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healthy controls). IBM SPSS statistical software, ver-
sion 20, was used for all analyses. We compared sex,
age, education, CPZ equivalent doses, age at onset,
duration of illness, positive scale, negative scale and
General Psychopathology Scale between schizophre-
nia cases and control subjects using a Fisher’s exact
test, two-tailed t-test and Welch's t-test. Next, we
compared d’ in the CPT and CA, PEM, PEN, TE in
the WCST between the case and control groups using
a two-tailed t-test and Welch’s test (Table IiI).

Patients’ records were used to obtain relevant
clinical information (e.g. age, education, CPZ equiv-
alent doses, age at onset and duration of illness).
Medication status of patients was investigated on the
day when cognitive tests were conducted. Patients’
medication status and positive and negative symptom
scale (PANSS) (32) scores were obtained at the time
of cognitive assessment.

Significance level in clinical information was set
at p=0.0055 after Bonferroni correction (p=0.05/
9). Significance level in five cognitive outcomes was
set at p=0.01 after Bonferroni correction (p=0.05/5).

Results

In JGWAS and replication sample set, we did not
detect any association in 2 SNPs (rs672607 and
rs10494252) and schizophrenia (Table I). Joint ana-
lysis by PLINK also did not show significantly low
p-value in both SNPs (Table II). Meta-analysis of the
Japanese total sample and Chinese sample in
rs672607 showed a significant association (p-value
0.012, odds ratio 0.855).

We investigated the genetic effects of rs672607
and rs10494252 on the CPT-IP and WCST. There
was no significant (p<0.0055) difference in clinical
information. There was a significant (p<0.01) differ-
ence between the A/A and G carrier group of
rs672607 in CPT mean d’ (p=0.0092) (Table ).

Discussion

In this study, we investigated the association
between two SNPs within BCL9 and schizophrenia in
the Japanese population. We detected a significant
(p=0.012) association between BCL9 and schizo-
phrenia in the meta-analysis of Japanese and Chinese
sample set, however, as the Chinese GWAS dataset
was included in the meta-analysis, evidence for the
association might be overestimated. The minor allele
of rs672607 may be a common variant associated
with schizophrenia in the Asian population. Thus, fur-
ther studies in different populations are needed.

In addition, one of the main obstacles in the
identification of genetic variants for schizophrenia is
its heterogeneous diagnostic entity, which is clinically
relevant, though less appropriate for etiological and
genetic research. Therefore, it was of interest to focus
on alternative indicators of liability, or endopheno-
types. We chose the CPT-IP that is designed to assess
highly heritable traits (working memory and visual
sustained attention) that are shown to be impaired in
schizophrenic patients (33). The WCST was selected
in order to evaluate executive function. We tested the
association between candidate SNPs from our meta-
analysis and cognitive performance measured by the

Table | Association study in JGWAS and the replication sample set.

Case N |Control N| Total N| Case® [ControlP| p-valuec| Ord | L95¢e | U95e |HWEpf

15672607 A>G JGWAS 548 552 1100 | 0.375 | 0.393 | 0.37 |0.92|0.78| 1.10 | 0.47
(Ch1,145519964a) | Replication| 1464 | 1171 | 2635 | 0.374 | 0.392 | 0.22 [0.93/0.83|1.05 | 0.87
rs10494252 C>A JGWAS 548 552 1100 | 0.190 | 0.226 | 0.04 |0.80|0.65| 0.99 | 0.06
(Ch1,145483560a) | Replication| 1464 1171 | 2635 | 0.221 | 0.221 | 1.00 [1.00|0.87 | 1.15 | 0.53

a. based on NCBI 36 d. Odds ratio

b. minor allele frequency e. Lower (L95) and upper (U95) 95% confidence intervals

c. p-value of Fisher’s exact test f. Hardy-Weinberg Equilibrium test p-value in control

Table 1l Joint analysis of JGWAS and the replication sample set.

Case N Control N Total N p-value? ORb L95e U9se BDpd

15672607 A>G 2012 1723 3735 0.13 0.93 0.84 1.02 0.95
rs10494252 C>A 2012 1723 3735 0.26 0.94 0.83 1.05 0.08

a. p-value of Cochran—Mantel-Haenszel stratified analysis

by PLINK v1.07
b. Odds ratio

c. Lower (L95) and upper (U95)
d. p-value of Breslow-Day test

95% confidence intervals
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Table Il Cognitive performance of two SNPs in BCLO.

rs672607 A>G

rs10494252 C>A

Cases (n=110) Controls (n=76) Cases (n=110) Controls (n=76)

A/A2 | G carrier p| A/Aa | G carrier p| C/Ca | A carrier b C/Ca | A carrier b
(n=31)| (n=79) |PValue\ =01y (n=55) |Palue®(n=g1)| (n=49) |PValue®|(n=ag)| (n=28) [PValue

(Sl\(j\);les/FemaIes) 21/10| 49/30 | 0.66 | 13/8 | 36/19 | 0.79 |37/24| 33/16 | 0.55 |26/22| 23/5 |0.024
482 | 448 | 025 [ 266 | 272 | 076 | 444 | 475 | 025 | 262 | 284 | 0.24

Age (years)
136 | 14.2 7.6 8.1 135 | 14.6 6.9 9.3

Education 121 | 121 | 094 | 156 | 153 | 0.66 | 122 | 119 | 053 | 154 | 15.4 | 0.96

(years) 25 | 22 28 | 25 24 | 22 25 | 2.7

CPZeq 630.5| 627.5 | 0.97 640.6| 612.9 | 0.69

(mg/day)c 3784 3551 340.9| 3861

Age at onset 26.6 | 26.7 | 0.97 259 | 27.5 | 0.43

(years)
10.7 | 103 9.0 | 119

Duration of 215 | 180 | 0.24 183 | 19.8 | 0.58

illness (years) 937971 14.0 134 | 148

PANSSd Positive | 15.5 | 16.0 0.63 16.4 | 151 0.12

(7-49) 48 | 43 4.7 4.0

PANSSd 200 | 185 | 0.19 198 | 17.8 | 0.05

Negative (7-49) | 57 [ 52 5.6 4.9

PANSS General | 36.2 | 35.8 | 0.82 36.8 | 349 | 0.25

(16-112) 102 ] 7.7 8.9 7.9

CPTIP® mean d 09 | 14 10009 29 27 | 033 ] 12 13 074 | 27 28 | 060
09 | 08 0.7 0.7 0.8 0.9 0.7 0.8

WEST CAF 26 | 35 | 008 ]| 57 57 | 082 | 34 35 036 | 5.7 57 | 0.93
2.1 2.1 0.5 0.4 2.1 2.2 0.5 0.5

WCST PENG 76 | 73 | 086 | 07 06 | 069 | 74 7.4 099 | 07 05 | 0.38
58 | 7.1 1.1 0.9 6.7 6.9 1.1 0.9

WCST PEMA 58| 48 | 054 04| 03 | 098] 57 43 031 | 04 03 | 077
59 | 7.6 0.5 0.6 8.6 4.9 0.6 0.5

wesT T 231] 213 | 044 [110] 108 | 074 | 222 | 212 | 060 | 107 | 11.0 | 063
101 | 10.2 1.2 2.1 99 | 105 1.9 1.9

a. Results shown as mean and standard deviation (absolute number for row »sex«)

b. P-value of Student’s t-test (p-value of Fisher exact test for row »Sex«/p-value of Welch's t test for row WCST PEN)
c. Chlorpromazine equivalent dose

d. Positive and negative syndrome scale

e. Continuous performance test-identical pairs version

f. Wisconsin card sorting test categories achieved
g. Wisconsin card sorting test perseverative errors — Nelson's type
h. Wisconsin card sorting test perseverative errors — Milner’s type
i. Wisconsin card sorting test total errors
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Meta-analysis of rs672607 (A>G)

Study name Statistics for each study
MHodds Lower Upper
ratio limit limit  Z-Value
JGWAS 0.923 0724 1177 -0.644
Replication 0930 0794 1.089 -0.903
Chinese (2011 Lietal.) 0.793 0741 0848 -6.777
Meta-analysis 0.855 0757 0966 -2520

MH odds ratio and 95%Cl

p-Value

0.519

0.367

0.000 e

0.012 R g

0.5 1 2
Protective Risk

Figure 1 Meta-analysis of the Japanese and Chinese sample set in rs672607. MH: Cochran-Mantel-Haenszel test; lower limit:

95% confidence intervals; upper limit: 95% confidence intervals.

