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ABSTRACT

Objective: In this study, we evaluated the olfactory function in individuals with vitamin D insufficiency and the effect of replacement therapy
on olfactory function.
Methods: A total of 91 individuals with vitamin D insufficiency and 91 controls were assessed. Smell capacity was assessed with the Connecticut Chemosensory Clinical Research Center (CCCRC) test. An olfactory test was applied before and after replacement therapy. The
olfactory test scores of both groups were compared with each other.
Results: The mean 25-hydroxy vitamin D levels in the pre-replacement, control, and post- replacement groups were 12.88±5.90, 35.76±6.13,
and 42.99±4.89 ng/mL, respectively. In the post-replacement group, mean threshold test scores (pre-replacement 3.75±1.2; 12th week
post-replacement 5.29±1.02), mean identification test scores (pre-replacement 6.6±0.85; 12th week post-replacement 6.94±0.22), and
mean total test scores (pre-replacement 5.17±0.89; 12th week post-replacement 6.12±0.54) demonstrated statistically significant increases
when compared with the pre-replacement group (p<0.001). The mean total test scores of the pre-replacement group was significantly lower
than the control (p<0.001). There was no considerable difference statistically between the mean total test scores of the post-replacement
and control groups (p=0.4).
Conclusion: Low blood vitamin D levels can be associated with olfactory dysfunction. Vitamin D replacement therapy can improve olfactory
function in patients with vitamin D insufficiency.
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Introduction
Olfaction plays an important role in our daily lives, and olfactory dysfunction causes a significant decrease in the quality
of life. Almost 20% of the general population complains about
olfactory dysfunction, and 5% of these individuals are anosmic (1). Psychophysical and electrophysiological tests are often used to evaluate olfaction. Although psychophysical tests
are generally used for the clinical assessment of people with
smell dysfunction, electrophysiological tests are mostly used
for further investigation (2). The Connecticut Chemosensory
Clinical Research Center (CCCRC) olfactory test evaluates the
butanol threshold and odor identification (3). It is validated for
the analysis of smell capacity in the Turkish society (4). It is
easy to prepare, cheap, and simple to administer (4).
Vitamin D plays an important role in the conservation of mineral balance and bone metabolism (5). It also has various effects

