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SUMMARY 
Objective: Iron is essential for various cellular functions, including enzymatic processes. This study aimed to evaluate olfactory and 

nasal mucociliary function in patients with iron deficiency anemia (IDA). 
Materials and Methods: The study included 35 IDA patients (IDA Group) and 24 healthy subjects (Control Group). In order to exclude 

hormonal effects related to gender and menopause, all individuals in the groups were women between the ages of 18-45. Complete blood 
count tests of the patients were tested. Subjects were asked to evaluate smell functions a visual analog scale (VAS). The olfactory function 
was measured with Sniffin' Sticks odor test consisting of three subtests: odor threshold (T), odor discrimination (D), and odor identification 
(I). Sodium saccharin test was used to measure the mucociliary clearance (MCC) time. 

Results: Hemoglobin, hematocrit, mean cell volüme (MCV), and mean cell hemoglobin (MCH) values were significantly lower in IDA 
group than in the control group (p<0.001). There was no difference between the groups in terms of MCC time (p=0.174). IDA group had 
lower VAS-Smell scores (p=0.012). The mean T, D, I, and TDI scores of the Sniffin" Sticks test were significantly lower in the IDA group 
(p<0.001, p=0.002, p<0.001, p<0.001, respectively). The linear regression analysis of the independent variables affecting the TDI value was 
not statistically significant (F=1.334, p=0.271). 

Conclusion: In this study, IDA group had significantly worse olfactory function. We thought that olfactory dysfunction in patients with 
IDA was related to iron deficiency and related enzymatic factors. 
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DEMİR EKSİKLİĞİ ANEMİSİNİN KOKU FONKSİYONU VE MUKOSİLİYER KLİRENS ÜZERİNE ETKİSİ 
ÖZET 
Amaç: Demir, enzimatik süreçler de dahil olmak üzere çeşitli hücresel işlevler için gereklidir. Bu çalışmada demir eksikliği anemisi 

(DEA) hastalarında koku alma ve nazal mukosiliyer fonksiyonların değerlendirilmesi amaçlandı. 
Yöntem ve Gereçler: Çalışmaya 35 DEA hastası (DEA Grubu) ve 24 sağlıklı birey (Kontrol Grubu) dahil edildi. Cinsiyet ve menopoza 

bağlı hormonal etkileri dışlamak amacıyla gruplardaki bireylerin tamamı 18-45 yaş aralığındaki kadınlardan oluştu. Hastaların tam kan 
sayımı testleri yapıldı. Deneklerden koku fonksiyonlarını görsel analog skala (VAS) ile değerlendirmeleri istendi. Koku fonksiyonu, üç alt 
testten oluşan Sniffin' Sticks koku testiyle ölçülmüştür: koku eşiği (E), koku ayrımı (A) ve koku tanımlama (T). Mukosiliyer klirens (MSK) 
süresini ölçmek için sodyum sakarin testi kullanıldı. 

Bulgular: Hemoglobin, hematokrit, ortalama hücre hacmi (MCV) ve ortalama hücre hemoglobini (MCH) değerleri DEA grubunda 
kontrol grubuna göre anlamlı derecede düşüktü (p<0,001). MCC süresi açısından gruplar arasında fark yoktu (p=0,174). DEA grubunda 
VAS-Koku skorları daha düşüktü (p=0,012). Sniffin' Sticks testi ortalama E, A, T ve EAT puanları DEA grubunda anlamlı derecede düşüktü 
(sırasıyla p<0,001, p=0,002, p<0,001, p<0,001). EAT değerini etkileyen bağımsız değişkenlerin doğrusal regresyon analizi istatistiksel olarak 
anlamlı bulunmadı (F=1,334, p=0,271). 

Sonuç: Bu çalışmada IDEA grubunun koku alma fonksiyonu anlamlı derecede daha kötüydü. DEA'lı hastalarda koku alma 
bozukluğunun demir eksikliği ve buna bağlı enzimatik faktörlerle ilişkili olduğu düşünüldü. 
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INTRODUCTION 
The World Health Organization (WHO) 

has recognized iron deficiency anemia (IDA) as 
the most common nutritional deficiency in the 
world1. Iron is vital for many physiological 
processes, and its deficiency causes various 
health consequences2. IDA symptoms include 
fatigue, cold intolerance, poor mental 

performance, dyspnea, and dysphagia due to 
anemia, as well as decreased mental-motor 
functions, neurological, cardiological, and 
gastrointestinal system problems, and auditory 
and visual function losses due to iron 
deficiency3. 

