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ABSTRACT

الأهداف: تقييم قدرات حاسة الشم باستخدام اختبار شم رائحة عصي الملائم 
ثقافياً في مختلف الفئات العمرية.

الأنف  لأمراض  الخارجية  العيادة  في  مقطعية  دراسة  هذه  أجريت  المنهجية: 
 ،)UKM( والأذن والحنجرة التابعة للمركز الطبي التابع لجامعة ماليزيا الوطنية
ومدرسة العلوم الثانوية، ومركز تعليم الأطفال في كوالالمبور، ماليزيا، خلال 

الفترة من أغسطس 2019م حتى ديسمبر 2021م.

الفاصلة  النقاط  كانت  جيدة،  بصحة  يتمتعون  مشاركًا   450 في  النتائج: 
للقدرات  العاشرة  المئوية  النسبة  عند   )TDI( العتبة  تمييز  تحديد  لدرجات 
الشمية 19 في الأطفال، و 30.1 في المراهقين، و 32.1 في الشباب، و31.1 
الشمية  القدرات  السن.  كبار  في   28.6 و  العمر،  منتصف  في  البالغين  في 
 .p<0.001 للأطفال أقل بشكل إحصائي، مع اختبارات بونفيروني اللاحقة
 .)p<0.05( السن  كبار  قدرات  من  أعلى  شمية  حاسة  لديهم  والشباب 
منتصف  في  البالغين  عند  الأعلى  كانت  التعريف  درجة  أن  النتائج  أظهرت 
 .)p<0.001( كانت درجة التمييز أعلى عند الشباب .)p<0.001( العمر
ولوحظ أداء أفضل لعتبة الرائحة عند المراهقين )p<0.001(. أظهرت نتيجة 

.)p=0.001( فرقاً معنوياً في القدرات الشمية بين الرجال والنساء TDI

الخلاصة: باستخدام اختبار رائحة متكيف ثقافيًا، تمكن سكاننا من التعرف 
على الروائح وتمييزها وإدراكها بشكل أفضل من سكان أوروبا. ستساعد هذه 
الشمية  للوظيفة  الصحيحة  النتائج  لتحديد  بأداة  والباحثين  الأطباء  البيانات 
في مجتمعنا بشكل موثوق. تتمتع النساء بقدرات شمية أفضل من الرجال.

Objectives: To assess olfactory abilities using a 
culturally adapted Sniffin’ Sticks smell test in different 
age groups.

Methods: This was a cross-sectional study, conducted 
at Otorhinolaryngology outpatient clinic of Universiti 
Kebangsaan Malaysia Medical Centre, Secondary 
Science School, and Children Learning Centre in 
Kuala Lumpur, Malaysia, from August 2019 until 
December 2021.

Results: In 450 healthy participants, the cut-off 
points of the threshold discrimination identification 
)TDI( scores at the 10th percentile for olfactory 
abilities were 19 in children, 30.1 in adolescents, 32.1 
in young adults, 31.1 in middle-aged adults, and 28.6 
in older adults. The children had significantly lower 
olfactory abilities, with the Bonferroni post-hoc tests 
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of p<0.001. The young adults had higher olfactory 
abilities than older adults )p<0.05(. The results 
showed that the identification score was highest in 
middle-aged adults )p<0.001(. The discrimination 
score was the highest in young adults )p<0.001(. 
The best odor threshold performance was observed 
in adolescents )p<0.001(. The TDI score showed a 
significant difference in olfactory abilities between 
men and women )p=0.001(.

Conclusion: Using a culturally adapted smell test, 
our population was able to identify, discriminate, 
and perceive odorants better than the European 
population. This data will help clinicians and 
researchers with a tool to reliably establish the correct 
results of olfactory function in our population. 
Women had better olfactory abilities than men.

