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Does Improved Attention Induced by Caffeine Intake

Affect Olfactory Function?
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Objectives. Past several studies have proven that caffeine facilitates attentional enhancement by acting as an adenosine an-

tagonist once it is absorbed by the body, resulting in improved psycho-behavioral function. Modern clinical olfactory
function tests are usually assessed by psychophysical tests but due to a paucity of data, the influence of enhanced at-
tention by caffeine on olfactory function still remains unclear. The objective of this study was to compare results of
cognitive function (attention) and olfactory function before and after caffeine administration in order to analyze ef-
fects of caffeine on olfactory function in normosmic subjects.

Methods. This study enrolled 49 participants of Konkuk University Hospital with a mean age of 27.7 years who had patent

olfactory clefts and no olfactory dysfunction from May 2015 to February 2016. Subjects were restrained from caffeine
10 hours before the test. On day 1, participant’s subjective olfactory function was evaluated before and after uptake
of either caffeinated or decaffeinated coffee using visual analog scale (VAS) score, minimum cross-sectional area (MCA)
measured by acoustic rhinometry, and the Korean version of Sniffin’ Stick IT (KVSS II). Evaluation of participant’s at-
tentional degree was measured by d2 test. On day 2, the same procedure was carried out with counterpart substance.
The type of coffee initially administrated was randomly selected.

Results. After administration, caffeinated coffee resulted in significant attentional enhancement than decaffeinated coffee.

Results of d2 test showed statistically significant differences in the parameters of total number of errors and omission
errors. In both the caffeinated and decaffeinated groups, the patients showed slight increase in VAS score and nasal
cavity area; however, the difference was not statistically significant. Also, caffeinated coffee intake compared to decaf-

feinated coffee intake showed no significant relevance to olfactory function.

Conclusion. Caffeine may significantly improve attentional congnitive function, while not have acute effects on olfactory

function.
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INTRODUCTION

Caffeine is one of the most extensively consumed psychoactive
substances worldwide. It is concentrated in various forms of
beverages, including coffee, tea, and soft drinks [1,2]. Complex

« Received October 4, 2018
Revised December 4, 2018
Accepted December 20,2018

« Corresponding author: Jin Kook Kim
Department of Otorhinolaryngology-Head and Neck Surgery, Konkuk
University School of Medicine, 120-1 Neungdong-ro, Gwangjin-gu, Seoul
05030, Korea
Tel: +82-2-2030-7662, Fax: +82-2-2030-5299
E-mail: entalk@kuh.ac.kr

behavioral and biochemical effects can be triggered extensively
by caffeine throughout the human body [3]. Accordingly, many
studies have focused on effects of caffeine on central nervous
system (CNS) and cognitive processes [4-8]. Wentz and Magavi
[9] have reported that extended administration of supraphysio-
logical doses of caffeine has several biochemical effects. It can
alter the activity of cortical, thalamic, and striatal neurons.
Drinking coffee can also enhance dynamic cerebral autoregula-
tion [10]. Other researches have explored acute effects of tea on
cognitive functions, particularly attention [11,12]. As a stimu-
lant, caffeine often increases alertness and improves perfor-
mance for tasks requiring sustained attention [13]. In addition, it
was reported that acute intake of theanine, caffeine, and their
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significantly improved cognitive and neurophysiological mea-
sures of selective attention [14].

In terms of sense of smell, previous animal studies have indi-
cated that administration of caffeine can improve olfactory func-
tion [15-17]. Attentional enhancement of caffeine is attributed
to its inhibition of adenosine receptors (types A1l and A2a)
which in turn can increase dopaminergic and cholinergic trans-
mission in the brain. It has been found that adenosine-30,50-cy-
clic monophosphate is increased in various brain areas which
can explain central nervous effects of methylxanthines such as
theophylline and caffeine [18,19]. Hence, olfaction is not only
affected by anatomical state of nasal epithelium, but also affect-
ed by the CNS and peripheral nervous system. However, it has
been previously reported by Meusel et al. [20] that short-term
administration of caffeine has little or no effect on patients with
post-upper respiratory infection or sinonasal olfactory dysfunc-
tion. Also, it was mentioned in the report that the effects of caf-
feine on olfactory function, especially on normosmic subjects,
have not been tested and in such circumstances, improvement
on odor discrimination as compared to odor thresholds would
be expected.

