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Abstract
In December 2022, the Ministry of Health, Labour and Welfare (MHLW) of Japan is-
sued and implemented the guideline for evaluating the effects of psychotropic drugs 
on motor vehicle driving performance. This guideline recommends the use of a tiered 
approach to assess clinically meaningful driving impairment. It is noted that adverse 
events cannot be solely explained by pharmacokinetics, as the onset and duration 
of these events vary. Among these adverse events, those affecting alertness, such 
as drowsiness caused by psychotropic drugs on driving performance, are more fre-
quently observed during initial treatment stages and dose escalation. Hence, when 
evaluating the effects of psychotropic drugs on driving performance, it becomes 
crucial to assess the persistence of clinically meaningful impairment. Therefore, the 
MHLW guideline, developed by the authors, emphasizes the need to assess the tem-
poral profile of adverse events affecting driving in all clinical trials. Additionally, the 
guideline states that when conducting driving studies, the timing of multiple dosing 
should consider not only the pharmacokinetics of the investigational drug but also its 
tolerance.
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1  |  INTRODUC TION

Recent psychotropic drugs have been shown to reduce sedative side 
effects making them more tolerable. The tolerability of psychotro-
pic drugs is important in terms of not only the need for continued 
pharmacotherapy to prevent relapse or recurrence but also their 
impact on the patient's social life. In particular, automobile driving 
frequently serves as an essential means of transport in social life. 
Therefore, examining the effects of psychotropic drugs on driving 
performance and providing appropriate precautions regarding their 
effects on patients could not only help protecting patient safety, but 
also improve social functioning through the selection of appropriate 
therapeutic drugs.

Automobile driving is a complex activity involving a wide range 
of arousal, sensory-perceptual functions, cognitive functions, or psy-
chomotor functions. Specifically, it is essential to determine which 
functional domains related to automobile driving are affected by a 
psychotropic drug and subsequently evaluate clinical significance of 
the magnitude of the effect. To facilitate the efficient and appropri-
ate evaluation of the effects of psychotropic drugs on driving per-
formance, we have developed a guideline, published by the Ministry 
of Health, Labour and Welfare (MHLW) of Japan on December 
27, 2022.1 This guideline, similar to that of the US Food and Drug 
Administration (US FDA), recommends a tiered approach,1,2 and the 
differences between the MHLW and US FDA guidelines have been 
reported previously.3 This article provides the specific information 
for planning clinical trials to assess the effects of psychotropic drugs 
on driving performance.

2  |  OVERVIE W OF THE TIERED 
APPROACH IN THE MHLW GUIDELINE

In the MHLW guideline, the basic framework of the tiered approach 
for evaluating the effects of psychotropic drugs on driving perfor-
mance is as follows.1,3

STEP 1: Pharmacological evaluation
The pharmacological effects of the investigational drug and its 

active metabolites reported in nonclinical studies will be evaluated 
to determine which of the functional domains related to driving (i.e., 
alertness, sensory-perceptual functions, cognitive functions, or psy-
chomotor functions) may be affected.

STEP 2: Pharmacodynamic evaluation
Clinical trials in early development, such as clinical pharmacody-

namic trials, will be evaluated in terms of whether the investigational 
drug affects the functional domains related to driving identified in 
STEP 1.

STEP 3: Evaluation of the temporal profile of adverse events in clin-
ical trials

In all clinical trials, the temporal profile of adverse events affect-
ing automobile driving, including time of onset, duration, and toler-
ance, will be evaluated.

STEP 4: Driving study

If the accumulated information suggests an effect on the driv-
ing performance domains, driving studies will be conducted as 
appropriate.

The aim of pharmacodynamic trials in STEP 2 is to screen for 
the effects of the investigational drug on the functional domains 
identified in STEP 1 by using neuropsychological tests. However, 
assessing the clinical significance of the results remains challeng-
ing. The main purpose of exploratory, confirmatory, and long-term 
studies is to assess the efficacy and safety of the drug under devel-
opment for the disease. When assessing the effects of the drug on 
driving performance, the aim of these studies is to clarify the tem-
poral profile of adverse events affecting automobile driving (STEP 
3). Additionally, the purpose of the driving study is to evaluate the 
presence or absence of clinically meaningful impairment with higher 
specificity (STEP 4).

