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Purpose: Could a simple sleep questionnaire reveal more than just obstructive sleep apnea (OSA) risk? Our study suggests it might.
OSA is the most prevalent yet frequently underdiagnosed sleep disorder. Vitamin D deficiency shares multiple risk factors with OSA,
such as obesity, older age, and hypertension. The STOP-Bang questionnaire, a simple, self-report screening tool originally designed to
identify individuals at risk for OSA, may also highlight those susceptible to vitamin D deficiency. Therefore, this study aimed to
investigate the associations between STOP-Bang parameters and vitamin D deficiency risk among elderly individuals.

Materials and Methods: This prospective observational study included 451 elderly individuals from the Healthy Aging Project at
Chang Gung Memorial Hospital. Participants completed the STOP-Bang questionnaire for OSA screening and underwent clinical
evaluation and blood testing for serum 25(OH)D levels.

Results: There was a statistically significant inverse correlation between vitamin D levels and body mass index (BMI). Additionally,
participants with larger neck circumferences and female sex were significantly more likely to have vitamin D deficiency. In addition,
people with more daytime tiredness had significantly lower serum 25(OH)D levels than did those in the other group.

Conclusion: We suggest screening for vitamin D deficiency among OSA patients with several risk factors identified with the STOP-
Bang parameters, such as a larger neck circumference, higher BMI levels, and increased daytime sleepiness, to enable timely
interventions addressing vitamin D deficiency and its associated consequences. Further research should investigate the causal
relationship between vitamin D deficiency and OSA risk in elderly populations.

Keywords: obstructive sleep apnea, neck circumference, body mass index, daytime tiredness, 25(OH)D deficiency, STOP-Bang score

Introduction

Vitamin D is a fat-soluble hormone that modulates multiple physiological mechanisms.'™ Studies have reported that
vitamin D receptors (VDRs) are expressed in several brain regions responsible for circadian clock and sleep regulation,
including prefrontal cortex, hypothalamus, substantia nigra, raphe nuclei, and midbrain central gray.* ® Due to their
involvement in circadian rhythm and sleep, vitamin D deficiency may contribute to sleep disturbances. Vitamin D
deficiency is defined as a serum vitamin D concentration less than 20 ng/mL.” In fact, previous studies have revealed age-
related vitamin D deficiency and decreases in VDR expression, which may be one of the reasons why vitamin D
deficiency is commonly observed in older populations.’
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Recently, emerging observational and epidemiologic studies have suggested relationships between serum 25(OH)D
deficit and sleep disorders.>> Evidence indicates that chronic low concentrations of serum 25(OH)D could result in
muscle atrophy and increase the risk of nasal airflow restriction.®’ As a result, the reduced ability of skeletal muscle to
maintain the upper airway during sleep might be responsible for the elevated risk of developing Obstructive sleep apnea
(OSA) in patients with low serum 25(OH)D levels.'®'" Vitamin D deficiency cause an increased risk of various
conditions, including autoimmune diseases, chronic rhinitis, cardiovascular disease, and diabetes. These conditions
may involve elevated inflammatory cytokines such as TNF-a, IL-1, and prostaglandin D2, which are known to influence
immune modulation and infection susceptibility. Furthermore, evidence suggests that Vitamin D deficiency may result in
the pathogenesis of OSA through pathways involving myopathy, inflammatory rhinitis, and tonsillar hypertrophy. The
associated systemic inflammatory response and immune disturbances could potentially affect sleep regulation, further
strengthening the relationship between Vitamin D deficiency and OSA.'*'* Schiza et al have also emphasized similar
pathophysiologic mechanisms by which low vitamin D may impact upper airway function and predispose to sleep-
disordered breathing.® 25(OH)D deficiency shares several relevant risk factors with OSA, such as obesity, age,
hypertension, and neck circumference.” Indeed, a cross-sectional study revealed that both insufficient and excessive
sleep durations were linked to vitamin D deficiency in elderly Chinese women.'* Additionally, another study indicated
that the association between serum 25(OH)D levels and an increased likelihood of sleep apnea was explained by the
presence of a higher BMI and larger neck circumference among individuals with lower 25(OH)D levels."'

