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SLEEP DISORDERED BREATHING

Serum Vitamin D Is Significantly Inversely Associated with Disease Severity in 
Caucasian Adults with Obstructive Sleep Apnea Syndrome
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Study Objectives: To evaluate vitamin D (25(OH)D) levels in obstructive sleep apnea syndrome (OSAS) and possible relationships to OSAS severity, 
sleepiness, lung function, nocturnal heart rate (HR), and body composition. We also aimed to compare the 25(OH)D status of a subset of OSAS patients 
compared to controls matched for important determinants of both OSAS and vitamin D deficiency (VDD).
Methods: This was a cross-sectional study conducted at an urban, clinical sleep medicine outpatient center. We recruited newly diagnosed, Caucasian 
adults who had recently undergone nocturnal polysomnography. We compared body mass index (BMI), body composition (bioelectrical impedance analysis), 
neck circumference, sleepiness (Epworth Sleepiness Scale), lung function, and vitamin D status (serum 25-hydrpoxyvitamin D (25(OH)D) across OSAS 
severity categories and non-OSAS subjects. Next, using a case-control design, we compared measures of serum 25(OH)D from OSAS cases to non-OSAS 
controls who were matched for age, gender, skin pigmentation, sleepiness, season, and BMI.
Results: 106 adults (77 male; median age = 54.5; median BMI = 34.3 kg/m2) resident in Dublin, Ireland (latitude 53°N) were recruited and categorized as 
non-OSAS or mild/moderate/severe OSAS. 98% of OSAS cases had insufficient 25(OH)D (< 75 nmol/L), including 72% with VDD (< 50 nmol/L). 25(OH)
D levels decreased with OSAS severity (P = 0.003). 25(OH)D was inversely correlated with BMI, percent body fat, AHI, and nocturnal HR. Subsequent 
multivariate regression analysis revealed that 25(OH)D was independently associated with both AHI (P = 0.016) and nocturnal HR (P = 0.0419). Our separate 
case-control study revealed that 25(OH)D was significantly lower in OSAS cases than matched, non-OSAS subjects (P = 0.001).
Conclusions: We observed widespread vitamin D deficiency and insufficiency in a Caucasian, OSAS population. There were significant, independent, 
inverse relationships between 25(OH)D and AHI as well as nocturnal HR, a known cardiovascular risk factor. Further, 25(OH)D was significantly lower in 
OSAS cases compared to matched, non-OSAS subjects. We provide evidence that 25(OH)D and OSAS are related, but the role, if any, of replenishment has 
not been investigated.
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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) represents a major 
public health problem.1 One major risk factor for OSAS is obe-
sity, which is reported in up to 70% of cases. The incidence and/
or severity of OSAS also appears related to ethnicity, winter 
season, and lack of physical activity.2–4 Additionally, OSAS 
has been associated with multiple metabolic disturbances in-
cluding excess systemic inflammation, hyperglycemia, hyper-
lipidemia, cardiovascular disease, and increased bone loss.5,6

Vitamin D receptors and enzymes have been discovered 
in most cell types and tissues leading to the realization that 
vitamin D exerts non-skeletal, pleiotropic effects in multiple 
organs.7 However, vitamin D deficiency (VDD) remains highly 
prevalent worldwide.7 Similar to OSAS, VDD is associated 
with adiposity, dark skin pigmentation, winter season, and 
physical inactivity. The non-skeletal consequences of VDD are 
not well understood; however, VDD has been associated with 
similar metabolic disturbances as OSAS, including elevated 
systemic inflammation, impaired glucose metabolism, dyslip-
idemia, and bone deformities as well as many of the comorbidi-
ties associated with OSAS, including cardiovascular disease.7
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Significance
We demonstrate that vitamin D deficiency/insufficiency is almost universal in a cohort with obstructive sleep apnea syndrome (OSAS). Further, 
we observed significant, independent, inverse relationships between vitamin D levels and both OSAS severity and nocturnal heart rate, a known 
cardiovascular risk factor. Although previous studies have found a link between vitamin D levels and OSAS, this could be due to confounding. We 
compared relationships between vitamin D levels and OSAS severity. We also compared the difference between vitamin D levels in OSAS cases and 
controls matched for important determinants of OSAS and vitamin D, including BMI, age, gender and sleepiness. Prospective and/or randomized trials 
are warranted to fully assess the effect, if any, of vitamin D in OSAS.