CPT and WCST. In the CPT-IR the group with the
minor allele of rs672607 (protective allele, odds
ratio= 0.855 in our meta-analysis of Japanese and
Chinese sample sets) showed significantly impaired
working memory in schizophrenia patients.

Several caveats should be noted. Firstly, we did
not include a systematic genome-wide mutation scan
in either the 5 flanking region or exon regions to
search for novel functional variants that may exist
within the BCL9 locus, but had not been registered in
the databases of common variants. Secondly, our
phenotypic diagnosis is not based on structured inter-
views, and the control samples are significantly
younger than the case samples. Thirdly, the sample
sizes of cognitive tests were relatively small and the
results of cognitive tests may be biased.

As a conclusion, we were able to detect evi-
dence for an association between rs672607 in BCL9
and schizophrenia in the meta-analysis of Japanese
and Chinese populations. Additionally, this common
variant may affect cognitive performance, as mea-
sured by the CPT-IP in schizophrenia patients. Further
studies using the sample collected in a non-Asian
population are needed.
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Effects of repeated dosing with mirtazapine, trazodone, or placebo
on driving performance and cognitive function in healthy volunteers
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Objective This study aimed to evaluate the effects of repeated treatments with the sedative antidepressants mirtazapine and trazodone on
driving performance and cognitive function.

Methods Nineteen healthy men received continuous nocturnal doses of 15-mg mirtazapine , 25-mg trazodone, or placebo for 8 days in a
double-blinded, three-way crossover trial. Subjects were asked to perform three driving tasks (road tracking, car following, and harsh
braking) using a driving simulator and cognitive tasks (the Wisconsin Card Sorting Test, Continuous Performance Test, and N-back Test)
at baseline and on Days 2 and 9. Stanford Sleepiness Scale scores were also assessed.

Results Mirtazapine significantly increased the standard deviation of lateral position in the road-tracking task as compared with trazodone
on Day 2. Mirtazapine significantly increased Stanford Sleepiness Scale scores as compared with trazodone and placebo. For the remaining
tasks, no significant effects of treatment were observed.

Conclusions Acute treatment of mirtazapine impaired road-tracking performance and increased sleepiness, but sedative effects
disappeared under repeated administrations. Trazodone did not affect driving performance or cognitive function under acute or
repeated administrations. Both initial sedative effects and pharmacological profiles should be taken into consideration when using
sedative antidepressants. Copyright © 2013 John Wiley & Sons, Ltd.

KEY WORDS—sedative antidepressant; mirtazapine; trazodone; driving performance; cognitive function

INTRODUCTION

Many antidepressants are available for psychiatric treat-
ment, but pharmacological profiles of these drugs differ
widely. The choice of antidepressant is determined by
safety, tolerability, efficacy, payment, and simplicity,
which are summarized by the mnemonic STEPS
(Preskorn, 1996). Although sedation is one of the un-
pleasant side effects (Bourin and Briley, 2004), sedative
antidepressants can represent a useful treatment option
for some patients with agitation or insomnia (Mann,
2005; Linden and Westram, 2010).

Among the sedative antidepressants, tricyclic antide-
pressants (TCAs) show anticholinergic properties as

well as sedative properties. Because of these properties,
TCAs have been repeatedly shown to impair cognitive
and psychomotor performance (Serretti et al., 2010),
including car driving (Ramaekers, 2003; Iwamoto
et al., 2008). Thus, non-sedating antidepressants may
represent a better option (Bourin and Briley, 2004;
Versiani et al., 2005). However, the sedative antidepres-
sants trazodone and mirtazapine are among the most
commonly used drugs for chronic insomnia in the
USA because of safety and lower dependence potential.
Therefore, these two drugs need to be examined with
respect to psychomotor performance in daily life,
including car-driving skills.

Previous studies have suggested that mirtazapine could

_ impair road-tracking performance (Wingen et al., 2005).
*Correspondence to: K. Iwamoto, MD, PhD, Department of Psychiatry,

Graduate School of Medicine, Nagoya University, 65, Tsuruma-cho,
Showa, Nagoya, Aichi 466-8550, Japan. Tel: +81 52 744 2282; Fax:
+81 52 744 2293. E-mail: iwamoto @med.nagoya-u.ac.jp

Copyright © 2013 John Wiley & Sons, Ltd.

However, the effects of mirtazapine on driving skills
associated with traffic accidents have not been fully
investigated. Moreover, the effects of trazodone on
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driving skills have rarely been studied (Roth ez al., 2011).
The aim of the study was to evaluate the effects of
repeated treatment with mirtazapine or trazodone on
driving performance using methods designed to test
the risk of rear-end collisions, the most common type
of traffic accidents.

MATERIAL AND METHODS

Nineteen healthy male volunteers (2649 years old,
mean + standard deviation, 38.8 6.8 years) were
included through health interviews and the Structured
Clinical Interview for the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition. All
participants had a driving license for =5 years and
regularly drove a car (minimum, 5000 km/year). The
study was approved by the ethics committee of the
Nagoya University Graduate School of Medicine and
Nagoya University Hospital, and written informed
consent was obtained from each individual before
participation.

This study used a double-blind, placebo-controlled,
three-way crossover design. Each subject received
8 days of continuous bedtime dosing with either 15-mg
mirtazapine, 25-mg trazodone, or matched placebo in
identical capsules across three different treatment series.
The doses selected were clinical recommended starting
doses (Sadock et al., 2005). Dosing started at bedtime
on Day 1, preceding the first test day (Day 2). A washout
period of >7 days was provided between treatment series.

Baseline assessments were conducted only once
before the treatment session. After baseline assess-
ments without treatment, subsequent assessments
were performed on Days 2 and 9 at 09:30 AM for
each treatment series. We used a driving simulator
(DS) (Toyota Central R&D Labs, Nagakute, Japan)
to examine three driving skills that appeared to be
associated with traffic accidents, including frequent
rear-end collisions. The details of DS configuration
and tasks have been described previously (Iwamoto
et al., 2008). The road-tracking test measures the stan-
dard deviation of lateral position (SDLP) on a gently
winding road at a constant speed of 100km/h. The
car-following test measures the coefficient of variation
of the distance between a preceding car and subject’s
own (Uchiyama et al., 2003). Subjects were required
to maintain a constant distance between cars. The
harsh-braking test measures mean brake reaction time
in seven braking trials to avoid crashing into the
humanoid models that randomly ran into the road.
Each test was recorded every 20ms and lasted for
S5min. The three cognitive tests, described in detail
previously (Iwamoto et al., 2008), were examined

Copyright © 2013 John Wiley & Sons, Ltd.

using a computer. The modified version of the
Wisconsin Card Sorting Test (Heaton, 1981) was used
to measure executive function. This performance was
measured by category achievement, perseverative errors
of Nelson, and difficulty of maintaining set. The
Continuous Performance Test, Identical Pairs version
(Cornblatt et al., 1988), was used to measure sustained
attention. A series of four-digit stimuli were used, and
performance was measured by the signal detection index
d-prime, a measure of discriminability computed from
“hits” and “false alarms.” The N-back test (Callicott
et al., 2000, 2003) was used to assess working memory.
A two-back condition was used, and performance was
measured as the percentage of correct responses. All
subjects were trained in both driving and cognitive tests
1-2 weeks before first testing until the plateau level. The
Stanford Sleepiness Scale (SSS) (Hoddes et al., 1973) is
used to examine the level of alertness.

A two-way repeated-measures analysis of vari-
ance with time and drug as factors was used to
analyze percentage changes in outcome variables
over 8days. If a significant interaction between
factors was observed, these variables at each evalu-
ation point were examined with one-way repeated-
measures analysis of variance, followed by the
Bonferroni post hoc test. All tests were two tailed,
and the alpha value was set at 0.05.

RESULTS

In the road-tracking test, one subject administered
mirtazapine failed to complete the test on Day 2.
Because of technical malfunctions, car-following
test, road-tracking test, and Continuous Performance
Test data were incomplete for one subject, and
harsh-braking test data were incomplete for two
subjects. Only complete data sets were included in
the analyses.

A summary of the results is shown in Table 1. There is
a significant Drug x Time interaction in the road-
tracking test (F'=3.520, df=2, 46, p=0.023). The SDLP
of the mirtazapine condition was significantly greater
than that observed in the trazodone condition on Day 2
(p=0.001). The results of SDLP are presented in
Figure 1. There is no significant Drug x Time interac-
tion in other driving tests and cognitive tests.

