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The Association Between Chronic Rhinosinusitis
and Vitamin D: A Comprehensive Analysis of
Deficiency, Disease Severity, and Therapeutic
Implications

Recent research has revealed a significant and consistent association between vitamin D
deficiency and chronic rhinosinusitis (CRS), with profound implications for disease pathogenesis,
severity assessment, and therapeutic intervention. Multiple systematic reviews and meta-
analyses demonstrate that patients with CRS, particularly those with nasal polyposis, exhibit
substantially lower serum vitamin D levels compared to healthy controls, with deficiency rates
ranging from 55-79% depending on the study populationl [2[81[4] The relationship extends
beyond simple deficiency to encompass inverse correlations between vitamin D levels and
disease severity metrics, including endoscopic scores, radiological findings, and patient-
reported quality of life measures!l [S1[3116] These findings suggest that vitamin D plays a
crucial immunomodulatory role in sinonasal inflammation, with therapeutic supplementation
showing promising results in symptom improvement and disease management 2l [Z1

Prevalence and Extent of Vitamin D Deficiency in Chronic Rhinosinusitis

The prevalence of vitamin D deficiency among patients with chronic rhinosinusitis is markedly
elevated compared to the general population, with multiple large-scale studies consistently
demonstrating this association. A comprehensive systematic review analyzing nine studies with
1,042 total patients found that all included studies reported a negative correlation between
vitamin D levels and CRS, with the majority depicting significantly low vitamin D levels among
CRS patientsl. The deficiency rates are particularly striking when examined by gender, with
55.3% of women and 65.5% of men with rhinosinusitis showing moderate to severe vitamin D
deficiency, while only 21.1% of women and 12.7% of men maintained normal vitamin D levels (3l

Meta-analytical evidence from eight studies involving 337 CRS patients and 179 healthy controls
reveals a weighted mean difference of -7.80 ng/mL (95% CI -13.28 to -2.31) in serum vitamin D
levels between CRS patients and controls, representing a statistically significant reduction[8l 81,
The magnitude of this difference becomes more pronounced when examining specific patient
populations, with some studies reporting vitamin D levels as low as 12.11 £ 6.27 ng/mL in CRS
patients with nasal polyps compared to 90 * 1718 ng/mL in control groupslil. These findings
are consistent across diverse geographical populations, suggesting a universal relationship
between vitamin D status and CRS pathophysiology that transcends regional variations in
sunlight exposure and dietary habits.

The clinical significance of these deficiency rates extends beyond simple numerical differences,
as the observed vitamin D levels frequently fall well below the threshold for optimal immune
function. Studies consistently report mean vitamin D levels in CRS patients ranging from 12-25



ng/mL, which represents not merely insufficiency but frank deficiency by most clinical
standardsl2 81381171 This level of deficiency has important implications for immune function, as
vitamin D plays crucial roles in both innate and adaptive immunity, particularly in the regulation
of inflammatory responses and antimicrobial peptide production{2l [10]

Disease Severity Correlations and Clinical Manifestations

The relationship between vitamin D deficiency and chronic rhinosinusitis extends beyond mere
presence to encompass significant correlations with disease severity across multiple validated
assessment measures. A cross-sectional study of 166 patients with chronic rhinosinusitis with
nasal polyposis (CRSWNP) demonstrated strong negative correlations between serum vitamin D
levels and the Lund-Mackay score (r = -0.66, P < 0.0001), the Lund-Kennedy endoscopic score
(r=-0.71, P < 0.0001), and the Sinonasal Outcome Test-22 quality of life measure (r = -0.49, P
< 0.001) 8L, These correlations indicate that lower vitamin D levels are consistently associated
with more severe radiological changes, worse endoscopic findings, and significantly impaired
quality of life.

Additional studies have corroborated these severity relationships using different assessment
methodologies and patient populations. A study of 93 patients with CRSwWNP found significant
negative correlations between vitamin D levels and both the SNOT-22 score (P = 0.034) and the
Lund-Mackay score (P = 0.027), with a direct relationship also observed between radiological
and clinical severity measures (P < 0.0001) L. More recent research involving 104 patients with
uncontrolled CRSWNP confirmed these findings, showing negative correlations between vitamin
D levels and both the Lund-Mackay score (r = -0.210, P = 0.032) and total nasal polyp scores (r
= -0.264, P = 0.007) €,

The clinical implications of these severity correlations are substantial, as they suggest that
vitamin D status may serve as a biomarker for disease progression and treatment response.
Patients with the lowest vitamin D levels consistently demonstrate the most extensive
radiological changes, including greater opacification of paranasal sinuses and more severe
mucosal thickening@m@. Endoscopically, these patients present with larger and more
numerous nasal polyps, increased mucosal edema, and more extensive inflammatory changes
throughout the sinonasal cavity@@l. The quality of life impact is equally significant, with vitamin
D-deficient patients reporting more severe symptoms of nasal congestion, rhinorrhea, facial
pain, and anosmia, as measured by validated patient-reported outcome instruments 81 31