OSA is the most prevalent sleep disorder and is characterized by repetitive, partial, or complete obstruction of the upper
respiratory tract during sleep.'"'>'® Patients with OSA may experience symptoms such as inattention, daytime sleepiness,
fatigue, or memory loss, which seriously affect their life expectancy and quality of life.>® OSA is correlated with multiple factors,
including age, sex, ethnicity, obesity, neck circumference and others >81213:17.18 However, OSA is often underdiagnosed. Failure
to diagnose and address OSA can result in severe health consequences, such as cognitive deterioration and increased overall
mortality risk.'® Polysomnography is the gold standard for diagnosing OSA; nevertheless, it is costly and time-consuming,*’

The STOP-Bang questionnaire provides a straightforward and self-reportable screening tool to identify patients at high
risk of developing OSA, and it includes eight parameters (snoring, tiredness, observed apnea, high blood pressure, body
mass index (BMI), age, neck circumference, and sex).'” The STOP-Bang questionnaire typically completed within
1-2 minutes, with overall response rates ranging from 90% to 100%. Due to its user-friendliness, efficiency, and high
sensitivity, it has been broadly validated and applicated among diverse populations and clinical settings.”’ Although an
increasing number of studies have reported the impact of vitamin D deficiency on sleep disorders, few have systematically
examined whether specific components of the STOP-Bang questionnaire—which is routinely used for OSA risk stratifica-
tion—may also serve as indicators of vitamin D deficiency, particularly in elderly Asian populations. Given that vitamin D
deficiency and OSA share common risk factors—including obesity, hypertension, and increased neck circumference—
understanding their relationship is clinically relevant. Accordingly, the aim of this study was to determine the risk factors
for vitamin D deficiency in elderly individuals via an OSA screening tool, the STOP-Bang questionnaire.

Materials and Methods

Patients and Study Protocol

This research is a part of the Healthy Aging Project, a prospective observational study conducted by Chang Gung
Memorial Hospital (CGMH). The inclusion criteria were elderly individuals aged 60 years or above, who had CGMH
admission records within one year and who had stayed in Taiwan for more than 180 days in the past year. The study
protocol received approval from the Institutional Review Board of Chang Gung Memorial Hospital (IRB
No. 2306300083), and all participants provided written informed consent before participation.

The exclusion criteria were severe organ abnormalities, such as congestive heart failure (New York Heart Association
Functional Classification > III), chronic obstructive pulmonary disease (hospitalization/emergency room visit or medica-
tion adjustment due to worsened condition in the past month), decompensated liver cirrhosis, or currently undergoing
blood dialysis or cancer treatment; a history of severe autoimmune diseases; preliminary cognitive and mental assessment
showing a Mini-Mental State Examination (MMSE) score of < 26 and a Geriatric Depression Scale (GDS) score of > 5;
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unable to undergo magnetic resonance imaging (MRI); having taken antibiotics in the past month; having impairments in
hearing, vision, or cognition affecting communication; being unable to stand or walk unassisted (may use walking aids)
or exhibiting unsteady gait while walking; having undergone relevant follow-up outpatient evaluations that may affect
cognitive function assessment, including but not limited to stroke, Parkinson’s syndrome, Parkinson’s dementia, epilepsy,
or brain tumors; having a history of psychiatric disorders such as schizophrenia, severe depression, bipolar disorder,
alcohol or substance abuse; having a history of severe head injury leading to loss of consciousness; being currently
diagnosed with depression and undergoing treatment; being previously diagnosed with dementia or depression; and being
deemed unable to participate after physician evaluation.

Prior to this study, we referred to previous literature that reported correlation coefficient of approximately r=—0.2 and
—0.132, respectively, between serum vitamin D level and BMI. Based on this previously reported correlation, a power
analysis was conducted, indicating that a minimum sample size of approximately 200 and 448 participants was required
to achieve sufficient statistical power (>0.8) at an alpha level of 0.05.>*** However, the study that determined a minimum
sample size of 448 participants was conducted in adolescent population.”> To account for potential data variability,
missing data, and unanticipated confounders, we aimed to recruit a larger sample. Ultimately, our study enrolled 451
participants, ensuring adequate statistical power and robustness of our findings.