on the extra-skeletal systems. It appears to have a neuroprotective effect on the nervous system, supporting an increase
in the synthesis of neurotrophic agents that leads to the acceleration of neuronal progress in the nervous system and the
reduction of oxidative stress (6, 7).
Vitamin D has been reported to have many targets mediated
by its receptor (8). It binds to receptors in the olfactory system and the brain as a neurosteroid hormone (9, 10). Vitamin D
insufficiency was demonstrated to be associated with various
neurological problems (8, 11, 12). As a potential example of vitamin D insufficiency leading to symptoms within the central
nervous system, hypoacusis has been documented in rodents
deprived of functional vitamin D receptors (13).
In this study, we aimed to analyze the olfactory function with
the CCCRC olfactory test in individuals with isolated vitamin
D insufficiency and to reveal the changes in the olfactory level
after vitamin D replacement therapy.
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Methods
This study included 91 patients with 25-hydroxy (OH) vitamin
D insufficiency and 91 controls and was conducted between
May and December 2019. The participants were selected
from the internal medicine clinic on the basis of their vitamin D testing and then referred to the ENT clinic for olfactory testing. After the exclusion of the secondary causes of
vitamin D insufficiency (e.g., liver or kidney diseases, malabsorption, and inflammatory bowel abnormality), the deficiency was deemed as primary because of insufficient oral intake
and reduced sun exposure. A detailed history was taken from
all the patients, and a routine ear, nose, and throat examination was also performed. Patients with nasal septum deviation, acute or chronic rhinosinusitis, active upper respiratory
tract infection, nasal polyposis, history of nasal surgery, allergic rhinitis, smoking, systemic diseases (e.g., diabetes mellitus, hypothyroidism, hypertension, chronic renal failure, and
chronic liver failure), neurological diseases, <18 years of age,
pregnancy, female menopause, and a history of head trauma
were excluded. Participants using drugs (e.g., diuretics, calcium channel blockers, statins, angiotensin-converting enzyme
inhibitors, antidepressants, and local or systemic steroids)
that could affect olfactory function were also excluded. The
control group involved healthy volunteers with normal vitamin D levels and without any of the rhinological and systemic
abnormalities mentioned earlier.
Both groups were evaluated according to serum 25 (OH) vitamin D levels, with values <30 ng/mL considered as 25 (OH)
vitamin D insufficiency. After administering the olfactory test
to patients, we used a weekly 50,000 IU vitamin D3 capsule for
eight weeks’ protocol, and after 12 weeks, reassessed the 25
(OH) vitamin D levels.
In individuals with vitamin D insufficiency without any systemic disturbances, for every 100 IU of added vitamin D3, the serum vitamin D levels improved by almost 0.7 to 1.0 ng/mL (14).
The serum vitamin D concentrations of patients without other
underlining diseases were expected to return to normal serum
levels in 12 weeks after vitamin D replacement. Therefore, olfactory tests were also administered in the 12th week after the
treatment. The olfactory test scores calculated before (pre-replacement group) and after 25 (OH) vitamin D replacement
(post-replacement group) were compared with each other and
with the control group. The study was approved by the local
ethics committee (protocol number: 43, date: 17/04/2019).
The patients provided written informed consent.
Smell assessment
The CCCRC test comprises of a butanol threshold and an
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Vitamin D insufficiency is associated with olfactory dysfunction.
Vitamin D replacement therapy can be effective in olfactory
dysfunction.
Vitamin D insufficiency could cause disturbances in olfactory
pathways.
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identification as already reported (4). It was administered pretreatment and in the 12th week post-treatment.
Butanol threshold test
The participants were given two glass bottles of the same color
and uniform view, one of which contained water and the other
a dilute concentration of butanol during the test. They were
then ordered to close one nostril and place the tip of the first
bottle quickly below the other one. The second bottle was then
sampled in a similar manner, and the participant had to select
which of the bottles contained something other than water.
If the selection was incorrect, a more potent concentration of
butanol was submitted along with the bottle having only water.
Possible scores ranged from 0–9, but scores ≥7 were scored as
7 per the olfactory test protocol. For the final score, the average of both nostril scores was taken.
Identification test
Cinnamon, Vicks, chocolate, Turkish coffee, peanut butter,
carbonate, soap, and baby powder were added to opaque bottles. The ability to sniff out Vicks showed unimpaired trigeminal nerve function, and all the subjects easily recognized it;
therefore, it was not added to the final score. Possible scores
ranged from 0 to 7. For the final score, the average of both nostril scores was taken.
Total score
Scores for the butanol threshold and identification tests were
later averaged to reach a total score, which was classified as
defined by Cain et al. (3).
Sampling
Serum 25 (OH) vitamin D levels
Biochemical analysis
The levels of 25 (OH) vitamin D (ng/mL) were measured in the
serum samples of the patients. Serum was sampled with the
patients in a sitting position between 08.30 and 09.00 in the
morning after 10–12 h of fasting. After fibrin formation, it was
centrifuged at 1,500 rpm for five min. The serum was studied
with a Hitachi Cobas (Indianapolis, IN, USA) device.
Statistical analysis
The Statistical Package for Social Sciences version 22.0 software (IBM Corp.; Armonk, NY, USA). The suitability of the parameters to normal distribution was evaluated by the Shapiro-Wilks test. Descriptive statistical methods (mean, median,
and standard deviation) were determined when evaluating
the study data. The Wilcoxon test was used in the comparison of non-parametric data between the same groups. The
Mann-Whitney U test was used in the comparison of non-parametric data between the groups. The Spearman rho test was
used for correlation analysis of non-parametric data. The difference between the scores before and after treatment was
used to evaluate the correlation between vitamin D and the
total score.