Keywords: cultural adaptation, Sniffin’ sticks, 
olfaction, age
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Olfaction, one of the special senses, is the sensation 
of smell that results from the detection of odors 

in the environment. The sense of smell determines 
our ability to perceive a large number of odors that 
can influence our mood, cognition, and behavior. The 
sense of smell plays an important role in enhancing the 
quality of life, and also helps to identify health hazards, 
such as spoiled food, gas leaks, and fire.1,2

In the general population, olfaction disorders have 
been underestimated as commonly the patients are 
unaware of their smell disorders.3 The prevalence of 
olfactory disorders is 19% with 13-16% accounting for 
hyposmia, and 5% for anosmia.4,5 It can be categorized as 
normosmia )normal sense of smell(, hyposmia )reduced 
sense of smell(, and anosmia )no sense of smell(.

Olfactory dysfunction is common in adults as 
functions decline with age due to neurodegenerative 
diseases and cumulative loss of the olfactory epithelium 
due to repeated infections.1,4,6 Olfactory dysfunction 
in children is rare. Clinical diagnosis of olfactory 
dysfunction is challenging in children due to low 
attention span, linguistic development, and lack of 
odor experience.6 Oleszkiewicz et al,7 conducted a large 
database study involving 9139 participants and found 
women with better olfactory performance than men.

To date, many psychophysical and electrophysiological 
tests have been developed to quantify olfactory function 
in clinical settings.8 Psychophysical tests are much more 
popular, as they have more practical and less technical 
issues than electrophysiological testing. The Sniffin’ 
sticks smell test is a psychophysical test developed by 
Hummel in 1997 and validated in several European 
countries.9 The test is one of the common olfactory 
tests used to test nasal chemosensory performance. 
This semi-objective olfactory test comprises 3 different 
components testing the sense of smell, the ability to name 
or identify an odor )odor identification(, to differentiate 
odor )odor discrimination(, and to perceive odor at 
low concentrations )odor thresholds(.10 The olfactory 
identification test relies on the participant’s familiarity 
with both the odorant and the descriptors in answering 
sheets and potentially produces an incorrect diagnosis 
of hyposmia in a normosmic participant.11,12 The 
threshold discrimination identification )TDI( score is 
the sum of identification, discrimination, and threshold 
scores. Normosmia is defined as a TDI score higher 
than the 10th percentile of the distribution of normal 
values of the study population according to age and 
gender. Hyposmia is defined as a TDI score lower than 
the 10th percentile of the distribution of normal values 
of the study population according to age and gender.13,14 
A lower TDI score indicates that the individual has a 
decreased ability to identify, differentiate, and perceive 

odors. Evidence showed that different values of TDI 
scores at the 10th percentile for different age groups. 
They found that the values were lower in the youngest 
and oldest age groups.7

Olfactory performance depends on the cultural 
background. A cultural adaptation of the smell test 
is recommended in countries with different cultural 
backgrounds owing to unfamiliar odors and its 
description or terms used.10,11 Hence, a normative data 
using culture-specific adaptations should be applied to 
most existing tests to differentiate between normal and 
abnormal conditions.15 The reliable TDI cut-off point 
for normosmia or hyposmia in different age groups 
using the cultural adaptation smell test is important to 
avoid misinterpretation of the test results, leading to a 
wrong diagnosis.16

A validated culturally adapted Malaysian version of 
the Sniffin’ sticks smell test was carried out in a previous 
study.17 However, normative data of olfactory abilities 
in different age groups in the Malaysian population 
using this tool needs to be determined to make accurate 
diagnosis and treatment. The result will help the 
researcher to establish reliable integrity data of olfaction 
function locally and permit comparison results obtained 
from different centers worldwide.12,14

Methods. This was a cross-sectional study conducted 
at 3 centers in Malaysia. The participants were recruited 
from the Otorhinolaryngology outpatient clinic of 
Universiti Kebangsaan Malaysia )UKM( Medical 
Centre, Secondary Science School, and Children 
Learning Centre in Kuala Lumpur, Malaysia, from 
August 2019 until December 2021.

