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INTRODUCTION
The National Sleep Counsel reports over 50% of the elderly 

population in the United States have troublesome sleep distur-
bances1; however, there is some debate over this estimate.2–5 
These reports may have a significant impact on the health of 
the elderly as sleep disturbances have been associated with 
poor health indicators and with increased risk of morbidity and 
mortality.1,6 The prevalence of sleep disturbances increases with 
aging. Although there are multiple other potential risk factors for 
poor sleep, associations of age-related decreases in vitamin D 
with sleep disturbances have not been systematically evaluated.6,7

Vitamin D deficiency is common among the elderly because 
as skin ages it cannot synthesize vitamin D from sunlight as 
efficiently as younger skin.8 Further, lifestyle changes in devel-
oped countries have lead people to spend more time indoors; 
therefore exposure to the sun is limited, leading to potentially 
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even greater health consequences in an older population.9–11 
Lastly, circulating vitamin D and sleep characteristics in older 
adults have both been reported to vary by race/ethnicity.12–14 
Poor sleep outcomes appear to be more prevalent among black 
men compared to white men,12 which may be due to an asso-
ciation with a high prevalence of vitamin D deficiency among 
African Americans.15

Previous studies in humans have suggested an important 
role of vitamin D for a number of different health outcomes 
including a decreased risk of colorectal cancer and multiple 
sclerosis and increased risk of reduced bone health and brain 
cancer.16,17 Interest in the role of Vitamin D in the promotion of 
sleep quality has recently increased due to results of animals 
studies that found vitamin D receptors in areas of the brainstem 
that regulate sleep.18–20 Studies which have compared brain re-
gions associated with sleep-wake cycles and vitamin D target 
neurons in the diencephalon and other brainstem nuclei, sug-
gest vitamin D has direct effects on the initiation and mainte-
nance of sleep.21

Few studies have examined associations between serum vi-
tamin D levels and sleep outcomes. A two-year uncontrolled 
trial of vitamin D supplementation and neurological issues in 
1,500 patients with neurological problems reported, in secondary 
analyses, improved sleep patterns when patients achieved serum 
25(OH)D levels of 60–80 ng/mL.22 A small case-control study 
of 28 vitamin D-deplete US veterans who were supplemented 
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with either 1,200 IU/daily or 50,000 IU/weekly vitamin D to 
assess possible associations with pain, found in a secondary 
analysis that supplementation increased subjective measures 
of sleep duration (pre to post supplementation 4.6 to 5.3 hours; 
P = 0.019) and sleep efficiency (pre to post supplementation 59.8 
to 66.6%; P = 0.012).23 A third investigation in 81 sleep clinic 
patients found that those with serum 25(OH)D ≥ 20 ng/mL had 
less subjective daytime sleepiness as measured by the Epworth 
Sleepiness Scale score (r = 0.45, P < 0.05).24 These studies were 
small, uncontrolled, or relied on subjective measures of sleep 
outcomes and therefore leave questions about an association be-
tween serum 25(OH)D and sleep including the optimal serum 
25(OH)D levels needed for proper sleep.

To our knowledge, our study is the first to explore the associ-
ation of total circulating levels of vitamin D and objective sleep 
measures. Therefore, to test the hypothesis that lower 25(OH)D 
levels are cross-sectionally associated with poorer sleep in older 
men, we measured 25(OH)D in a cohort of 3,048 community-
dwelling men aged 65 and older enrolled in the Outcomes of 
Sleep Disorders in Older Men (MrOS Sleep) Study. Objective 
assessments of sleep disturbances were obtained using wrist ac-
tigraphy for an average of 5.2 consecutive nights.

