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scitalopram is the S-enantiomer of citalopram, and
it is the most selective serotonin (5-HT) reuptake
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Objective: The effects of escitalopram 10 to
20 mg/day and mirtazapine 30 to 45 mg/day on
actual driving and psychomotor performance of
18 healthy subjects were determined in a random-
ized, double-blind, placebo-controlled, multiple-
dose, 3-way crossover trial.

Method: Each treatment period lasted for 15
days and was separated from the next period by
a washout period of at least 13 days. Subjects
received an evening dose of escitalopram 10 mg,
mirtazapine 30 mg, or placebo from days 1 to 7
and an evening dose of escitalopram 20 mg, mir-
tazapine 45 mg, or placebo from days 8 to 15. On
days 2, 9, and 16, reflecting acute period, dose
increase, and steady state, respectively, the Road
Tracking Test was performed. The main param-
eter was standard deviation of lateral position.
Psychomotor performance was also assessed
on days 2, 9, and 16 by laboratory computer
tasks. Subjective sleep quality was measured
with the Groninger Sleep Quality Scale, and
mood was measured by visual analogue scales.

Results: Treatment differences were apparent
during the acute treatment period, in which sub-
jects treated with mirtazapine 30 mg performed
less well on the driving test as compared to pla-
cebo. The Divided Attention Task results also
revealed a significant increase in tracking error
after a single dose of mirtazapine 30 mg as com-
pared to placebo. Mirtazapine decreased feelings
of alertness and contentedness. Mirtazapine did
not affect performance on days 9 and 16 of treat-
ment. Escitalopram did not affect driving, psy-
chomotor performance, or subjective mood
throughout treatment.

Conclusion: Driving performance, as well
as psychomotor functioning, was not affected
by escitalopram treatment in healthy subjects.
Driving performance was significantly impaired
after ingestion of mirtazapine 30 mg during the
acute treatment period.
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E
inhibitor (SSRI). Escitalopram treats major depressive
disorder effectively1 and has been shown to be superior
to citalopram.2 The standard dose is 10 or 20 mg daily and
the most common side effect is nausea.3 Mirtazapine is a
noradrenergic and specific serotonergic antidepressant
(NaSSA), and its therapeutic effect is derived by blockade
of the α2-adrenoceptors and by indirect stimulation of the
5-HT1 receptors, via blockade of 5-HT2 and 5-HT3 re-
ceptors.4 Mirtazapine has shown antidepressant efficacy
in placebo-controlled trials.5 The most prominent side
effects of mirtazapine are drowsiness or sedation, dry
mouth, increased appetite, and weight gain.6,7 Sedation is
attributed to mirtazapine’s high affinity for blocking the
histaminergic H1 receptor.5 The sedative effects of mirtaz-
apine may potentially last for a prolonged period, as the
drug possesses an elimination half-life of 20 to 40 hours.

Antidepressants can have an impairing effect on psy-
chomotor function and car driving due to side effects,
such as sedation, blurred vision, or dizziness. These side
effects may reduce the driving ability of depressed pa-
tients. However, not all antidepressants influence driving
ability to the same extent. In cases of severe major depres-
sion, an effective antidepressant with few side effects may
even improve driving performance when alleviating the
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depression.8–10 Selective antidepressants, such as SSRIs,
are known to have fewer impairing effects on car driving
than tricyclic antidepressants (TCAs) in depressed pa-
tients.11 In addition, driving should be contraindicated dur-
ing the starting phase of treatment with TCAs, because of
the sedating effects that appear immediately after acute
doses.12

A few studies have determined the effects of citalopram
or escitalopram on psychomotor performance and tasks
related to driving performance in healthy volunteers.13–16

An acute dose of citalopram 10 mg showed comparable
effects to placebo on a number of psychomotor tests
and on a driving simulator test.13 Herberg14 found that
citalopram 20 and 40 mg daily did not impair psychomo-
tor performance in healthy subjects. In another placebo-
controlled study,15 an improvement in choice reaction time
and critical flicker fusion threshold was shown 1 to 4
hours after citalopram 20 mg administration. Other psy-
chomotor tests showed no improvement, i.e., the Digit
Symbol Substitution Test and the Trailmaking B Test.15

After 1 and 8 days’ administration of 10, 20, and 40 mg of
citalopram in another study,16 there were no detrimental
effects on psychomotor functioning, including the choice
reaction time test and compensatory tracking, compared to
placebo.

In general, it can be said that citalopram is free of im-
pairing psychomotor effects. There are some indications
that citalopram as well as escitalopram in some degree de-
creases vigilance.17–19 The relevance of this finding for ac-
tual driving performance is, however, presently unclear.
No previous studies have been carried out to assess the ef-
fects of citalopram or escitalopram on actual driving per-
formance. The aim of the present study was to compare
the influence of acute and subchronic treatment with esci-
talopram and mirtazapine on actual driving performance
and psychomotor functioning in healthy subjects.