A total of 450 healthy participants aged 7-80 years 
old who passed a culturally adapted Malaysian version 
of Sniffin’ sticks smell identification test )score: >12( 
were recruited in the study.

Patients who had immunodeficiency, autoimmune 
disease, neurogenerative and neuropsychiatric disorders, 
rhinitis, history of nasal surgery, pregnancy, reduce smell 
ability, and those with ear, throat, head and neck diseases 
were excluded. Participants who were recruited from 
otorhinolaryngology outpatient clinic were normosmic 
individuals mainly hospital staffs, medical officers, and 
their relatives. They were given appointments to be seen 
in the clinic. All participants met the inclusion and 
exclusion criteria.

Ethical approval for the study was obtained from 
the Research Ethics Committee of UKMMC )UKM 
PPI/111/8/JEP-2019-562(. This study was performed 
as per the Declaration of Helsinki for research on human 
participants. The basic principles such as patient’s 
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health protection, the knowledge cannot trample 
rights, followed local regulatory norms, explained 
risks, burdens and benefits of the study, protection 
of vulnerable groups and individuals, scientific 
requirements and research protocols and approval by 
research ethics committees were granted.

Informed consent was obtained from the participant 
and the legal guardian for participants under 18 years 
of age.

The published literature was searched via an 
electronic database namely PubMed, SCOPUS 
and EMBASE. The search was performed by using 
keywords “smell test”, “normative data”, “sniffin’ sticks”, 
“smell test + age”, “smell test + olfactory” and “smell 
test + cultural adaptation”. The information provided 
in the article were counter checked and compared with 
standard textbooks.

A total of 450 healthy participants were divided 
into 5 age groups with 90 participants in each group: 
children )7-12 years(, adolescents )13-17 years(, young 
adults )18-40 years(, middle-aged adults )41-60 years( 
and older adults )61-80 years(. Demographic data, 
including the gender of each participant, were recorded.

Participants’ olfactory ability was assessed based 
on identification, discrimination, and threshold using 
Sniffin’ sticks tests )Burghart Messtechnik, Wedel, 
Germany(. The identification test was performed using 
the culturally adapted Malaysian version of the Sniffin’ 
sticks test. The tip of the pen was placed approximately 
2 cm in front of both nostrils of the participants for 
approximately 3 seconds. The participants were then 
asked to identify the odorant from a list of 4 items 
)including one correct answer and 3 distractors(. The 
odor identification process was repeated using 16 pens 
with different odors, with a time interval of 20-30 
seconds between odor presentations. Participants were 
asked to choose an option.

For the discrimination and threshold tests, 
participants were blindfolded using a clean sleeping 
mask. A set of 16 triplet pens were labeled using green, 
blue, and red cap numbers from 1-16. The discrimination 
test demanded the participants’ concentration. In the 
triplet pens, 2 of the pens contained the same odors, 
and the target pen was discriminated against for having 
different smells. Using a verbal command by saying 
the pen’s number, the participants were asked to smell 
the odors. The order presentation of pens varied from 
triplet-to-triplet set, within 3 seconds of triplet intervals. 
The participants were asked to choose a number for the 
target pen. Triplets of pens were presented at intervals 
of 20-30 seconds.

For the threshold test, the same set of 16 triplet pens 
concept was used as in the discrimination test. However, 

the 2 pens contained a blank filled with solvent, and the 
target pen to be discriminated against had n-butanol. 
The target pens had different concentrations: set 
number 16 contained the lowest concentration 
)highest dilution step( and set number one contained 
the highest concentration )lowest dilution step(. The 
participants were familiarized with the n-butanol odor 
using pen number one before beginning the threshold 
measurements. Participants were tasked to detect which 
of the 3 pens had n-butanol smell within triplet intervals 
of 3 seconds and 20-30 seconds between triplets. 
Starting with the lowest concentration, a staircase 
paradigm was used until 2 correct answers for the target 
pen were found marked as the first turning point. After 
the starting point was detected, the next higher dilution 
step was offered, and the target pen considered as the 
second turning point was not correctly identified. The 
third turning point was where participants correctly 
identified triplets with higher concentration, twice in a 
row. The same procedure was performed to obtain the 
subsequent turning points. The threshold was defined 
as the mean of the last 4 turning points. Each test had 
a score ranging from 0-16 points. The TDI score is the 
sum of the threshold, discrimination, and identification 
scores. The TDI score was used to assess olfactory 
abilities.