METHODS

Study Population
Participants were initially recruited for the Osteoporotic 

Fractures in Men (MrOS) Study.25 During the baseline exami-
nation from 2000 to 2002, 5,994 community-dwelling men ≥ 65 
years were enrolled at 6 clinical centers in the United States: 
Birmingham, Alabama; Minneapolis, Minnesota; Palo Alto, 
California; Pittsburgh, Pennsylvania; Portland, Oregon; and 
San Diego, California.26 In order to participate, men needed to 
be able to walk without the assistance of another person, and 
must not have had a bilateral hip replacement.

The MrOS Sleep Study, an ancillary study of the parent MrOS 
cohort, was conducted between December 2003 and March 2005 
and recruited 3,135 of MrOS participants (exceeding the goal of 
3,000 participants) for a comprehensive sleep assessment. Of the 
3,135 participants, 3,048 had serum vitamin D measured. There 
were 87 participants who did not have sufficient serum for this 
assay and 3 participants who had out of range data and therefore 
had their values set to missing, leaving a total of 3,045. Among 
these men, 79 did not have actigraphy. Thus for this analysis, we 
included a total of 2,966 participants.

The study protocols were approved by institutional review 
boards at each of the participating sites, and all study partici-
pants provided written informed consent.

Serum Vitamin D Assays
During the in-clinic examination for the Sleep Study visit, par-

ticipants provided a fasting serum sample, which was centrally 
stored at −70°C, and remained frozen until thawed for performing 
the Vitamin D assays. Concentrations of 25(OH) vitamin D2 and 
25(OH) vitamin D3 were measured by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) (ThermoFisher Scien-
tific, Franklin, MA and Applied Biosystems-MDS Sciex, Foster 
City, CA) at the Mayo Clinic Reference Laboratories (Singh RJ, 
PhD, Mayo Clinic Laboratory, Rochester, MN). Using 3 different 

target markers as quality controls for each assay, inter-assay CVs 
for 25(OH) vitamin D3 were 9.7% at 9.0 IUs, 7.5% at 29 IUs, and 
5.8% at 76 IUs. For 25(OH) vitamin D2, CVs were 11.2% at 11 
IUs, 8.5% at 28 IUs, and 7.7% at 74 IUs. We used total 25(OH) 
vitamin D for our primary analyses, combining 25(OH) vitamin 
D2 and 25(OH) vitamin D3.

Sleep Assessment
At the Sleep Visit, participants were instructed to wear the 

Sleep-watch-O (Ambulatory Monitoring, Inc) actigraph on 
their wrist for 5 consecutive 24-h periods. The actigraph, which 
measures acceleration using a piezoelectric biomorph-ceramic 
cantilevered beam, was worn on the wrist of the non-dominant 
hand. Average duration of use (standard deviation [SD]) was 
5.2 (0.9) 24-h periods. Data were collected continuously and 
stored in 1-min epochs. The digital integration mode of analysis, 
which sums the absolute level of acceleration on a second by 
second basis over the epoch, was used to quantify the amount 
of movement in each minute from which sleep-wake status 
could be inferred. Each participant completed a morning log, 
which was used to edit the actigraph data. Action W-2 software 
(Ambulatory Monitoring, Inc.) was used to analyze the raw 
data, and the University of California San Diego sleep scoring 
algorithm was used to determine sleep/wake status.27,28 The fol-
lowing sleep parameters were calculated: mean nightly total 
sleep time (TST; from sleep onset to final awakening), sleep 
efficiency (percent of time sleeping while in bed), and minutes 
of wake after sleep onset (WASO; wake from sleep onset to the 
end of the last sleep episode while in-bed).

