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Study Objectives: First, to determine whether serum vitamin 
D levels were correlated with excessive daytime sleepiness 
(EDS) in patients with or without vitamin D defi ciency (VitDd). 
Second, to assess whether race affected the relation between 
vitamin D levels and EDS.
Methods: Serum 25-hydroxyvitamin D (25OHD) was mea-
sured by immunoassay in a consecutive series of 81 sleep 
clinic patients who complained of sleep problems and non-
specifi c pain (25OHD < 20 ng/mL ≡ VitDd). Sleepiness 
was determined using the Epworth Sleepiness Scale score 
([ESSs] ESSs ≥ 10 ≡ EDS). Correlations were assessed 
using Pearson r.
Results: In patients without VitDd (25OHD ≥ 20 ng/mL), ESSs 
was inversely correlated with vitamin D concentration (r = 0.45, 
p < 0.05). The group consisted of 6% black patients, compared 
with 35% for the entire cohort. Among the patients who had 

VitDd (25OHD < 20 ng/mL), ESSs was directly correlated with 
25OHD in black (r = 0.48, p < 0.05) but not white patients. In 
black patients, mean ESSs in patients with VitDd were higher 
and 25OHD levels were lower p < 0.05).
Conclusions: The results suggested the novel possibility that 
VitDd-related disease has a yet-to-be-identifi ed mechanis-
tic role in the presentation of sleepiness, sleep disorders, or 
both. Further research is needed to clarify the mechanism(s) 
involved in producing the complex relationships noted.
keywords: Vitamin D, excessive daytime sleepiness, pain, 
sleep regulating substances
Commentary: A commentary on this article appears in this 
issue on page 699.
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Understanding of the metabolic role of vitamin D has ex-
panded greatly beyond its classically described effects 

on gut and bone, leading to reports of numerous non-classical 
diseases associated with insuffi cient supply of vitamin D.1 Re-
cent reports showed that vitamin D had potent immunomodu-
latory activities2 and that low serum levels of vitamin D were 
linked to pulmonary disease,3 musculoskeletal pain,4 meta-
bolic syndrome,5 hypertension,6 poor stress resilience,7 al-
tered emotional functioning,8 and cognitive decline.9 Subjects 
classifi ed as defi cient in vitamin D generally exhibited more 
severe and/or chronic symptoms than subjects with smaller 
departures from the age- and gender-adjusted levels found in 
the clinically normal population.

More than half of the patients seen in our sleep medicine 
clinic who complained of sleep disruption and nonspecifi c 
somatic pain also exhibited vitamin D defi ciency.10 The as-
sociation was particularly strong among black patients. In a 
case involving idiopathic central nervous system hypersomnia, 
treatment of a defi ciency in vitamin D resulted in a resolution of 
the clinical syndrome.11 These reports together with the rapidly 
developing perception of the ubiquitous role of vitamin D in 
metabolism suggest that suboptimal levels of vitamin D could 
cause or contribute to a pathologic level of centrally induced 
sleepiness, either directly or by means of chronic pain. Under 
the hypothesis that insuffi cient serum vitamin D was a causal 
or contributing factor in the development of excessive daytime 
sleepiness (EDS), we would expect to fi nd progressively lower 
levels of vitamin D among patients with progressively higher 
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levels of EDS, at least in patients who exhibited only moderate 
hypovitaminosis D.

Our fi rst aim was to determine whether serum vitamin D lev-
els were correlated with sleepiness in patients with or without 
VitDd. Our second aim was to assess the role of race in the 
relationship between vitamin D levels and sleepiness.