Heart rate (HR) parameters provide important informa-
tion regarding cardiovascular regulatory mechanisms and are 
mainly affected by the sympathetic nervous system (SNS). 
One of the most important effects of OSAS is SNS activation,8 
and numerous studies have noted HR perturbations in OSAS.9 
Elevated HR has been associated with low 25-hydroxyvitamin 
D (25(OH)D) in both cross-sectional10 and prospective11 studies. 
However, there is a lack of studies regarding HR and 25(OH)
D in OSAS.

Recently there has been interest in the idea that vitamin 
D could be important for sleep disorders.12–14 Several cross-
sectional studies have reported a high prevalence of VDD 
in OSAS,15–18 which is more pronounced in severe OSAS16,17 
and associated with abnormal glucose metabolism.15,16 These 
studies suggest a possible link between OSAS and VDD but 
are limited by the lack of controls15 and the inclusion of con-
trols who had not undergone polysomnography18 or were not 
matched for important determinants of OSAS and VDD such 
as BMI, age, gender, and degree of sleepiness.16,18

In this cross-sectional study, we examined the prevalence 
of vitamin D insufficiency and deficiency among urban adults 
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with newly diagnosed, untreated OSAS. We also wanted to as-
sess relationships between 25(OH)D and OSAS severity, sleep-
iness, lung function, nocturnal HR, and body composition. 
Finally, we wanted to compare vitamin D levels from selected 
OSAS cases with non-OSAS subjects matched for important 
determinants of OSAS and VDD.

METHODS

Subjects/Study Population
We conducted a cross-sectional study among consecutive Cau-
casian, urban adults who had been referred to the Sleep Clinics 
of Connolly Hospital, Blanchardstown, Dublin, Ireland. All 
subjects underwent overnight polysomnography (PSG) and 
were recruited after signing an institutional ethics committee 
approved consent form. We excluded participants currently 
using multivitamin or vitamin D supplements or medications 
that modulate vitamin D metabolism, and those with disorders 
known to influence vitamin D metabolism/absorption.

Sleep Indices
The presence or absence of OSAS was based on the results 
of full, in-house, nocturnal PSG (SomnoScreen Plus), which 
were conducted and analyzed at the Sleep Laboratory of 
Connolly Hospital. PSG data were analyzed manually by a 
respiratory physiologist using computer software (Somno-
Medics Domino Software) according to Irish Sleep Society/
AASM guidelines. An obstructive apnea was defined as a 
drop in airflow to ≤ 90% of baseline for ≥ 10s as recorded 
with the oronasal sensor with continued respiratory effort. 
A hypopnea was defined as a drop in airflow ≥ 30% from 
baseline as recorded with the nasal cannula for ≥ 10s ac-
companied by ≥ 3% oxygen desaturation. A decrease in 
SpO2 ≥ 3% was considered to represent an oxygen desatura-
tion. The average number of apneas and hypopneas per hour 
of sleep was defined as the apnea-hypopnea index (AHI). 
The diagnosis and severity of OSAS was based on the defi-
nitions recommended by the American Academy of Sleep 
Medicine as follows: non-OSAS (AHI < 5), mild OSAS 
(5 ≤ AHI < 15), moderate OSAS (15 ≥ AHI < 30) and severe 
OSAS (AHI ≥ 30). The non-OSAS group comprised subjects 
with snoring or insomnia but without OSAS as confirmed 
by PSG. Consenting and eligible, non-OSAS subjects for the 
case-control study were matched in a paired fashion to in-
dividual OSAS cases in terms of important determinants of 
both OSAS and VDD, including age, gender, skin pigmen-
tation, sleepiness, season, and BMI. We evaluated daytime 
sleepiness with the Epworth Sleepiness Scale (ESS), which 
is a widely used, validated tool.