Covariates
All other covariate data were collected at the time of the 

sleep visit and included questions on medical history, smoking 
(never, past, current), alcohol intake (usual drinks per week), 
and medication and supplement use. Body weight, used to cal-
culate body mass index ([BMI] body mass divided by square of 
height), was measured using a digital scale and height using a 
wall-mounted Harpenden stadiometer. Cognitive function was 
assessed by having participants complete both the Modified 
Mini-Mental Status (MMSE) Examination29 and Part B of the 
Trail Making Test.30 One component of neuromuscular func-
tion was assessed by walking speed, which was determined by 
timing completion of a 6 m walking course performed at the 
participant’s usual walking speed. Quality of life was assessed 
by the modified version of the Medical Outcomes Study 12-
item short form (SF-12)31 and physical activity was evaluated 
by the Physical Activity Scale for the Elderly (PASE).32 Race 
and age were assessed at an earlier visit (mean 3.4 years [SD 
0.5]) prior to the Sleep exam

Participants were asked to bring all prescription and non-
prescription medications used within the 30 days preceding 
the clinic sleep visit. If a participant forgot to bring one or 
more medications, a clinic staff member was responsible for 
obtaining this information over the telephone or at a return 
visit. All medications were entered into an electronic database, 
verified by pill bottle examination, and each medication was 
matched to its ingredient(s) based on the Iowa Drug Informa-
tion Service (IDIS) Drug Vocabulary (College of Pharmacy, 
University of Iowa, Iowa City, IA).33

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/38/2/251/2416956 by guest on 23 April 2024



SLEEP, Vol. 38, No. 2, 2015 253 Vitamin D and Sleep—Massa et al.

Participants were also asked to provide a urine sample at their 
first sleep visit to assess their creatinine levels. Creatinine as-
says were conducted at Oregon Veterans administration Clinical 
Lab using a Roche COBAS Integra 6000 c501 automated ana-
lyzer (Roche Diagnostics Corp., Indianapolis, IN). The analyzer 
was calibrated daily in the clinical laboratory. Standard settings 
were used. Each sample was stored in a −70°C freezer and then 
thawed at room temperature for the assay. The mean (SD) creati-
nine levels were 90.28 (1.28) (mg/dL) with a CV% of 1.4.

Statistical Methods
Cut-points of serum 25(OH)D (< 20.3, 20.3–30.04, 30.05–

40.05, and ≥ 40.06 ng/mL) were considered a priori based on 
clinical definitions in the literature which correspond well to 

most definitions of deficient, insufficient, adequate guidelines 
as well as levels found to be associated with risk of multiple 
health outcomes.34–38 We identified potential confounders of the 
serum 25(OH)D and sleep outcome relationship by performing 
a backward selection process, using variables that varied sig-
nificantly with a P value of < 0.05 across categories of serum 
25(OH)D and keeping these variables in the fully adjusted mul-
tivariable models if they have a P value < 0.10 after adjustment 
for the other covariates. Characteristics of participants across 
categories of total serum vitamin D are presented in Table 1. 
For our main analysis (Tables 2–4), we used linear and logistic 
regression models to evaluate the association between catego-
ries of serum vitamin D and (1) total sleep time, (2) sleep ef-
ficiency, and (3) WASO. We considered these sleep variables as 

Table 1—Baseline and sleep characteristics by categories of total serum 25(OH)D among 2,966 men participating in the MrOS Sleep Study.

 Total serum 25(OH)D categories (ng/mL)
< 20.3 20.3 – 30.04 30.05 – 40.05 ≥ 40.06

(n = 485) (n = 1,311) (n = 885) (n = 285)
Age, y, mean (SD) 77.0 (5.7) 76.3 (5.5) 76.2 (5.4) 76.3 (5.7)
Caucasian, n (%) 408 (84.1) 1206 (92.0) 834 (94.2) 264 (92.6)
BMI, kg/m2, mean (SD) 28.2 (4.4) 27.5 (3.9) 26.5 (3.4) 26.0 (2.8)
PASE score, mean (SD) 130.3 (71.2) 146.7 (74.8) 150.8 (66.1) 159.8 (73.2)
Walk speed (m/s), mean (SD) 1.10 (0.24) 1.13 (0.23) 1.17 (0.22) 1.15 (0.22)
Self-perceived health (excellent/good), n (%) 396 (81.8) 1124 (85.7) 793 (89.6) 253 (88.8)
Alcohol, n (%)