From our past clinical experience, olfactory dysfunction pa-
tients raised question of whether lack of attention and concen-
tration after time-consuming olfactory function test had any re-
lation to their poor scores. Therefore, it is meaningful to exam-
ine whether attentional enhancement induced by caffeine up-
take has effect on olfactory function. In this study, we compared
results of olfactory function test and cognitive function (atten-
tion) before and after caffeine administration to analyze effects
of caffeine on subjects with normal olfactory function. In addi-
tion, we evaluated the relationship between improvement of
cognitive function and Korean version of Sniffin’ Stick II (KVSS
II) test results.

MATERIALS AND METHODS

Study population
This study included 49 consecutive healthy participants (34 males
and 15 females) who volunteered at the Department of Otorhi-
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= Acute caffeine intake resulted in significant attentional en-
hancement compared to the decaffeinated drink intake in the
d2 test.

= No significant difference was noticed in the increase of nasal
cavity area after caffeine intake or improvement of olfactory
function in normosmic subjects.

= Enhanced cognition induced by caffeine administration may
not have acute effects on olfactory function.
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nolaryngology-Head and Neck surgery, Konkuk University Med-
ical Center, from April 2015 to May 2016. We excluded partici-
pants with symptoms or signs suggesting other sinonasal diseas-
es or disorders of the CNS. Thus, participants with obstructed
olfactory clefts or other diseases entities that might cause con-
ductional olfactory dysfunction such as nasal septal deviation or
nasal polyps were excluded. Those with a history of posttrau-
matic and post-infectious olfactory dysfunction or other miscel-
laneous types of olfactory disorder with decreased sense of
smell were also excluded. All participants were fully notified of
the contents of this study. They agreed to participate after ob-
taining informed consent under approval of Institutional Review
Board (IRB No. KUH1110063).

Study design

This study was a double-blinded clinical trial. Subjects under-
went a series of test for 2 days. Considering the half-life of caf-
feine which is known to be 4-5 hours with modest intake [21],
each subject was restrained from caffeine consumption at an ex-
tended period of 10 hours for sufficient clearance. On the first
day, individuals were tested for their olfactory visual analog
scale (VAS) score, minimum cross-sectional area (MCA) mea-
sured by acoustic rhinometry, KVSS 1I and d2 test prior to cof-
fee consumption. These same tests were then conducted 30 min-
utes after drinking a cup of coffee containing 72 mg of caffeine
or decaffeinated coffee with 8.4 mg caffeine (KANU, dark roast
Americano or KANU, decaffeine Americano; Dong Suh Food
Co., Seoul, Korea). On the second day, the same experiment
was done. However, each individual was asked to drink the op-
posite type of coffee as they did the day before. The type of cof-
fee initially administered was randomly selected. Results of the
olfactory function and d2 test before and after caffeinated and
decaffeinated coffee intake were analyzed respectively to deter-
mine statistical significance. Because neuropsychological tests
are affected by circadian rhythm, all subjects were tested at
17:00 PM consistently.