Pulmonary Function Testing
Values for percentage of predicted forced expiratory volume 
in 1 second (FEV1%) and percentage of predicted forced ex-
piratory volume (FVC%) were obtained according to ATS/
ERS recommended techniques by an experienced respira-
tory physiologist. The results were compared with predicted 
normal values from the European Community for Coal and 
Steel/European Respiratory Society.

Anthropometry
Body mass index (BMI) was calculated from measured height 
and weight. Neck circumference was measured by a trained di-
etitian (CPK). We estimated total fat mass (FM), fat free mass 
(FFM), and trunk fat with bioelectrical impedance analysis 
(BIA) using the Tanita Segmental Body Composition Analyzer, 
Model BC-418 (Tanita Corporation, Tokyo, Japan), which cor-
relates highly with DEXA measurements (r = 0.82–0.87).19,20

Vitamin D Analysis
Blood samples were collected, centrifuged, aliquoted, and 
frozen to −80°C, which does not affect 25(OH)D. Circulating 
levels of total 25(OH)D are considered the most reliable mea-
sure of overall vitamin D status since they reflect vitamin D2 
+ D3 contributions from all sources.21 25(OH)D was measured 
using competitive chemiluminescence immunoassays (Dia-
Sorin, Dietzenbach, Germany) with inter-assay coefficient of 
variation of 6.8%. Internal quality control was determined 
using kit controls of 2 different concentrations.

Values were reported as nmol/L. Here we use the 2011 En-
docrine Society guidelines to define serum 25(OH)D status,22 
whereby 25(OH)D < 50 nmol/L equates to VDD, while < 75 
nmol/L equates to vitamin D insufficiency (VDI) and > 75 
nmol/L denotes vitamin D sufficiency (VDS).

Skin pigmentation, which is a major influencer of vitamin D 
photosynthesis,7 was assessed using the 6 point Fitzpatrick scale.23

Statistical Methods
The Shapiro-Wilk test was performed to check the data for nor-
mality. The majority of variables were not normally distributed. 
Therefore we utilized Kruskal-Wallis, one-way, nonparametric, 
ANOVA tests to detect differences between non-OSAS subjects 
and OSAS severities and if differences were detected, the Mann-
Whitney test was performed for pairwise comparisons. We used 
Spearman rho derived from bivariate correlation analysis to as-
sess relevant correlations. Associations between variables on 
univariate regression analysis with P values < 0.05 were entered 
into multivariate models to determine the independent correla-
tions to AHI and HR. Paired t-tests were used to compare dif-
ferences between OSAS cases and matched, non-OSAS subjects. 
All analyses were performed using SPSS statistical software 
(version 20.0. Armonk, NY: IBM Corp). Results were expressed 
as median ± interquartile range (IQR). All P values reported are 
2-tailed with statistical significance set at < 0.05.

RESULTS
We recruited 106 untreated Caucasian adults who had recently 
undergone nocturnal PSG. Table 1 displays all parameters and 
results of the non-OSAS, control group, and the OSAS sub-
jects grouped by severity. Severe OSAS was overrepresented 
compared to mild and moderate OSAS, reflecting the typical 
demographics of our clinic population. Similarly, males were 
overrepresented compared to females, reflecting OSAS epide-
miology. The age profile of the 4 groups was similar. Patients 
with severe OSAS group had significantly lower FEV1% and 
FVC% than other groups, as well as a more adverse anthropo-
metric profile (higher BMI, percentage body fat, FM, trunk fat, 
neck circumference, but significantly lower FFM) and higher 
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nocturnal mean HR. Median ESS scores were only slightly 
elevated in severe OSAS compared to other groups but the 
difference was statistically significant. As expected PSG vari-
ables increased across OSAS severity classes (AHI, total apnea 
number, total hypopnea number, desaturation index). Although 
the severe OSAS group had less total sleep time and less deep 
sleep than other groups, there was no difference in measures of 
sleep efficiency. Finally, 25(OH)D values were highest in non-
OSAS subjects and decreased across OSAS severities (Figure 
1A, P = 0.003), while the proportion of subjects with VDD was 
lowest in non-OSAS subjects and increased across OSAS se-
verity classes.