Results
The study included 91 patients and 91 controls. In the study
group, 71 patients were women and 20 were men. The ages
of women ranged between 21 and 49 years, and their mean
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Table 1. Comparison of pre-replacement and control groups
N

Pre-replacement
Median (Min-Max)

Control group
Median (Min-Max)

p

Threshold score

91

4 (1–7)

6 (4–7)

0.001

Identification score

91

7 (2–7)

7 (6–7)

0.646

Total score

91

5.5 (1.5–7)

6.5 (5–7)

0.001

25 (OH) vitamin D (ng/mL)

91

11.8 (2.5–26)

32 (31–58.9)

0.001

Mann-Whitney U test, N: number of patients, Min: minimum, Max: maximum
p≤0.05

Table 2. Comparison of post-replacement and control groups
N

Post-replacement group
Median (Min-Max)

Control group
Median (Min-Max)

p

Threshold score

91

5 (2–7)

6 (4–7)

0.001

Identification score

91

7 (6–7)

7 (6–7)

0.001

Total score

91

6 (4.5–7)

6.5 (5–7)

0.4

25 (OH) vitamin D (ng/mL)

91

42.8 (34–57.3)

32 (31–58.9)

0.001

Mann-Whitney U test, N: number of patients, Min: minimum, Max: maximum
p≤0.05

Table 3. Comparison of pre-replacement and post-replacement groups
N

Pre-replacement
Median (Min-Max)

Post-replacement
Median (Min-Max)

p

Threshold score

91

4 (1–7)

5 (2–7)

0.001

Identification score

91

7 (2–7)

7 (6–7)

0.001

Total score

91

5.5 (1.5–7)

6 (4.5–7)

0.001

25 (OH) vitamin D (ng/mL)

91

11.8 (2.5–26)

42.8 (34–57.3)

0.001

Wilcoxon test, N: number of patients, Min: minimum, Max: maximum
p≤0.05

age was 37.52±7.63 years. The ages of men ranged between
27 and 49 years, and their mean age was 39.55±6.03 years. In
the control group, 70 participants were women and 21 men.
The ages of women ranged between 19 and 49 years, and their
mean age was 37.71±8.84 years. The ages of men ranged between 21 and 51 years, and their mean age was 36.71±10.07
years. The mean 25 (OH) vitamin D levels were 12.88±5.90 ng/
mL (2.5–26), 35.76±6.13 ng/mL (31–58.9), and 42.99±4.89
ng/mL (34–57.3) in the pre-replacement, control, and post-replacement groups, respectively. There was a statistically significant difference between the groups in terms of 25 (OH)
vitamin D levels (p<0.001).

the mean threshold (p<0.001) and total test scores (p<0.001).
In contrast, no statistically significant difference was found
in the mean identification scores (p<0.646) (Table 1). When
the post-replacement group was compared with the control group, there was a statistically significant difference in
the mean threshold (p<0.001) and identification test scores
(p<0.001); however, no statistically significant difference was
found in the mean total test scores (p<0.4) (Table 2). In the
post-replacement group, the mean threshold test scores, the
mean identification test scores, and the mean total test scores
showed statistically significant increases when compared with
the pre-replacement group test scores (p<0.001) (Table 3).

The mean threshold test score was 3.75±1.2 (1–7), 5.86±0.87
(4–7), and 5.29±1.02 (2–7) in the pre-replacement, control, and
post-replacement groups, respectively. The mean identification
test score was 6.6±0.85 (2–7), 6.75±0.4 (6–7), and 6.94±0.22
(6–7) in the pre-replacement, control, and post-replacement
groups, respectively. The mean total test score was 5.17±0.89
(1.5–7), 6.29±0.54 (5–7), and 6.12±0.54 (4.5–7) in the pre-replacement, control, and post-replacement groups, respectively.