Evaluation of olfactory function

A survey was conducted to evaluate subjects using VAS. Results
of acoustic rhinometry MCA was measured. All participants
were initially examined by an otorhinolaryngologist (KJK) with
a 2.7 mmX0° nasal endoscope to check the patency of the ol-
factory cleft, the existence of nasal polyps or nasal obstruction
due to septal deviation, mucoid or purulent discharge, and any
other signs of sinonasal diseases. Olfactory function was evalu-
ated with KVSS 1I that offers a comprehensive measurement of
individual’s olfactory function. It consists of three different sets
that measures T (olfactory threshold), D (discrimination), and 1
(identification). These tests are performed in the same way as
the Sniffin’ Stick test. Threshold was defined as the concentra-
tion where n-butanol (highest concentration 4%, 1:2 serial dilu-
tions to 16 steps) was correctly identified four times in a row
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from two blanks. For discrimination, triplets of odorants (two of
them are identical, one is different) are presented and subjects
have to choose the different one. In the identification test, sub-
jects were asked to choose from 16 items that was recorded
with as score ranging from 0 to 16. Theses scores were subse-
quently added up as the “KVSS II total score (TDI score).” Total
scores of 0-20, 20-27, and 28-48 were defined as “anosmia,”
“hyposmia,” and “normosmia,” respectively [22,23].

Evaluation of attention

Evaluation of participant’s attention was measured with the d2
test, developed by Brickenkamp and Zillmer [24]. The d2 test
measures attention with a time-limit. By differentiating similar
optical stimulus, values such as processing-speed, regulation obe-
dience, and quality of performance can be measured. It is a tool
that evaluates an individual’s attention and concentration ability.
The d2 test is composed of 658 stimulants, each of which is cat-
egorized into 16 different subtypes. For instance, alphabet “d” or
“p” are marked with one to four dashes and subject is required
to select and respond to only d’s with two dashes (d”). The d2
test is composed of several different parameters. For instance, the
total number of items processed measures processing speed, while
the total number-total error (TN-E), which is the number of cor-
rectly marked characters minus the number of incorrectly marked,
evaluates overall performance. Concentration performance, which
is measured by total number of correctly cancelled minus total
number, also represents overall performance. Fluctuation rate is
a measure of consistency and stability of the performer.

Table 1. Demographics and descriptive statistics of the study popu-
lation

Characteristics Value (n=49)
Age (yr) 27.7+28
Female:male 15:34
VAS 79+12
MCA, right 0.6+0.3
MCA, left 0.6+0.3
KVSS Il test (TDI score) 29.0+4.8
Threshold score 6.3+25
Discrimination score 10.5+2.3
|dentification score 12.1+21
d2 test
Total no. of items processed 608.8+57.3
Omission error 17.6+22.5
Commission error 1.2+£32
Total no. of error 17.8+£22.7

TN-E 590.9+68.6
Concentration performance 249.31£40.7
Fluctuation rate 7.6+6.9

Values are presented as meanxstandard deviation.

VAS, visual analog scale; MCA, minimum cross-sectional area; KVSS I,
Korean version of Sniffin” Stick Il; TDI, threshold, discrimination, identifica-
tion; TN-E, total number-total error.

Statistical analysis

Statistical analyses were performed using SPSS ver. 17.0 (SPSS
Inc., Chicago, IL, USA). To determine differences in VAS score,
acoustic rhinometry, KVSS II, and d2 test between results of be-
fore and after caffeinated and decaffeinated coffee intake, con-
tinuous variables were tested with paired ¢-test. A 2-tailed P-val-
ue of less than 0.05 was considered statistically significant.

RESULTS

Demographics of participants

This study was carried on 49 patients (34 males and 15 females)
with a mean age of 27.712.8 years (range, 24 to 35 years). The
average subjective VAS score of participants was 7.91+1.2. Results
of the acoustic rhinometry MCA without any administration of
caffeine or decaffeinated drink showed an average of 0.6£0.3 cm?
on the right side of the nasal cavity and 0.6+ 0.3 cm?® on the left
side. The mean KVSS II total score was 29.0+4.8. Average TDI
score was threshold, 6.3 +2.5; discrimination, 10.5%+2.3; and
identification, 12.1+2.1. In d2 test, the following results were
obtained: mean score of total number of items processed, 608.8 +
57.3; omission error, 17.6+22.5; commission error, 1.2 +3.3;

Table 2. Comparison of VAS score and MCA before and after caf-
feinated or decaffeinated coffee intake