Blood Sampling and Vitamin D (25-OH) Measurement

A total of 451 individuals meeting these criteria were enrolled in the study from September 2019 to May 2023. The data
collected included previous medical history, current medications, tobacco use status, alcohol consumption status, age, sex
and ethnicity. Physical measurements such as body height, body weight, heart rate, blood pressure, neck circumference,
hip circumference, and waist circumference were taken via standardized techniques. BMI was calculated via the
following formula: weight (kg)/height (m).” Neck circumference was measured at the level of the cricothyroid membrane
using a non-clastic tape with the subject sitting upright, head in a neutral position, and shoulders relaxed. All
measurements were conducted by trained personnel following a uniform methodology to ensure consistency and reduce
potential discrepancies. Measurements were taken to the nearest 0.1 cm at the end of a normal expiration. Fasting blood
samples were obtained at 7 AM to assess vitamin D levels (evaluated as 25(OH)D) and other biochemical parameters.
The 25(0OH)D levels were measured using an electrochemiluminescence immunoassay (ECLIA), a highly sensitive
method based on the interaction between vitamin D, labeled binding proteins, and chemiluminescent detection. This
technique allows for accurate quantification of vitamin D by using ruthenium-labeled vitamin D binding protein and
biotin-labeled vitamin D (25-OH), which form a complex that is detected through electrochemiluminescence signals.

Mini-Mental State Examination and Geriatric Depression Scale

To ensure that only cognitively intact individuals were included in the study and to screen for mental health conditions
that might influence the study outcomes, we incorporated the Mini-Mental State Examination (MMSE) and the Geriatric
Depression Scale (GDS) into our preliminary cognitive and psychological assessment. The MMSE is a widely used tool
for assessing global cognitive function, with scores ranging from 0 to 30. A cutoff of <26 was used to exclude individuals
with possible cognitive impairment, as lower scores indicate mild cognitive dysfunction.'*> The GDS, a validated
screening tool for late-life depression, consists of 15 items with a maximum score of 15. A cutoff of >5 was used to
identify individuals likely to exhibit clinically significant depressive symptoms.”* These criteria were implemented to
minimize potential confounding effects of cognitive decline and depression on participants’ responses and physiological
parameters.

STOP-Bang Questionnaire

In this study, we used the STOP-Bang questionnaire (Taiwan version, 2015) to screen patients for OSA.*’ It consists of
eight self-reportable binary (yes or no) items (snoring, tiredness, observed apnea, high blood pressure, BMI, age, neck
circumference, and sex) associated with the clinical features of sleep apnea, and the global scores range from 0 to 8. The
scoring criteria for each item are as follows: snore loudly, often feel tired, fatigued or sleepy during the daytime, anyone
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observed you stop breathing during sleep, having (or being treated for) high blood pressure, BMI > 35 kg/m?, age > 50
years old, neck circumference > 40 cm, and male sex.

The likelihood of moderate and severe OSA increases with increasing STOP-Bang scores, and likelihood of OSA can
be predicted on the basis of the respective scores.”’ A STOP-Bang score > 3 demonstrates a sensitivity of 93% for
identifying moderate to severe OSA (apnea-hypopnea index [AHI] > 15) and 100% for severe OSA (AHI > 30). The
corresponding negative predictive values are 90% and 100%, respectively. Patients scoring 0 to 2 are considered low
probability for moderate to severe OSA, whereas those scoring 5 to 8 can be categorized as high probability for moderate
to severe OSA.?° For patients scoring in the intermediate range (3 or 4), further criteria are necessary for classification.?'
Studies have demonstrated that STOP-Bang score of >5 is an effective threshold for identifying individuals at higher
probability of significant OSA, with a score of 5 corresponding to an odds ratio of 4.8 for moderate-to-severe OSA and
10.4 for severe OSA.?” Accordingly, in this study, we used a STOP-Bang score > 5, which represents a high probability
for moderate to severe OSA, as a cutoff point to compare the mean vitamin D level.