The sense of smell influences hygiene 
and eating habits and provides as a warning 
system for potential life-threatening hazards such 
as spoiled food, gas leaks, and fires4. Anatomical 
and neurological pathologies that prevent odor 
molecules from reaching the olfactory area or 
central transmission lead to olfactory 
dysfunction. The effects of IDA on olfactory 
function have previously been evaluated in an 
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experimental rat study, and behavioral olfactory 
dysfunction has been found in iron-deficient 
rats5. There is only one study that has clinically 
evaluated the effect of IDA on olfactory 
function, and it was shown that olfactory 
functions were impaired in this study6. 

Respiratory ciliary activity is defined as 
the removal of foreign particles from respiratory 
mucosal surfaces and the ability of mucosal 
surfaces to retain moisture. Ciliary functions can 
be assessed by nasal mucociliary clearance 
(MCC), which is measured by determining the 
time taken to eliminate inhaled aerosols7. Nasal 
MCC is affected by many factors, such as age, 
hormonal status, sinonasal diseases, nasal 
trauma, sinonasal surgeries, upper respiratory 
tract infection, toxins, drugs, ambient 
temperature, and active-passive smoking8-11. As 
the ciliary activity develops as a result of a series 
of enzymatic reactions, it has been suggested that 
micronutrient deficiencies can impair MCC. 
Although it has been shown that deficiency in 
various nutrients can affect nasal mucociliary 
functions, no study evaluating the nasal mucosal 
function of iron deficiency has been found in the 
literature. 

This study aimed to evaluate the olfactory 
and nasal mucociliary function in patients with 
IDA. 

 
MATERIAL and METHODS 
This prospective case-control study was 

conducted at Ondokuz Mayıs University 
Department of Otorhinolaryngology between 
January 2021- January 2022. The study was 
performed under the Helsinki Declaration after 
obtaining approval from the local ethics 
committee (OMU-KAEK2020/612). All 
participants were informed with a written 
consent form. 

Participants: The study included 35 IDA 
patients (IDA Group) and 24 healthy subjects 
(Control Group). In order to exclude hormonal 
effects related to gender and menopause, all 
individuals in both the IDA and control groups 
were women between the ages of 18-45. The 
diagnosis of IDA was made with hemoglobin, 
hematocrit, mean cell volume (MCV) and mean 
cell hemoglobin (MCH), serum iron, total iron 
binding capacity (TIBC), and ferritin values, 
taking into account World Health Organization 

(WHO) criteria12. Healthy adult women with 
normal hemogram findings (hemoglobin, 
hematocrit, MCV and MCH) formed the control 
group. Patients who had upper respiratory tract 
infection in the last month, sinonasal diseases, 
nasal surgery history, nasal-head trauma history, 
malignancy history, systemic or 
neurodegenerative disease history and smoker, 
pregnant, breastfeeding and menopausal patients 
were excluded from the study. Nasal and 
nasopharyngeal findings of all participants were 
normal. 

Clinical Data: Complete blood count 
tests, hemoglobin, hematocrit, MCV and MCH 
values of the patients in both groups were tested. 
Additionally, serum iron, TIBC, ferritin and iron 
saturation values of the patients in the IDA group 
were also measured. 

Subjective assessment of olfactory 
function: Patients in IDA and Control Group 
were requested to measure olfactory functions 
using a visual analog scale (VAS) (VAS-Smell; 
0: total loss of smell, 10: excellent sense of 
smell). 

Psychophysical assessment of olfactory 
function: The olfactory function was measured 
using Sniffin' Sticks odor test (Sniffin' Sticks, 
Burghart Messtechnik GmbH, Wedel, Germany), 
a validated olfactory test consisting of three 
subtests: threshold (T), discrimination (D), and 
identification (I). 

Odor threshold test: 16 triplets of 
fragrance pens with one n-butanol pen and two 
solvent pens were presented in increasing odor 
concentration. After correctly identifying the 
odor-containing pen twice in a presented triplet, 
the test continued until the patients could no 
longer correctly identify the odor-containing pen. 
The test was repeated seven times without 
reversals detected. The threshold score was 
calculated as collected from the last four 
thresholds and divided into four. 