There is a significant Drug x Time interaction in
sleepiness (F=10.630, df=1, 34, p<0.001). SSS
scores under mirtazapine conditions were significantly
greater than those observed under trazodone and pla-
cebo conditions on Day 2 (p <0.001 each). Results
of the SSS are presented in Figure 2.

Hum. Psychopharmacol Clin Exp 2013; 28: 281-286.
DOLI: 10.1002/hup
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Table 1. Summary of the results of driving tests, cognitive tests, and subjective measurements in healthy subjects enrolled in a crossover trial of 15-mg

mirtazapine, 25-mg trazodone, and placebo (N=19)

Mean (SD)
Test

Measure time Placebo Mirtazapine (15 mg) Trazodone (25 mg)
Driving test
SDLP (cm)® Baseline 42.4 (11.02)

Day 2 42.2 (12.32) 48.5 (11.61) 41.1 (11.65)

Day 9 422 (11.26) 43.1 (10.69) 39.9 (9.59)
DCV® Baseline 37.4(24.50)

Day 2 55.6 (87.45) 64.8 (75.46) 37.7 (30.79)

Day 9 31.1 (19.45) 32.2 (26.33) 44.5 (42.44)
BRT (ms)* Baseline 536.5 (46.57)

Day 2 528.4 (70.81) 539.6 (44.20) 526.5 (43.31)

Day 9 524.1 (49.04) 543.6 (52.24) 529.8 (41.22)
Cognitive test
CPT (d')° Baseline 2.9 (0.75)

Day 2 3.3(0.71) 3.0 (0.80) 3.3 (0.75)

Day 9 3.2 (0.81) 3.2 (0.85) 3.4 (0.61)
WCST (CA)° Baseline 5.6 (0.67)

Day 2 5.7 (0.71) 5.7 (0.64) 5.8 (0.52)

Day 9 5.7 (0.57) 5.7 (0.57) 5.8 (0.67)
WCST (PEN)° Baseline 0.7 (1.07)

Day 2 0.7 (1.07) 1.0 2.27) 0.4 (0.67)

Day 9 1.1 (1.48) 0.7 (1.16) 0.5 (0.94)
WCST (DMS)© Baseline 0.3 (0.73)

Day 2 0.2 (0.52) 0.2 (0.49) 0.3 (0.73)

Day 9 0.1 (0.31) 0.3 (0.57) 0.3 (0.44)
Two-back (accuracy, %)° Baseline 93.6 (15.35)

Day 2 94.4 (10.76) 90.6 (12.05) 87.2 (23.12)

Day 9 97.0 (6.27) 92.1 (12.67) 94.0 (11.65)
Subjective measurement (SSS)° Baseline 2.3 (0.46)

Day 2 2.4 (0.74) 3.8 (1.15) 2.3 (0.46)

Day 9 2.4 (0.49) 2.7 (0.65) 2.4 (0.58)

Baseline data were assessed once before treatment.

SDLP, standard deviation of lateral position; DCV, distance coefficient of variation; BRT, brake reaction time; CPT, Continuous Performance Test; WCST,
The Wisconsin Card Sorting Test; CA, category achievement; PEN, perseverative errors of Nelson; DMS, difficulty of maintaining set; SSS, Stanford

Sleepiness Scale.
=17
Pn=18
‘n=19

DISCUSSION

The present results demonstrated that mirtazapine
significantly impaired road-tracking performance and
increased subjective sleepiness in acute dosing. No
other performances were significantly affected by
any treatment condition during the 8 days. The effects
of mirtazapine on diving performances in this study
are roughly consistent with data shown in previous
studies (Ramaekers et al., 1998; Ridout et al., 2003;
Wingen et al., 2005).

Mirtazapine also did not impair car-following perfor-
mance in this study. To the best of our knowledge, this
represents the first study to demonstrate the effects of
mirtazapine on car-following performance. Whereas
the road-tracking test requires subjects to handle a wheel
rather than manipulate the pedals, the car-following test
requires subjects to constantly switch between accelera-
tor and brake pedal rather than handle a wheel. This

Copyright © 2013 John Wiley & Sons, Ltd.

means that the road-tracking test is a comparatively mo-
notonous visuomotor task, whereas the car-following
test is a more complex executive function task.
Wezenberg et al. (2007) suggested that mirtazapine
was likely to impair simpler cognitive tasks requiring
less cognitive effort. Mirtazapine may tend to affect
monotonous driving tasks such as the road-tracking test.
Meanwhile, amitriptyline, a TCA, impaired both road-
tracking and car-following performances in our DS
(Iwamoto et al., 2008). Its anticholinergic activity may
harm car-following performance, as more cognitive
effort is required (Sakulsripong et al., 1991, Curran
et al., 1998). The difference of the effects of these
sedative antidepressants on driving performance may
be explained by the pharmacological properties. On the
other hand, for braking performance, mirtazapine and
amitriptyline did not impair brake reaction time
(Iwamoto et al., 2008), but diazepam, a benzodiazepine,

Hum. Psychopharmacol Clin Exp 2013; 28: 281-286.
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Figure 1. Mean (standard deviation) standard deviation of lateral posi-
tion (SDLP) after 2 and 9days of crossover treatment with 15-mg
mirtazapine, 25-mg trazodone, and placebo (N=17). Differences in
SDLP were examined by a two-way repeated-measures analysis of
variance. Differences in SDLP at each evaluation point were examined
with a one-way repeated-measures analysis of variance followed by a
Bonferroni test (post hoc test). A significant Drug x Time interaction
was noted among the three conditions (F =3.520, df=2,46, p=0.023).
*Post hoc testing demonstrated that SDLP of the 15-mg mirtazapine
condition was significantly greater than that of the 25-mg trazodone
condition on Day 2 (p=0.001).

3160 - 0 mirtazagine
3 trazodone
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Figure 2. Mean (standard deviation) Stanford Sleepiness Scale (SSS) after
2 and 9days of crossover treatment with 15-mg mirtazapine, 25-mg
trazodone, and placebo (N =19). Differences in SSS were examined by a
two-way repeated-measures analysis of variance. Differences in SSS at each
evaluation point were examined by a one-way repeated-measures analysis
of variance followed by a Bonferroni test (post hoc test). Significant Drug
Time interactions were seen among the three conditions (F=10.630, df=1,
34, p<0.001). *Post hoc testing demonstrated that SSS of the 15-mg
mirtazapine condition was significantly greater than that observed in the
placebo and 25-mg trazodone conditions on Day 2 (p < 0.001 each).

did result in impairments (Takahashi et al., 2010). The
harsh-braking task is likely to be affected by a peripheral
muscle relaxant effect rather than a cognitive detrimental
effect. Because subjective assessments and psychomet-
ric tests did not fully predict drug effects on driving
performance (Verster and Roth, 2012a, 2012b), further
researches are needed to elucidate the impact of psycho-
tropics on car-driving performance.

The present study showed that 25-mg trazodone did
not impair both driving and cognitive performances, al-
though the previous study showed that 50-mg trazodone

Copyright © 2013 John Wiley & Sons, Ltd.

did not impair driving performance but affected memory
and learning (Roth et al., 2011) and that more than
100mg of trazodone affected memory and attention
(Curran et al., 1998; Sakulsripong et al., 1991). Al-
though these differences may be attributable to the dos-
age of trazodone and cognitive tasks, pharmacological
profiles of trazodone may be also in part responsible
for these results. The sedative effect of trazodone is asso-
ciated with its high affinity to the histamine H1 receptor;
however, trazodone has features of a weak anticholiner-
gic activity and short half-life (Bryant and Ereshefsky,
1982). Therefore, a low dose of trazodone may produce
no detrimental effects on psychomotor performance as
antihistamines have dose-dependent effects on psycho-
motor performance including driving performance
(Theunissen et al., 2004).

In the present study, the sedative effects of mirtazapine
were no longer apparent on Day 9. According to pharma-
cological profiles, mirtazapine is a strong histamine H1
receptor antagonist without anticholinergic activity, and
its activity contributed to detrimental effects. In assessing
sedative properties with medications, an important issue
is the degree to which tolerance to the sedative effect de-
velops. Tolerance to sedative effects of mirtazapine may
develop rapidly, as with histamine H1 antihistamines
(Richardson et al., 2002). Development of tolerance
may apply equally to repeated doses of trazodone. Mean-
while, TCAs often exert an anticholinergic activity that
can cause different detrimental effects on cognitive
performance. In the case of amitriptyline, tolerance to
sedative effects, based on subjective and behavioral
measures, develops within 1-2weeks (Deptula and
Pomara, 1990; Veldhuijzen et al., 2006), although several
studies have indicated intolerance of amitriptyline based
on several cognitive measures (Sakulsripong et al.,
1991; van Laar et al., 2002). Anticholinergic properties
should thus be considered in cases of tolerance to sedative
antidepressants.