Statistical analysis. Data was analyzed using the 
Statistical Package for Social Sciences, Version 26 )IBM 
Corp., Armonk, NY, USA(. The data was descriptively 
analyzed to get the mean ± standard deviation and 
percentile of TDI scores for each age group. The data 
was explored by examining the statistical significance for 
the age group to TDI scores at the 10th percentile using 
analysis of variance )ANOVA(. Pairwise comparisons 
using Bonferroni-corrected multiple comparisons 
between the 5 age groups. The independent t-test was 
used to compare TDI score between gender. A 95% 
confidence interval was advocated in the analysis. A 
p-value of <0.05 was considered significant.

Results. A total of 450 healthy participants were 
recruited in the study. The mean TDI scores for different 
age groups were varies. Hyposmia is defined as a TDI 
score lower than the 10th percentile of the distribution 
of normal values of the study population according to 
age and gender. Using a descriptive analysis, the TDI 
score of more than the 10th percentile is considered 
as normosmia, the olfactory abilities in different age 
groups were assessed. We found the cut-off point TDI 
scores for normosmia in different age groups were 
varies. The cut-off points of the TDI scores at the 10th 
percentile for olfactory abilities were 19 in children, 
30.1 in adolescents, 32.1 in young adults, 31.1 in 
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middle-aged adults, and 28.6 in older adults. The lowest 
score was observed in children, followed by older adults, 
while the young adults had the highest score )Table 1(. 
The pairwise comparisons of the TDI scores for all 
groups using Bonferroni post-hoc tests pointed out 
that children had significantly lower olfactory ability 
compared to other groups )p<0001(. Young adults 
showed significantly higher olfactory abilities than older 
adults )p<0.05; Table 2(.

We used ANOVA and Bonferroni post-hoc tests to 
analyse the subsets of the smell test: smell identification, 
discrimination, and threshold. The results showed that 
the identification score was highest in middle-aged 
adults )p<0.001( )Table 3(. The discrimination score 
was the highest in young adults )p<0.001( )Table 4(. 
The best odor threshold performance was observed 
in adolescents with a mean p=0.001. Odor threshold 
scores declined as the age increased )Table 5(.

The TDI score showed a significant difference 
in olfactory abilities between men and women 
)p=0.001( suggesting that women outperformed men 

throughout the age. There were significant differences 
between genders in the discrimination )p<0.001( and 
identification )p=0.005( tests. However, the analysis 
showed no significant differences in the threshold test 
)p=0.478; Table 6(.

Discussion. Smell is critical to avoid environmental 
and health hazards, such as smoke from the fire, gas 
leaks and spoiled food. Countries with multiple cultural 
backgrounds use cultural adaptation smell tests owing 
to the unfamiliarity of tested odors. Normative data 
using the cultural adaptation smell test to obtain the 
cut-off point for hyposmia in different age groups is 
critical to avoid unreliable test results, leading to an 
incorrect diagnosis.

A recent study by Oleszkiewicz et al,7 showed various 
cut-off points for normosmia/hyposmia and values at 
the 10th percentile in the different age groups. They 
found the cut-off TDI score in the age group of 5-10 
years was 19.4, 28.5 in 11-20 years, 30.8 in 20-30 years, 
30.5 in 31-40 years, 28.2 in 41-50 years, 27.3 in 51-60 

Table 1 - Normative values for the culturally adapted Malaysian version of Sniffin sticks smell test.