Odor discrimination test: Triple odor 
pens, two with the same and one with a different 
odor, were used and the patients were asked to 
find the different odor. The discrimination score 
was the sum of correctly identified pens. 

Odor identification test: Sixteen pens 
containing odors known to the general public 
were used, and patients were asked to identify 
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the odor from four options. Sum of correct 
answers represented the identification test score. 

The sum of the three subset scores is 
called the TDI score. TDI score ?15 was 
anosmia, between 16 and 30 was hyposmia, and 
≥31 was normosmia13. 

Mucociliary clearance time: Sodium 
saccharin test was used to measure the MCC 
time. Participants were instructed to not eat or 
drink anything 30 minutes before the test. 
Patients were asked to sit upright. A 1 mm 
diameter sodium saccharin tablet was placed into 
the nasal cavity, 1 cm posterior to the anterior 
border of the inferior turbinate. Participants were 
asked to continue sitting upright and asked not to 
breathe deeply, sniff, speak, or cough. The time 
from the insertion of the saccharin tablet to the 
perception of the sweet taste in the oropharynx 
was recorded as MCC time. The mean normal 
MCC time is 9-17 min, < 9 min is short, and >17 
min is long8. 

Statistical Analysis: 
Statistical analyses were performed with 

SPSS version 23.0 (IBM Corp., Armonk, NY, 
USA). Shapiro-Wilk, Kolmogorov-Smirnov tests 
and skewness-kurtosis statistics were used to 
assess normal distribution. Categorical variables 
were analyzed using Pearson Chi-Square test. 
Independent sample t-test was used for normally 
distributed data. Linear regression analysis was 
used to examine the variables affecting the TDI 
value. The significance level was taken as 
p<0.05. 

RESULTS 
The age, hemoglobin, hematocrit, MCV, 

and MCH values of the groups are given in Table 
1. The IDA Group included 35 female patients 
(mean age=34.54 ± 9.3). The Control group 
included 24 female patients (mean age=33.79 ± 
9.32). There was no statistically significant 
difference between the two groups in terms of 
age (p= 0.762). Mean hemoglobin values were 
10.11 ± 1.67 g/dl and 13.16 ± 0.65 g/dl, 
hematocrit values were 32.33 ± 2.58% and 38.29 
± 1.73%, MCV was 73.73 ± 7.61 fL and 85.04 ± 
3.5 fL and MCH was 23.17 ± 3.69 pg and 29.25 
± 1.45 pg in IDA and control group respectively. 
Hemoglobin, hematocrit, MCV, and MCH values 
were significantly lower in IDA group than in the 
controlgroup (p<0.001). 

MCC time was 12.4 min in the IDA 
group and 11.17 min in the control group aand 
there was no statistically difference between 
groups (p=0.174). IDA group had lower VAS-
Smell scores (8.66 ± 1.11) than in control group 
(9.38 ± 0.92) (p=0.012). The mean T, D, I and 
TDI scores of the Sniffin" Sticks test were were 
significantly lower in IDA group than control 
group (threshold 4.24 ± 1.94 vs. 6.56 ± 1.8, 
p<0.001; discrimination 11.43 ± 2.03 vs. 12.88 ± 
1.33, p=0.002; identification 11.23 ± 2.09 vs. 
13.29 ± 1.71, p<0.001; TDI score 26.9 ± 4.33 vs. 
32.73 ± 3.42, p<0.001) (Table 2). 

MCC time was normal range in 28 
(80%), short in 4 (11.4%), long in 3 patients 
(8.6%) in the IDA group and in the control 
group, 19 (79.2%) were normal and 5 (20.8%) 
were short, and there was no statistically 
difference between the two groups (p=0.236). 
According to TDI scores, there were no anosmic 
patients in either group. Thirty of the patients 
(85.7%) in the IDA group were hyposmic and 5 
(14.3%) were normosmic. Eight of the patients 
(33.3%) in the control group were hyposmic and 
16 (66.7) were normosmic. The olfactory status 
of patients were significanty different in the two 
groups (p<0.001) (Figure 1). 