The effects of antidepressant on driving performance
are different in healthy subjects and psychiatric patients
and are also influenced by age and gender of the
subjects. In addition, both the psychopharmacological
treatment and the pathology itself may impair driving
ability. Recent epidemiological studies showed that
exposure to antidepressants including selective seroto-
nin reuptake inhibitors was associated with an increased
risk of motor vehicle accidents, unlike with past studies
(Meuleners et al., 2011; Chang et al., 2013). As for the
experimental studies, newer antidepressants, unlike
TCAs, have no detrimental effects on driving perfor-
mance (Ramaekers, 2003), and mirtazapine could also
improve driving ability in depressed patients (Brunnauer
et al., 2008; Shen et al., 2009). These discrepancies may

Hum. Psychopharmacol Clin Exp 2013; 28: 281-286.
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be explained in part by age, dosage, dosing period,
active depressive symptom, comorbid psychotropic
drugs, and methodological variances (Sansone and
Sansone, 2009). Especially, benzodiazepines often
prescribed in clinical settings may increase the risk of
motor vehicle accidents (Dassanayake et al., 2011).
Meanwhile, many depressed patients before hospital
discharge showed impairments in psychomotor func-
tions related to driving abilities, and those were
influenced by different classes of antidepressants
(Brunnauer et al., 2006). The effects of antidepres-
sants on driving ability in depressed patients under
treatment have not yet been fully defined because of
many confounding factors such as psychopharmaco-
logical treatment and the depression itself. Thus, it is
important to examine the effects of antidepressants
on driving performance in healthy subjects to find
the inherent influences of antidepressants for driving
impairments. However, future studies need to eluci-
date the impact of similar antidepressants in depressed
patients in a similar experimental line and make a
comparison with depressed patients.

The present study has several limitations. First, partic-
ipation was restricted to healthy adult volunteers, and the
sample size is relatively small. Neither elderly nor pa-
tient populations were included in the study. The elderly
are more vulnerable to the side effects of pharmacologi-
cal treatments. In addition, depression and insomnia can
affect driving performance (Brunnauer et al., 2008; Shen
et al., 2009) and cognitive function. Both properties of
antidepressant and disorder should be considered in clin-
ical settings. Second, the validity and sensitivity of the
DS need to be considered; however, our past results
using same DS are roughly consistent with preceding
results (Iwamoto et al., 2008; Takahashi et al., 2010).
Although cognitive tasks used in this study were
employed in many psychiatric researches and our past
studies, the sensitivity of these tasks regarding the
assessment for drug effects should be considered, too.
Third, dosage selection may be lower than that of past
studies, because we used the initial starting dose for
clinical practice. Considering an affinity for histamine
H1 receptor in particular, the dose of trazodone may be
low in comparison with that of mirtazapine.

Finally, acute treatments of mirtazapine did not
impair car-following or harsh-braking performances
but did impair road-tracking performance, although
this impairment disappeared under repeated adminis-
trations. The lower dose of trazodone did not affect
driving or cognitive performances under acute or
repeated administrations. Both initial sedative effects
and pharmacological profiles should be taken into
consideration in prescribing sedative antidepressants.

Copyright © 2013 John Wiley & Sons, Ltd.
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Abstract

Rationale Japanese researchers have recently conducted
studies using near-infrared spectroscopy (NIRS) to help
diagnose psychiatric disorders based on changes in brain
activity. However, the influence of psychotropic drugs on
NIRS measurements has not been clarified.

Objective To assess the effects of sedative antidepressants
on prefrontal cortex activity in healthy subjects using NIRS
in a double-blinded, placebo-controlled, crossover trial.
Methods Nineteen healthy males received nocturnal doses
of mirtazapine 15 mg, trazodone 25 mg, or placebo for eight
consecutive days in rotation, with a washout period of more
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than 1 week between each rotation. Subjects performed a
verbal fluency task during NIRS on a total of seven occa-
sions during the study period: more than a week prior to
receiving the first dose of the first medication; and on days 2
and 9 of each rotation. The number of words correctly
generated during the task (behavioral performance) was also
recorded. Stanford Sleepiness Scale (SSS) scores were de-
termined each day.

Results Mirtazapine 15 mg significantly increased oxyhe-
moglobin (oxy-Hb) concentration change in NIRS on day 9,
compared to trazodone 25 mg and placebo. Mirtazapine
15 mg significantly increased SSS on day 2, compared to
the other conditions. No significant differences in behavioral
performance were observed.

Conclusions Administration of mirtazapine for eight con-
secutive days affected oxy-Hb changes on NIRS. This
result indicates that researchers should consider how cer-
tain types of antidepressant could influence brain function
when the brain activity of patients with psychiatric disorders is
assessed.

Keywords Antidepressant - Mirtazapine - Trazodone -
Near-infrared spectroscopy (NIRS) - Brain activity -
Sleepiness - Neuroimaging

Introduction

Near-infrared spectroscopy (NIRS) is a noninvasive func-
tional brain imaging technique that utilizes the absorbance
of light in the near-infrared spectrum by hemoglobin (Hb) to
determine blood volumes in an anatomical region of inter-
est. NIRS has been gaining attention recently because of its
relatively high temporal resolution and the compactness of
the measurement devices. These features make NIRS
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suitable for testing, as experimental procedures can be per-
formed under conditions that are close to natural. Many studies
have confirmed the suitability of NIRS for various types of
investigations. Frontal lobe activity as measured by NIRS has
been suggested to be decreased in many psychiatric disorders
(i.e., major depressive disorder, bipolar disorder, schizophrenia,
panic disorder, eating disorder, attention deficit hyperactivity
disorder, Alzheimer’s dementia, and alcoholism).(Kameyama
et al. 2006; Schecklmann et al. 2007; Suda et al. 2010; Suto et
al. 2004).

Age, sex, and sleepiness have been indicated as factors
that may influence Hb concentration changes in NIRS, in
addition to the influences attributable to disease (Kameyama
et al. 2004; Suda et al. 2008). We have previously reported
that insufficient sleep could lower the peak oxyhemoglobin
(oxy-Hb) concentration in the lateral frontal lobes (Miyata et
al. 2010). In addition, the effects of psychotropic drugs on
NIRS measurements have yet to be clarified.

Many studies have investigated the influence of drugs
on brain function using functional brain imaging. Such
studies have been performed using positron emission to-
mography (PET), single photon emission computed to-
mography, and functional magnetic resonance imaging
(fMRI). Conversely, only a few studies have used NIRS
to directly verify these influences. Tsujii et al. (2009, 2007)
examined the effects of antihistamines on brain activity. Com-
paring the first-generation histamine H1l-receptor antagonist
ketotifen to the second-generation epinastine, they revealed
that ketotifen significantly impaired cortical activation in the
lateral prefrontal cortex.

Given these findings, the present study used NIRS to
examine whether taking an antidepressant for consecutive
days can affect brain activity in healthy subjects. In light of
revelations from previous studies that insufficient sleep
could lower cortical activation and that the sedative effects
of antihistamines impair neural response, we verified the
effects of an antidepressant itself on brain activity in healthy
volunteers using multichannel NIRS with the sedative anti-
depressants mirtazapine and trazodone, both of which exert
strong sedative/hypnotic effects.

Subjects and methods
Subjects

Participants in this study comprised 19 healthy, male Japanese
volunteers who were right-handed (mean age, 38.8 years; SD,
6.8 years; range, 26—49 years). The study protocol was ap-
proved by the ethics review committees at Nagoya University
Graduate School of Medicine and Nagoya University Hospi-
tal. Written informed consent was obtained from all partici-
pants prior to enrolment in the study. All subjects were

@ Springer

interviewed to confirm the absence of any psychiatric disor-
ders using the Structured Clinical Interview for DSM-1V by
one of the experimenters. All subjects were found to be in
good health without any significant clinical history of physical
or mental illness and were not receiving any concomitant
medications likely to affect brain function.

