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ABSTRACT
Background: Vitamin D deficiency is reported to be associated with increased incidence of allergic airway diseases and is correlated with the severity of

asthma. This study was designed to determine if serum Vitamin D level is lower in chronic rhinosinusitis with nasal polyposis (CRSwNP) patients and if low
serum Vitamin D level is correlated with the severity of CRSwNP.

Methods: New CRSwNP patients undergoing elective endoscopic sinus surgery were recruited. Patients with malignancies or asthma were excluded.
Twenty chronic rhinosinusitis without nasal polyposis (CRSsNP) patients were used as control. Demographic characteristic information was collected. The
severity of CRSwNP was assessed with the Lund-Mackay (LM) score and polyp grading system. Vitamin D status was assessed by measuring circulating
25-hydroxyvitamin D (25OHD) by using commercial chemiluminescence immunoassay. Data were stratified by factors known to affect serum 25OHD,
including sex, race, and body mass index.

Results: Serum 25OHD levels (ng/mL � SD) were significantly lower in patients with CRSwNP (21.4 � 5.7) than in those with CRSsNP (28.8 � 6.2;
p � 0.001). The incidences of vitamin D deficiency (�20 ng/mL) in CRSwNP and CRSsNP patients were 45.5 and 6.3%; however, the incidences of vitamin
D insufficiency (20–30 ng/mL) in these patients were 50.0 and 62.5%, respectively. A significantly negative relationship was found between serum 25OHD
level and polyp grade (r � �0.63; p � 0.001), indicating lower serum 25OHD was associated with higher polyp grade. Serum 25OHD was inversely related
to both LM score and total IgE level as well; however, statistical significance was not found.

Conclusion: A significantly lower vitamin D level was found in a group of Taiwanese CRSwNP patients, which revealed an association with greater nasal
polyp size. Serum vitamin D levels could be added to the routine workup of patients suffering from CRS and these data could be used to potentially help
determine the disease severity.

(Am J Rhinol Allergy 27, e162–e165, 2013; doi: 10.2500/ajra.2013.27.3948)

In addition to its traditional role in the endocrine system, many
effects of vitamin D occur outside the feedback-controlled osse-

ous endocrine loop and are independent from serum calcium, phos-
phorus, or parathyroid hormone levels. This discovery, together with
the realization that essentially every tissue and cell in the body had
vitamin D receptors,1 has prompted new interest in the vitamin D
system and its previously unrecognized actions. There had been more
studies indicating that vitamin D deficiency is associated with non-
skeletal conditions such as cancer, autoimmune diseases, cardiovas-
cular diseases, and allergic disorders, e.g., asthma.1,2 The relationship
between vitamin D and asthma has been the subject of many studies
in the past 10 years. Several epidemiological studies have suggested
that vitamin D deficiency is associated with an increased incidence of
asthma and allergy symptoms.3–7 Vitamin D deficiency correlates
with decreased lung function in child7,8 and adult Chinese9 asthma
patients. A study by Searing et al.10 even established a significant
association between lower vitamin D levels and poor asthma control.

Chronic rhinosinusitis with nasal polyposis (CRSwNP) is a com-
mon and costly health problem. However, its exact mechanism of
pathogenesis is still unclear. The histological appearance of nasal
polyposis is characterized by inflammatory cell infiltration, modifica-
tions of epithelial cell differentiation, and tissue remodeling that
includes basement membrane thickening, gland modifications, extra-
cellular matrix accumulation, and edema. CRSwNP shows both char-
acteristic inflammatory features and histopathological findings which
also occur in asthma. This fact inspired us to hypothesize that serum
vitamin D levels might be associated with CRSwNP. We have there-
fore investigated the association of serum vitamin D level and disease
severity of CRSwNP.

