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Abstract
Purpose The aim of the present study was to assess vitamin D levels in a large cohort of OSA patients and to investigate possible
correlations with clinical and polysomnographic parameters.
Methods In this cross-sectional study, 685 consecutive patients underwent type 1 polysomnography (PSG) for OSA diagnosis.
They were grouped according to apnea–hypopnea index (AHI) as mild, moderate, and severe. Patients with AHI < 5 served as
controls. Demographic, PSG data, and serum levels of vitamin D were measured and compared between groups.
Results OSAwas diagnosed in 617 of the patients (90%). Of those, 94 (15%) had mild OSA, 150 (24%) moderate OSA, and 373
(61%) severe OSA. The risk of vitamin D deficiency (< 20 ng/mL) was observed in 38% of the cohort. OSA patients had lower
vitamin D levels compared to controls (23 ng/mL vs 26 ng/mL, p = 0.006). The lowest levels of vitamin D [mean 21] (p < 0.001
among all groups) and the higher prevalence for vitamin D deficiency (45%) were observed in severe OSA patients. After
multiparametric adjustments for age, gender, obesity, and comorbidities, severe OSA showed significant independent associa-
tions with the risk of vitamin D deficiency [OR (95% CI) 2.002 (1.049–3.819), p = 0.035].
Conclusions A large proportion of patients referred for OSA evaluation had vitamin D deficiency, which was independently
associated with severe OSA. However, further research is needed in order to determine the role of vitamin D in OSA patients.
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Introduction

Obstructive sleep apnea (OSA) is a frequent sleep-related
breathing disorder that involves obstructive apneas and
hypopneas caused by repetitive collapse of the upper airway
during sleep. Several adverse medical outcomes are associated
with OSA, such as poor neurocognitive performance, cardio-
metabolic diseases, and increased all-cause mortality [1].
Despite the fact that intermittent hypoxia and sleep fragmen-
tation have been suggested as potential factors, the underlying
mechanisms by which OSA may promote unfavorable medi-
cal sequelae are still not fully understood [2].

Recent evidence has identified a link between OSA and
vitamin D serum concentration [3, 4], which seems to be de-
creasing with increasing severity of sleep apnea. Still, it is not
known if low serum levels of vitamin D may contribute to
OSA development or if OSA is a risk factor for vitamin D
deficiency. OSA shares similar risk factors with vitamin D
deficiency, such as age, obesity, and comorbidities [5–7]. In
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particular, daytime sleepiness and sleep fragmentation attrib-
uted to OSA may increase the risk of vitamin D deficiency [3,
8, 9]. Furthermore, it is worth noting that vitamin D homeo-
stasis restoration is reported after OSA treatment with contin-
uous positive airway pressure (CPAP) [10].

Vitamin D deficiency is frequent worldwide, with rates
ranging up to 40% in European countries [11]. Sunny
Mediterranean countries like Greece demonstrate relative
low prevalence of vitamin D deficiency compared to other
European countries, with a considerable variability according
to gender, seasonality, and age [12]. Vitamin D coordinates
calcium and phosphorus homeostasis and thus plays an im-
portant role in bone metabolism and several metabolic pro-
cesses [13]. Moreover, a lot of cells in the body have vitamin
D receptors as well as the ability to convert vitamin D into its
active form, 1,25-dihydroxyvitamin D3 [14, 15]. Circulating
25-hydroxy vitamin D [25(OH)D] levels are considered indic-
ative of vitamin D status [16]. It is worth noting that vitamin D
is implicated in several non-skeletal conditions, including car-
diovascular diseases and diabetes, all of which are overrepre-
sented in patients with OSA [17, 18].

To date, few data exist regarding vitamin D status in OSA
patients in Greece, but especially in Crete, which has abundant
sunshine and high temperatures throughout the year as com-
pared to other regions of Greece. Therefore, the aim of our
study was to assess vitamin D levels in a large cohort of OSA
patients in Southern Greece and assess potential association
with clinical and polysomnographic parameters.