Drug administration and study design

A double-blind, placebo-controlled, crossover design was
used. Before going to bed, subjects took orally either mirtaza-
pine 15 mg, trazodone 25 mg, or placebo for eight consecutive
days. After finishing eight consecutive days of the first drug,
the subject then went more than 1 week without medication as
a washout period before proceeding to the next drug. The
second and third drugs were administered in the same manner
as the first drug. The order of drugs that subjects took was
allocated based on a pre-determined randomization schedule.
In total, subjects were required to come to the study room
seven times. The first visit was more than a week prior to
receiving the first medication (day-pre). Subsequently, each
subject came on day 2 (three times during the study) and day
9 (three times during the study) during administration. The
study schedule is shown in Fig. 1. Doses were determined
according to the initial dosages recommended in a manual for
psychiatric drug treatment, because we considered that one of
the aims of this study was to evaluate sleepiness as a side effect
(Sadock et al. 2005). Each examination started at 0900 hours.
Subjects completed a verbal fluency task, during which pre-
frontal cortical activity was measured using a NIRS recorder.
In addition, subjective sleepiness at the time of the examination
was evaluated using the Stanford Sleepiness Scale (SSS).

Activation task

Hb concentration changes were measured during a letter-
version verbal fluency task that has been administered in many
previous studies. The subject sat on a comfortable chair in a

Mirtazapine 15mg

Trazodone 25mg

Placebo

Day Treatments

Day-

| t2]3]a]s[e]7[s]9]

I l

NIRS NIRS NIRS
S8s SSS8 SS8

Fig. 1 Study design. Subjects were to be measured more than a week
prior to receiving the first medication (day-pre), on days 2 (three times
during the study) and 9 (three times during the study). N/RS NIRS
measurement, SSS Stanford Sleepiness Scale
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sunlit room with the eyes open throughout the measurement.
During the task, subjects were instructed orally to vocally
generate as many nouns as possible beginning with the Japa-
nese syllables “a”, “ki”, “ha”, “to”, “se”, “0”, “1”, “no” or “ta”,
without repetitions or resorting to proper nouns. Stimulus
syllables were counterbalanced for each treatment condition.
The subject performed a verbal fluency task consisting ofa 30-
s pre-task, 60-s verbal fluency task, and 60-s post-task. The
number of words generated during the verbal fluency task was
determined as a measure of task performance. Subjects were
instructed to repeat the vowels “a”, “i”, “u”, “e” and “0” during
the pre-task and post-task periods as the Japanese counterparts
of A, B, and C in English (Kameyama et al. 2006). Prior to the
main examination when the NIRS response was recorded,
practice sessions were conducted until the experimenter judged

that the subjects understood the procedure.

NIRS measurements

Relative changes in oxy-Hb and deoxy-Hb were measured
using a FOIRE-3000 functional NIRS system (Shimadzu,
Kyoto, Japan) at three wavelengths (780, 805, and 830 nm).
A NIRS shell with 3 x5 arrays of light emitters and detectors
were used (distance between probes, 3 cm). This apparatus
could measure the relative concentrations of oxy-Hb and
deoxy-Hb at 22 measurement points in a 9x15 cm area
(Fig. 2). The NIRS shell was placed over the frontal region.
The location of the shell was determined according to the
International 10-20 system used in electroencephalography,
with the lowest probes positioned along the Fpl-2 line
(Okamoto et al. 2004).

Data analysis and statistics

We analyzed oxy-Hb values in the 22 channels located above
the prefrontal cortex. We focused on oxy-Hb concentrations,

lefi— 1 superior

—right

1 inferior
@ light emitter

O light detector
7| channel (Ineasurement point)

Fig. 2 Placement of NIRS shells

since oxy-Hb change is assumed to more directly reflect
cognitive activation than deoxy-Hb change as shown by
a stronger correlation with blood oxygenation level-
dependent signal measured by fMRI (Strangman et al.
2002). Near-infrared light absorption was measured with
a temporal resolution of 0.1 s. Waveforms of oxy-Hb
changes were acquired from all subjects in all of the 22
channels during the task. NIRS data that clearly
contained motion artifacts as determined by close obser-
vation of the subject were excluded from further statis-
tical analysis (one subject in total). A low-pass filter
with a high cutoff of 0.1 Hz was used to exclude short-
term motion artifacts from the data for analysis. In
addition, oxy-Hb data in the following channels show-
ing low signal-to-noise (S/N) ratios were excluded from
further analysis: channels 1, 5, 14, 18, 19, 20, 21, and
22. Oxy-Hb concentrations were averaged during the
60-s verbal fluency task period. The pretask baseline
was determined by employing the mean across the last
10 s of the whole 30-s pretask period. Oxy-Hb concen-
tration changes during the verbal fluency task observed
on days 2 and 9 were statistically tested after subtract-
ing changes between the task period and pre-task period
from day-pre measurements. We utilized repeated-measures
analysis of variance (ANOVA) for the drugs (mirtazapine,
trazodone, and placebo) on days 2 and 9, followed by post
hoc multiple comparison with Fisher's protected least signif-
icant difference.

The number of words correctly generated was statistically
tested using repeated-measures ANOVA for the drugs (mirta-
zapine, trazodone, and placebo) on days 2 and 9.

SSS scores were statistically tested using Friedman’s test
followed by multiple comparison adjustment using the
Bonferroni method. Exploratory correlational analysis be-
tween oxy-Hb concentration change and SSS was performed
for each channel with Spearman’s p. Values of p<0.05 were
considered statistically significant for all analyses.

Results

Behavioral performance

The numbers of words correctly generated during the 60-s
verbal fluency task period for each administration condition
are summarized in Table 1. Repeated-measures ANOVA
revealed no significant difference between day-pre, day 2,
and day 9.

SSS

Mean SSS for mirtazapine (Table 1) on day 2 was signifi-
cantly higher than any other scores (p=0.00). Changes in
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Table 1 Number of words cor-

rectly generated and subjective Pre Mirtazapine Trazodone Placebo
sleepiness (mean + SD)
Day 2 Day 9 Day 2 Day 9 Day 2 Day 9
BP 15.3+£4.2 15.9+£3.6 14.7+£4.2 16.3+£3.7 14.94£4.2 16.4£3.8 14.8+4.5
BP behavioral performance, SS§ gsS 2305 37412 2.7+0.7 2.3£0.5 24+0.6 2.4+0.8 2.4+0.5
Stanford Sleepiness Scale
oxy-Hb concentration did not correlate with SSS in any  Discussion

channels.

NIRS response

For oxy-Hb, repeated-measures ANOVA for day 2 revealed
no significant difference between drugs. However, repeated-
measures ANOVA for day 9 revealed significant differences
in ch8 (F=4.50, p=0.02), chl12 (F=4.59, p=0.02), chl3
(F=2.80, p=0.08), chl5 (F=3.04, p=0.06), chl6 (F=3.46,
p=0.04), and ch17 (F=3.03, p=0.06). Post hoc testing for
day 9 showed that oxy-Hb increases with mirtazapine were
larger than those with trazodone in ch8 (p=0.02), ch12 (p=
0.02), ch13 (p=0.06), chl5 (p=0.02), ch16 (p<0.01), and
chl7 (p=0.04) and were larger than those with placebo in
ch8 (p=0.05) and ch12 (p=0.03) (Fig. 3).
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We examined the effects of two types of sedative anti-
depressants on brain activity, performed the verbal fluen-
cy task, and used NIRS to measure changes in oxy-Hb
concentration. No significant differences were detected
between mirtazapine, trazodone, and placebo on day 2
for oxy-Hb. However, activation was significantly in-
creased with mirtazapine in comparison to the other
drugs in 6 of 22 channels.

Results for the SSS indicated that sleepiness on day 2
was significantly increased with mirtazapine compared to
other conditions. No significant difference between drugs
was seen for the number of words correctly uttered during
the task, representing behavioral performance.

We assumed in this study that the superior frontal gyrus
was the area activated in oxy-Hb concentration change, as
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Fig. 3 Oxy-Hb concentration change during the whole 150-s period on day9 s (leff) and averaged oxy-Hb concentration change during the 60-s
task period on day9 s (right). The asterisk indicates p<0.05 (post hoc test; protected least significant difference)
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measured by NIRS (Tsuzuki et al. 2007). A previous study
revealed that activation in the left prefrontal cortex and right
premotor cortex was decreased with paroxetine, as mea-
sured by fMRI during a linguistic task, similar to our task
(Peran et al. 2008). To the best of our knowledge, no
previous studies have examined the effects of antidepressants
on brain blood flow during verbal fluency tasks. However, we
did identify several studies that examined the effects of anti-
depressants on brain activity (frontal lobe function) during
cognitive tasks. In a study using the Go/No-Go task during
fMRI, activity in bilateral prefrontal cortices was increased
with mitrazapine compared to placebo (Vollm et al. 2006).
Another fMRI study revealed that activity in the frontal area
was decreased with escitalopram during the Mackworth Clock
Test (Wingen et al. 2008).