Differential Effects Between CRS Subtypes

The association between vitamin D deficiency and chronic rhinosinusitis demonstrates important
distinctions between different disease phenotypes, with chronic rhinosinusitis with nasal polyps
(CRSWNP) showing stronger associations than chronic rhinosinusitis without nasal polyps
(CRSsNP). Meta-analytical evidence suggests that the phenotype of chronic rhinosinusitis
accounts for some degree of heterogeneity in vitamin D associations, with CRSWNP patients
consistently demonstrating lower vitamin D levels compared to CRSsNP patients[81 91 This
differential relationship may reflect distinct underlying pathophysiological mechanisms, as
CRSWNP is typically characterized by Type 2 inflammation with eosinophilic infiltration, while
CRSsNP often involves neutrophilic inflammation patterns i,



Studies specifically examining CRSwWNP populations have revealed particularly striking vitamin D
deficiencies, with some reporting mean levels as low as 12-18 ng/mL compared to control
populations with levels of 25-35 ng/mL131 1311121 The odds ratio for nasal polyp development in
vitamin D-deficient patients has been reported as high as 51.6 % in some studies, with a best
cutoff value of 19.95 ng/mL for predicting nasal polyp development in CRS patientsl12l. This
suggests that vitamin D deficiency may be particularly important in the pathogenesis of polypoid
disease, possibly through its effects on eosinophil recruitment, fibroblast proliferation, and tissue
remodeling processes Ml 1131,

The mechanistic basis for these phenotypic differences likely relates to vitamin D's diverse
immunomodaulatory effects, which may be particularly relevant to the Type 2 inflammatory milieu
characteristic of CRSwWNP. Vitamin D has been shown to influence the production of key
cytokines involved in eosinophilic inflammation, including IL-4, IL-5, and IL-13, while also
affecting the expression of chemokines such as RANTES that are crucial for eosinophil
recruitment [ [131 4] - Additionally, vitamin D deficiency has been associated with increased
human sinonasal fibroblast proliferation specifically in CRSWNP patients, suggesting a role in the
tissue remodeling and polyp formation processes that characterize this disease subtypellll,

Immunological Mechanisms and Pathophysiology

The mechanistic relationship between vitamin D deficiency and chronic rhinosinusitis involves
complex immunomodulatory pathways that affect both innate and adaptive immune responses
within the sinonasal microenvironment. Vitamin D functions as a steroid hormone with well-
established anti-inflammatory and immunoregulatory properties, exerting its effects through
binding to the vitamin D receptor (VDR), which is expressed on numerous cell types including
epithelial cells, fibroblasts, and immune cells within the sinonasal mucosall 181114l The
presence of both VDR and 1a-hydroxylase enzyme in sinonasal tissues enables local conversion
of 25-hydroxyvitamin D3 to its active metabolite, 1,25-dihydroxyvitamin D3, allowing for tissue-
specific vitamin D action161 [15]

At the cellular level, vitamin D deficiency promotes enhanced cytokine production from
inflammatory cells and fibroblasts, contributing to the persistence of chronic inflammatory
processes characteristic of crsl [0l styudies have demonstrated that vitamin D
supplementation can significantly reduce human sinonasal fibroblast proliferation in CRSwWNP
patients, with treated fibroblasts showing decreased proliferation indices comparable to those
observed in healthy controlsi. This anti-proliferative effect may be particularly important in
preventing the excessive tissue remodeling and polyp formation associated with chronic
inflammation 1l 1131

The antimicrobial aspects of vitamin D's immune function are equally relevant to CRS
pathogenesis, as the vitamin plays crucial roles in the production and regulation of antimicrobial
peptides such as cathelicidin™Zl. Research on Aspergillus fumigatus resistance has shown that
vitamin D deficiency impairs pulmonary defense mechanisms through dysregulated autophagy
and increased regulatory T cell populations, leading to compromised fungal clearance and
increased mortality in animal models81 18]l These findings are particularly relevant to CRS, as
fungal elements are frequently identified in chronic sinusitis patients, and impaired antimicrobial
defenses may contribute to persistent colonization and inflammation 8l



The vitamin D receptor's expression patterns in diseased sinonasal tissue provide additional
insights into disease mechanisms, with studies showing both upregulation and downregulation of
VDR expression depending on the specific disease context and inflammatory milieu I8l |n
patients with CRSWNP, VDR expression is significantly decreased compared to controls, which
may contribute to reduced tissue responsiveness to vitamin D even when serum levels are
adequateM. This local dysregulation of vitamin D signaling may represent an important
therapeutic target, as it suggests that optimal treatment might require both systemic vitamin D
repletion and interventions to restore normal VDR function [l 151