Methods

In this single-center, cross-sectional study, consecutive pa-
tients aged ≥18 years were evaluated in our Sleep Disorders
Center for suspected sleep-disordered breathing during a 3-
year period (2015–2018). Exclusion criteria included history
of osteoporosis, vitamin D and calcium supplementation, con-
ditions or intake of medications known to affect vitamin D
metabolism and absorption, inflammatory diseases, cancer,
and chronic liver or renal diseases. Ethical approval was pro-
vided by the University Hospital Ethics Committee (protocol
number 23542) and the patients gave written informed
consent.

Demographic characteristics

The collected data included anthropometric parameters, such
as age, gender, height, weight, body mass index (BMI), neck
circumference, waist/hip ratio, details of comorbidities,
smoking history, and alcohol intake. The Epworth
Sleepiness Scale (ESS) was used to estimate subjective day-
time sleepiness [19]. Insomnia was assessed with Athens
Insomnia Scale (AIS) , an 8-item self-assessment

psychometric instrument, which has been used as a tool to
evaluate the severity of insomnia [20, 21]. Beck Depression
Inventory (BDI) consists of 21 items used to evaluate charac-
teristic attitudes and symptoms of depression [22–24]. Scores
below 10 is considered normal, and higher scores indicate
greater depressive severity (range 0–63).

Sleep study

All patients underwent a single-night full diagnostic
polysomnography (PSG) study (Alice 5, Diagnostics
System, Respironics, USA). PSG studies were performed
and analyzed according to the American Academy of Sleep
Medicine (AASM) standard criteria [25]. The apnea–
hypopnea index (AHI), the average number of apneas plus
hypopneas expressed per hour of sleep, was used for OSA
diagnosis and assessment of its severity. OSA was classified
as mild if 5 ≤AHI < 15, as moderate if 15 ≤AHI < 30, and as
severe if AHI was ≥30 per hour.

Blood samples and measurements

Serum samples for vitamin D levels assessed as 25(OH)D
were obtained the day following the PSG. Blood samples
were taken after at least 8 h of fasting, they were immediately
centrifuged (3000 rpm for 10 min), and the serum obtained
had been frozen at −80 °C until processing. Serum concentra-
tion of 25(OH)D was measured utilizing a commercial radio-
immunoassay kit based on manufacturer’s specifications
(DiaSorin, Stillwater, MN). The 25(OH)D levels were
assessed in agreement with the Endocrine Society parameters,
which classify deficiency, insufficiency, and sufficiency as
levels <20 ng/mL, 20–29.9 ng/mL, and > 30 ng/mL, respec-
tively [26].

Statistical analysis

Continuous variables if normally distributed are presented as
mean ± standard deviation (SD) and as median (25th–75th
percentile) if they are not. Qualitative values are given as
absolute number (percentage). Variables that were normally
distributed were compared among the three groups using
ANOVA. If ANOVA was significant, we used the Tukey-
Kramer post hoc test to compare each pair. For variables that
were not normally distributed, we used the Kruskal-Wallis test
to compare the three groups. If the Kruskal-Wallis test was
significant, Dunn’s pairwise tests were carried out for the three
pairs of groups with adjustments for multiple testing using the
Bonferroni correction. For categorical variables, we applied
χ2 to test the differences between observed frequencies of the
three groups. Correlation coefficients were calculated utilizing
Pearson or Spearman’s (for non-normally distributed data)
correlation test. We analyzed the association of OSA severity
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with vitamin D levels after adjustments for various potential
explanatory variables, including age, BMI, smoking status,
and comorbidities. Moreover, logistic regression analysis
was applied to examine the effect of OSA on the risk of vita-
min D deficiency, after adjusting for the previous confounding
factors. Age was evaluated continuously and categorically, as
age groups of 18–59 and > 60 years; BMI was also considered
continuously and categorically, as BMI groups of <30 and ≥
30 kg/m2. Statistical significance was confirmed at a p value
of <0.05. Analysis was performed using SPSS software (ver-
sion 25, SPSS Inc., Chicago, IL).