Statistical Analysis

Information regarding the categorical variables of the participants is presented in terms of occurrence frequency and
proportion. Variations were examined via chi-square analysis. The means and standard deviations (SDs) were used to
summarize the quantitative data. The relationships between biochemical parameters and average serum 25(OH)D levels
were assessed via Pearson correlation analysis. Independent-samples t tests were employed to compare mean serum 25
(OH)D levels between distinct positive and negative parameters in the STOP-Bang questionnaire. Multiple linear
regression (enter method) was used to quantify the association between the average serum 25(OH)D levels and STOP-
Bang questionnaire variables, as well as control for potential confounders. All the statistical analyses were conducted via
Statistical Product and Service Solutions (SPSS) statistical software (version 26.0. Armonk, NY: IBM Corp). The results
are presented as the means + SDs, and the reported P values are two-tailed, with a p value < 0.05 considered to indicate
statistical significance.

Results

Overall, 451 participants with a mean age of 72.2 years were included. The average total serum vitamin D level was 29.7
+10.7 ng/mL among all the participants. The demographic, comorbid disease, and lifestyle characteristics of the study
individuals are provided in Table 1. Individuals were divided according to their total serum vitamin D level into a group
with vitamin D deficiency (defined as a total serum vitamin D level < 20 ng/mL) and a group without vitamin D
deficiency (defined as a total serum vitamin D level > 20 ng/mL). There was a significantly greater proportion of female
patients in the vitamin D deficiency group than in the non-deficiency group (P = 0.002). Additionally, there was
a significantly higher proportion of patients with a smoking habit in the group without vitamin D deficiency (P =
0.034). Furthermore, the proportion of osteoarthritis patients was significantly higher in the group without vitamin D
deficiency (P = 0.03). Although those with vitamin D deficiency had a higher mean BMI, the difference was not
statistically significant. In addition, there were no statistically significant differences between the two groups in terms of
age, body weight, waist circumference, other comorbid disease or lifestyle.

A chi-square test was conducted to compare distributions of vitamin D deficiency and STOP-Bang parameters.
Although those with observed apnea, tiredness, and older age composed a greater proportion of vitamin D deficiency
patients, the difference was not statistically significant. In contrast, those with larger neck circumferences and female sex
were significantly more predominant among patients with vitamin D deficiency than among patients without vitamin D
deficiency (Table 2).

Since the proportion of patients with vitamin D deficiency in our study is not very high, we further evaluated which
OSA risk factors were related to vitamin D levels to better understand potential associations between sleep-related risk
factors and vitamin D concentrations, even in individuals who may not meet the strict criteria for vitamin D deficiency.
The vitamin D levels between those with or without positive STOP-Bang parameters are shown in Figure 1. People with
more daytime tiredness had significantly lower serum 25(OH)D levels than did those in the other group (P=0.029). In
addition, there was a significantly lower 25(OH)D level in participants with larger neck circumferences (P=0.023). The
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Table | Comparison of Anthropometric Characteristics Between Participants with Vitamin D Deficiency (Total Serum
Vitamin D Level < 20 ng/Ml) and Those Without Vitamin D Deficiency (Total Serum Vitamin D Level > 20 ng/MI)

All Subjects VDD No VDD | p Value | Statistical Measure (95% CI)
Number 451 73 378
Mean difference (95% ClI)
Age 72.0£6.0 718469 | 72.1%58 0.700 —0.29(—1.79 to 1.21)
Body weight, kg 60.2£10.2 59.3£12.6 | 60.2+9.7 0.489 —1.09(—4.19 to 2.02)
BMI, kg/m? 23.7£3.5 242450 | 23.5%3.1 0.125 0.68(—0.19 to 1.56)
Waist circumference, cm 83.4+9.5 82.4+13.7 | 83.6+84 0.332 —1.19(-3.58 to 1.21)
Neck circumference, cm 35.0£3.2 344433 35.1£3.2 0.140 —0.62(—1.45 to 0.21)
Odds ratio (95% Cl)
Male 179 17 162 0.002%* 2.31(1.29 to 4.14)
Comorbid disease Hypertension 190 32 158 0.796 0.89(0.52 to 1.50)
Hyperlipidemia 215 34 181 0.898 1.05(0.64 to 1.74)
Diabetes 83 I 72 0.510 1.33(0.67 to 2.65)
Insomnia 28 3 25 0.597 1.65(0.49 to 5.62)
Sleep apnea 11 0 I 0.225 -
BPH 38 5 33 0.818 1.30(0.49 to 3.45)
Peptic ulcer 15 2 13 [ 1.26(0.28 to 5.73)
Glaucoma 15 2 13 [ 1.26(0.28 to 5.73)
Osteoporosis 26 2 24 0.284 2.41(0.56 to 10.41)
Osteoarthritis 28 9 19 0.030%* 0.38(0.16 to 0.87)
CKD 16 3 13 0.731 0.83(0.23 to 3.00)
Thyroid function 25 6 19 0.268 0.60(0.23 to 1.54)
Lifestyle Alcohol consumption status 35 4 31 0.632 1.54(0.53 to 4.51)
Smoking status 21 0 21 0.034* -
Exercise status 365 59 306 1.000 0.98(0.51 to 1.88)
Tea consumption 261 43 218 0.897 0.96(0.58 to 1.61)
Coffee consumption 321 54 267 0.569 0.82(0.46 to 1.47)

