evi-
dence report that CPAP improves long-term sleep dura-
tion, sleep quality and architecture in those patients [36]. 
Therefore, CPAP therapy by normalizing sleep architecture 
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