METHODS

patients
Consecutive new patients seen during routine consultation 

visits in an academic sleep medicine clinic between April 2008 
and October 2010 were interviewed within the context of a full 

BRIEF SUMMARY
Current knowledge/Study Rationale: Defi ciency of Vitamin D is known 
to contribute to somatic pain symptoms and immune dysregulation (in-
cluding inducing a relative elevation of circulating TNFα and NFĸB, both 
of which can result in subjective sleepiness symptoms). It is therefore 
mechanistically plausible that defi ciency of Vitamin D could contribute 
to poor quality sleep and/or symptoms of impaired wakefulness (such as 
excessive daytime sleepiness).
Study Impact: We found a signifi cant, but complex, relationship be-
tween 25-hydroxyvitamin D and subjective sleepiness, as measured by 
the Epworth Sleepiness Scale, suggesting the possibility that Vitamin D 
defi ciency may be a modifi able cofactor in the pathophysiology of exces-
sive daytime sleepiness, sleep disorders, or both. Further research is 
needed to clarify these relationships.
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sleep medicine history and physical exam. During this encoun-
ter, patients completed a questionnaire in which they were que-
ried about the presence of various symptoms potentially linked 
to sleep disruption, including moderate to severe musculoskel-
etal pain contributing to sleep disruption, daytime discomfort, 
or both. Affirmative responses were verified during the inter-
view by a physician board certified in Sleep Medicine (DM). 
Epworth Sleepiness Scale (ESS) surveys were completed by 
all patients as part of the same multi-item questionnaire. Those 
who answered affirmatively to the presence of pain and who 
agreed to undergo venous blood sampling for 25-hydroxyvita-
min D (25OHD) were included in the study. ESS scores (ESSs) 
≥ 10 were considered to indicate excessive daytime sleepiness 
(EDS). A total of 81 patients, all of whom were ultimately 
diagnosed with various sleep disorders (mostly obstructive 
sleep apnea) were included in the final analysis (Table 1). All 
research-related procedures were approved by the institutional 
review board for human research.

Serum Measurements
Serum concentration of 25OHD was determined by immu-

noassay employing the manufacturer’s specifications (DiaSorin 
Liason, Italy). A 25OHD < 20 ng/mL was regarded as indicat-
ing a vitamin D deficiency (VitDd).12

Statistics
The correlation between the ESS score and serum 25OHD 

levels was evaluated using Pearson r. Mean serum levels were 
compared between races using the t-test. The significance level 
in both cases was p < 0.05.

RESULTS

In patients without VitDd (25OHD ≥ 20 ng/mL), sleepi-
ness was inversely correlated with 25OHD levels (Figure 1). 

The portion of the cohort without VitDd consisted of only 
6% black patients (2 of 34), compared with 35% in the en-
tire cohort (Table 1). In this (predominantly white) portion of 
the cohort, vitamin D and ESSs were significantly correlated 
(r = 0.44, p < 0.05).

Among all patients with VitDd, the ESSs and 25OHD levels 
were uncorrelated. The VitDd portion of the cohort consisted 
of 26 black and 21 white patients. Mean ESSs among the black 
patients was significantly greater than among the white pa-
tients, and 25OHD levels tended to be lower (Figure 2). Taken 
as a group, there was no relation between 25OHD and ESSs 
(Figure 2A), nor did such a relation exist for the white patients 
alone. For black patients, in contrast, a direct correlation was 
seen, with higher 25OHD levels associated with higher ESSs 
(r = 0.48, p < 0.05) (Figure 2A, black patients). On average, the 
ESSs was higher among blacks (Figure 2B).

DISCUSSION

Increasing evidence from clinical and basic research suggests 
that a suboptimal level of vitamin D constitutes a condition that 
disposes patients to the development of various diseases apart 
from the classical descriptions of bony demineralization.1,13 The 
spectrum of disease associated with low vitamin D is likely to 
include diseases of immune dysregulation, one manifestation of 
which could be excessive daytime sleepiness mediated by com-
ponents of inflammatory cascades (see below). We therefore 
expected that progressively lower levels of 25OHD would be 
correlated with increased sleepiness. Further, because increased 
skin pigmentation is an established risk factor for low vitamin 
D14—and logically would increase risk for diseases associated 
with low vitamin D—we also expected that the relation be-
tween 25OHD and sleepiness would depend materially on race.