Before treatment, anosmia, severe hyposmia, moderate hyposmia, mild hyposmia, and normosmia values were 1.09%,
7.69%, 13.18%, 60.43%, and 17.58%, respectively; and these
values after treatment were 0%, 0%, 2.19%, 24.17%, and
73.62%, respectively. After vitamin D replacement, anosmia,
severe hyposmia, moderate hyposmia, and mild hyposmia percentage decreased, and the normosmic percentage increased.

When the pre-replacement group was compared with the
control group, there was a statistically significant difference in

There was no correlation between vitamin D levels and total
CCCRC olfactory test scores (p=0.91) (Table 4) (Figure 1).
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Table 4: Correlation between vitamin D level and total score
N

Median (Min-Max)

25 (OH) vitamin D
(ng/mL)

91

30.9 (11.03–48.4)

Total score

91

1 (0–5)

r

p

0.012 0.91

Spearman’s rho test, N: number of patients, Min: minimum, Max: maximum, r:
correlation value p≤0.05
(In the correlation analysis, the difference in vitamin D levels pre- and postreplacement was used as data. The difference in total olfactory scores pre- and
post-replacement was also used as data).

Figure 1. Correlation between vitamin D level and total scores

Discussion
Olfactory dysfunction may occur because of conductive or
sensorineural problems. Conductive dysfunction may occur
because of nasal pathologies, whereas sensorineural dysfunction may develop owing to the olfactory receptor and subsequent central pathways (15). This study reports that vitamin
D insufficiency is associated with smell abnormality. Mean olfactory test scores are significantly increased in people with
vitamin D insufficiency after a vitamin D replacement protocol.
The number of patients with anosmia and hyposmia decreased
after vitamin D replacement therapy. In addition, there was no
correlation between vitamin D levels and total CCCRC olfactory test scores.
Vitamin D has neuronal cell differentiation and neuroprotective effects through several systems, such as antioxidant effects, detoxification, immunomodulation, neural calcium regulation, and improved nerve conduction (16, 17). It has been
shown to affect the transmission rate of the peripheral nervous system (18). Hence, vitamin D insufficiency may lead to
disturbances in neurological activity in the central and peripheral nervous systems, and, as a result, disrupt the transmission
of the cranial nerves.
The active form of vitamin D performs its transcriptional function through vitamin D receptors (VDR). VDR belongs to the
family of nuclear steroid receptors, found in a large variety of
tissues (19, 20). Several studies have documented that vitamin
D may be a neurosteroid important for brain development (21,