Normosmic Female subjects Male subjects All subjects

THR DIS ID TDI THR DIS ID TDI THR DIS ID TDI
Age group A: children (7-12 years old)

N 31 59 90
Mean
SD
Min
Max

10.98
3.65

1
16

8.84
2.10

3
13

9.26
1.88

5
13

29.02
4.87
19
37

10.47
4.19

1
16

8.90
2.62

3
14

9.22
2.43

3
13

28.60
7.37
11
41

10.64
4.00

1
16

8.88
2.44

3
14

9.23
2.24

3
13

28.74
6.59
11
41

Percentiles
5
10
25
50
75
90
95

2.20
4.60
9.00
12.00
13.00
14.90
15.40

4.80
6.20
7.00
9.00
10.00
11.80
12.40

5.60
7.00
8.00
9.00
11.00
11.00
12.40

19.60
22.60
26.00
28.50
32.50
36.00
36.40

2.00
4.00
7.50
11.00
14.00
15.00
15.00

4.00
6.00
7.00
9.00
11.00
13.00
13.00

4.00
5.00
8.00
9.00
11.00
13.00
13.00

15.00
17.00
23.00
30.00
34.00
37.00
39.00

2.00
4.05
8.00
11.75
13.63
15.00
15.00

4.55
6.00
7.00
9.00
11.00
12.00
13.00

5.00
6.10
8.00
9.00
11.00
12.00
13.00

16.55
19.00
24.00
29.75
33.50
36.95
38.45

Age group B: teenager (13-17 years old)
N 40 50 90
Mean
SD
Min
Max

13.18
1.91

7
16

11.13
2.62

6
16

10.98
1.73

7
14

35.25
4.10
25
43

13.28
1.94

8
16

10.22
2.03

4
14

10.90
1.82

7
15

34.36
3.73
25
45

13.23
1.92

7
16

10.62
2.34

4
16

10.93
1.77

7
15

34.76
3.90
25
45

Percentiles
5
10
25
50
75
90
95

10.00
10.05
12.13
13.00
14.75
15.45
15.98

6.05
7.00
9.00
12.00
13.00
14.00
15.00

8.00
8.10
10.00
11.00
12.00
13.00
14.00

28.05
29.20
32.25
35.00
39.00
40.00
42.43

9.00
10.10
12.00
14.00
15.00
15.00
16.00

7.00
7.00
9.00
10.00
12.00
13.00
13.45

8.00
9.00
9.75
11.00
12.00
13.00
14.45

27.10
30.10
32.00
35.00
36.63
39.00
40.45

9.00
10.05
12.00
14.00
15.00
15.00
16.00

7.00
7.00
9.00
11.00
12.00
13.90
14.00

8.00
9.00
10.00
11.00
12.00
13.00
14.00

28.00
30.10
32.00
35.00
37.13
40.00
41.00

THR: olfactory threshold, DIS: odor discrimination, ID: odor identification, TDI: threshold discrimination identification, SD: standard deviation
TDI is a composite score as the sum of results for THR, DIS, and ID by age groups and gender
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Table 1 - Normative values for the culturally adapted Malaysian version of Sniffin Sticks Smell Test )continued(.

Normosmic Female subjects Male subjects All subjects

THR DIS ID TDI THR DIS ID TDI THR DIS ID TDI
Age group C: young adult (18-40 years old)