Patients with a chief complaint of chronic nonspecific mus-
culoskeletal pain have been shown to have low vitamin D levels 

Table 1—Characteristics of cohort
Number of patients 81
Sleepy patients (ESS Score ≥ 10) 59
Non-sleepy patients (ESS Score < 10) 22
Age (y) 47.9 ± 14
Gender (N)
	 Male 23 (28.3%)
	 Female 77 (71.7%
Race (N)
	 Black 28 (35%)
	 White 53 (65%)
BMI (kg/m2) 35.6 ± 8.7
Diagnoses (N)
	 Obstructive sleep apnea 60 (74%)
	 Hypersomnia 9 (11%)
	 Insomnia 13 (16%)
	 Restless legs syndrome 24 (30%)
	 Other 4 (5%)

Data are presented as mean (± SD). N, number. Some patients had more 
than one diagnosis.

Black patients
White patients
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Figure 1—Epworth Sleepiness Scale score (ESSs) as 
a function of vitamin D concentration in patients without 
vitamin D deficiency (25OHD ≥ 20 ng/mL)
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in some,15-18 but not all19,20 studies. We chose to study the rela-
tionship between 25OHD and sleepiness in a group of patients 
we felt would have an elevated likelihood for low vitamin D. 
Our cohort consisted of patients seen in a sleep medicine spe-
cialty clinic for various reasons, but who all admitted to the 
presence of moderate to severe pain either disrupting sleep, 
impairing daytime function, or both. This criterion for inclu-
sion has important clinical implications, in that patients were 
not required to seek care for the pain symptoms, nor were pa-
tients required to independently offer the complaint, but instead 
were only required to admit to its presence when asked. This 
not only creates a lower threshold for inclusion in the study, it 
also produces a cohort that is clinically heterogeneous, both in 
terms of the sleep-related diagnoses and with respect to the ana-
tomic localization, duration, and severity of pain symptoms. In 
this admittedly diverse group, we asked whether sleepiness (as 
ascertained by ESS) was associated in a race-dependent manner 
with circulating 25OHD, and we found that it was. This is the 
first evidence of such a relationship which, if confirmed, has 
significant public health implications.

Sleepiness was inversely correlated with vitamin D con-
centration among those with 25OHD levels ≥ 20 ng/mL, a 
threshold traditionally felt to represent a lower risk for the 
classical diseases of bone demineralization (Figure1).1 Black 
patients were scarcely present in this group, which prevented 
drawing conclusions regarding the relation between sleepi-
ness and 25OHD among black patients. Among white pa-
tients, however, the observed inverse relationship between 
25OHD and ESSs in a range assumed to carry low risk for 
classical deficiency disease (Figure 1) suggested that the 
spectrum of non-classical illness may include magnification 
of hypersomnia symptoms.

The cumulative burden of VitDd may influence how this de-
ficiency state interacts with sleepiness symptoms. This concept 
was supported by the results from those with 25OHD < 20 ng/
mL—the threshold considered to increase the risk for classi-
cal disease of vitamin D deficiency (Figure 2). This portion of 
our cohort was composed of 55% black patients, even though 
they represented only 35% of the cohort. Among all patients 
with 25OHD < 20 ng/mL, there was no significant relationship 
between 25OHD and ESSs. Among black patients, however, a 
significant direct relationship was found (r = 0.48, p < 0.05). 
The black patients also were significantly sleepier (Figure 2B).

The direct relationship between 25OHD and ESSs in black 
patients was unexpected, and ran counter to our original hy-
pothesis of increasing sleepiness with lower 25OHD. One pos-
sible mechanistic explanation for this result involves a greater 
degree of sympathetic stimulation and/or activation of the 
hypothalamic-pituitary-adrenal stress response axis, possibly 
due to increased pain in the context of a more severe burden 
of vitamin D deficiency-related disease. Another possibility in-
volves an interaction between VitDd and other disorders, par-
ticularly obstructive sleep apnea (OSA). VitDd is correlated 
with chronic rhinitis,21 tonsillar hypertrophy,22,23 and nonspe-
cific myopathy24-26—all of which are known to increase the risk 
for OSA—and therefore represents a plausible novel factor that 
could lead to more severe OSA, as ascertained by frequency of 
apneas or hypopneas or severity of intermittent hypoxia. We 
had no reason to speculate on such a relationship a priori, and 

consequently we did not collect data pertinent to OSA severity. 
The issue remains to be addressed.