In order to estimate potential associations between 25(OH)D 
levels, PSG measures and anthropometric variables, we initially 
performed bivariate Spearman correlation analysis. Table 2 
displays correlations between 25(OH)D and relevant variables. 

There were statistically significant, inverse correlations be-
tween 25(OH)D and anthropometric variables including BMI, 
total percentage body fat, and total FM (Figure 1D). Further, 
there were statistically significant, inverse correlations be-
tween 25(OH)D and OSAS variables including AHI (Figure 
1B), desaturation index, time spent below 90% oxygen satura-
tion, and average nocturnal HR (Figure 1C). Conversely, there 
was a positive correlation between 25(OH)D and baseline ox-
ygen saturation. There was no association between 25(OH)D 
and age, FFM, neck circumference, lung function, ESS score, 
or PSG variables not listed in Table 2.

Many factors influencing 25(OH)D status, AHI, and HR 
are related, and correlations between variables may be due to 
confounding. Therefore, we conducted regression analysis to 
determine if there were independent association between vari-
ables of interest.

Table 1—Demographic and physiologic characteristics of subjects by OSAS severity.

Non-OSAS Mild Moderate Severe P value*
n 31 22 18 35 –
Age 53 ± 19 54 ± 19 57 ± 17 55.5 ± 17 0.69
Male, n (%) 16 (50) 17 (77) 12 (67) 28 (80) –
Smoking status, n (%)

Current smoker
Ex-smoker
LLNS

1 (3)
5 (16)

25 (81)

6 (27)
0 (0)

16 (73)

5 (28)
1 (6)

12 (66)

12 (34)
2 (6)

21 (60)

–

FEV1% 94 ± 21 100 ± 26 98 ± 15 83 ± 25 < 0.0001
FVC% 99 ± 21 105.5 ± 23.3 99 ± 11.3 87 ± 29 0.002
FEV1:FVC% 81 ± 7 82 ± 11 81 ± 5 79 ± 10 < 0.0001
BMI (kg/m2) 32 ± 8 31 ± 8 33 ± 7 39 ± 8 < 0.0001
Fat% 34 ± 12 32 ± 9 33 ± 14 49 ± 28 0.019
FM (kg) 30 ± 13 33 ± 12 30 ± 14 71 ± 12 < 0.0001
Trunk fat (kg) 37 ± 10 35 ± 11 34 ± 9 42 ± 9 0.057
NC 41 ± 5 39 ± 1 41 ± 3 48 ± 7 < 0.0001
FFM (kg) 58 ± 14 69 ± 14 58 ± 20 52 ± 9 < 0.0001
ESS 12 ± 6 13 ± 7 2 ± 5 13 ± 9 < 0.0001
EDS, n (%) 24 (77) 14 (64) 11 (61) 23 (66) –
AHI 2 ± 2 10 ± 4 23 ± 9 59 ± 26 < 0.0001
Total apnea number 0.3 ± 0.9 8 ± 17 22 ± 26 107 ± 183 < 0.0001
Total hypopnea number 2 ± 2 54 ± 29 129 ± 65 196 ± 186 < 0.0001
Baseline O2 94 ± 2 94 ± 2 94 ± 2 93 ± 3 0.001
Time below 90% O2 0 ± 0 1 ± 5 7 ± 24 38 ± 6 < 0.0001
Min O2 90 ± 2 87 ± 4 84 ± 8 74 ± 13 < 0.0001
Desaturation index 2 ± 0.2 10 ± 5 20 ± 19 51 ± 29 < 0.0001
Mean nocturnal HR 60 ± 15 58 ± 10 64 ± 10 68 ± 17 0.016
TST (min) 432 ± 62 418 ± 70 424 ± 79 411 ± 138 < 0.0001
Snore index 78 ± 115 73 ± 83 165 ± 492 329 ± 304 < 0.0001
25(OH)D (nmol/L) 60 ± 33 40 ± 22 3 ± 30 37 ± 26 0.003
VDD (%) 32 61 61 82 –
VDI (%) 50 39 39 15 –
VDS (%) 18 0 0 3 –