N 60 30 90
Mean
SD
Min
Max

11.54
1.89
7.25
15.50

12.23
1.45

9
16

12.80
1.41

9
16

36.38
2.87
29.5
41.50

11.54
1.89
7.25
15.50

12.23
1.45

9
16

12.80
1.41

9
16

36.38
2.87
29.50
41.50

11.58
2.07

7
15.50

12.08
1.55

7
16

12.73
1.50

9
16

36.26
2.96

29.50
43.50

Percentiles
5
10
25
50
75
90
95

8.00
8.55
10.50
11.50
12.50
14.45
14.50

9.05
10.10
11.00
12.00
13.00
14.00
14.00

10.05
11.00
12.00
13.00
14.00
15.00
15.00

31.26
32.50
34.50
36.38
39.00
40.50
41.23

8.00
8.55
10.50
11.50
12.50
14.45
14.50

9.05
10.10
11.00
12.00
13.00
14.00
14.00

10.05
11.00
12.00
13.00
14.00
15.00
15.00

31.26
32.50
34.50
36.38
39.00
40.50
41.23

7.89
8.05
10.50
11.50
13.50
14.50
14.73

9.00
10.00
11.00
12.00
13.00
14.00
14.00

10.00
11.00
12.00
13.00
14.00
15.00
15.00

31.14
32.05
34.50
35.75
38.50
40.50
41.36

Age group D: middle age adult (41-60 years old)
N 54 36 90
Mean
SD
Min
Max

11.41
2.48

5
15.50

11.85
1.39

8
15

13.06
1.31
10
16

36.26
3.54
25.50

42

11.42
2.30
3.50
14.50

11.72
1.16
10
14

12.83
1.70

8
16

35.81
3.28
30
43

11.41
2.40
3.50
15.50

11.80
1.30

8
15

12.97
1.47

8
16

36.08
3.43

25.50
43

Percentiles
5
10
25
50
75
90
95

6.25
7.25
10.38
12.00
13.00
14.50
15.5

9.00
10.00
11.00
12.00
13.00
13.00
13.25

11.00
11.00
12.00
13.00
14.00
15.00
15.25

29.50
30.75
34.38
37.00
39.00
40.50
41.13

7.33
8.35
10.00
11.63
13.00
14.00
14.08

10.00
10.00
11.00
12.00
13.00
13.00
13.15

8.85
11.00
12.00
13.00
14.00
14.30
16.00

30.43
31.35
33.13
35.25
38.38
40.30
42.15

6.50
8.00
10.00
11.88
13.00
14.00
14.50

9.55
10.00
11.00
12.00
13.00
13.00
13.00

11.00
11.00
12.00
13.00
14.00
14.90
15.45

30.28
31.05
33.88
36.50
38.50
40.00
41.23

Age group E: older adults (61-80 years old)
N 40 50 90
Mean
SD
Min
Max

10.78
2.08

5
16

11.18
1.28

8
14

12.60
1.22
10
15

34.48
3.41
26
40

10.45
2.10

4
13

11.18
1.27

8
13

12.86
1.46
10
16

34.17
4
24
40

10.59
2.08

4
16

11.18
1.27

8
14

12.74
1.35
10
16

34.31
3.73
24
40

Percentiles
5
10
25
50
75
90
95

7.53
8.00
9.50
11.00
12.00
13.00
13.48

8.05
10.00
10.00
11.00
12.00
12.90
13.00

10.05
11.00
12.00
13.00
13.75
14.00
14.00

28.00
29.20
32.63
34.50
37.00
39.00
39.95

5.88
7.50
9.50
11.00
12.00
12.95
13.00

8.55
10.00
10.00
11.50
12.00
13.00
13.00

10.55
11.00
12.00
13.00
14.00
14.90
16.00

27.10
28.50
31.50
34.00
38.00
39.00
40.00

7.28
8.00
9.50
11.00
12.00
13.00
13.00

8.55
10.00
10.00
11.00
12.00
13.00
13.00

10.55
11.00
12.00
13.00
14.00
14.00
15.00

28.00
28.55
31.88
34.00
37.13
39.00
40.00

THR: olfactory threshold, DIS: odor discrimination, ID: odor identification, TDI: threshold discrimination identification, SD: standard deviation,
TDI is a composite score as the sum of results for THR, DIS, and ID by age groups and gender

Table 2 - The differences between mean TDI scores of 2 age groups.