22). It also has important neuroprotective functions and nerve
growth (21, 23). VDR and vitamin D binding protein were expressed in the rat vomeronasal organ and also detected in the
rat olfactory mucosa and bulb (24). The neuroprotective effect
of vitamin D against degenerative processes in the olfactory
system is thought to be mediated by the intracellular signaling
system via VDR. It may affect the smell transduction pathway
or calcium signaling system in smell neurons (25).
Vitamin D is believed to have immunomodulatory effects on
autoimmune and inflammatory diseases (26-28). Nasal mucociliary clearance time in people with vitamin D insufficiency was
found to be prolonged, and clearance duration was shortened
after vitamin D treatment (29). It is also thought that prolongation of mucociliary clearance time in patients with vitamin D
insufficiency may be associated with increased pathophysiology
of upper respiratory tract infections, sinonasal infections, and
ear infections (29-31). Because vitamin D replacement therapy is useful in some conditions characterized by inflammation
and infection, it can be speculated that vitamin D also improves
olfaction by reducing intranasal inflammation and congestion.
Parkinson’s disease (PD) is an important neurological illness
associated with olfactory dysfunction (32). Studies have
shown that smell abnormality in PD is associated with cognitive abnormality and brain atrophy. The extent to which olfactory abnormality occurs in the early stage of PD may help in
the early detection and management of olfactory dysfunction
(33, 34). High levels of vitamin D in patients with non-demented PD are associated with good cognitive performance, and its
level may be a biomarker of future cognitive dysfunction in
PD (35). Serum 25 OH vitamin D levels were also associated
with the severity of smell dysfunction in patients with PD (36).
In our study, we examined the smell ability before and after
treatment in people with isolated vitamin D insufficiency who
did not have any neurological disease. In this study, there was
a significant increase in olfactory test scores of patients after
replacement therapy.
There are a limited number of studies in the literature investigating the relationship between vitamin D levels and olfactory
loss. Two patients were reported in which the olfactory function was significantly reduced but possibly recovered with supplementation of vitamin D (37). Both patients described a significant recovery in their olfactory function after eight weeks
of vitamin D replacement therapy. The second patient did
not return to her doctor for more than one month after eight
weeks of treatment and stated that she had lost her sense of
smell again during this time. Her doctor ordered another eight
weeks of vitamin D replacement therapy, and she observed
the same situation of progressive healing of smell function,
most marked in the two days after taking the vitamin D (37).
The most important limitation of this study was that olfactory
tests were not used to evaluate olfactory dysfunction. Another
limitation was that there were only two patients in the study.
In our study, we demonstrated olfactory dysfunction with an
olfactory test in people with isolated vitamin D insufficiency.
We found that olfactory function improved after vitamin D replacement therapy.
Although various possible mechanisms that explain the effects
of vitamin D on the olfactory pathway have been revealed, the
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relationship between vitamin D and olfactory dysfunction has
not been exactly explained yet. Further studies are needed to
explain the exact role of vitamin D in pathogenesis. One of the
limitations of our study was that the long-term results of patients’ olfactory functions were not investigated after vitamin
D treatment was completed. Another limitation was that the
effects of vitamin D at the molecular level were not investigated. Further studies should be designed to investigate the
relationship between vitamin D insufficiency and olfactory
dysfunction at the tissue level.

8.

In conclusion, this study demonstrates that vitamin D replacement therapy could improve olfactory function in patients
with vitamin D insufficiency in the short term. Vitamin D insufficiency may be associated with olfactory dysfunction; however, its role in the pathogenesis of olfactory abnormality or
the long-term impact of vitamin D replacement therapy is still
unclear.

12.

Ethics Committee Approval: This study was approved by Ethics
committee of Zeynep Kamil Women’s and Children’s Diseases Training
and Research Hospital, (Approval No: 43).

9.

10.

11.

13.

14.

15.

Informed Consent: Written informed consent was obtained from the
patients who agreed to take part in the study.

16.

Peer-review: Externally peer-reviewed.

17.

Author Contributions: Supervision – A.B., M.Y., S.G.; Design – A.B.,
M.Y.; Resources – A.B., M.Y., S.G.; Materials – A.B., S.G.; Data Collection and/or Processing – A.B., S.G.; Analysis and/or Interpretation – A.B.,
M.Y., S.G.; Literature Search – A.B., M.Y.; Writing Manuscript – A.B., M.Y.;
Critical Review – A.B., M.Y.
Conflict of Interest: The authors have no conflict of interest to declare.

18.

19.
20.

Financial Disclosure: The authors declared that this study has received no financial support.

21.

References

22.

1.

2.
3.

4.

5.
6.

7.