Data are displayed as median ± IQR. *P values derived from independent samples Kruskal-Wallis test. 25(OH)D, 25-hydroxyvitamin D; AHI, apnea-
hypopnea index; BMI, body mass index; EDS, excessive daytime sleepiness; ESS, Epworth sleepiness scale; FEV1, forced expiratory volume in 1 second; 
FFM, fat free mass; FM, fat mass; FVC, forced vital capacity; HR, heart rate; LLNS, lifelong non-smoker; NC, neck circumference; O2, oxygen; PLM, periodic 
leg movements; REM, rapid eye movement; TST, total sleep time; VDD, vitamin D deficiency; VDI, vitamin D insufficiency; VDS, vitamin D sufficiency.
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ESS score (β = 0.22; P = 0.028), 25(OH)D (β = 0.34; P = 0.001), 
and several measures of adiposity were significantly associ-
ated with AHI in univariate regression analysis. Therefore we 
selected the most significant adiposity association (BMI) and 
entered BMI, ESS score, and 25(OH)D level into a multivar-
iate model. These variables explained 56.7% of the variance in 
AHI in this cohort. However, only BMI (β = 0.42; P < 0.0001) 
and 25(OH)D (β = −0.22; P = 0.016) were significant indepen-
dent predictors of AHI, while ESS score was of borderline sig-
nificance (β = −0.19; P = 0.065).

Similarly, 25(OH)D level (β = 0.35; P < 0.0001) as well as 
several measures of both adiposity and sleep were significantly 
associated with HR in univariate regression analysis. We se-
lected the most significant associations—BMI for adiposity 
and AHI for sleep variables – and entered these values into 
a multivariate model which revealed that these variables ex-
plained 46.4% of the variance in mean nocturnal HR in this 
cohort. However, only 25(OH)D level could be considered a 
significant independent predictor of HR (β = −0.24; P = 0.019), 
while BMI was of borderline significance (β = 0.21; P = 0.057). 

AHI was not associated with HR after adjusting for 25(OH)D 
level and BMI (β = 0.17; P = 0.14).

Case-Control Study
To further assess if there was any relationship between OSAS 
and 25(OH)D, we wanted to examine 25(OH)D levels between 
a separate cohort of OSAS cases and non-OSAS subjects after 
matching for potential confounders: age, gender, skin pigmen-
tation, sleepiness, season, and BMI (Table 3).

Nocturnal HR was significantly higher in OSAS vs. matched, 
non-OSAS subjects, while FVC% was significantly lower. Ad-
ditionally, 25(OH)D levels were significantly lower in OSAS 
cases vs. non-OSAS subjects and the proportion of subjects 
with VDD was markedly higher in severe OSAS compared to 
non-OSAS subjects.

DISCUSSION
In the present study, we investigated the relation of 25(OH)D 
levels to OSAS indices, lung function, mean nocturnal HR, and 
body composition. 25(OH)D levels were highest in non-OSAS 

Figure 1—Vitamin D levels and relationships to demographics. (A) 25(OH)D (median, interquartile range) by group. (B–D) Correlations between 25(OH)D 
and AHI, nocturnal HR and BMI. *P = 0.01; **P = 0.001; ***P = 0.0001; 25(OH)D, 25-hydroxyvitamin D; AHI, apnea-hypopnea index; BMI, body mass index; 
HR, heart rate.

A	 B

C	 D

rho = −0.4***

rho = −0.33** rho = −0.27*

*
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subjects and decreased with increasing OSAS severity. Of the 
75 OSAS cases, there was only one subject who had sufficient 
vitamin D (1.5%), while 6 of 31 non-OSAS subjects (18%) were 
VDS. Further, the proportion of subjects with VDD was mark-
edly higher in severe OSAS (82%) compared to mild OSAS, 
moderate OSAS, and non-OSAS subjects (61%, 61%, and 32%, 
respectively). Our results agree with previous cross-sectional 
reports of widespread VDD in OSAS, whereby levels were 
lowest in severe OSAS.15–18

We conducted this study at high latitude in a country with 
limited sun exposure (Dublin, Ireland, 53°N). It is perhaps not 
surprising that a mostly obese cohort with OSAS living in such 
an environment exhibited decreased vitamin D levels. How-
ever, in a recent cohort study carried out in a representative 
Irish population, it was observed that 40.1% were VDD and 
75.6% were VDS.24 In this context, we report a very high prev-
alence of VDD (71%) and VDI (99%) in OSAS cases, which 
is particularly pronounced in severe OSAS cases (82% VDD).