3  |  DATA TO BE COLLEC TED IN ALL 
CLINIC AL TRIAL S:  STEP 3

3.1  |  Characteristics of psychotropic adverse 
events over time

Generally, adverse events include (1) time-limited events that occur 
and then rapidly diminish; (2) events that persist throughout the 
course of treatment; and (3) delayed events that are rare early in 
the treatment course and occur with continued treatment. Central 
nervous system disturbances caused by psychotropic drugs, such 
as drowsiness, are more common early in the treatment course and 
during dose escalation.

3.2  |  Evaluation of temporal profiles

In all clinical trials, it is important to evaluate the temporal profile 
of adverse events affecting automobile driving, including time of 
onset, duration, and tolerance. In driving studies, it is necessary to 
set a time point for evaluating multiple dosing based on the phar-
macokinetics of the investigational drug and the temporal profile 
of adverse events so that the persistence of impairment can be 
evaluated.

4  |  E VALUATION OF CLINIC ALLY 
ME ANINGFUL DRIVING IMPAIRMENT IN 
DRIVING STUDIES:  STEP 4

4.1  |  Blood alcohol concentration (BAC) as a 
benchmark

The purpose of assessing the effects of drugs on automobile 
driving ability is to predict and reduce the risk of road accidents. 
However, the effects of drugs on driving performance cannot be 
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assessed based on the risk of actual automobile crashes because 
it would be unethical to use car crashes as an endpoint in rand-
omized controlled trials. For this reason, in driving studies, it is 
common to use BAC as a benchmark to assess whether the effects 
of the investigational drug on driving performance are clinically 
meaningful. Epidemiological studies have reported a dose–re-
sponse relationship between BAC and road traffic crashes, with 
an increased risk of road traffic crashes at BAC levels of 0.05% 
and above.4,5 In addition, BAC correlates with the standard de-
viation of lateral position (SDLP), which is the degree of weaving 
during driving and a standardized index used as a primary end-
point in driving studies worldwide.6,7 Alcohol acts as an agonist 
of γ-aminobutyric acid type A (GABAA) receptors and also acts di-
rectly or indirectly on other neurotransmitter systems such as the 
glutamate, dopamine, serotonin, and opioid systems.8,9 Therefore, 
alcohol has a wide range of effects on the central nervous system 
and is biologically appropriate to be used as a benchmark.

4.2  |  Clinically meaningful driving impairment: 
magnitude and persistence

In recent years, several driving studies have been carried out to eval-
uate the effects of hypnotics (Table 1). Table 1 shows driving studies 
for non-benzodiazepine sleep medications (GABAA receptor ago-
nists, melatonin receptor antagonists, and orexin receptor antago-
nists). The National Highway Traffic Safety Administration guideline 
was the first to recommend an anterospective tiered approach,2 and 
after 2011, when this guideline was published, the SDLP was gener-
ally used as the primary endpoint (Table 2). The primary endpoint 
should be selected according to the characteristics of the investiga-
tional drug, and the MHLW and US FDA guidelines provide an exam-
ple of the use of SDLP to assess drug-related drowsiness in driving 
studies.1,2 Recent psychotropic drugs have been shown to reduce 
sedative side effects, and it is important to consider whether these 
effects are clinically meaningful driving impairment. Therefore, after 
selecting the positive control and ensuring the sensitivity of the 
analysis, the difference in mean SDLP is used to assess superiority to 
a placebo. Recent driving studies have prespecified clinically mean-
ingful SDLP reference values and assessed the clinical significance 
of the magnitude of the effect. In these analyses, the difference in 
SDLP between placebo and investigational drug administration is 
used to eliminate the influence of individual driving ability.10,11 The 
reference value corresponding to a BAC of 0.05% is then set for this 
difference in SDLP between investigational drug and placebo admin-
istration. More recently, non-inferiority examining has become more 
common in driving studies (studies in 2011 and before: 0%, studies 
after 2011: 50%). In recent driving trials, even if the mean differ-
ence in SDLP is statistically significant, if the upper limit of the con-
fidence interval is below this reference value, that is, non-inferiority 
is demonstrated, the effect is judged not to be a clinically meaning-
ful impairment. Although the SDLP reference values using BAC as a 
benchmark have been validated for the mean, reference values for TA