Results

A total of 685 patients (mean age 54 years, 74% men) was
included (Fig. 1). The baseline characteristics of study popu-
lation, according to AHI, are shown in Table 1. OSA was
diagnosed in 617 of the patients (90%). Of those, 94 (15%)
had mild OSA, 150 (24%) moderate OSA, 373 (61%) severe
OSA. Severe OSAwas overrepresented compared to mild and
moderate OSA, reflecting the typical demographics of our
clinic population. Important confounding factors, such as per-
centage of males, age, obesity (as reflected by body mass
index, neck circumference, and waist-to-hip ratio), and co-
morbidities significantly increased with increasing AHI.

OSA patients had lower vitamin D levels compared to con-
trols (23 ng/mL vs 26 ng/mL, p = 0.02). The risk of vitamin D
deficiency (< 20 ng/mL) was observed in 38% of the cohort.
There was a significantly higher proportion of patients with
female gender (34% versus 22%%, p = 0.001), severe OSA
(64 vs 49%, p = 0.001), and obesity (72 vs 58%, p < 0.001) in

the vitamin D deficiency group compared to the group without
deficiency. Differences in other evaluated characteristics
remained relative insignificant between those patients with
vitamin D deficiency and those without, including age, diabe-
tes, hypertension, cardiovascular disease, and smoking (all
p > 0.05). Vitamin D deficiency was more prevalent during
winter months (January–March 46%, April–June 43%, July–
September 32% and October–December 30%; p = 0.03). The
lowest levels (mean 21.4) (Fig. 2) and the highest prevalence
for vitamin D deficiency (45%) were observed in severe OSA
patients (Table 2).

Vitamin D correlations with several parameters

Levels of vitamin D were correlated with gender (r = −0.102,
p = 0.008), BMI (r = −0.274, p < 0.001), neck circumference
(r = −0.153, p < 0.001), presence of COPD (r = −0.119, p =
0.002), diabetes (r = −0.085, p = 0.026), indices of OSA se-
verity including AHI (r = −0.221, p < 0.001), ODI (r =
−0.197, p < 0.001), mean (r = 0.190, p < 0.001) and lowest
nocturnal SpO2 (r = 0.186, p < 0.001), percentage of time with
oxyhemoglobin saturation < 90% (TST90) (r = −0.215,
p < 0.001), and sleep architecture parameters including
SE(%) (r = 0.128, p = 0.001), WASO (r = −0.099, p = 0.01),
SWS (%TST) (r = 0.129, p = 0.01), and AI (r = −0.185,
p < 0.001). There was no association between vitamin D and
age, waist-to-hip ratio, ESS score, other comorbidities, or PSG
variables.

In stepwise multiple linear regression models, vitamin D
levels were still associated with AHI [β = −0.054 (95% CI,
−0.086, −0.022); p = 0.001], ODI [β = −0.035 (95% CI,
−0.065, −0.004); p = 0.001], mean SaO2 [β = 0.303 (95%

Fig. 1 The flowchart of patients
recruited
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CI, 0.025, 0.582); p = 0.034], lowest SaO2 [β = 0.120 (95%
CI, 0.009, 0.231); p = 0.034], TST90 [β = −0.017 (95% CI,

−0.029, −0.005); p = 0.004], AI [β = −0.065 (95% CI,
−0.120, −0.010); p = 0.021], SWS (%TST) [β = 0.159 (95%

Table 1 Clinical characteristics in obstructive sleep apnea (OSA) patients and controls

Total
population
N = 685

Total population according to AHI

Controls
N = 68

Mild OSA patients
(AHI 5 to < 15/h)
N = 94

Moderate OSA patients
(AHI 15 to < 30/h)
N = 150

Severe OSA patients
(AHI ≥ 30 h)
N = 373

p value
across all

Demographics

Gender, males (%) 505 (74%) 37 (54%) 68 (72%) 105 (70%) 295 (70%) <0.001

Age, years 54 ± 15 41 ± 18 45 ± 13 56 ± 14#, ** 58 ± 14$,## <0.001

Age ≥ 60 years 265 (39%) 11 (16%) 11 (12%) 63 (42%) 180 (48%) <0.001

BMI (kg/m2) 32.8 ± 7 27 ± 7 29 ± 5 32 ± 5#, ** 35 ± 7$, ##, $$ <0.001

BMI ≥ 30, n (%) 432 (63%) 13 (19%) 32 (35%) 86 (57%) 301 (87%) <0.001

NC (cm) 41.6 ± 4.4 37.0 ± 4.3 38.8 ± 3.4* 41.0 ± 3.6#, ** 43.4 ± 3.8$,##,$$ <0.001