25(OH)D was inversely associated with numerous OSAS 
parameters as documented with PSG, including AHI, total 
apnea number, total hypopnea number, baseline oxygen con-
centration as well as time spent below 90% oxygen saturation, 

Table 2—Correlations between 25(OH)D and anthropometric, 
demographic, and polysomnographic measures.

Spearman rho P value
BMI −0.27 0.01
Fat% −0.22 0.048
FM −0.18 0.09
Trunk fat (kg) 0.27 0.04
AHI −0.40 0.0001
Total apnea −0.25 0.01
Total hypopnea −0.43 < 0.0001
Baseline O2 0.22 0.03
Time below 90% O2 −0.28 0.009
Min O2 0.38 < 0.0001
Desaturation Index −0.41 0.0001
Mean nocturnal HR −0.33 0.001
Snore index −0.28 0.007

Spearman rho and P value derived from bivariate correlation analysis. 
AHI, apnea-hypopnea index; BMI, body mass index; FM, fat mass; HR, 
heart rate; O2, oxygen.

Table 3—Characteristics of OSAS subjects vs. matched, non-OSAS subjects.

 Non-OSAS OSAS P value
n 18 18 –
Age 55 ± 9 57 ± 12 0.38
Male, n (%) 12 (67) 12 (67) –
AHI 2 ± 1 36 ± 21 < 0.0000001
PSG Diagnosis, n (%) Snoring: 9 (50)

Insomnia: 9 (50)
Mild OSAS: 3 (17)

Moderate OSAS: 5 (28)
Severe OSAS: 10 (55)

–

ESS 11 ± 6 12 ± 6 0.29
EDS n (%) 13 10 –
Average HR 58.1 ± 19.4 70 ± 20 0.045
BMI kg/m2 33 ± 7 34 ± 7 0.34
Fat% 37 ± 9 37 ± 11 0.27
FM 36 ± 14 38 ± 11 0.33
FFM 60 ± 11 60 ± 19 0.22
NC 40 ± 0.6 42 ± 5 0.07
FEV1% 94 ± 22 90 ± 20 0.17
FVC% 103 ± 15 95 ± 16 0.09
FEV1/FVC% 76 ± 11 78 ± 9 0.46
Skin type

Skin type 1, n (%) 1 (6) 1 (6) –
Skin type 2, n (%) 16 (88) 16 (88) –
Skin type 3, n (%) 1 (6) 1 (6) –

25(OH)D (nmol/L) 51 ± 25 36 ± 15 0.02
VDD, n (%) 8 (44) 16 (89) –
VDI, n (%) 7 (39) 2 (11) –
VDS, n (%) 3 (17) 0 –

Data are displayed as mean ± SD. P values derived from paired t-tests. ESS, Epworth sleepiness scale; AHI, apnea-hypopnea index; HR, heart rate; 
BMI, body mass index; NC, neck circumference; LLNS, lifelong non-smoker; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 25(OH)
D, 25-hydroxyvitamin D.
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minimal oxygen concentration, and desaturation index. The in-
verse relationship between 25(OH)D and AHI was still present 
after multivariate analysis suggesting an independent associa-
tion. An inverse correlation between 25(OH)D and various 
OSAS measures on PSG has been reported previously by some 
authors16 but not others.15,18 However, in one of these studies,18 
25(OH)D was associated with OSAS according to multivariate 
logistic regression analysis. It is noteworthy that the studies 
that did not report an association between 25(OH)D and AHI 
reported higher mean 25(OH)D levels compared to the 25(OH)
D levels we and others16 observed among OSAS cohorts. In 
this context, it is possible that VDD is more strongly associ-
ated with OSAS compared to VDI.