Serum iron, TIBC, ferritin and iron 
saturation, vitamine B12 and folic acide values 
of the patients in the IDA group were also 
measured. Mean ferritin was 7.44 ± 4.96 ng/mL, 
mean iron was 29.33 ± 11.2 µg/dL, mean iron 
saturation was 7.15 ± 3.13 %, mean TIBC was 
443.46 ± 48 µg/dL, mean vitamine B12 was 
307.85 ± 88.81 pg/mL and mean folic acide was 
6.65 ± 2.71 ng/mL. All values were lower than 
normal range. 

The linear regression analysis of the 
independent variables (hemoglobin, hematocrit, 
MCV, MCH, serum iron, iron satutarion, TIBC, 
ferritin, B12, FA) affecting the TDI value was 
examined, and the linear regression model 
established was not statistically significant 
(F=1.334, p=0.271) (Table 3). Hemoglobin, 
mean cell hemoglobin, and iron saturation 
independent variables were omitted because they 
cause multicollinearity problems in the model. 
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Table 1. Demographic and Hematologic Features of Groups 

 IDA Group (n:35) Control Group (n:24) p 

Age (Mean±SD) 34.54 ± 9.3 33.79 ± 9.32 0.762 

Hemoglobin (Mean±SD) 

(g/dl) 
10.11 ± 1.67 13.16 ± 0.65 <0.001 

Hematocrit (Mean±SD) 

(%) 
32.33 ± 2.58 38.29 ± 1.73 <0.001 

MCV (Mean±SD) (fL) 73.73 ± 7.61 85.04 ± 3.5 <0.001 

MCH (Mean±SD) (pg) 23.17 ± 3.69 29.25 ± 1.45 <0.001 

 

p, independent sample t test 

SD: standard deviation, IDA: Iron deficiency anemia, MCV: Mean cell volüme, MCH: 

Mean cell hemoglobin 

Bold prints in ‘p’ column, indicate a significant difference between groups 

 
 
 

Table 2. Assessment of Mucociliary Clearance Time and Olfactory Functions of Groups 

 IDA Group (n:35) Control Group (n:24) p 

MCC time (Mean±SD) (min) 12.4 ± 3.43 11.17 ± 3.3 0.174 

VAS-Smell (Mean±SD) 8.66 ± 1.11 9.38 ± 0.92 0.012 

Threshold (Mean±SD) 4.24 ± 1.94 6.56 ± 1.8 <0.001 

Discrimination (Mean±SD) 11.43 ± 2.03 12.88 ± 1.33 0.002 

Identification (Mean±SD) 11.23 ± 2.09 13.29 ± 1.71 <0.001 

TDI (Mean±SD) 26.9 ± 4.33 32.73 ± 3.42 <0.001 

 

p, independent sample t test 

SD: standard deviation, IDA: Iron deficiency anemia, MCC: Mucociliary clearance, VAS: 

visual analog scale 

Bold prints in ‘p’ column, indicate a significant difference between groups 
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Table 3. Examination of the factors affecting the TDI value by linear regression analysis of independent variables 

 

  β0 (%95 CI) SE β1 t p r1 r2 VIF 

Constant 55,934 (8,558 - 103,31) 22,844   2,448 0,023       

Age -0,107 (-0,308 - 0,094) 0,097 -0,229 -1,106 0,281 -0,233 -0,229 1,567 

Htc  0,321 (-0,637 - 1,28) 0,462 0,176 0,695 0,494 0,034 0,147 2,347 

MCV  -0,081 (-0,458 - 0,297) 0,182 -0,14 -0,443 0,662 -0,132 -0,094 3,677 

SI -0,02 (-0,228 - 0,189) 0,101 -0,051 -0,197 0,846 -0,077 -0,042 2,463 

TIBC -0,031 (-0,079 - 0,016) 0,023 -0,348 -1,377 0,182 -0,063 -0,282 2,342 

Ferritin -0,436 (-0,889 - 0,017) 0,218 -0,427 -1,998 0,058 -0,322 -0,392 1,679 

B12 -0,006 (-0,025 - 0,013) 0,009 -0,124 -0,655 0,519 -0,035 -0,138 1,308 

FA 0,299 (-0,571 - 1,17) 0,42 0,185 0,713 0,483 -0,044 0,15 2,473 

  

F=1,334, p=0,271, R2=0,400, Adjusted R2=0,100 
β0: Unstandardized beta coefficient; SE: Standard Error; β1: Standardized beta coefficient; r1: Zero-order correlation; r2: Partial correlation; 
VIF: Variance inflation factor; Htc: hematocrit; MCV: Mean cell volüme; SI: Serum iron; TIBC: Total iron binding capacity; B12: Vitamin 
B12; FA: Folic acid 
 
Iron saturation, mean cell hemoglobin and hemoglobin independent variables were omitted because they cause multicollinearity problems in 
the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: Olfactory and Mucociliary Clearance Time Status of Groups. 
 