WC (cm) 111.0 ± 15.8 94.1 ± 16.2 100.4 ± 12.5* 107.8 ± 10.9#,** 111.8 ± 13.9$,##,$$ <0.001

HC (cm) 112.7 ± 15.9 99.7 ± 15.9 103.2 ± 12.9 109.9 ± 11.3#,** 118.6 ± 15.4$,##,$$ <0.001

Waist-to-hip ratio 0.99 ± 0.06 0.95 ± 0.07 0.97 ± 0.06* 0.98 ± 0.05# 0.99 ± 0.05$,##,$$ <0.001

Smoking status

Never, n (%) 243 (36%) 31 (46%) 36 (39%) 61 (41%) 115 (31%)

Current/, n (%) 182 (27%) 21 (31%) 33 (36%) 32 (21%) 96 (26%)

Former, n (%) 259 (38%) 16 (24%) 24 (26%) 57 (38%) 162 (43%) 0.002

Comorbidities

Hypertension 296 (43%) 13 (19%) 11 (12%) 74 (49%) 198 (53%) <0.001

Diabetes type 2 108 (16%) 3 (4%) 5 (5%) 15 (10%) 85 (23%) <0.001

Hyperlipidemia 276 (40%) 11 (16%) 19(20%) 62 (41%) 184 (49%) <0.001

COPD 97 (14%) 3 (4%) 2 (2%) 19 (13%) 73 (20%) <0.001

Coronary heart disease 61 (9%) 1 (2%) 3 (3%) 16 (11%) 41 (11%) 0.012

Cerebrovascular disease 18 (3%) 0 (0%) 1 (1%) 5 (3%) 12 (3%) 0.315

Atrial fibrillation 108 (16%) 3 (4%) 5 (5%) 15 (10%) 85 (23%) <0.001

Data are presented as mean values ± SD or median (25th–75th percentile), unless otherwise indicated. BMI body mass index, NC neck circumference,
WC waist circumference, HC hip circumference, AHI apnea–hypopnea index, COPD chronic obstructive pulmonary disease

*p < 0.05 mild OSA vs controls; # p < 0.05 moderate OSA vs controls; $ p < 0.05 severe OSA vs controls **p < 0.05 moderate vs mild OSA patients;
## p < 0.05 severe vs mild OSA; $$ p < 0.01 severe vs moderate OSA

Fig. 2 Vitamin D levels by OSA
group
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CI, 0.042, −0.275); p = 0.008], SE(%) [β = 0.066 (95% CI,
0.002, 0.130); p = 0.043], gender [β = −2.361 (95 CI%,
−4.159, −0.564); p = 0.010], and BMI [β = −0.270 (95 CI%,
−0.398, −0.143); p < 0.001] after adjusting for the potential
confounders that were found to be significant.

Table 3 illustrates multiple stepwise logistic regression
analysis of the relationship between vitamin D deficiency
and various independent variables. After multiparametric ad-
justments for age, gender, obesity comorbidities, and season-
ality, severe OSA showed significant independent associa-
tions with the risk of vitamin D deficiency [OR (95% CI)
2.002 (1.049–3.819), p = 0.035] (fig. 3). Analysis also showed
that female gender was significantly associated with higher
odds for vitamin D deficiency.

We also explored other measures of OSA activity as pre-
dictors for vitamin D deficiency. In the previous adjusted
models, ODI (OR = 1.011, 95% CI = 1.005–1.018,
p < 0.001), mean SaO2 (OR = 0.891, 95% CI = 0.837–0.950,
p = <0.001) and lowest SaO2 (OR = 0.954, 95% CI = 0.932–
0.977, p < 0.001), TST90 (OR = 1.004, 95% CI = 1.002–
1.007, p < 0.001), and AI (OR = 1.016, 95% CI = 1.005–
1.028, p < 0.001) also predicted vitamin D deficiency.