SUBJECTS AND METHODS

Patients
The study was approved by the Institutional Review Board of

Kaohsiung Medical University Hospital (KMUH-IRB-990427) and
written informed consent was obtained from each subject before
study. Based on the definition in European Position Paper on Rhino-
sinusitis and Nasal Polyps 2007,11 patients with latest diagnosis of
CRSwNP undergoing elective endoscopic sinus surgery at our hos-
pital were recruited. Patients with malignancies or asthma were ex-
cluded from the study. Through clinical and radiographic examina-
tion that revealed inflammatory sinus disease without frank nasal
polyp, patients were diagnosed with chronic rhinosinusitis without
nasal polyposis (CRSsNP) and then collected as study controls. De-
mographic characteristic information of the patients enrolled was
collected. The severity of CRSwNP was assessed with the Lund-
Mackay (LM) score12 and the severity of nasal polyp (grades 1–4) was
assessed with the nasal polyp grading system described by Lund and
Mackay.13 All of the scorings were performed by an experienced
otolaryngologist who participated in the study. The status of allergy
was assessed with the Phadiatop test (Pharmacia & Upjohn, Inc.,

From the 1Department of Otolaryngology, Kaohsiung Municipal Ta-Tung Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan, 2Departments of Otolaryngology
and 3Dermatology, Faculty of Medicine, College of Medicine, Kaohsiung Medical
University, Kaohsiung, Taiwan, 4Department of Dermatology, Kaohsiung Municipal
Hsiao-Kang Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan, 5Depart-
ment of Otolaryngology, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan,
6Department of Biotechnology, Center of Excellence for Environmental Medicine,
Kaohsiung Medical University, Kaohsiung, Taiwan, and 7Department of Otolaryngol-
ogy, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung Medical University, Ka-
ohsiung, Taiwan
Funded in part by the National Science Council (NSC100–2314-B-037-045) and in
part by Kaohsiung Medical University Hospital (KMUH-OR36)
The authors have no conflicts of interest to declare pertaining to this article
Address correspondence and reprint requests to Chih-Feng Tai, M.D., Department of
Otolaryngology, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan, No.
100, Tzyou 1st Road, Sanmin District 807, Kaohsiung City, Taiwan
E-mail address: m7901108@ms16.hinet.net
Copyright © 2013, OceanSide Publications, Inc., U.S.A.

e162 November–December 2013, Vol. 27, No. 6

DO N
OT C

OPY



Peapack, NJ) in this study. Phadiatop is a commercially available
qualitative serologic test used for screening of allergic sensitization,
which can be used as a valid alternative to the skin-prick test to
diagnose atopy.14,15 All patients were asked to stop any anti-inflam-
matory medications, including antibiotics and topical steroids, for at
least 2 weeks before admission. Data were stratified by factors known
to affect serum 25-hydroxyvitamin D (25OHD), including sex, race,
and body mass index.16 Latitude, duration of sunshine, and season
affect the skin’s ability to produce vitamin D. Because all participants
are Taiwanese living in Kaohsiung, Southern Taiwan, and immediate
surrounding areas (latitude 23° N), this homogeneous population has
relatively fewer unmeasured or uncontrolled (residual) confounding
factors by ethnicity (i.e., skin color) and other variables, such as
duration of sunshine.

Vitamin D Measurement
Vitamin D status is best assessed by measuring circulating 25OHD,

which is the main circulating vitamin D metabolite with the most
potent biological effect. Serum 25OHD was measured by using com-
mercial chemiluminescence immunoassay (DiaSorin-Liaison, Inc.,
Stillwater, MN). The limitation of detection was 4 ng/mL. Vitamin D
deficiency was defined as �20 ng/mL and insufficiency was defined
as �30 ng/mL.1,17 Samples analyzed in these studies were collected at
latitude of 23° N in spring and summer of 2012 to minimize the
impact of seasonal variation in vitamin D level.

Statistics
Statistical analyses were performed with SPSS software, Version

12.0 (SPSS, Inc., Chicago, IL). The differences of serum vitamin D level
between each group were statistically analyzed using one-way anal-
ysis of variance and chi-square tests as appropriate. Multiple logistic
regressions were also used to adjust the simultaneous effects of con-
founding variables such as age, sex, body mass index, and allergic
status on the vitamin D level between patient groups. To assess the
association between serum vitamin D levels and severity of disease, a
Pearson’s correlation analysis was used. Statistical significance was
reported at p � 0.05.