None 191 (39.7) 490 (37.5) 261 (29.7) 72 (25.4)
1–13 per week 264 (54.9) 758 (58.0) 564 (64.1) 185 (65.3)
> 14 per week 26 (5.4) 59 (4.5) 55 (6.3) 26 (9.2)

Multivitamin supplements, n (%) 142 (29.3) 805 (61.5) 604 (68.3) 210 (73.7)
Vitamin D supplements, n (%) 152 (31.4) 853 (65.1) 628 (71.0) 218 (76.5)
Calcium supplements, n (%) 71 (14.6) 401 (30.6) 343 (38.8) 111 (38.9)
Histamine-2 blockers, n (%) 31 (6.4) 122 (9.3) 84 (9.5) 36 (12.6)
Smoker, n (%) α

No 192 (39.7) 518 (39.5) 341 (38.5) 116 (40.7)
Past 278 (57.4) 769 (58.7) 532 (60.0) 160 (56.1)
Current 14 (2.9) 24 (1.8) 13 (1.5) 9 (3.2)

MMSE (0–100), mean (SD) 91.8 (6.7) 92.7 (6.2) 93.2 (5.5) 93.4 (5.6)
Trails B (0–300 sec), mean (SD) 131.0 (59.2) 122.3 (53.7) 115.1 (50.4) 118.5 (56.4)
SF-12, mean (SD) 47.4 (10.7) 48.4 (10.3) 49.4 (9.7) 49.7 (9.6)
Married, n (%) 369 (76.1) 1112 (84.8) 756 (85.4) 241 (84.6)
Diabetes, n (%) 92 (19.0) 184 (14.0) 104 (11.8) 16 (5.6)
Congestive heart failure, n (%) 41 (8.5) 82 (6.3) 38 (4.3) 18 (6.3)
β-blockers, n (%) 161 (33.2) 358 (27.3) 235 (26.6) 72 (25.3)
Urine creatinine mg/dL, mean (SD) 105.1 (53.1) 103.9 (47.7) 99.0 (47.1) 91.6 (44.8)
Total sleep time (h) 6.27 (1.37) 6.34 (1.25) 6.51 (1.15) 6.65 (1.13)
Total sleep time, n (%)

< 5 h 86 (17.7) 173 (13.2) 86 (9.7) 19 (6.7)
5–8 h 359 (74.0) 1061 (80.9) 727 (82.2) 242 (84.9)
> 8 h 40 (8.3) 77 (5.9) 72 (8.1) 24 (8.4)

Sleep efficiency, mean (SD) 76.1 (12.7) 77.6 (12.5) 79.4 (10.8) 80.1 (10.7)
Wake after sleep onset, mean (SD) 86.7 (50.5) 79.3 (45.1) 74.1 (39.5) 72.5 (40.2)

PASE, Physical Activity Score for the Elderly; MMSE, Mini-Mental State Examination; Trails B, cognitive impairment assessment via Trail Making Test part 
B; SF-12, quality of life assessment via Medical Outcomes Study 12-item short form. α Variable is not significantly (P ≥ 0.05) associated with quartiles of 
circulating vitamin D.
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both continuous and dichotomized outcomes, using cut-points 
that are well established in the literature and have been used to 
evaluate outcomes in similarly aged cohorts.39–43 We evaluated 
the association between serum vitamin D and total sleep time 
by comparing groups with < 5 versus ≥ 5 hours. We used ≥ 70 
(percent of time asleep) as the cut-point for sleep efficiency 
and ≥ 90 min as the cut-point for WASO.

RESULTS
Of the 2,966 men included in our study, 16.4 % had a Vi-

tamin D level < 20.3 ng/mL. Sleep disturbances were also prev-
alent in this cohort, with 12.3% men having a sleep duration < 5 
h (mean TST in cohort was 6.4 ± 1.2), 26.3% sleep efficiency 
of < 70%, and 57.5% with WASO > 90 minutes.