Vitamin D correlations with questionnaire scores

OSA patients had higher ESS score compared to controls
(10.5 ± 5.4 vs 7.3 ± 5.1, p < 0.001) and higher despite non-
significant levels of vitamin D deficiency (39 vs 29%, p =

Table 2 Questionnaires scores in Obstructive Sleep Apnea (OSA) patients and controls

Total
population
N = 685

Total population according to AHI

Controls
(AHI < 5/
h)
N = 68

Mild OSA
patients
(AHI 5 to < 15/h)
N = 94

Moderate OSA
patients
(AHI 15 to < 30/h)
N = 150

Severe OSA
patients
(AHI ≥ 30 h)
N = 373

p value
a c r o s s
all

Daytime sleepiness

ESS 10.2 ± 5.5 7.3 ± 5.1 8.8 ± 5.2 10.6 ± 5.0# 10.9 ± 5.7$,## <0.001

ESS ≥ 10 414 (61%) 25 (38%) 53 (58%) 100 (67%) 236 (64%) <0.001

Insomnia

Athens Insomnia Scale Score 8.2 ± 4.8 8.6 ± 5.6 8.7 ± 4.4 7.2 ± 4.4 8.2 ± 4.8 0.17

Athens Insomnia Scale Score ≥ 6 (%) 309 (68%) 34 (74%) 56 (75%) 63 (64%) 156 (67%) 0.39

Depressive symptoms

BDI score 8 (5, 13) 9 (4, 16) 8 (5, 12) 7 (4, 11) 9 (5, 14) 0.09

BDI ≥ 10 225 (43%) 25 (48%) 31 (36%) 38 (33%) 131 (48%) 0.029

Vitamin D (ng/mL) 23.4 ± 10.6 26.1 ± 9.9 25.0 ± 11.1 26.1 ± 11.9 21.4 ± 9.5$, ##, $$ <0.001

Vitamin D insufficiency
(20–29.9 ng/mL)

267 (39%) 25 (37%) 38 (40%) 59 (39%) 145 (39%) <0.001

Vitamin D deficiency (<20 ng/mL) 262 (38%) 20 (39%) 30 (32%) 44 (29%) 168 (45%) 0.001

Data are presented as mean values ± SD or median (25th–75th percentile), unless otherwise indicated. ESS Epworth Sleepiness Scale, BDI Beck
Depression Inventory, AHI apnea–hypopnea index

*p < 0.05 mild OSA vs controls; # p < 0.05 moderate OSA vs controls; $ p < 0.05 severe OSA vs controls **p < 0.05 moderate vs mild OSA patients;
## p < 0.05 severe vs mild OSA; $$ p < 0.01 severe vs moderate OSA

Table 3 Multiple stepwise
logistic regression analysis of the
relationship between vitamin D
deficiency and various
independent variables

B S.E. p value OR (95%CI)

Mild OSA 0.137 0.360 0.703 1.147 (0.566–2.325)

Moderate OSA 0.010 0.342 0.977 1.010 (0.516–1.976)

Severe OSA 0.694 0.291 0.035 2.002 (1.049–3.819)

Females versus males 0.762 0.189 <0.001 2.144 (1.479–3.106)

Age > 60 years −0.266 0.185 0.151 0.767 (0.534–1.102)

Body mass index ≥ 30 0.363 0.196 0.063 1.438 (1.980–2.111)

Type 2 diabetes −0.013 0.229 0.955 0.987 (0.631–1.546)

COPD 0.435 0.243 0.074 1.544 (0.959–2.487)

Season (winter/summer) 0.023 0.166 0.889 1.023 (0.740–1.416)

OSA obstructive sleep apnea, COPD chronic obstructive pulmonary disease
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0.11). ESS score was not correlated with vitamin D levels
(−0.061, p = 0.112). Furthermore, daytime sleepiness was
not significant between efficient and deficient vitamin D
groups (63 vs 59%, p = 0.39).