Therapeutic Implications and Treatment Outcomes

The therapeutic potential of vitamin D supplementation in chronic rhinosinusitis has been
demonstrated through several clinical trials showing significant improvements in both objective
disease measures and subjective symptom scores. A randomized controlled trial involving 200
CRS patients with vitamin D deficiency showed that weekly supplementation with 60,000 IU of
cholecalciferol for three months resulted in dramatic symptom improvement, with Total Nasal
Symptom Scores decreasing from an average of 11.92 to 1.27 points, representing a clinically
significant reduction @ lZL concurrent with symptom improvement, serum vitamin D levels
increased from a deficient 12.31 ng/mL to a replete 29.71 ng/mL, demonstrating both
biochemical and clinical efficacylglm.

The magnitude of symptom improvement observed with vitamin D supplementation is
comparable to that achieved with conventional medical therapies, suggesting that vitamin D
repletion should be considered as an important component of comprehensive CRS management.
Studies have reported that vitamin D supplementation can reduce chronic sinusitis symptoms by
an average of 10.65 points on validated symptom scales, with statistical significance maintained
across different patient populations and study designsmm. These improvements encompass
the full spectrum of CRS symptoms, including nasal congestion, rhinorrhea, facial pain, and
anosmia, indicating broad-spectrum therapeutic effectsi2 01171

The optimal dosing and duration of vitamin D supplementation for CRS management continues
to be refined through ongoing research, with different studies employing various protocols
ranging from daily 4,000 IU doses for four weeks to weekly 60,000 IU doses for three months2
Bl while both approaches have shown efficacy, the weekly high-dose protocol appears to
achieve more rapid vitamin D repletion and may be associated with better patient complianceIgl
iy However, some studies have suggested that treatment durations of 12 weeks may be
insufficient for maximal therapeutic benefit, particularly in patients with severe disease or
multiple comorbidities3l.

The integration of vitamin D assessment and supplementation into routine CRS management
protocols is increasingly being recommended by experts in the field, with several studies
suggesting that serum vitamin D levels should be included in the standard workup for patients
with chronic rhinosinusitis [ BBLI41[61 Thjs recommendation is based on the high prevalence of
deficiency in this population, the demonstrated correlation between vitamin D status and disease
severity, and the proven therapeutic benefits of supplementationﬂlmﬁlm. Cost-effectiveness
analyses support this approach, as vitamin D testing and supplementation represent relatively
inexpensive interventions with significant potential for improving patient outcomesi2 [0



Conclusion

The association between chronic rhinosinusitis and vitamin D deficiency represents a well-
established and clinically significant relationship with important implications for disease
understanding, severity assessment, and therapeutic management. Multiple large-scale studies
and meta-analyses have consistently demonstrated that CRS patients exhibit substantially lower
vitamin D levels compared to healthy controls, with deficiency rates exceeding 60% in many
populations111 218l 8l [01[4] Tpjg relationship extends beyond simple deficiency to encompass
strong inverse correlations between vitamin D status and disease severity across multiple

validated assessment measures, including endoscopic scores, radiological findings, and quality
of life metrics2l [3116]

The mechanistic basis for this association involves vitamin D's crucial roles in immune regulation,
anti-inflammatory activity, and antimicrobial defense, with deficiency leading to impaired
sinonasal immune function and enhanced susceptibility to chronic inflammationl [21 181 [10] [1]
The differential effects observed between CRS subtypes, with CRSwWNP patients showing
particularly strong associations with vitamin D deficiency, suggest that vitamin D status may be
especially important in the pathogenesis of polypoid disease and Type 2 inflammatory
processes@“ﬂm“g“ﬁl. Therapeutic trials have demonstrated that vitamin D supplementation
can produce clinically significant improvements in CRS symptoms, with effect sizes comparable
to conventional medical therapiesIgl uy

These findings support the integration of vitamin D assessment and supplementation into routine
CRS management protocols, as this represents a safe, cost-effective intervention with
demonstrated benefits for patient outcomes 2L BLIZL[A] Fytyre research should focus on
optimizing supplementation protocols, defining target vitamin D levels for CRS patients, and
investigating the potential for vitamin D therapy to prevent disease recurrence and reduce the
need for surgical intervention 81141 The relationship between vitamin D and chronic
rhinosinusitis exemplifies the importance of nutritional factors in chronic inflammatory diseases
and highlights the potential for targeted nutritional interventions to improve patient care in
otolaryngology.
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