B
LE

 2
 

A
na

ly
si

s 
m

et
ho

ds
 o

f d
riv

in
g 

st
ud

ie
s 

ev
al

ua
tin

g 
no

n-
be

nz
od

ia
ze

pi
ne

 h
yp

no
tic

s 
(G

A
BA

A
 re

ce
pt

or
 a

go
ni

st
s,

 m
el

at
on

in
 re

ce
pt

or
 a

nt
ag

on
is

ts
, a

nd
 o

re
xi

n 
re

ce
pt

or
 a

nt
ag

on
is

ts
).

N
o.

 o
f s

tu
di

es
St

ud
ie

s w
ith

 p
os

iti
ve

 
co

nt
ro

l

A
ss

es
sm

en
t t

im
e 

po
in

t
Pr

im
ar

y 
en

dp
oi

nt
St

at
is

tic
al

 a
na

ly
si

s

Si
ng

le
 d

os
in

g 
on

ly
Si

ng
le

 a
nd

 
m

ul
tip

le
 d

os
in

g
St

ud
ie

s w
ith

 P
E

SD
LP

 a
s P

E
Su

pe
rio

rit
y 

to
 

pl
ac

eb
o

N
on

-in
fe

rio
rit

y

20
11

 a
nd

 b
ef

or
e

11
27

%
 (3

)
91

%
 (1

0)
9%

 (1
)

64
%

 (7
)

71
%

 (5
/7

)
10

0%
 (1

1)
0

A
ft

er
 2

01
1

8
75

%
 (6

)
38

%
 (3

)
63

%
 (5

)
88

%
 (7

)
10

0%
 (7

/7
)

10
0%

 (8
)

50
%

 (4
)

N
ot

e:
 N

um
be

rs
 in

 b
ra

ck
et

s 
in

di
ca

te
 th

e 
nu

m
be

r o
f s

tu
di

es
. H

ow
ev

er
, t

he
 n

um
be

rs
 in

 b
ra

ck
et

s 
fo

r “
SD

LP
 a

s 
PE

” i
nd

ic
at

e 
th

e 
pr

op
or

tio
n 

of
 s

tu
di

es
 in

 w
hi

ch
 S

D
LP

 w
as

 th
e 

pr
im

ar
y 

en
dp

oi
nt

.
A

bb
re

vi
at

io
ns

: P
E,

 p
rim

ar
y 

en
dp

oi
nt

; S
D

LP
, s

ta
nd

ar
d 

de
vi

at
io

n 
of

 la
te

ra
l p

os
iti

on
.



312  |    NAKABAYASHI et al.

individual subjects have not been established. This means that while 
it is possible to assess population effects, there are limitations in as-
sessing clinically meaningful impairment in individual subjects.

In clinical practice, whether driving a car should be prohibited 
for the entire duration of treatment or only in the early stages is an 
important issue for not only patient guidance but also treatment se-
lection. Recent driving studies have evaluated the effects of multiple 
rather than single dosing of an investigational drug, that is, the per-
sistence of clinically meaningful impairment (studies evaluating sin-
gle and multiple dosing in 2011 and before: 9%, studies after 2011: 
63%). Therefore, evaluating the effects of initial and multiple dosing 
in driving studies can provide valuable information for real-world 
clinical practice. Multiple dosing should be continued at least until 
steady-state blood concentrations of the investigational drug and 
active metabolites have been achieved, and this period should be 
considered in cases of tolerance. As mentioned above, the temporal 
profiles of adverse events studied in clinical trials other than driving 
studies can be used as a reference for setting the assessment time 
points in multiple dosing.

5  |  CONCLUSION

To ensure the best possible care for patients, healthcare profession-
als should be aware of the characteristics of each medicine. In the 
case of psychotropic drugs, understanding the extent and duration 
of their effects on driving performance is valuable information for 
treatment selection and patient counseling. Therefore, we recom-
mend that the temporal profile of adverse events affecting driving 
should be assessed in all clinical trials and that the timing of multiple 
dosing in driving studies should consider the pharmacokinetics of 
the investigational drug and the tolerance observed in other clinical 
trials.
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