Age group Children (17-12 years) Adolescents (13-17 years) Young adults (18-40 years) Middle-aged adults (41-60 years)

Adolescents )13-17 years( -6.011 )p<0.001(
Young adults )18-40 years( -7.517 )p<0.001( -1.506 )p=0.197(
Middle-aged adults )41-60 years( -7.339 )p<0.001( -1.328 )p=0.396( 0.178 )p=1.000(
Older adults )61-80 years( -5.561 )p<0.001( 0.450 )p=1.000( 1.956 )p<0.050( 1.778 )p=0.060(

The differences between mean scores of 2 age groups )group in a column - group in a row( and the post-hoc test: Bonferroni correction significance level 
)p<0.001; p<0.05(



1214

Smell abilities in different age groups ... Husain et al

Saudi Med J 2021; Vol. 42 )11(     https://smj.org.sa

Table 3 - The differences between mean smell sub-test )identification test( scores of 2 age groups.

Age group Children (7-12 years) Adolescents (13-17 years) Young adults (18-40 years) Middle-aged adults (41-60 years)

Adolescents )13-17 years( -1.698 )p<0.001(
Young adults )18-40 years( -3.509 )p<0.001( -1.810 )p<0.001(
Middle-aged adults )41-60 years( -3.742 )p<0.001( -2.044 )p<0.001( -0.233 )p=0.359(
Older adults )61-80 years( -3.520 )p<0.001( -1.821 )p<0.001( -0.011 )p=0.965( -0.222 )p=0.383(
The differences between mean scores of 2 age groups )group in a column - group in a row( and the post-hoc test: Bonferroni correction significance level 

)p<0.001; p<0.05(

Table 4 - The differences between mean smell subtest )discrimination test( scores of 2 age groups.

Age group Children (7-12 years) Adolescents (13-17 years) Young adults (18-40 years) Middle-aged adults (41-60 years)

Adolescents )13-17 years( -1.772 )p<0.001(
Young adults )18-40 years( -3.224 )p<0.001( -1.451 )p<0.001(
Middle-aged adults )41-60 years( -2.946 )p<0.001( -1.174 )p<0.001( 0.278 )p=0.313(
Older adults )61-80 years( -2.324 )p<0.001( -0.551 )p<0.05( 0.900 )p<0.05( 0.622 )p<0.05(

The differences between mean scores of 2 age groups )group in a column - group in a row( and the post-hoc test: Bonferroni correction significance level 
)p<0.001; p<0.05(

Table 5 - The differences between mean smell subtest )threshold test( scores of 2 age groups.

Age group Children (7-12 years) Adolescents (13-17 years) Middle-aged adults (41-60 years) Older adults (61-80 years)

Adolescents )13-17 years( -2.590 )p<0.001(
Young adults )18-40 years( -0.954 )p<0.05( 1.636 )p<0.001(
Middle-aged adults )41-60 years( -0.785 )p<0.05( 1.806 )p<0.001( 0.169 )p=0.665(
Older adults )61-80 years( 0.035 )p=0.929( 2.625 )p<0.001( 0.989 )p<0.05( 0.819 )p<0.05(

The differences between mean scores of 2 age groups )group in a column - group in a row( and the post-hoc test: Bonferroni correction significance level 
)p<0.001; p<0.05(

Table 6 - The differences of mean TDI and subtests scores between 
gender using paired T-test .