Table 1 shows baseline demographics and sleep characteris-
tics of men according to clinically relevant cutpoints of serum 
25(OH)D. Higher serum 25(OH)D measures were associated 

with younger age, Caucasian race, lower BMI, higher PASE 
(physical activity score for the elderly), higher walking speed, 
less congestive heart failure, more use of vitamin D and cal-
cium supplements, walking more often outside the home, being 
married, and having better objective sleep characteristics.

Vitamin D and Sleep
In age-adjusted analyses, we observed a significant, dose-

dependent association between lower levels of vitamin D and 
higher odds of having short sleep duration, poorer sleep effi-
ciency, and increased sleep fragmentation (all Ptrends < 0.001). 
These associations were slightly attenuated but persisted after 
further adjustment for clinic site, season, and other potential 
confounders. The associations between categories of 25(OH)
D and odds of short sleep duration are presented in Table 2. In 
fully adjusted models, we observed that, compared with men in 
the highest vitamin D category (≥ 40.06 ng/mL), men in the 2 

Table 3—Multivariable odds ratios for sleep efficiency < 70 (compared to ≥ 70) by total serum 25(OH) vitamin D levels in the MrOS Sleep Cohort.

Total serum 25(OH)D categories (ng/mL)
< 20.3 20.3 – 30.04 30.05 – 40.05 ≥ 40.06 P trend

(n = 485) (n = 1,311) (n = 885) (n = 285)
Age-adjusted 1.97 (1.37–2.82) 1.93 (1.39–2.67) 1.22 (0.86–1.72) 1.00 (ref)  < 0.001
Age, clinic, and season adjusted 2.02 (1.38–2.95) 1.98 (1.41–2.78) 1.23 (0.87–1.75) 1.00 (ref)  < 0.001

(n = 420) ** (n = 1,207) (n = 833) (n = 261)
Multivariate model * 1.45 (0.97–2.18) 1.65 (1.16–2.35) 1.14 (0.80–1.65) 1.00 (ref)  0.004

Values are presented as relative risk (95% confidence intervals). * Adjusted for: age, clinic, season, BMI, PASE score, walking speed, diabetes, Mini Mental 
test, marital status, beta blockers, creatinine. ** Totals are not identical due to missing information on covariates.

Table 2—Multivariable odds ratios for total sleep time < 5 hours (compared to ≥ 5 hours) by total serum 25(OH) vitamin D categories in the MrOS Sleep 
Cohort.

Total serum 25(OH)D categories (ng/mL)
< 20.3 20.3 – 30.04 30.05 – 40.05 ≥ 40.06 P trend

(n = 485) (n = 1,311) (n = 885) (n = 285)
Age-adjusted 3.02 (1.80–5.09) 2.13 (1.30–3.48) 1.51(0.90–2.52) 1.00 (ref)  < 0.001
Age, clinic, and season adjusted 2.97 (1.72–5.10) 2.02 (1.22–3.35) 1.43 (0.85–2.42) 1.00 (ref)  < 0.001

(n = 481) ** (n = 1,309) (n = 884) (n = 284)
Multivariable model * 2.15 (1.21–3.79) 1.73 (1.02–2.92) 1.46 (0.85–2.51) 1.00 (ref)  0.004

Values are presented as relative risk (95% confidence intervals). * Adjusted for: age, clinic, season, BMI, SF-12, congestive heart failure, marital status. ** 

Totals are not identical due to missing information on covariates.

Table 4—Multivariable odds ratios for wake after sleep onset ≥ 90 minutes (compared to < 90 minutes) by serum 25(OH) vitamin D levels in MrOS Sleep 
Cohort.