Variable Caffeinated Decaffeinated P-value*
VAS 0.4+1.0 02413 0.2
MCA, right 0.1+0.6 0.0£05 0.4
MCA, left 0.1+05 -0.1+£0.4 0.8

Values are presented as mean +standard deviation.
VAS, visual analog scale; MCA, minimum cross-sectional area.
*P<0.05.
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Fig. 1. Comparison of the difference between the mean visual analog
scale (VAS) score and minimum cross-sectional area (MCA) before
and after caffeinated or decaffeinated coffee intake. Results showed
no significant increase of VAS score or MCA (P>0.05). R, right; Lt,
left.



Table 3. Comparison of KVSS |l test score before and after caffeinat-
ed or decaffeinated coffee intake
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Table 4. Comparison of d2 test before and after caffeinated or de-
caffeinated coffee intake

Variable Caffeinated Decaffeinated  P-value* Variable Caffeinated  Decaffeinated P-value*

KVSS Il test 1.0+38 0.3+3.0 0.2 Total no. of items processed 19.0+£33.2 20.5+£335 0.8
Threshold score 0.2+2.6 01+22 0.8 Omission error -10.0+£13.1 -4.2+9.6 0.0
Discrimination score 04t22 0.1£1.7 0.4 Commission error -0.8+3.4 58+155 0.1
|dentification score 0.0£1.9 0.2+1.2 0.7 Total no. of error -9.8+13.2 -3.9+10.0 0.0

Values are presented as mean +standard deviation.
KVSS Il, Korean version of Sniffin’ Stick 1.

*P<0.05.
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Fig. 2. Comparison of Korean version of Sniffin’ Stick |l score before
and after caffeinated or decaffeinated coffee intake. Subjects showed
no significant improvement of olfactory function in threshold, discrim-
ination and identification scores (P>0.05). Lines for the 95% confi-
dence interval are shown. OFT, olfactory function test.

total number of errors, 17.8+22.7; TN-E, 590.90 + 68.64; con-
centration performances, 249.3+40.7; fluctuation rate, 7.6 £6.9
(Table 1).

Comparison of VAS score, MCA, and KVSS Il score before
and after caffeinated or decaffeinated coffee intake

Although the VAS score and nasal cavity area showed slight in-
crease after caffeine intake, there was no statistically significant
difference in VAS scores between before and after caffeinated
coffee intake or between before and after administration of de-
caffeinated coffee (P=0.19, paired t-test). Acoustic rhinometry
showed no significant difference in MCAs between right and left
sides (P=0.35) (Table 2, Fig. 1). Subjects showed no significant
improvement of olfactory function following caffeine adminis-
tration. Results did not show any significant difference in KVSS II
total score, odor threshold, odor discrimination, or odor identifi-
cation between before and after caffeinated or decaffeinated cof-
fee intake (KVSS II total score, P=0.19; threshold score, P=0.79;
discrimination score, P=0.35; identification score, P=0.69)
(Table 3, Fig. 2).

TN-E 28.7+36.1 25.3+33.6 0.2

Concentration performance 23.1+£20.2 26.1+£58.7 0.9
Fluctuation rate -2.7+39 25146 0.5
TN-E, total number-total error.
*P<0.05.
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Fig. 3. Comparison of d2 test before and after caffeinated or decaf-
feinated coffee intake. Values are difference of mean+standard de-
viation. *P<0.05, caffeinated vs. decaffeinated. Lines for the 95%
confidence interval are shown.

Comparison of d2 test before and after caffeinated or
decaffeinated coffee intake

Results of d2 test showed statistically significant differences in
the parameters of total number of errors and omission errors
(total error, P=0.01; omission error, P=0.01). After caffeine in-
take, the amount of omission error was decreased to —10.0+
13.1 than that before intake. After decaffeinated coffee intake,
omission error decrease was —4.21+9.6 (P=0.01). The total num-
ber of errors after caffeine intake was decreased to -9.8+13.2
compared to that before intake. After decaffeinated coffee in-
take, the total number of errors decrease was -3.9+10.0 (P=
0.01). There was no significant difference in the remainder pa-
rameters of d2 test (total number of items processed, P=0.82;
commission error, P=0.10; TN-E, P=0.24; concentration perfor-
mances, P=0.89; and fluctuation rate, P=0.49) (Table 4, Fig. 3).