BDI score was not different between OSA patients and
controls (10 vs 11, p = 0.29). BDI > 10 was also insignificant
between groups (42 vs 48, p = 0.41). BDI score was correlated
with vitamin D levels (r = −0.097, p = 0.025). Nevertheless,
this correlation no longer existed after adjustment for con-
founding factors.

Athens Insomnia Scale score was not correlated with vita-
min D levels (r = −0.043, p = 0.357) and did not differ be-
tween OSA and controls (8.03 vs 8.59, p = 0.453).

Subgroup analysis by age, gender, BMI, and
sleepiness

Further analysis in subgroups stratified by age or BMI dem-
onstrated that severe OSA predicted vitamin D deficiency
only in the age group <60 years (OR = 2.367, 95% CI =
1.110–5.047, p = 0.026) and in the BMI group <30 (OR =
2.403, 95% CI = 1.011–5.714, p = 0.04). For above 60 years
(OR = 1.311, 95% CI = 0.305–5.635, p = 0.716) and in obese
patients (BMI ≥ 30) (OR = 1.344, 95% CI = 0.422–4.277, p =
0.617), severe OSA was not a significant predictor of vitamin
D deficiency. Additionally, the odds for vitamin D deficiency
of severe OSA was marginally significant in males (OR =
2.389, 95% CI = 0.962–5.929, p = 0.06) and not in females
OR = 1.956, 95% CI = 0.680–5.624, p = 0.213). Notably, the

association of severe OSA and vitamin D deficiency was
stronger in sleepy patients (ESS ≥ 10) (OR = 3.665, 95%
CI = 1.220–11.013, p = 0.021) compared to non-sleepy pa-
tients (ESS < 10) (OR = 0.794, 95% CI = 0.323–1.950, p =
0.615) (Fig. 4).

Discussion

Our study has shown that a notable proportion of patients
referred for OSA evaluation was found to have vitamin D
deficiency. The presence of severe OSA was associated with
a 2 times risk increase of vitamin D deficiency and the asso-
ciation was significantly stronger in the younger, non-obese,
and sleepy OSA patients. Most importantly, although patients
in severe OSA group were significantly different from control
population and other OSA subgroups in demographics and
comorbidities, the severe OSA-mediated risk for vitamin D
deficiency was not explained by age, gender, obesity, comor-
bidities, or season.

Several studies have attempted to describe the relationship
between vitamin D levels and OSA; however, these results
should be interpreted with caution, as different cut-offs
(<20 ng/mL, <30 ng/mL) have been employed for defining
vitamin D deficiency. Even with different cut-offs, most of
them have shown decreasing levels with increasing severity
of OSA [3–9, 15, 27–33], while others did not replicate a
causal link between serum vitamin D levels and OSA severity
[34–37]. Similar to the results reported in most of the studies,

Fig. 3 Multiple logistic
regression analysis of the
relationship between vitamin D
deficiency and various
independent variables. Error bars
indicate 95% confidence
intervals. COPD: chronic
obstructive pulmonary disease

Fig. 4 Multiple logistic
regression analysis of the
relationship between vitamin D
deficiency and severe OSA
according to age, gender, BMI,
and ESS. Error bars indicate 95%
confidence intervals. BMI: Body
mass index, ESS: Epworth
Sleepiness Scale

1114 Sleep Breath (2021) 25:1109–1117



we observed that vitamin D levels did not differ among con-
trols and mild and moderate OSA patients; however, vitamin
D deficiency became more notable in severe OSA patients.
The mechanisms between OSA and vitamin D level and the
direction of effect are not yet known. One likely hypothesis
for this association might be that vitamin D levels decrease by
a hypoxia-induced mechanism, which is a fundamental fea-
ture of OSA. The correlation analysis in our study indicated
that vitamin D was independently associated with several
measures of intermittent hypoxia, in agreement with previous
studies [9, 31, 33], reinforcing this theory. Consequently, as
intermittent hypoxia is more notable in severe OSA patients,
the lack of difference in vitamin D levels between controls and
other OSA categories could be explained. Furthermore, treat-
ment of severe OSA with positive airway pressure therapy
was able to increase vitamin D levels, mainly in patients with
mean residual AHI < 5/h during CPAP therapy [10, 38], sug-
gesting that normalizing nocturnal oxygen saturation might
affect positively the level of vitamin D in these patients.