Total serum 25(OH)D categories (ng/mL)
< 20.3 20.3 – 30.04 30.05 – 40.05 ≥ 40.06 P trend

(n = 485) (n = 1,311) (n = 885) (n = 285)
Age-adjusted 1.40 (1.04–1.89) 1.44 (1.11–1.87) 1.27 (0.97–1.67) 1.00 (ref) 0.02
Age, clinic, and season adjusted 1.45 (1.05–1.99) 1.50 (1.14–1.97) 1.30 (0.99–1.72) 1.00 (ref)  0.01

(n = 413) ** (n = 1,175) (n = 818) (n = 261)
Multivariate model * 1.23 (0.87–1.73) 1.35 (1.01–1.81) 1.28 (0.95–1.72) 1.00 (ref)  0.29

Values are presented as relative risk (95% confidence intervals). * Adjusted for: age, clinic, season, BMI, Trails B, Mini Mental test, creatinine. ** Totals are 
not identical due to missing information on covariates.
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lowest serum 25(OH)D categories (< 30.05 ng/mL) had odds of 
1.7 to 2.2 increase in short sleep duration (OR = 2.15, 95% CI: 
1.21–3.79; OR for 20.3–30.04 ng/mL vs. ≥ 40.06 ng/mL: 1.73, 
95% CI: 1.02–2.92; Ptrend < 0.004; Table 2). We also found a sig-
nificant association between lower categories of serum 25(OH)
D and shorter sleep duration when sleep duration was consid-
ered as a continuous outcome (Ptrend = 0.02).

We observed evidence of a linear trend across categories 
of vitamin D and odds of poorer sleep efficiency in fully ad-
justed models (Ptrend = 0.004; sleep efficiency < 70% vs. ≥ 70%; 
MV OR for < 20.3 ng/mL vs. ≥ 40.06 ng/mL: 1.45, 95% CI: 
0.97–2.18; OR for 20.3–30.04 ng/mL vs. ≥ 40.06 ng/mL: 1.65 
95% CI: 1.16–2.35; Table 3). The relationship between lower 
serum 25(OH)D and lower sleep efficiency was also significant 
when sleep efficiency was analyzed as a continuous variable 
(Ptrend = 0.04).

In age-adjusted as well as age, clinic, and season-adjusted 
models, we observed a significant association between low 
levels of vitamin D and WASO ≥ 90 min (OR for < 20.3 ng/mL 
vs. ≥ 40.06 ng/mL: 1.45, 95% CI: 1.05–1.99; Table 4). How-
ever, the association was attenuated and no longer statistically 
significant after multivariable adjustment, although categories 
1–3 all suggested greater risk compared to category 4, and the 
20.3–30.04 ng/mL serum 25(OH)D category (category 2) com-
pared to the highest was statistically significant (relative risk: 
1.35, 95% CI: 1.01–1.81; Table 4). In addition, there was a sig-
nificant relationship between low categories of serum 25(OH)
D and greater WASO when WASO was considered as a con-
tinuous outcome (Ptrend = 0.04).

We performed additional analyses stratified by “Caucasian” 
and “other race” and found similar trends with increasing odds 
of short sleep time and worse sleep efficiency with lower circu-
lating vitamin D in both groups, although numbers were small 
in “other race”(data not shown). There was no significant dif-
ference in the association between circulating vitamin D and 
sleep duration or sleep efficiency between “Caucasian” and 

“other race” (P for interaction = 0.57).

DISCUSSION
In this large study of older community-dwelling men, we 

found a significant trend with lower total serum 25(OH)D 
being associated with shorter sleep duration, as well as a 2-fold 
higher odds of shorter sleep duration among men in the lowest 
category of total serum 25(OH)D, < 20.3 ng/mL, as compared 
to the highest, ≥ 40.06 ng/mL. We also observed a significant 
trend of lower serum 25(OH)D being associated with poorer 
sleep efficiency. We did not observe an association between 
total serum 25(OH)D and WASO after adjustment for multiple 
confounders.