RESULTS
Twenty-five patients with the latest diagnosis of CRSwNP who

were scheduled for elective endoscopic sinus surgery during April to
September of 2012 at our hospital were recruited. Furthermore, 20
patients were diagnosed with CRSsNP and then collected as study
controls. None of the study subjects reported major disabling diseases
on enrollment.

Demographic data of the study population were presented in Table 1.
There were no significant differences between groups regarding age,
sex, or body mass index. The preliminary results of the study revealed
serum 25OHD levels (ng/mL � SD) were significantly lower in
CRSwNP patients (21.4 � 5.7) than in CRSsNP patients (28.8 � 6.2;

p � 0.001). After adjusting the model for age, sex, body mass index,
and allergic status, the odds ratio still remained significant. The
incidences of vitamin D deficiency (�20 ng/mL) versus insufficiency
(20–30 ng/mL) in CRSwNP and CRSsNP patients were 45.5% versus
50% and 6.3% versus 62.5%, respectively. These results are detailed in
Table 2. Only 31.2% of CRSsNP patients were in the normal range,
which was comparable with the results of the general population seen
in the National Health and Nutrition Examination Survey during
2005–2008 in Taiwan. Furthermore, a negative relationship was found
between serum 25OHD level and polyp grade (r � �0.63; p � 0.001;
Fig. 1), indicating that lower serum 25OHD was associated with
higher polyp grade. Serum 25OHD was inversely related to LM score
(Fig. 2) and total IgE level (Fig. 3) as well but without statistical
significance.

DISCUSSION
This study is the first to investigate the correlation of serum 25OHD

level and the severity of CRSwNP. In this study, we show that serum
25OHD levels in patients with CRSwNP were significantly lower than
those in patients with CRSsNP. Serum 25OHD level was significantly
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Figure 1. Relationship between serum 25-hydroxyvitamin D (25OHD)
level (x-axis) and polyp grade (y-axis).

Table 1 Demographic data of study patients

CRSwNP CRSsNP p Value

Sex
Male 14 10
Female 8 6 0.945

Age (mean; yr) 45.63 54.06 0.132
BMI (mean) 26.03 26.21 0.818
Vitamin D level (ng/mL) 21.4 28.8 �0.001*

*p � 0.05, reach statistical significance.
BMI � body mass index; CRSwNP � chronic rhinosinusitis with nasal
polyposis; CRSsNP � chronic rhinosinusitis without nasal polyposis.

Table 2 Distribution of serum vitamin D status in each group
by percentage

CRSwNP CRSsNP

Vitamin D status
Normal (�30 ng/mL) 4.5% 31.2%
Insufficiency (20–30 ng/mL) 50% 62.5%
Deficiency (�20 ng/mL) 45.5% 6.3%

CRSwNP � chronic rhinosinusitis with nasal polyposis; CRSsNP �
chronic rhinosinusitis without nasal polyposis.
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and inversely related to polyp grade. However, the correlation of
serum 25OHD level to LM score did not reach statistical significance.

Vitamin D is also known to have a number of immunologic effects,
including those on T cells, dendritic cells, and macrophages.18,19

CRSwNP is characterized by severe mucosal inflammation, and thus
vitamin D deficiency might lead to an increase in inflammation, as
seen in CRSwNP. Indeed, administration of vitamin D to subjects
with steroid-resistant asthma has been reported to enhance subse-
quent steroid responsiveness, a finding with implications for CRS, a
disease in which steroids are an important therapy.20

The pathogenesis of CRSwNP is still unknown. However, there is
evidence that chronic inflammation, often similar to that seen in
allergic rhinitis and asthma, is a histopathological finding in these
patients. Recent evidence supports a role of vitamin D in these two
diseases. Nutritional studies point to a possible inverse association
between a mother’s vitamin D intake during pregnancy and her child
wheezing6,21,22 and/or rhinitis and asthma at 5 years old,23 suggesting
that in utero exposure of vitamin D might play a role in the develop-
ment of the immune system. Another population database study also
showed that the prevalence of allergic rhinitis was associated with
serum 25OHD level. Given the fact that CRSwNP is associated with
atopy and asthma and has similar inflammatory cellular profiles,
these studies might give us a hint about the role of vitamin D in
chronic sinus disease.