Note: *P<0.05, comparing participants with vitamin D deficiency to those without.
Abbreviations: VDD, vitamin D deficiency; Cl, Confidence Interval; BMI, Body mass index; BPH, Benign Prostatic Hypertrophy; CKD, Chronic kidney disease.

average vitamin D levels were slightly lower in patients with STOP-Bang scores >5, who are considered likely to have

OSA, compared with those in the lower-score groups; however, this difference was not statistically significant (Table 3).

We also performed Pearson correlation analysis to estimate the potential associations between vitamin D levels and

the risk of developing OSA. Table 4 displays the correlations between vitamin D levels and scores on the different STOP-

Bang parameters. There was a statistically significant inverse correlation between vitamin D levels and BMI (P= 0.005).

However, there was no correlation between the serum vitamin D level and other linear STOP-Bang parameters, such as

blood pressure, neck circumference, age, or total STOP-Bang score.
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Table 2 Chi-Square Test for the Comparison of STOP-Bang Parameters Among Patients with and Without Vitamin D

Deficiency
STOP-Bang Score Patients With Vitamin Patients Without vitamin p Value Odds Ratio
D Deficiency(n=71) D Deficiency(n=375) (95% CI)

Snoring 29 (40.8%) 171 (45.6%) 0.516 1.21 (0.73 to 2.03)
Tiredness 5 (7.0%) 41 (10.9%) 0.399 1.62 (0.62 to 4.25)
Observed apnea 2 (2.8%) 24 (6.4%) 0.404 2.36 (0.55 to 10.21)
Hypertension status 26 (36.6%) 127 (33.9%) 0.683 0.89 (0.52 to 1.50)
BMI | (1.4%) | (0.3%) 0.293 0.19 (0.0l to 3.03)
Age 70 (98.6%) 373 (99.5%) 0.406 2.66 (0.24 to 29.80)
Neck circumference 4 (5.6%) 5 (1.3%) 0.040* 0.23 (0.06 to 0.87)
Male sex 17 (23.9%) 158 (42.1%) 0.005* 231 (1.30 to 4.14)

Note: *P<0.05, comparing participants with vitamin D deficiency to those without.
Abbreviation: Cl, Confidence Interval.

To ensure that the findings presented in Table 4 were not confounded by other variables, we employed a multiple
linear regression analysis (Table 5). Multiple linear regression enables the assessment of the relationship between
a dependent variable and multiple independent variables simultaneously, thereby controlling for potential confounders
and isolating the effect of each predictor.® The variables included in the model were BMI, neck circumference, age,
blood pressure, snoring, tiredness, observed apnea, gender, osteoarthritis and smoking status. After accounting for other
factors, BMI remained significantly correlated with 25(OH)D levels (p < 0.001), and there was no significant correlation
between the serum vitamin D level and other STOP-Bang parameters.

Since BMI was the only STOP-Bang parameter showing a significant correlation with serum vitamin D levels and due
to the higher proportion of female participants in our study, we conducted a subgroup analysis by gender. Table 6
revealed that serum vitamin D levels were significantly negatively correlated with BMI among females (r = —0.163, p =
0.007), whereas no significant correlation was observed among males (r = —0.083, p = 0.272). This finding suggests the
possibility of gender-specific relationship between vitamin D status and BMI.