 
DISCUSSION 

In our study, female patients with iron 
deficiency anemia and healthy women without 
any systemic disorders were compared in terms 
of olfactory function. The IDA group consisted 
of patients diagnosed with iron deficiency 

anemia according to the WHO criteria, and there 
was a significant difference between the two 
groups in terms of all hematologic parameters. 
The olfactory functions of the participants in the 
groups were evaluated subjectively using the 
VAS and psychophysically using the Sniffin' 
Sticks olfactory test. VAS smell scores; the 
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Sniffin' Stick test"s T (Threshold), D 
(Discrimination), and I (Identification) values; 
and the TDI value obtained by totaling the three 
subtest scores were significantly lower in the 
IDA group than in the control group. Patient 
evaluations without an objective test may 
sometimes not coincide with the actual results. In 
our study, although VAS-Smell scores were 
significantly lower in the IDA group, VAS 
scores were close to each other. Sniffin Sticks' 
test results, which psychophysically evaluate 
olfactory function, were significantly lower in 
the IDA Group. These results eliminate the 
concerns about 'clinical value' arising from the 
closeness of the patient evaluation results. 

When iron intake is insufficient to meet 
requirements and compensate for physiological 
or pathological losses, body iron stores are 
depleted. The most common causes of iron 
deficiency are increased requirements, decreased 
dietary intake, malabsorption, chronic blood loss 
such as gastrointestinal bleeding and 
menstruation, and drug-related losses3. Iron is 
essential for a variety of cellular functions, 
including enzymatic processes in almost all 
metabolic pathways, oxygen transport, DNA 
synthesis, and mitochondrial energy 
production14,15. Therefore, patients with IDA 
develop iron deficiency-specific symptoms along 
with anemia-related symptoms. Iron deficiency 
especially affects epithelial cells, causing dry 
skin, dry hair, hair loss, and koilonychia. In 
addition, there may be loss of tongue papillae 
and atrophic glossitis in severe cases14. Some 
studies have reported a significantly reduced 
quality of life of patients with IDA, even if they 
are asymptomatic, and that this reduction is 
related to both symptom-dependent and general 
well-being factors. In a study, it was observed 
that the vitality and general health status of 
Japanese women with IDA were below normal 
limits and both hemoglobin levels and physical 
function, vitality and general health perception 
improved with treatment16. One of the many 
factors affecting the quality of life is the sense of 
smell. In particular, the impact of the sense of 
smell on quality of life is greater in women17. In 
this study, we found that there was a significant 
loss of smell in patients with anemia. Although 
patients are often unable to explain the reasons 

for the deterioration in quality of life, we believe 
that loss of smell also impairs general well-
being. 

Olfactory mucosa and sensory neurons 
are important for olfactory function. The nasal 
mucosa provides a favorable environment for 
olfactory signal transduction via mucociliary 
clearance by producing odor-binding proteins18. 
Considering the effect of iron deficiency on 
epithelial cells and papillae of the tongue, the 
MCCs of the patients were also evaluated to 
assess whether a possible cause of olfactory 
dysfunction was the nasal mucosa. But the fact 
that the MCC in the patient and control groups 
was similar ruled out nasal mucosal effects. 