However, there exists a paucity of literature with regard to the role
of Vitamin D in the pathophysiology of CRSwNP. A recent epidemi-
ological study had shown that there was a positive correlation of
sinus infection with low Vitamin D2. Pinto et al.24 explored the rela-
tionship of vitamin D levels in African American patients with CRS
when compared with age and sex-matched controls, finding that
vitamin D levels were significantly lower in the African American
CRS patients. A recent study by Mulligan et al. indicated that lower
vitamin D levels were noted in patients with CRSwNP and allergic
fungal rhinosinusitis; however, no significant difference in vitamin D
level was found between CRSsNP patients and its controls.25 Vitamin
D receptor and vitamin D metabolic enzymes have been found in
many cells. To evaluate if vitamin D reduces fibroblast proliferation in
the tissues sliced from nasal polyps of CRSwNP patients, a Polish
study showed a significantly dose-dependent decrease in fibroblast
proliferation when tissue samples were treated with various doses of
calcitriol and tacalcitol.26 Rostkowska et al.27 also indicated that cal-
citriol and tacalcitol inhibited the synthesis of the proinflammatory
cytokines IL-6 and IL-8 in fibroblast cultures. In the study by Mulli-
gan et al.,25 an inverse relationship between serum vitamin D levels
and the levels of dendritic cells was found in CRSwNP patients. The
same relationship between serum vitamin D levels and plasma levels
of prostaglandin E2 and granulocyte monocyte colony-stimulating
factor were also found. All of these evidenced the immune regulatory
function of vitamin D for CRSwNP patients and thus led to the idea
that vitamin D might act as an anti-inflammatory agent for CRSwNP
patients. In this study, we showed that serum 25OHD levels in
CRSwNP patients were significantly lower than those in CRSsNP
patients. Serum 25OHD level was significantly and inversely related
to the size of nasal polyposis. We postulated that low vitamin D level
might fail to reduce the level of cytokines released by inflammatory
cells and fibroblasts. This might lead to the results of perpetuation of
chronic inflammatory sinus diseases and supported vitamin D in the
pathogenesis and degree of severity of nasal polyposis.

Our study has several limitations. First, a small sample size might
jeopardize its significance. Future work may extrapolate these data to
a larger patient set, ideally through a prospective study to clarify the
association of serum vitamin D and severity of CRSwNP. Second, its
cross-sectional design preludes the ability to discern temporal asso-
ciation. It is possible that patients with severe CRSwNP might reduce
their outdoor activities, which leads to reduced sun exposure. How-
ever, given that these participants are all patients with the latest
diagnosis of CRSwNP, it likely has a negligible effect on our result.
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Figure 2. Relationship between serum 25-hydroxyvitamin D (25OHD)
level (x-axis) and Lund-Mackay (LM) score (y-axis).
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Figure 3. Relationship between serum 25-hydroxyvitamin D (25OHD)
level (x-axis) and IgE level (y-axis).
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Third, we did not have detailed information on the socioeconomic
status and lifestyle of the participants. Because all participants are
Taiwanese living in Kaohsiung, a southern city in Taiwan (latitude
23° N), this homogeneous population likely has relatively fewer un-
measured or uncontrolled (residual) confounding factors by ethnicity
(e.g., skin color) and other variables, such as duration of sunshine.
Finally, we did not collect information on the use of daily vitamin D
supplements.

In conclusion, a significantly lower vitamin D level was found in a
group of Taiwanese CRSwNP patients, which revealed an association
with greater nasal polyp size. Serum vitamin D levels could be added
to the routine workup of patients suffering from CRS and these data
could be used to potentially help determine the disease severity.
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