Discussion
In this research, we investigated the relationships of vitamin D levels with the STOP-Bang score, parameters, demo-
graphics, comorbid diseases, and lifestyle characteristics in an elderly Asian population. Our study revealed an
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Figure | Average vitamin D levels among patients with and without each STOP-Bang parameter. Error bar: + | SD; *: P < 0.05, unpresented compared with presented.
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Table 3 Total Vitamin D Levels Among Individuals with or Without Each STOP-Bang Parameter

STOP-Bang Parameter Total Vitamin D | P Value | Mean Difference (95% CI)

Snoring Not present 29.5£10.2 0.544 —0.61(—2.58 to 1.36)
Present 30.1%11.1

Tiredness Not present 30.0+11.0 0.029% 2.37(0.24 to 4.49)
Present 27.6+6.2

Observed apnea Not present 29.7£10.8 0.839 —0.44(—4.65 to 3.78)
Present 30.1£7.5

Hypertension Not present 29.449.7 0.456 —0.84(—3.05 to 1.37)
Present 30.3%12.2

BMI Not present 29.8+10.6 0.244 8.77(—6.00 to 23.54)
Present 21.0+7.6

Age Not present 28.111.5 0.794 —1.61(—13.70 to 10.48)
Present 29.7£10.6

Neck Not present 29.9+10.6 0.023* 8.1(1.12 to 15.09)
Present 21.848.6

Sex Not present 29.1£10.7 0.145 —1.49(-3.49 to 0.52)
Present 30.6x10.5

STOP Bang total score <5 29.8+10.8 0.666 —1.42(-7.87 to 5.04)

=5 28.419.3

Note: *P<0.05, comparing individuals with and without each STOP-Bang parameter.
Abbreviation: Cl, Confidence Interval.

Table 4 Correlations Between Vitamin D Levels and

STOP-Bang Parameters. The Pearson Correlation

Coefficient and P value are Shown
STOP Bang Parameter R (95% CI) P
Hypertension —0.006(—0.09 to 0.10) 0.892
BMI —0.133(—0.24 to —0.06) | 0.005*
Age 0.066(-0.02 t0 0.17) | 0.158
Neck 0.009(—0.09 to 0.10) 0.845
Total 0.008(—0.08 to 0.13) 0.866

Note: *: P<0.05.

Abbreviation: Cl, Confidence Interval.

association between lower vitamin D levels and greater neck circumference. Moreover, participants with more daytime

tiredness and higher BMIs had lower vitamin D levels than did the matched group.

While prior studies have described overlapping risk factors between OSA and vitamin D deficiency, our study is

among the first to systematically evaluate whether individual components of the STOP-Bang questionnaire—originally

designed for OSA risk stratification—may also serve as potential screening markers for vitamin D deficiency in an
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Table 5 Multiple Linear Regression Analysis for Variables
Associated with 25(OH)D Serum Levels

Variables B SE 95% CI P Value
BMI —0.245 | 0.221 | —1.25 to —0.38 | < 0.001*
Neck 0.139 | 0302 | —0.14 to 1.05 0.134
Age 0.071 | 0.088 | —0.05 to 0.30 0.152
Hypertension 0.047 | 1.123 | —1.16 to 3.26 0.349
Snoring 0.044 | 1.042 | —I.Il t0 2.99 0.367
Tiredness —0.062 | 1.691 | —5.55to I.10 0.190
Observed apnea | —0.005 | 2.179 | —4.53 to 4.03 0910
Sex —0.054 | 1.722 | —4.56 to 2.22 0.500
Osteoarthritis —0.022 | 2.091 | —5.06 to 3.16 0.650
Smoking status 0.047 | 2429 | 244 to 7.11 0.340

Notes: Variables included in the model: BMI, neck circumference, age, blood
pressure, snoring, tiredness, observed apnea, gender. *: P<0.05.
Abbreviations: f, standardized coefficient beta; SE, standard error; Cl,
Confidence Interval.