90

Mullol J, Alobid I, Mariño-Sánchez F, et al. Furthering the understanding of olfaction, prevalence of loss of smell and risk factors:
a population-based survey (OLFACAT study). BMJ Open 2012; 2.
pii: e001256. [Crossref]
Evren C, Yiğit VB, Çınar F. Subjective assessment of olfactory function. Kulak Burun Bogaz Ihtis Derg 2015; 25: 59-64. [Crossref]
Cain WS, Gent JF, Goodspeed RB, Leonard G. Evaluation of olfactory dysfunction in the connecticut chemosensory clinical research center. Laryngoscope 1988; 98: 83-8. [Crossref]
Veyseller B, Ozucer B, Karaaltin AB, Yildirim Y, Degirmenci N, Aksoy F, Ozturan O. Connecticut (CCCRC) olfactory test: normative
values in 426 healthy volunteers. Indian J Otolaryngol Head Neck
Surg 2014; 66: 31-4. [Crossref]
Newmark HL, Newmark J. Vitamin D and Parkinson’s disease-a
hypothesis. Mov Disord 2007; 22: 461-8. [Crossref]
Brown J, Bianco JI, McGrath JJ, Eyles DW. 1,25-dihydroxyvitamin
D3 induces nerve growth factor, promotes neurite outgrowth, and
inhibits mitosis in embryonic rat hippocampal neurons. Neurosci
Lett 2003; 343: 139-43. [Crossref]
Ibi M, Sawada H, Nakanishi M, et al. Protective effects of 1 alpha,25-(OH) (2) D(3) against the neurotoxicity of glutamate and
reactive oxygen species in mesencephalic culture. Neuropharmacology 2001; 40: 761-71. [Crossref]

23.

24.

25.

26.

27.
28.

29.

Kalueff AV, Tuohimaa P. Neurosteroid hormone vitamin D and its
utility in clinical nutrition. Curr Opin Clin Nutr Metab Care 2007;
10: 12-9. [Crossref]
Prüfer K, Veenstra TD, Jirikowski GF, Kumar R. Distribution of
1,25 dihydroxyvitamin D3 receptor immunoreactivity in the
rat brain and spinal cord. J Chem Neuroanat 1999; 16: 135-45.
[Crossref]
Langub MC, Herman JP, Malluche HH, Koszewski NJ. Evidence of
functional vitamin D receptors in rat hippocampus. Neuroscience
2001; 104: 49-56. [Crossref]
Annweiler C, Schott AM, Berrut G, et al. Vitamin D, and aging: neurological issues. Neuropsychobiology 2010; 62: 139-50. [Crossref]
Zittermann A. Vitamin D in preventive medicine: are we ignoring
the evidence? Br J Nutr 2003; 89: 552-72. [Crossref]
Kalueff A, Loseva E, Haapasalo H, et al. Thalamic calcification in
vitamin D receptor knockout mice. Neuroreport 2006; 17: 717-21.
[Crossref]
Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human serum 25-hydroxycholecalciferol response to extended oral
dosing with cholecalciferol. Am J Clin Nutr 2003; 77: 204-10.
[Crossref]
Veyseller B, Ozucer B, Degirmenci N, Gurbuz D, Tambas M, Altun
M, Aksoy F, Ozturan O. Olfactory bulb volume and olfactory function after radiotherapy in patients with nasopharyngeal cancer.
Auris Nasus Larynx 2014; 41: 436-40. [Crossref]
DeLuca GC, Kimball SM, Kolasinski J, Ramagopalan SV, Ebers GC.
Review: the role of vitamin D in nervous system health and disease. Neuropathol Appl Neurobiol 2013; 39: 158-84. [Crossref]
Kesby JP, Eyles DW, Burne TH, McGrath JJ. The effects of vitamin
D on brain development and adult brain function. Mol Cell Endocrinol 2011; 347: 121-7. [Crossref]
Goswami R, Bhatia M, Goyal R, Kochupillai N. Reversible peripheral
neuropathy in idiopathic hypoparathyroidism. Acta Neurol Scand
2002; 105: 128-31. [Crossref]
Wang Y, Zhu J, DeLuca HF. Where is the vitamin D receptor? Arch
Biochem Biophys 2012; 52: 123-33. [Crossref]
Yang L, Ma J, Zhang X, Fan Y, Wang L. Protective role of the vitamin D receptor. Cell Immunol 2012; 279: 160-6. [Crossref]
Harms LR, Burne TH, Eyles DW, McGrath JJ. Vitamin D and the
brain. Best Pract Res Clin Endocrinol Metab 2011; 25: 657-69.
[Crossref]
McGrath JJ, Feron FP, Burne TH, Mackay-Sim A, Eyles DW. Vitamin D3 - implications for brain development. J Steroid Biochem
Mol Biol 2004; 89-90:557-60. [Crossref]
Soni M, Kos K, Lang IA, Jones K, Melzer D, Llewellyn DJ. Vitamin D
and cognitive function. Scand J Clin Lab Invest Suppl 2012; 243:
79-82.
Rodewald A, Gebhart VM, Oehring H, Jirikowski GF. The rat vomeronasal organ is a vitamin D target. J Chem Neuroanat 2017;
81:42-7. [Crossref]
Klimmeck D, Mayer U, Ungerer N, Warnken U, Schnölzer M, Frings
S. Calcium signaling networks in olfactory receptor neurons. Neuroscience 2008; 151: 901-12. [Crossref]
Kulie T, Groff A, Redmer J, Hounshell J, Schrager S. Vitamin D: an
evidence-based review. J Am Board Fam Med 2009; 22: 698-706.
[Crossref]
Sandhu, MS, Casale TB. The role of vitamin D in asthma. Ann Allergy
Asthma Immunol 2010; 105: 191-9 [quiz 200-2, 217]. [Crossref]
Haroon M, Bond U, Quillinan N, Phelan MJ, Regan MJ. The prevalence of vitamin D deficiency in consecutive new patients seen
over six months in general rheumatology clinics. Clin Rheumatol
2011; 30: 789-94. [Crossref]
Akcan FA, Dündar Y, Akcan HB, Uluat A, Cebeci D, Ünlü İ. Evaluation of nasal mucociliary clearance time in patients with Vitamin-D deficiency. Eur Arch Otorhinolaryngol 2019; 276: 1075-80.
[Crossref]