An interesting and novel finding of this study is the inde-
pendent, inverse relationship between 25(OH)D and mean noc-
turnal HR. This is consistent with previous cross-sectional10 
and prospective11 studies in non-OSAS adults. Further, low 
25(OH)D levels are associated with cardiac autonomic dys-
function.25 In this context, it is noteworthy that previous trials 
have demonstrated that vitamin D can significantly reduce 
HR.26,27 Elevated HR has been associated with metabolic syn-
drome, type 2 diabetes, as well as CVD and mortality.28 The 
possibility that vitamin D repletion offers opportunity to re-
duce HR and morbidity in OSAS cannot be discounted. How-
ever, our preliminary findings require confirmation.

Here, 25(OH)D was inversely associated with BMI and per-
centage body fat, and there was a trend to an inverse relation-
ship with FM. These observations are consistent with previous 
reports in OSAS.1,5,16,18 It is well established that there is an 
inverse association between 25(OH)D and BMI. There was a 
suggestion that low 25(OH)D could lead to weight gain,29 po-
tentially through elevated parathyroid hormone (PTH) pro-
moting fat accumulation through increased calcium influx into 
adipocytes, which would theoretically enhance lipogenesis and 
inhibit lipolysis.29 Support for this theory comes from murine 
work showing that vitamin D regulates energy expenditure 
and enhances fatty acid oxidation.30 However, most vitamin D 
supplementation trials have demonstrated little impact on FM,31 
and a recent bi-directional Mendelian randomization analysis 
of multiple cohorts concluded that higher BMI leads to lower 
25(OH)D and any effects of lower 25(OH)D increasing BMI are 
likely minor.32 Indeed, there is consensus that the bioavailability 
of vitamin D (either from dietary sources or ultraviolet irradia-
tion) is truly decreased in obesity. Although it has traditionally 
been assumed that sequestration of 25(OH)D by adipocytes ex-
plained this association, it has recently been demonstrated that 
volumetric dilution offers a superior explanation.33

We failed to demonstrate an association between sleepi-
ness and 25(OH)D. This is in contrast to cross-sectional re-
ports among varied ethnicities.34,35 The discrepancy regarding 
associations between sleepiness and 25(OH)D may be race 
dependent.34 Nevertheless, our results do not support a rela-
tionship between vitamin D levels and sleepiness, at least not 
in Caucasians with untreated OSAS. This raises the intriguing 
possibility that race modifies the relationship between vitamin 
D level and excessive daytime sleepiness. Similarly, although 
epidemiologic data demonstrate a positive association between 
25(OH)D level and pulmonary function in healthy adults and 

those with asthma or COPD,36 we did not observe an associa-
tion here. The lack of association might be explained by the 
presence of OSAS and/or excess adiposity.

Our subsequent analysis of OSAS cases and non-OSAS 
subjects matched for important determinants of 25(OH)D 
and OSAS revealed that 25(OH)D levels were significantly 
decreased in OSAS. This observation is consistent with most 
previous reports,16,18,38 but not others.17

In the present study, all patients and non-OSAS subjects 
were Caucasian and resided in Dublin, Ireland. All of the 
25(OH)D assays were conducted using the same batch of com-
mercial assays and were performed concomitantly by the same 
biochemist in the same laboratory, thereby reducing biochem-
ical variability. The strength of the case-control analysis was 
in comparing vitamin D levels in patients with OSAS to sub-
jects without OSAS confirmed by PSG who were matched for 
important determinants of both VDD and OSAS.