OSA and vitamin D deficiency are two separate disorders
both associated with obesity, inflammation, and many comor-
bidities, such as diabetes and cardiovascular diseases [39].
Considering the association of OSA with vitamin D deficien-
cy and the association of both these conditions with the co-
morbidities developing, routine assessment of vitamin D se-
rum levels, and vitamin D supplementation in severe OSA
patients might be proven of clinical benefit. However, further
studies are needed to determine the clinical relevance of the
vitamin D insufficiency observed in OSA patients and the
utility of vitamin D measurement and possibly the use of
supplements in OSA patients.

Furthermore, obesity, another common comorbidity in
people with OSA, has been closely associated with vitamin
D, probably due to increased deposi t ion of 25-
hydroxyvitamin D into adipose tissues [40, 41]. In our study,
an association between vitamin D deficiency and severe OSA
was still observed after adjusting for obesity, suggesting that
OSA is amajor predictor of vitamin D deficiency, and coupled
with obesity, it may further increase the risk of vitamin D
deficiency.

Another potential explanation of the relation between OSA
and vitamin D is that OSA associates with excessive daytime
sleepiness. As might be expected, OSA patients reporting ex-
cessive daytime sleepiness are more likely to have limited
access to outdoor activities and hence reduced exposure to
sunlight resulting in lower vitamin D [42]. On the other hand,
persistently low vitamin D levels are associated with myopa-
thy, tonsillar hypertrophy, and rhinitis, potentially predispos-
ing to OSA development and daytime sleepiness [36]. Despite
that, our results do not provide evidence of an association
between vitamin D levels and sleepiness, in this Greek popu-
lation with untreated OSA, contrary to previous studies in
ethnically diverse populations [43, 44]. However, the

evidence on the potential cause-effect relationship between
vitamin D and excessive daytime sleepiness remains incon-
clusive, and so further studies are necessary to ascertain the
mechanisms involved in this relationship.

In our study, all patients were Caucasian and permanent
residents in Crete, in Southern Greece. So far, few studies
have been conducted in Greece examining vitamin D serum
concentrations in OSA and this is the first study that provides
relevant data in southern Greece. In northern Greece, the lim-
ited data available showed that vitamin D concentration of
OSA patients was lower compared to non-apneic subjects
[31, 45, 46]. Although our results are consistent with these
studies, the mean vitamin D level in our study population
was higher, probably due to the abundant sunshine of Crete
(southern part of Greece). Nevertheless, vitamin D deficiency
was a prevalent disorder in our population (38%), with fe-
males exhibiting the highest odds ratio for predicting vitamin
D deficiency.

It is plausible that several limitations might have affected
our results. First given that subjects were recruited from a
sleep center, we cannot generalize our findings to other pop-
ulations. Secondly, given the cross-sectional design of our
study, we cannot attribute directionality to the associations
between OSA and vitamin D. Another potential limitation is
the lack of data on skin pigmentation, sunscreen use, dietary
habits, daily activities (indoor, outdoor), and occupation
which are linked to sunlight exposure that could potentially
affect vitamin D levels. However, no significant differences
are anticipated with respect to skin pigmentation and dietary
habits, given that our study included only Cretan subjects,
living in the same area, with similar dietary habits. In addition,
vitamin D and calcium supplementation, conditions or intake
of medications known to affect vitamin D metabolism were
excluded. Furthermore, other confounding factors such as re-
nal function and parathyroid hormone were not included in
our analysis which may have been influenced the outcome of
our study. Lastly, although we adjusted for seasonality in our
regression analysis, we had no measures of within-participant
seasonal variation in vitamin D concentrations.

In conclusion, we found a notable proportion of patients
evaluated for OSA to have vitamin D deficiency, which was
independently associated with severe OSA. Additional work
will resolve the role of vitamin D in OSA; however, by that
time, vitamin D deficiency should be suspected in patients
with severe OSA. Further research is also needed in order to
assess the levels of vitamin D in severe OSA after CPAP
treatment, as wells as the examination of the effect of vitamin
D supplementation on OSA severity.
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