B-ENT 2021; 17(2): 86-91
30. Hughes DA, Norton R. Vitamin-D and respiratory health. Clin Exp
Immunol 2009; 158: 20-5. [Crossref]
31. Dündar Y, Timurkaynak Y, Demirbas E, Birinci M, Akcan F, Ozergin
Z, Dursun E. The role of Vitamin-D in patients with otitis media
with effusion. J Ear Nose Throat Head Neck Surg 2018; 26: 33-9.
[Crossref]
32. Hawkes CH, Shephard BC, Daniel SE. Olfactory dysfunction in
Parkinson’s disease. J Neurol Neurosurg Psychiatry 1997; 62:
436-46. [Crossref]
33. Takeda A, Baba T, Kikuchi A, et al. Olfactory dysfunction and dementia in Parkinson’s disease. J Parkinsons Dis 2014; 4: 181-7.
[Crossref]

Vitamin-D, smell test
34. Lee EY, Eslinger PJ, Du G, Kong L, Lewis MM, Huang X. Olfactory-related cortical atrophy is associated with olfactory dysfunction in
Parkinson’s disease. Mov Disord 2014; 29: 1205-8. [Crossref]
35. Peterson AL, Murchison C, Zabetian C, et al. Memory, mood, and
vitamin D in persons with Parkinson’s disease. J Parkinsons Dis
2013; 3: 547-55. [Crossref]
36. Kim JE, Oh E, Park J, Youn J, Kim JS, Jang W. Serum 25-hydroxyvitamin D3 level may be associated with olfactory dysfunction in de
novo Parkinson’s disease. J Clin Neurosci 2018; 57: 131-5. [Crossref]
37. Kruse RA, Cambron JA. A possible correlation between vitamin D
deficiency and loss of smell: 2 case reports. J Chiropr Med 2011;
10: 310-5. [Crossref]

91