The observation that ESSs and 25OHD levels < 20 ng/mL 
were correlated in black but not white patients suggests that 
a single blood draw may yield an incomplete picture of the 
true burden of disease. We previously showed that season of 
blood draw (summer vs. winter) was uncorrelated with VitDd 
in (~35% black, ~65% white) patients who admitted to nonspe-
cific musculoskeletal pain during evaluation at a sleep medi-
cine specialty clinic.27 In that cohort, however, white patients 
had higher mean summer 25OHD levels compared with winter 
levels (28.0 ± 13.5 and 23.1 ± 12.7 ng/mL, respectively). In 
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Figure 2—Epworth Sleepiness Scale score (ESSs) as a 
function of vitamin D concentration in patients with vitamin D 
deficiency (25OHD < 20 ng/mL)

(A) Individual patients stratified by race. Black patients, r = 0.48 (p < 0.05). 
White patients (dashed line), r = -0.27 (NS). (B) Mean sleepiness ± SD. 
*p < 0.05.
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contrast, there was no seasonal variation seen in black patients 
(12.7 ± 9.4 and 13.9 ± 6.0 ng/mL, respectively). These observa-
tions suggest the possibility that a year-round burden of chronic 
VitDd may be more severe in black patients, thereby providing 
a basis for understanding different presentations and/or conse-
quences of chronic diseases.

VitDd may contribute to symptoms of sleepiness via known 
sleep regulating substances, for example, TNFα, whose im-
portance has been shown in clinical and experimental stud-
ies.28,29 VitDd is also associated with upregulation of NFĸB,30 
which functions as a master switch for inflammation and a 
trigger of the cellular inflammatory cascade resulting from 
intermittent hypoxia associated with OSA.31 NFĸB is also re-
sponsible for the regulation of numerous substances known 
to exert homeostatic sleep pressure, including prostaglandin 
D2.32,33 Thus VitDd may not only be a cofactor for the devel-
opment of cardiovascular morbidity associated with OSA, but 
may also play a role in the pathogenesis of EDS associated 
with the disease.

The study limitations included the small cohort size and the 
relative clinical heterogeneity of the patients. The post hoc rec-
ognition of a potential relationship between vitamin D and OSA 
highlighted the need for data pertinent to this diagnosis. The 
lack of uniformity may have distorted the subjective experience 
of excessive sleepiness in an unpredictably variable manner 
from patient to patient, thereby obscuring the role of VitDd in 
the development of EDS symptoms. Further studies involving 
narrowed sleep disorder entry criteria (including quantification 
of severity of OSA) and quantification of pain location and se-
verity levels would help clarify the connections between sleep 
disorders, EDS, vitamin D levels, and race.

This study was not designed to identify mechanisms. Low 
25OHD may cause daytime impairment, but it is also possi-
ble that patients with severe sleepiness may exhibit behaviors 
that increase the likelihood of low 25OHD. For example, sun 
avoidance may lessen the biosynthesis of vitamin D, which is 
related to direct sunlight exposure. In this view, however, a lin-
ear inverse relationship would be expected for all patients, with 
higher ESS scores correlated with lower 25OHD values. Our 
discovery of a direct relationship among those with a greater 
burden of deficiency (i.e., blacks with 25OHD < 20 ng/mL) 
does not support the notion of sleepiness-related behavior pro-
voking deficiency. Further studies would help clarify the bio-
logic underpinnings relating 25OHD to sleepiness.

In conclusion, this is the first study to demonstrate a signifi-
cant relationship between sleepiness and vitamin D. Though 
ESSs and 25OHD are related, the relationship is complex; the 
presence of VitDd changes the nature of this relationship com-
pared to subjects without VitDd; among subjects with VitDd, 
the relationship between ESSs and 25OHD is markedly affect-
ed by race.
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