Table 6 Subgroup Analysis by Gender: Pearson
Correlation Coefficients Between Serum
Vitamin D Levels and BMI

Gender R (95% CI) P Value

Female(n=272) | —0.163(~0.29 to —0.03) | 0.007*
Male(n=179) ~0.083(-0.22 to 0.05) | 0272

Note: *P<0.05.
Abbreviation: Cl, Confidence Interval.

elderly Asian population.” Although the STOP-Bang questionnaire has been widely used to assess OSA risk, its role in
identifying individuals with vitamin D deficiency has not been well explored. After further scrutinizing each STOP-Bang
parameter, we found that among patients with vitamin D deficiency, those with larger neck circumferences represented
a significantly greater proportion, this parameter may warrant further attention as a potential clinical clue for vitamin D
deficiency.

Evidence has indicated that low 25(OH)D concentrations may be a marker of greater BMI and neck circumference. "’
Previous research indicated that increased adiposity can lead to the sequestration of vitamin D in adipose tissue, thereby
reducing its bioavailability. This process may result in lower circulating levels of vitamin D in individuals with higher
BML?*° Although no studies have identified a direct mechanism linking vitamin D deficiency to a larger neck
circumference, the strong correlation between neck circumference and BMI suggests that this association may be driven
by adipose-related mechanisms.>* Several previous studies have revealed that neck circumference is a risk factor for
severe OSA, as it is significantly greater in patients with severe OSA than in those with non-severe OSA.'® Elevated neck
circumference in patients with OSA may be associated with physical inactivity, aerobic capacity, and the accumulation of
excess body fluid.*

Although our study revealed no statistically significant correlation between neck circumference and 25(OH)D levels,
this could be due to the presence of confounding variables such as dietary fat intake, obesity, cardiovascular diseases and
metabolic diseases.’’ > These factors can influence both neck circumference and vitamin D levels independently,
potentially masking any direct relationship between the two variables, which was not further investigated in this research.
For example, studies have shown that consuming vitamin D with a high-fat meal increases its absorption, leading to
higher serum 25(OH)D levels.>” However, this study did not further investigate these potential confounding factors.>’ In

summary, a potential relationship between vitamin D levels and neck circumference could be inferred. A multicenter
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cohort study also supported this inference.!" Among those with lower 25(OH)D levels, the association between lower
serum 25(OH)D levels and greater odds of sleep apnea can be explained by a larger neck circumference.''*?

Our results also demonstrated that individuals with more daytime tiredness presented lower serum vitamin D levels
than did the other group, which is consistent with previous reports linking vitamin D deficiency to symptoms such as
fatigue and sleepiness.”® However, excessive daytime sleepiness is not universally present in patients with OSA,
particularly among the elderly, and its presence alone may not reliably indicate OSA status.® Furthermore, although
serum vitamin D concentrations are known to decrease during winter months, there is no evidence that OSA incidence or
severity follows a seasonal pattern. This is likely because OSA is a multifactorial condition influenced by a combination
of anatomical, neuromuscular, metabolic, and lifestyle-related factors, with vitamin D deficiency being only one of many
contributors.""'>174% Therefore, while low vitamin D levels may be associated with fatigue—a symptom that overlaps
with OSA—it is unlikely that seasonal variation in vitamin D contributes directly to OSA pathogenesis. Given the
multifactorial nature of both conditions, and the observational design of our study, our findings should be interpreted as
correlational rather than causal. Nevertheless, several plausible mechanisms have been proposed to explain how
vitamin D deficiency might contribute to OSA development, including impaired pharyngeal muscle function, increased
upper airway collapsibility, and systemic inflammation. Conversely, OSA may predispose individuals to vitamin D
deficiency due to factors such as obesity, physical inactivity, and reduced sunlight exposure. This underscores the
importance of considering the bidirectional nature of the relationship between vitamin D and OSA, and further studies
are required to clarify the underlying mechanisms.®

In our study, we found a significant inverse correlation between BMI and vitamin D levels. In addition, those with
a BMI over 35 kg/m2 seemed to have lower vitamin D levels on average, although the difference was not statistically
significant. Earlier research suggested that obesity increases the risk of vitamin D deficiency due to the greater amount of
subcutaneous fat in obese individuals, which inhibits the release of 25(OH)D from the skin into the circulation.'' On the
other hand, individuals with obesity are prone to reduced outdoor or physical activity, which limits their sun exposure
and leads to lower concentrations of 25(OH)D.>*! Furthermore, both obese OSA patients and overweight OSA patients
had low 25(OH)D levels, indicating that the interaction between BMI and OSA status influences vitamin D levels.?