DISCUSSION

Based on results of the present study, parameters (total number
of errors and omission error) of d2 test showed significant de-
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creases after caffeine consumption. This implies that caffeine does
have additive effects on cognitive function, consistent with other
previous studies including the study of Renda et al. [25] show-
ing that caffeine has a general positive impact on attention. For
tasks involving alerting, orienting, and (verbal) executive con-
trol, caffeine can positively affect different aspects of attention.

In addition to positive effects of caffeine on attention, we also
determined if enhancement of attention might have additive ef-
fect on olfaction. However, we did not find any significant relation
between caffeine and its effect on olfactory function. There was
no significant change in results of MCA or KVSS I score before
and after caffeine intake. These results are similar to those of Meu-
sel et al. [20]. Of all 76 hyposmic participants in comparison with
placebo, there was no significant effect of caffeine (65 mg/cup)
on olfactory function regardless whether it was caused by an acute
infection of upper respiratory tract or sinonasal disease. This im-
plies that caffeine has little or no short-term effect on olfactory
function in patients with olfactory loss. In comparison to Meusel
et al. [20], in our study the amount of caffeine administered and
the character of the participants may be comparable influential
factors. The amount of caffeine administered was slightly higher
which was 72 mg/cup. In addition, participants enrolled for this
study were healthy normosmic subjects with normal olfactory
function instead of patients with olfactory dysfunction.

There have been studies on the relationship between enhanced
attention on other sensory modalities such as hearing and vision.
Goel et al. [26] have found that participants who consumed en-
ergy drinks containing 80 mg of caffeine show significantly re-
duced auditory reaction time. However, in other animal studies
conducted by Mujica-Mota et al. [27] and Zawawi et al. [28],
caffeine might have detrimental effects on hearing recovery af-
ter acoustic trauma in guinea pigs. In the case of olfaction, it has
been shown that attention to odors can decrease the response
time to odors [29,30]. Hedner et al. [31] have determined cog-
nitive correlates of olfactory performance. Their results suggest-
ed that individual cognitive profile might exert influence on per-
formance in higher order olfactory tasks. Together, these data
suggest that it is possible to attend to olfaction in the same way
as we may attend to vision or audition. However, further research
is needed on this issue.

Previous studies have investigated other substances that can
alter olfactory function such as ethanol. For instance, Engen [32]
have reported that subjects with ethanol-intoxicated blood levels
tend to show enhanced performance for odor detection of guai-
acol. However, in another study conducted by Patel et al. [33],
acute alcohol ingestion markedly decreased olfactory threshold
sensitivity to ethanol, but not to phenyl ethyl alcohol. Thus, the
selection of odorant and degree of olfactory dysfunction in sub-
jects should be considered in future studies.

Our study has several limitations. Because participants already
had normosmic olfactory function with higher scores in the ol-
factory function test, the results after caffeine intake may have

not shown significant improvement. Also, the efficacy of caffeine
which includes administrated dose and the timing of the test which
took place around the peak arousal effects of caffeine, known to
be 25-30 minutes after ingestion, maybe questioned when relat-
ing to olfactory function [5]. Furthermore, owing to the short pe-
riod of examination after administration, the study cannot deter-
mine the effects of extended and accumulated doses of caffeine.

Results of this study indicate that caffeine does have acute ad-
ditive effects on cognitive function by improving attention. Nev-
ertheless, our data do not support effects of improved attention
on olfactory function alteration in normosmic subjects. To inves-
tigate the potential effect of caffeine on olfactory function, fur-
ther studies with extended periods of time and a wider range of
administrated doses of caffeine are needed.
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