According to these studies, brain response during cognitive
tasks (which measure frontal lobe function) differs according
to the type of drug used. This suggests that activity in the
frontal area is decreased in a cognitive task with selective
serotonin reuptake inhibitors (SSRIs) such as paroxetine and
escitalopram, whereas activity in the area can be increased
with mirtazapine, which was also examined in this study.
SSRI is known to have serotonergic effect. By contrast, mir-
tazapine has adrenergic and dopaminergic in addition to sero-
tonergic effect (Millan et al. 2000; Nakayama et al. 2004). As
for antihistamines, NIRS studies revealed that ketotifen sig-
nificantly decreased cortical activation in the lateral prefrontal
cortex (Tsujii et al. 2009; 2007). Studies using PET also
clarified that D-chlorpheniramine decreased regional cerebral
blood flow in the frontal area (Mochizuki et al. 2002;
Okamura et al. 2000). In the present study, antihistaminic
effect of mirtazapine significantly increased sleepiness on
day 2 as is the case in antihistamines. The increase of oxy-
Hb concentration change in the frontal cortex with mirta-
zapine may attribute to other pharmacological effects such
as adrenergic, dopaminergic, and serotonergic effects in
addition to antihistaminic effect. Differences in pharmaco-
logical properties can thus influence brain activity, mani-
festing as different responses (i.e., blood flow as measured
by NIRS). Moreover, outcomes can change with the dose
and duration of drug administration. Further examination of
the effects of different factors that may influence brain
activity is thus needed using other neuroimaging techniques
(e.g., IMRI).

According to some previous studies, the increased oxy-
Hb concentration change during cognitive tasks implies that
mirtazapine can intensify brain activity (Hock et al. 1997;
Kleinschmidt et al. 1996; Mehagnoul-Schipper et al. 2002;
Toronov et al. 2001). Oxy-Hb change is reportedly de-
creased in patients with major depressive disorder, suggest-
ing reduced brain activity (Suto et al. 2004; Herrmann et al.
2004). We therefore speculate that mirtazapine may have
some potential to restore deteriorated function of brain

activity in depression. On the other hand, continuous ad-
ministration of mirtazapine did not change the scores for
behavioral performance. We can therefore also assume that
increased brain activation might be needed to achieve the
same performance during mirtazapine administration, which
was indicated in the study of Alzheimer’s disease using
NIRS (Tomioka et al. 2009).

Several limitations must be considered when interpreting
the results of this study. First of all, NIRS measurement has
been suggested to have insufficient spatial resolution, al-
though the temporal resolution is high (Kameyama et al.
2006). NIRS probes in this study could measure limited
cerebral regions. We had a considerable area that was not
measured between the probes and outside of the NIRS shell.
In addition, we had to exclude 8 of 22 channels from
detailed analysis because of low S/N ratios. Second, initial
doses for both mirtazapine and trazodone were applied to
the subjects to carefully examine drug effects, side effects,
and influences on brain function at a low dose. Neverthe-
less, we have to acknowledge that these doses hold a meth-
odological problem because the initial doses may not be
sufficient to influence brain activity. Third, we have not
measured oxy-Hb concentration changes after the previous
drug was washed out. This might interfere with assessment
of the exact difference between the pretreatment baseline
and the periods treated with the second and the third drugs.
However, we assume that this problem could be resolved to
some extent because the order of the drugs administered was
randomized and counterbalanced. Fourth, the validity of
NIRS measurement should be considered. Further investi-
gations are needed to determine whether the results of NIRS
measurement are consistent with the results of other neuro-
imaging methods such as fMRI. Finally, all subjects in this
study were healthy men who were not taking any medications.
In general, most patients are taking other pharmacotherapies,
and extracting exact responses to a single specific adminis-
tered drug in such patients would be difficult. Hormonal
changes resulting from the menstrual cycle might also affect
cognitive function, thus influencing the results of cognitive
tasks (Hampson 1990; Maki et al. 2002; Phillips and Sherwin
1992). Changes to brain function in a patient could differ from
those in a healthy man, and sensitivity and response to a drug
might not be the same in women and the elderly. The results
from healthy subjects in this study thus might not be fully
applicable to patients.

Conclusion
We observed that continuous administration of an antide-
pressant would affect brain function in this study by exam-

ining using a NIRS recorder for functional brain imaging. In
addition, influences on brain function differed between the
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drugs used in our experimental protocol. Medication and the
type of antidepressant a subject takes appear to represent
factors affecting Hb concentration change in NIRS, along
with age, sex, and sleepiness; all of which should be con-
sidered when assessing brain activity in a patient with a
psychiatric disorder. In addition, differences between each
antidepressant in terms of the response of the brain need to
be determined to allow easy evaluation of whether a drug
will be effective for a patient. These techniques are expected
to prove beneficial in future personalization of therapy.

Acknowledgments We wish to offer our sincere thanks to the
healthy volunteers who participated in our study. This work was
supported in part by research grants from the Ministry of Education,
Culture, Sports, Science and Technology of Japan, the Ministry of
Health, Labor and Welfare of Japan, the Academic Frontier Project
for Private Universities, Comparative Cognitive Science Institutes,
Meijo University, the Yokoyama Foundation for Clinical Pharmacolo-
gy, and the Japan Research Foundation for Clinical Pharmacology.

Conflict of interest None of the authors have any conflicts of interest
directly relevant to the content of this study.

References

Hampson E (1990) Variations in sex-related cognitive abilities across
the menstrual cycle. Brain Cogn 14:2643

Herrmann MJ, Ehlis AC, Fallgatter AJ (2004) Bilaterally reduced
frontal activation during a verbal fluency task in depressed
patients as measured by near-infrared spectroscopy. J Neuropsy-
chiatry Clin Neurosci 16(2):170-175

Hock C, Villringer K, Muller-Spahn F, Wenzel R, Heekeren H,
Schuh-Hofer S, Hofimann M, Minoshima S, Schwaiger M, Dirnag]
U, Villringer A (1997) Decrease in parietal cerebral hemoglobin
oxygenation during performance of a verbal fluency task in patients
with Alzheimer's disease monitored by means of near-infrared spec-
troscopy (NIRS)—correlation with simultaneous rCBF-PET meas-
urements. Brain Res 755:293-303

Kameyama M, Fukuda M, Uehara T, Mikuni M (2004) Sex and age
dependencies of cerebral blood volume changes during cognitive
activation: a multichannel near-infrared spectroscopy study. Neu-
roimage 22:1715-1721

Kameyama M, Fukuda M, Yamagishi Y, Sato T, Uehara T, Ito M, Suto
T, Mikuni M (2006) Frontal lobe function in bipolar disorder: a
multichannel near-infrared spectroscopy study. Neuroimage
29:172-184

Kleinschmidt A, Obrig H, Requardt M, Merboldt KD, Dirnagl U,
Villringer A, Frahm J (1996) Simultaneous recording of cerebral
blood oxygenation changes during human brain activation by
magnetic resonance imaging and near-infrared spectroscopy. J
Cereb Blood Flow Metab 16:817-826

Maki PM, Rich JB, Rosenbaum RS (2002) Implicit memory varies
across the menstrual cycle: estrogen effects in young women.
Neuropsychologia 40:518-529

Mehagnoul-Schipper DJ, van der Kallen BF, Colier WN, van der Sluijs
MC, van Erning LJ, Thijssen HO, Oeseburg B, Hoefnagels WH,
Jansen RW (2002) Simultaneous measurements of cerebral oxy-
genation changes during brain activation by near-infrared spec-
troscopy and functional magnetic resonance imaging in healthy
young and elderly subjects. Hum Brain Mapp 16:14-23

‘E‘_l Springer

Millan MJ, Gobert A, Rivet JM, Adhumeau-Auclair A, Cussac D,
Newman-Tancredi A, Dekeyne A, Nicolas JP, Lejeune F (2000)
Mirtazapine enhances frontocortical dopaminergic and cortico-
limbic adrenergic, but not serotonergic, transmission by blockade
of alpha2-adrenergic and serotonin2C receptors: a comparison
with citalopram. Eur J Neurosci 12:1079-1095