The mechanisms by which vitamin D could affect sleep are 
not yet clear. In animal studies, nuclear concentrations of the 
vitamin D hormone-target neurons have been found in specific 
areas of the brain and spinal cord, some of which are thought 
to play a role in sleep including: anterior and posterior hypo-
thalamus, substantia nigra, midbrain central gray, raphe nuclei, 
and the nucleus reticularis pontis oralis and caudalis.18–20,44 Sim-
ilar findings were reported in a study of immunohistochemical 
investigations with antibodies to vitamin D receptor proteins, 
which found evidence for target neurons in the same regions of 

the brainstem and hypothalamus.45 The presence of vitamin D 
target neurons in these regions of the brainstem that affect sleep 
suggests vitamin D may mediate an individual’s sleep.

Past investigations in humans into vitamin D and sleep, al-
though small and limited in number, have also reported im-
proved sleep outcomes with higher levels of supplemental 
vitamin D. A recent uncontrolled clinical trial of vitamin D sup-
plements in individuals with neurological complaints and sleep 
problems found maintaining vitamin D levels of 60–80 ng/mL 
over months resulted in normal sleep patterns.22 Huang et al. 
conducted a small study where they supplemented individuals 
with either 1,200 IU/day or 50,000 IU/week of vitamin D and 
found improved sleep latency (P = 0.019) and increased sleep 
duration (P = 0.012).23 Finally, investigators measured serum 
25(OH)D in a study of sleep clinic patients and found a signifi-
cant correlation between low levels of vitamin D and increase 
in day time sleepiness.24

Similarly, our study found that the lowest category of total 
serum 25(OH)D, compared to the highest, was related to shorter 
sleep duration and lower sleep efficiency. However, our study 
did not find an independent association between waking after 
sleep onset (WASO) and categories of serum 25(OH)D levels. 
Although none of the previous studies assessed these sleep out-
comes specifically, four did suggest overall sleep improvement 
with higher serum 25(OH)D,22,23,46,47 and one with dietary intake 
of vitamin D.48 Of note, most of the participants in our study 
who were in the highest category of serum 25(OH)D did not 
have serum levels as high as those associated with improved 
sleep in the Gominak study (60–80 ng/mL).22 In our study, the 
median serum 25(OH)D in the highest category was only 44 
ng/mL. Hence it is possible that higher levels of serum 25(OH)
D in our study would have exhibited stronger associations with 
WASO.

Additionally, previous studies in vitamin D used supple-
mental vitamin D to assess the relationship between D and 
sleep quality measures. In our study, there was a nonsignificant 
suggestion that our strongest associations were found in those 
vitamin D supplement users, which may suggest that there is 
something in the way the supplement works that is beneficial 
for sleep outcomes. Alternatively, individuals who use supple-
ments may have other health habits that correlate with better 
sleep.

Data on covariates such as physical activity, BMI, and 
smoking status were controlled for in this study, yet it is pos-
sible that there was residual confounding due to errors in mea-
surement of these covariates or missing covariates. It is unlikely 
that this potential residual confounding could explain our results 
because we found only small differences in magnitude of asso-
ciations between the age-adjusted analyses and the multivariate 
analyses that controlled for these traits. Another limitation is 
that the actigraph records were not additionally hand scored, 
which could have lead to non-differential misclassification 
of the outcome, causing results to be biased towards the null. 
Lastly, the study comprised only older men; therefore, our find-
ings may not be generalizable to young men or women. Lastly, 
lack of additional hand scoring of actigraphic records

In conclusion, we found that low levels of serum 25(OH)D 
in older men are associated with short sleep duration and poorer 
sleep efficiency. If vitamin D does indeed play a causal role in 
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poorer sleep, then low levels of serum 25(OH)D may put men 
at risk for poor sleep. Supplementation of vitamin D in older 
individuals may prove to reduce the burden of poor sleep in this 
population. However, further studies, including trials of supple-
mentation, are needed in order to better elucidate this relation-
ship between serum vitamin D and sleep outcomes.
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