The subgroup analysis revealed that BMI was significantly correlated with vitamin D levels in females but not in males. This
discrepancy may be attributed to differences in body fat distribution and vitamin D metabolism between sexes. Females generally
have a higher proportion of body fat and greater subcutaneous adipose tissue, which serves as a storage site for vitamin D, leading
to increased sequestration and reduced bioavailability.**** Accordingly, while evaluating the relationship between BMI and
vitamin D status in elderly populations, sex-specific factors should be considered. Besides, the larger female sample size may have
provided greater statistical power to identify significant associations, so future studies with more balanced male-to-female ratios
are needed to confirm whether these associations persist in a more evenly distributed.

Vitamin D deficiency is highly prevalent among the elderly and has been associated with multiple systemic health
consequences, including osteoporosis, sarcopenia, immune dysregulation, cardiovascular diseases, and cognitive impairment.**
Given the observed associations between vitamin D deficiency and certain STOP-Bang parameters, including a larger neck
circumference, higher BMI, and increased daytime sleepiness, screening for vitamin D deficiency in high-risk elderly individuals
may be beneficial to enable timely interventions and preventive measures against vitamin D deficiency and its associated
consequences. This aligns with recommendations by Schiza et al advocating for timely recognition and management of
vitamin D deficiency in populations at risk for OSA.® While some studies revealed a potential link between vitamin D
supplementation and improvements in inflammatory status and metabolic parameters, the direct impact of vitamin D supple-
mentation on OSA outcomes remains inconclusive.'>'*!” Accordingly, future randomized controlled trials are required to
determine its potential therapeutic role in OSA management.

There are several limitations in our study. In the initial investigation, our focus was on exploring the relationship between OSA
and vitamin D levels. Despite observing a discernible trend, the results did not reach statistical significance when the vitamin D
levels were compared with the OSA diagnostic surrogate, the STOP-Bang questionnaire. Although we adjusted for major
confounders, factors such as dietary vitamin D intake, sun exposure, and physical activity were not included in the analysis.
However, the elderly participants in our study all led an urban lifestyle and lived in the same area, resulting in similar sunlight
exposure times, with only subtle differences. In addition, our study population is focused on elderly individuals, so the majority of
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participants are older people. Besides, due to the initial exclusion of participants with severe organ abnormalities, the proportions
of fatigue and witnessed apnea were low. Although the STOP-Bang score is a reliable instrument, its self-assessment character
represents one of the most important limitations of this study. Furthermore, although the STOP-Bang Questionnaire is very
sensitive for detecting OSA in obese patients, its specificity is low (7%—28%), resulting in high false-positive rates.>! Addition of
the Modified Mallampati score to the STOP-BANG Questionnaire may improve specificity without sacrificing sensitivity,
yielding better identification rates for OSA.** Additionally, other sleep disorders, such as circadian rhythm disorders, periodic
limb movement disorders, and insomnia, were not assessed in this study. In subsequent studies, the use of polysomnography,
which is the gold standard technique in the diagnosis of OSA, is strongly recommended. Future research should include
longitudinal or interventional studies to validate the relationship between OSA and vitamin D levels, explore potential causal
links, examine a broader range of comorbid sleep disorders in greater detail, and adjustments for potential confounders such
dietary habits and physical activity levels to provide a more comprehensive understanding of the relationship between vitamin D
deficiency and STOP-Bang parameters.®*¢

Conclusions

In conclusion, this is the first study to specifically examine the connection between STOP-Bang parameters and vitamin D
deficiency in an elderly Asian population. A potential relationship between vitamin D levels and neck circumference could be
inferred, and a significant inverse correlation between BMI and vitamin D levels was noted. We suggest being aware of the
possibility for vitamin D deficiency among OSA patients with several risk factors identified with the STOP-Bang parameters, such
as a larger neck circumference, higher BMI levels, and increased daytime sleepiness. Screening for vitamin D deficiency in elderly
individuals with these parameters may help identify those at risk for sleep-related disorders, validating further clinical assessment.
Further research should investigate the causal relationship between vitamin D deficiency and OSA risk in elderly populations.
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