Miyata S, Noda A, Ozaki N, Hara Y, Minoshima M, Iwamoto K,
Takahashi M, Iidaka T, Koike Y (2010) Insufficient sleep impairs
driving performance and cognitive function. Neurosci Lett
469:229-233

Mochizuki H, Tashiro M, Tagawa M, Kano M, Itoh M, Okamura N,
Watanabe T, Yanai K (2002) The effects of a sedative antihista-
mine, D-chlorpheniramine, on visuomotor spatial discrimination
and regional brain activity as measured by positron emission
tomography (PET). Hum Psychopharmaco] 17:413-418

Nakayama K, Sakurai T, Katsu H (2004) Mirtazapine increases dopa-
mine release in prefrontal cortex by 5-HT1A receptor activation.
Brain Res Bull 63:237-241

Okamoto M, Dan H, Sakamoto K, Takeo K, Shimizu K, Kohno S, Oda
I, Isobe S, Suzuki T, Kohyama K, Dan I (2004) Three-
dimensional probabilistic anatomical cranio-cerebral correlation
via the international 10-20 system oriented for transcranial func-
tional brain mapping. Neuroimage 21:99-111

Okamura N, Yanai K, Higuchi M, Sakai J, Iwata R, Ido T, Sasaki H,
Watanabe T, Itoh M (2000) Functional neuroimaging of cognition
impaired by a classical antihistamine, D-chlorpheniramine. Br J
Pharmacol 129:115-123

Peran P, Demonet JF, Cardebat D (2008) Paroxetine-induced modula-
tion of cortical activity supporting language representations of
action. Psychopharmacology (Berl) 195:487-496

Phillips SM, Sherwin BB (1992) Variations in memory function and
sex steroid hormones across the menstrual cycle. Psychoneuroen-
docrinology 17:497-506

Sadock BJ, Sadock VA, Sussman N, Cancro R (2005) Kaplan and
Sadock's pocket handbook of psychiatric drug treatment. Lippin-
cott Williams & Wilkins, Philadelphia

Schecklmann M, Ehlis AC, Plichta MM, Boutter HK, Metzger FG,
Fallgatter AJ (2007) Altered frontal brain oxygenation in detoxi-
fied alcohol dependent patients with unaffected verbal fluency
performance. Psychiatry Res 156:129-138

Strangman G, Culver JP, Thompson JH, Boas DA (2002) A
quantitative comparison of simultaneous BOLD fMRI and
NIRS recordings during functional brain activation. Neuroimage
17:719-731

Suda M, Sato T, Kameyama M, Ito M, Suto T, Yamagishi Y, Uehara T,
Fukuda M, Mikuni M (2008) Decreased cortical reactivity under-
lies subjective daytime light sleepiness in healthy subjects: a
multichannel near-infrared spectroscopy study. Neurosci Res
60:319-326

Suda M, Uehara T, Fukuda M, Sato T, Kameyama M, Mikuni M
(2010) Dieting tendency and eating behavior problems in eating
disorder correlate with right frontotemporal and left orbitofrontal
cortex: a near-infrared spectroscopy study. J Psychiatr Res
44:547-555

Suto T, Fukuda M, Ito M, Uechara T, Mikuni M (2004) Multi-
channel near-infrared spectroscopy in depression and schizo-
phrenia: cognitive brain activation study. Biol Psychiatry 55:501—
511

Tomioka H, Yamagata B, Takahashi T, Yano M, Isomura AJ, Kobayashi
H, Mimura M (2009) Detection of hypofrontality in drivers with
Alzheimer's disease by near-infrared spectroscopy. Neurosci Lett
451:252-256

Toronov V, Webb A, Choi JH, Wolf M, Michalos A, Gratton E, Hueber
D (2001) Investigation of human brain hemodynamics by simul-
taneous near-infrared spectroscopy and functional magnetic reso-
nance imaging. Med Phys 28:521-527



Psychopharmacology (2013) 226:75-81

81

Tsujii T, Yamamoto E, Ohira T, Saito N, Watanabe S (2007)
Effects of sedative and non-sedative H1 antagonists on
cognitive tasks: behavioral and near-infrared spectroscopy
(NIRS) examinations. Psychopharmacology (Berl) 194:83—
91

Tsujii T, Masuda S, Yamamoto E, Ohira T, Akiyama T, Takahashi T,
Watanabe S (2009) Effects of sedative and nonsedative antihist-
amines on prefrontal activity during verbal fluency task in young
children: a near-infrared spectroscopy (NIRS) study. Psychophar-
macology (Berl) 207:127-132

Tsuzuki D, Jurcak V, Singh AK, Okamoto M, Watanabe E, Dan I
(2007) Virtual spatial registration of stand-alone fNIRS data to
MNI space. Neuroimage 34:1506-1518

Vollm B, Richardson P, McKie S, Elliott R, Deakin JF, Anderson IM
(2006) Serotonergic modulation of neuronal responses to behav-
ioural inhibition and reinforcing stimuli: an fMRI study in healthy
volunteers. Eur J Neurosci 23:552-560

Wingen M, Kuypers KP, van de Ven V, Formisano E, Ramaekers JG
(2008) Sustained attention and serotonin: a pharmaco-fMRI study.
Hum Psychopharmacol 23:221-230

@ Springer



HUMAN PSYCHOPHARMACOLOGY

Hum. Psychopharmacol Clin Exp 2013; 28: 523-528.
Published online 30 June 2013 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/hup.2327

SHORT COMMUNICATION
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Objective This study aimed to assess whether a lower initial dose of mirtazapine can lessen the harmful effect on driving performance or
not in a double-blinded, placebo-controlled crossover trial.

Methods Thirteen healthy men received 8 days of continuous nocturnal doses of mirtazapine at 7.5 mg or 15 mg, or placebo. At baseline
and on days 2 and 9, subjects performed three driving tasks (road-tracking, car-following, and harsh-braking tasks) using a driving simulator
and a Continuous Performance Test. Stanford Sleepiness Scale (SSS) scores were also assessed. In the mirtazapine 7.5 mg series, 15 mg of
mirtazapine was additionally administered on day 9, followed by all the same assessments on day 10.

Results Mirtazapine 7.5 mg had no significant effects on any tasks except for SSS compared with placebo. Mirtazapine 15 mg impaired
road-tracking task and SSS. The increase in mirtazapine dose also had no significant effects on any tasks compared with those before dose
increase.

Conclusions Mirtazapine 7.5 mg did not cause driving impairment compared with mirtazapine 15 mg, while both doses of mirtazapine
produced subjective somnolence. The increase in mirtazapine had no detrimental effects on psychomotor performance. Initial low-dose

mirtazapine may be safer for automobile driving than the normal starting dose. Copyright © 2013 John Wiley & Sons, Ltd.

KEY WORDS—mirtazapine; sedation; driving performance; cognitive function; starting dose

INTRODUCTION

Mirtazapine is a noradrenergic and specific serotonergic
antidepressant with a unique pharmacologic profile that
differs from currently available antidepressants. The
therapeutic effects are derived by blockade of the
alpha,-adrenoreceptors and by indirect stimulation of
serotonin (5-HT); receptors, via blockade of 5-HT,
and 5-HT; receptors (de Boer, 1995). Efficacy of
mirtazapine has been established in a systematic review
and meta-analysis of randomized controlled trials
(Cipriani et al., 2009; Watanabe er al., 2008).
Mirtazapine is also one of the most commonly used
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Copyright © 2013 John Wiley & Sons, Ltd.

drugs for chronic insomnia in the US because of safety
and lower dependence.

Despite the efficacy of mirtazapine, a key clinical
problem is tolerability, and the most commonly reported
adverse event is somnolence (Watanabe er al., 2010).
Sedation and somnolence are considered as the most
important causes of driving impairment in patients being
treated with antidepressants (Ramaekers, 2003). In fact,
previous studies have suggested that acute administra-
tion of mirtazapine could impair road-tracking perfor-
mance (Ramaekers et al., 1998; Ridout et al., 2003;
Wingen et al., 2005). Therefore, administration methods
that can reduce driving impairment of mirtazapine are
needed for patients’ social lives and public safety.