This study has some limitations. We included a relatively 
small sample size and did not assess sun exposure, dietary habits 
or metabolic biomarkers, such as PTH, lipids, or glycemic in-
dices. Further, we did not assess polymorphisms in the vitamin 
D metabolism pathway (vitamin D receptor, 25-hydroxylase and 
1-α-hydroxylase). It is well known that variants in this pathway 
are associated with perturbed vitamin D metabolism and clin-
ical outcomes. The cross-sectional nature of our study and other 
studies relating vitamin D to OSAS makes it impossible to infer 
that VDD predisposes to OSAS or vice versa

In our cohort, BMI did not fully explain the association 
between AHI and 25(OH)D. This is supported by the largest 
report of 25(OH)D levels in OSAS to date, which reported no 
association with obesity.15 Therefore, an alternative explana-
tion regarding low 25(OH)D in OSAS is needed. It is possible 
that 25(OH)D level reflects healthy behaviors such as outdoor 
exercise or fish consumption. However, there is an idea that 
OSAS is an inflammatory disorder.5 Therefore, it is possible 
the VDD either predisposes to or exacerbates OSAS through 
an upregulation of inflammatory pathways. It is also plausible 
that VDD may predispose to OSAS through mediation by my-
opathy, inflammatory rhinitis, and/or tonsillar hypertrophy 
as first suggested by McCarty and colleagues.13 On the other 
hand, it is possible that the chronic low-grade inflammation 
accompanying untreated OSAS degrades vitamin D stores. 
25(OH)D may be rapidly depleted by acute stress leading to 
the suggestion that 25(OH)D acts as an acute phase reagent.37 
This hypothesis is further supported by a recent report demon-
strating markedly increased 25(OH)D levels after only 7 days 
of CPAP use in male OSAS subjects.38

VDD has been associated with similar metabolic distur-
bances as OSAS, including elevated systemic inflammation, 
impaired glucose metabolism, dyslipidemia, and bone defor-
mities, as well as many of the comorbidities associated with 
OSAS, including cardiovascular disease.7 Specific to OSAS, 
previous studies have demonstrated that 25(OH)D levels were 
inversely correlated with multiple metabolic parameters in-
cluding HbA1c, HOMA-IR, fasting insulin, fasting glucose, 
total cholesterol, and triglyceride levels, as well as incidence of 
insulin resistance, type 2 diabetes, and metabolic syndrome.15,16 
Further there is interventional data suggesting that vitamin D 
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supplementation may have benefits regarding inflammation,39 
glycemic indices, and lipids.40 Although, effects of vitamin 
D supplementation are inconsistent and controversial, these 
observations raise the intriguing possibility that reduced bio-
availability and activity of 25(OH)D in clinical settings such 
as obesity or OSAS may facilitate the emergence of insulin 
resistance, systematic inflammation, dyslipidemia, and other 
OSAS-related morbidities.

CONCLUSION
We report a high prevalence of VDD in OSAS and that 25(OH)
D is significantly and independently associated with AHI and 
mean nocturnal HR. We further demonstrate significantly 
lower 25(OH)D in a group of OSAS cases compared to non-
OSAS subjects matched for important determinants of both 
OSAS and VDD. Our results are consistent with several recent 
reports of 25(OH)D levels in OSAS. To our knowledge, there 
are no reports of vitamin D supplementation in OSAS. There-
fore, existing cross-sectional evidence must be interpreted 
with caution. Considering the cheap nature of vitamin D reple-
tion as well as the non-skeletal effects of vitamin D in many 
disorders of relevance to OSAS, prospective studies and inter-
ventional trials of vitamin D supplementation are warranted to 
determine the effect, if any, on core symptoms of OSAS and 
related metabolic disturbances (e.g. inflammation, hypergly-
cemia, hyperlipidemia).

ABBREVIATIONS
25(OH)D, 25-hydroxyvitamin D
AHI, apnea-hypopnea index
BM, body mass index
EDS, excessive daytime sleepiness
ESS, Epworth sleepiness scale
FEV1%, percentage of predicted forced expiratory volume in 

1 second
FVC%, percentage of predicted
FFM, fat free mass
FM, fat mass
FVC, forced vital capacity
HR, heart rate
LLNS, lifelong non-smoker
NC, neck circumference
O2, oxygen
OSAS, obstructive sleep apnea syndrome
PLM, periodic leg movements
PSG, polysomnography
PTH, parathyroid hormone
REM, rapid eye movement
TST, total sleep time
VDD, vitamin D deficiency
VDI, vitamin D insufficient
VDS, vitamin D sufficient
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