Variable Scores P-value

Mean±SD Mean difference 
(95% CI)

THR
Female
Male

11.59±2.49
11.40±3.03

0.19 )-0.33 - 
0.70( 0.478

DIS
Female
Male

11.29±2.06
10.53±2.21 0.76 )0.36-1.15( <0.001

ID
Female
Male

12.01±1.98
11.43±2.42 0.21 )0.17-0.99( 0.005

TDI
Female
Male

34.80±4.37
33.26±5.64 1.53 )0.60-2.47( 0.001

TDI: threshold discrimination identification, SD: standard deviation, CI: 
confidence interval, THR: olfactory threshold, DIS: odor discrimination, 

ID: odor identification. Threshold discrimination identification is a 
composite score as the sum of results for THR, DIS and ID

years, 24.9 in 61-70 years, 19.2 in 71-80 years, and 13 
in >80 years. The age group more than 80 years had 
the lowest score: age group 71-80 years was the second 
lowest, followed by the age group 5-10 years.7

In our study, we found a similar result pattern for 
the 10th percentile TDI score in different age groups. 
Our study revealed the cut-off TDI score was 19 for 
patients aged 7-12 years, 30.1 for the age group 13-17 
years, 32.1 for the age group 18-40 years, 31.1 for the 
age group 41-60 years, and 28.6 for the age group 61-80 
years. However, we found that the cut-off points of the 
TDI score for normosmia/hyposmia in adolescents, 
young adults, middle-aged and older adults were higher 
in our population than that in the European population. 
Furthermore, our study found that the lowest 10th 
percentile TDI score was observed in children, followed 
by older adults.

Kobal et al,13 found that the age group 6-15 years had 
a better score on the identification test compared to other 
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groups. On the contrary, Oleszkiewicz et al,7 found that 
the age group 31-40 years had a significant increase in 
identification test scores. Our study revealed a different 
result whereby the middle-aged adults )41-60 years( had 
significantly higher scores on the identification test. It 
means that middle-aged population can identify odors 
better than other age groups.

Kobal et al,13 found that the 16-35 years age group 
had a higher discrimination score than >55 years group. 
Oleszkiewicz et al,7 also found the highest discrimination 
score was in the age group 21-30 years. Our study 
showed similar result that young adults )19-40 years( 
had better discrimination scores compared to other age 
groups )p<0.05(, suggesting that young adults had the 
highest ability to differentiate or discriminate odors.

Kobal et al,13 revealed the age group 6-15 years had 
a significantly higher smell threshold than the 16-55 
years group, and the 16-35 years age group had a better 
threshold than the >55 years group. Oleszkiewicz et 
al,7 found the highest threshold score in the age group 
of 21-30 years. Our study was similar to Kobal et al.13 
We found the best odor threshold performance was 
seen in adolescents )13-18 years(, this means that the 
adolescents had the highest ability to perceive odors. 
Olfactory ability declined as the age increased. A study 
by Delgado-Losada et al,9 showed a significant decrease 
in odor thresholds with age. Oleszkiewicz et al,7 also 
reported the most pronounced loss with age in the odor 
thresholds test. Our study showed a similar result: the 
olfactory threshold declined with age. This supports 
the idea that it may cause damage to the olfactory 
system and neurodegenerative disease-causing olfactory 
threshold performance to decline with age.

A study involving a large sample size of 9139 
participants showed a significant difference in 
olfactory performance between genders where women 
outperformed men )p<0.001(.7 Our study also found 
that women had significantly better olfactory abilities 
compared to men with a p=0.001. Women in our 
population had a significantly higher ability to identify 
and discriminate odors.

Study limitations. A long duration was required to 
complete all the tests, causing a loss in participants’ 
attention span. Difficulties in following instructions 
during the procedure in some of the participants may 
be due to the complexities of the test or the language 
barrier.

Our study found that the cut-off points for olfactory 
abilities using culturally adapted Malaysian version of 
sniffin’ sticks smell test in our population was higher 
than the European population. Therefore, the cut-off 
points of TDI scores by Western studies can’t be 

implemented in our population. The cut-off scores of 
normosmia/hyposmia is crucial to establish the correct 
results of olfactory function in our population. It will 
be used by clinicians and in all future smell research in 
Malaysian population.

In conclusion, using a culturally adapted smell test, 
our population was able to identify, discriminate, and 
perceive odorants better than the European population. 
This study will help clinicians and researchers with a 
tool to reliably establish the correct results of olfactory 
function in our population.
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