It is considered that a lower initial dose of
mirtazapine provides potent histaminergic blockade
inducing prominent somnolence, whereas a higher
initial dose of mirtazapine is associated with reduced
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sedating antihistaminergic activity through increased
noradrenergic transmission (Stahl er al, 1997;
Stimmel et al., 1997). Generally, dose reduction
may be used to relieve antidepressants’ detrimental
effects, but little is known regarding the effects of
mirtazapine, especially at lower doses, on driving
performance. The aim of the present study was thus
to evaluate the effects of a lower initial dose of
mirtazapine on driving performance and cognitive
function. By measuring the effects of different low
doses of mirtazapine on driving performance, we
evaluated the driving safety of an initial low dose
of mirtazapine.

MATERIAL AND METHODS

Thirteen healthy male volunteers (3249 years old,
mean =+ SD, 39.2 4-6.2 years) were included through
health interviews and the Structured Clinical Interview
for Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition. All applicants had had a
driving license for >10years and had been driving
a car daily (minimum 5000km/year). The study
was approved by the ethics review committees of
the Nagoya University Graduate School of Medicine
and Nagoya University Hospital, and written
informed consent was obtained from each subject
before participation.

The present study used a double-blind, placebo-
controlled, three-way crossover design. Each subject
received 8days of continuous bedtime dosing with
either 7.5 or 15 mg of mirtazapine, or matched placebo
in identical capsules across three different treatment
series. Under the mirtazapine 7.5 mg series, 15 mg of
mirtazapine was additionally administered on day 9.
Dosing started at bedtime on day 1, preceding the first
test day (day 2). A washout period of =7 days was
provided between each treatment series. All subjects
received substantial training in both driving and cogni-
tive tests 1-2weeks before the first testing until
reaching a plateau level. After baseline assessments
without treatment, subsequent assessments were
performed on days 2 and 9 at 0930 for each treatment
series. In addition, the same assessments were
performed on day 10 (dose increase from 7.5 to 15 mg)
only for the mirtazapine 7.5mg series. The study
schedule is shown in Figure 1.

A driving simulator (DS) (Toyota Central R&D
Labs, Nagakute, Japan) was used to examine three
driving skills that have been associated with traffic
accidents. The details of DS configuration and tasks
have been described previously (Iwamoto et al., 2008).

Copyright © 2013 John Wiley & Sons, Ltd.
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Figure 1. Summary of treatments and schedules in this study. Each
subject received nocturnal dosing with mirtazapine (MIR) 7.5 mg, MIR
15mg, or matched placebo (PCB) for 8 days in a double-blind, crossover
design. In the MIR 7.5mg series, MIR 15mg was also administered
on day 9. A washout period of >7days was provided between each
treatment session. Assessments were performed at baseline (once before
treatment) and on days 2, 9, and 10 (only in the MIR 7.5 mg series) of
each treatment series

The road-tracking test measures standard deviation of
lateral position (SDLP) on a gently winding road
at a constant speed of 100km/h. The car-
following test measures coefficient of variation of
the distance between preceding car and subject’s
own (Uchiyama ez al., 2003). Subject was required
to maintain a constant distance between cars. The
harsh-braking test measures mean brake reaction
time in seven braking trials to avoid crashing into
the humanoid models that randomly ran into the
road. Each test was recorded every 20ms and
lasted for 5min. As for the cognitive test, the Con-
tinuous Performance Test—Identical Pairs version
(Cornblatt et al., 1988) was used to measure
sustained attention. A series of four-digit stimuli
was used, and performance was measured by the
signal detection index d-prime, a measure of dis-
criminability computed from “hits” and “false
alarms”. The Stanford Sleepiness Scale (SSS)
(Hoddes et al., 1973) is also used to examine the
level of alertness at the beginning of each test day.

To compare the conditions following the adminis-
tration of the three drugs, the differences between
the baseline values and each evaluation point values
were analyzed. Two-way repeated-measures analysis
of variance with time and drug as factors was used
to analyze the outcome variables over 8 days. Post-
hoc tests were examined with one-way repeated-
measures analysis of variance followed by the
Bonferroni test at each evaluation point. Outcome
variables on day 10 in the mirtazapine 7.5 mg series
were compared with those on day 9 in the same
series using paired #-tests. All tests were two-
tailed, with the alpha level set at (.05.

Hum. Psychopharmacol Clin Exp 2013; 28: 523-528.
DOI: 10.1002/hup
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RESULTS

In the road-tracking test, 1 subject failed to complete
the test on day 2 for both the mirtazapine 7.5 and
15mg series, as he was sliding off the track. No
other subjects were stopped prematurely and crashed
during driving test. Because of technical malfunctions,
road-tracking test, harsh-braking test, and Continuous
Performance Test data were incomplete for 1 subject.
Only complete data sets were included in analyses.

A summary of the results is shown in Table 1. There
is a significant main drug effect in the road-tracking
test (F=10.2, df=1, 13, p=0.004). SDLP in the
mirtazapine 15 mg series was significantly greater than
that observed in the mirtazapine 7.5mg or placebo
series on day 2 (p=0.004, both). There is no signifi-
cant drug X time interaction or main drug effect in
other driving and cognitive tests. There is a significant
drug X time interaction in sleepiness (F'=6.46, df=2,
24, p=0.006). SSS scores in the mirtazapine 7.5 and
15mg series were significantly greater than that
observed in the placebo series on day 2 (p=0.028
and p=0.027, respectively). The results for SDLP
and SSS on days 2 and 9 are presented in Figure 2.
With regard to increased mirtazapine on day 9, any
variables on day 10 did not significantly changed
compared with those on day 9.

DISCUSSION

The present results indicate that mirtazapine 7.5 mg did
not significantly affect driving performances and
sustained attention, although mirtazapine 15 mg had a
significantly deleterious effect on road-tracking perfor-
mance. However, mirtazapine 7.5mg, like 15mg,
significantly increased subjective sleepiness compared
with placebo in acute dosing. Mirtazapine-induced
sleepiness decreased over time and was no longer
clinically relevant after repeated dosing. Furthermore,
the increase in mirtazapine from 7.5 to 15 mg did not
impair any performance. This study examines the
effects of an initial lower dose of mirtazapine on both
driving performance and cognitive function.
Mirtazapine-induced sedation is considered attribut-
able in large part to potent blockade of histamine;
receptors. Antihistamine activity is thought to be
offset by increased noradrenergic transmission at
higher doses (Stahl er al., 1997; Stimmel et al., 1997).
Radhakishun et al. (2000) showed that initial
mirtazapine doses of 15 and 30 mg had similar impacts
on subjective alertness, but few data have been accu-
mulated to confirm this theory, particularly at lower
doses. In the case of antihistamines, dose-dependent
effects on psychomotor performance including driving
performance (Theunissen et al., 2004) and brain

Table 1. Summary of the results of driving tests, cognitive test, and subjective measurement in healthy subjects enrolled in a crossover trial of mirtazapine

7.5 mg, mirtazapine 15 mg and placebo (N=13)

Mean (SD)
Test
Measure time Placebo Mirtazapine 7.5 mg Mirtazapine 15mg

Driving test Baseline 42.9 (12.6)

SDLP* (cm) Day 2 40.7 (10.6) 41.3 (9.8) 48.3 (11.2)
Day 9 42.5(11.5) 40.3 (10.6) 44.8 (12.3)
Day 10 40.8 (10.5) ...

DCV Baseline 37.4 (25.0)
Day 2 39.3 (40.4) 57.3 (85.7) 67.0 (86.2)
Day 9 27.9 (18.5) 24.5 (21.1) 27.1 (24.8)
Day 10 26.3 (21.8)

BRT** (ms) Baseline 542.3 (43.9)
Day 2 533.3 (70.8) 521.2 (41.1) 538.6 (44.7)
Day 9 525.2 (43.5) 526.8 (41.0) 538.9 (52.9)
Day 10 o 527.0 (38.8) .

Cognitive test Baseline 3.0 (0.8)

CPT (d’)** Day 2 3.4 0.7 3.4 (0.5) 3.1(0.8)
Day 9 3.4 (0.7) 3.6 (0.5) 3.4(0.7)
Day 10 . 3.6 (0.6) .

Subjective measurement Baseline 2.4 (0.5)

SSS Day 2 2.5(0.7) 3.3 (0.9) 3.8 (1.3)
Day 9 2.5(0.6) 2.3 (0.5) 2.6 (0.6)
Day 10 2.5 (0.6) ...

SDLP, standard deviation of lateral position; DCV, distance coefficient of variation; BRT, brake reaction time; CPT, Continuous Performance Test; SSS,

Stanford Sleepiness Scale.
Baseline data were assessed once before treatment.
*N=11, **N=12,
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