As in our study, iron deficiency leading 
to olfactory dysfunction may be explained by 
different theories. Considering that iron plays a 
role in many neuronal enzymatic events, 
enzymatic slowing of olfactory transmission in 
the case of its deficiency may result in olfactory 
dysfunction5. Olfactory stimulation requires a 
series of enzymatic and chemical reactions. After 
odorants induce a stimulus in the olfactory 
receptor neurons, nitric oxide synthase (NOS) is 
activated first. Heme (iron-bound porphyrin), a 
component of hemoglobin, is a cofactor for NOS 
activity, mediating the exchange of GABA and 
glutamate via NMDA receptors5. Iron deficiency 
reduces NOS activity in this first step of 
olfactory stimulation. Iron is also a cofactor for 
tyrosine hydroxylase (TH), a key enzyme in the 
neuronal synthesis of dopamine, which controls 
glutamate release from olfactory receptor 
neurons. In addition, tryptophan dioxygenase 
(TDO), indoleamine 2,3-dioxygenase (IDO), and 
3-hydroxyalkylanic acid oxygenase (3-HAO), 
which are enzymes involved in the synthesis of 
quinolinic acid that activates NMDA receptors in 
mitral and granule cells are iron dependent5. As a 
result, NOS, TDO, IDO, 3-HAO, and TH 
enzyme activities decrease in cases of iron 
deficiency. Accordingly, it is thought that 
problems occur at different steps of the signaling 
pathway, and olfactory dysfunction develops5. In 
their experimental study, Kumara et al. observed 
that the olfactory behavior of rats with iron 
deficiency was significantly altered, and they 
attributed this dysfunction to issues in the 
enzymatic pathway mentioned above5. In the 
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only clinical study in the literature on this 
subject, Dinç et al.6, evaluated olfactory function 
using the Sniffin' Sticks test battery, as in our 
study, and reported that although T and TDI 
values were significantly lower in women with 
IDA than in the control group, there was no 
difference between the groups in terms of the I 
and D subtests. In our study, all subtests and TDI 
values were significantly lower in IDA group 
compared to the control group. 

In our study, unlike the study by Dinç et 
al.6, the most effective hematologic parameters 
on TDI were evaluated by linear regression 
analysis, and none of these parameters were 
found to be effective on TDI. However, 
hemoglobin, MCH, and serum iron independent 
variables were excluded because they caused a 
multicollinearity problem in the model. Although 
the effect of iron on olfactory function could not 
be evaluated using regression analysis, the fact 
that other hematologic parameters were not 
found to be effective on TDI suggested that 
olfactory dysfunction was related to iron 
deficiency and associated enzymatic factors, like 
the study of Kumara et al.5. 

In addition to its many metabolic effects, 
iron deficiency is also known to negatively affect 
cognitive functions. In a study, it was reported a 
positive association between anemia, cognitive 
decline, and dementia in people over the age of 
65 years19. In another study, it was reported that 
iron deficiency in the perinatal period may be 
associated with delayed neurocognitive 
development and psychiatric diseases20. Even if 
it did not lead to anemia, it was found that low 
iron stores were significantly associated with 
poorer performance in the cognitive executive 
planning function in educated young women21. 
Numerous studies on smell and cognitive 
function report a strong relationship between 
each other. In a meta-analysis, it was reported 
that there was an association between mild 
cognitive impairment and olfactory dysfunction, 
and that especially the Olfactor Identification 
tests are impaired. It has been suggested that 
identification tests can be used as a screening test 
for people at risk of Alzheimer's disease22. 
Although we did not analyze the cognitive status 
of the patients in our study, the fact that all the 
patients were young and had no known systemic, 

neurological, or psychiatric diseases reduces the 
risk of cognitive impairment. 

In addition, in order to exclude factors 
affecting olfactory and cognitive functions such 
as age, hormonal status and gender, the 
evaluation of female patients between the ages of 
18-45 who had not reached menopause and were 
of reproductive age ensured homogeneity within 
and between groups. Even if they were non-
menopausal, patients over 45 were excluded 
from the study to avoid being affected by age-
related change bias, and homogeneity within and 
between groups was supported. 

However, this age and gender restriction 
made to ensure homogeneity caused the number 
of participants to be limited, which is one of the 
limitations of this study. Another limitation of 
our study is that the neurocognitive states of the 
patients were not evaluated with questionnaires 
or imaging methods. We believe that our study 
will be a reference for such studies to be 
conducted with larger patient groups in the 
future. 

CONCLUSION 

In conclusion, we found that female 
patients with IDA had significantly worse 
olfactory function than healthy control patients 
of similar age group, and most of the patients 
had hyposmia. When the hematologic parameters 
that most affected olfactory function were 
evaluated, it was observed that no hematologic 
value affected olfactory function. 
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