METHOD

Subjects
Eighteen healthy subjects, 9 men and 9 women, mean

(SD) age = 31.4 (5.8), were recruited by advertisement
in local newspapers. Subjects were screened by a tele-
phone interview and a health questionnaire, and all under-
went a medical examination (including a standard 12-lead
electrocardiogram, blood hematology and chemistry, uri-
nalysis, and drug and pregnancy screening). Selection was
based on the following inclusion criteria: possession of
a valid driving license for more than 3 years, driving ex-
perience of > 5000 km per year on average, normal bin-
ocular visual acuity corrected or uncorrected, and body
mass index of 19 to 29 kg/m2. Subjects who met 1 or more
of the following criteria were excluded from the study:
history or present evidence of a serious illness such
as renal, hepatic, cardiovascular, pulmonary, endocrine,

neurologic or psychiatric, hematologic, or gastrointestinal
diseases; medical history of glaucoma; pregnancy (as de-
termined at screening) or breastfeeding; known hypersen-
sitivity to medicinal drugs; treatment with an investiga-
tional drug within 3 months prior to screening; use of
medicines (except oral contraceptives and paracetamol);
excessive smoking (more than 10 cigarettes a day); over-
consumption of alcohol (more than 35 g of ethanol a day,
comparable to 3.5 standard drinks) or caffeine (more than
6 cups of regular coffee a day); positive result of urine
drug screening at the screening visit for alcohol and/or
drug of abuse; positive result of hepatitis C virus antibody
or hepatitis B surface antigen testing or blood donation.

The study was approved by the standing medical ethics
committee of Maastricht University and was carried out in
accordance with the World Medical Association’s Declara-
tion of Helsinki (Edinburgh, 2000). Written informed con-
sent was obtained from each subject prior to participation.

Design and Treatments
The study was a randomized, double-blind, placebo-

controlled, 3-way crossover design. Treatments were ad-
ministered in separate 15-day series, and treatment orders
were balanced and assigned by a predetermined random-
ization schedule. Subjects received 10 mg/day of escitalo-
pram on days 1 to 7 followed by 20 mg/day of escitalo-
pram on days 8 to 15, 30 mg/day of mirtazapine on days
1 to 7 followed by 45 mg/day of mirtazapine on days 8
to 15, or placebo. Drugs and placebo were always ingested
at fixed times in the evening. Dosing started the evening
before (day 1) the first test day (day 2). The treatment ses-
sions were separated by washout periods of at least 13
days.

Testing Procedure
Subjects were trained in 2 sessions 1 week prior to their

first treatment condition in driving and psychometric tests
to minimize learning effects. Training in the Critical
Tracking Task and the Divided Attention Task (see de-
tailed descriptions below) continued until the subject had
performed each test with less than 5% variance from the
average over the final 3 trials. The assessments were done
on day 2 (referred to as acute), day 9 (dose increase), and
day 16 (steady state) of each treatment series, 12 to 16
hours after drug administration. Subjects were not allowed
to consume alcohol 48 hours prior to testing and caffeine-
containing beverages 4 hours prior to testing. On each test
day, subjects were screened for alcohol use in breath and
for recent drug use in urine for opiates, methadone, co-
caine, amphetamines, Ecstasy, and cannabinoids. During
testing, subjects were not allowed to smoke. Subjects ar-
rived at 9:00 a.m., and psychometric tests started at 9:30
a.m. The driving test started at 10:30 a.m.

Actual Driving Performance (Road Tracking Test).
In the Road Tracking Test,20 subjects operated a specially
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instrumented vehicle over a 100-km primary highway cir-
cuit while maintaining a constant speed (95 km or 58 miles
per hour) and a steady lateral position between the delin-
eated boundaries of the right (slower) traffic lane. The ve-
hicle was dual controlled, and the subject was accompa-
nied by a driving instructor. An electro-optical device
mounted at the rear of the car continuously measured lat-
eral distance separating the vehicle and the left lane line.
This signal was digitized at a rate of 4 Hz and stored on an
onboard computer disk file for later editing analysis. The
offline editing routine involved removal of all data seg-
ments that revealed signal loss, disturbance, or occurrence
of passing maneuvers. The remaining data were then used
to calculate means and variances for lateral position and
speed. Standard deviation of lateral position (SDLP in cen-
timeters) was taken as a variable. SDLP is a measure of
road tracking error; in practical terms, it is a composite in-
dex of allowed weaving, swerving, and overcorrecting.
The standard deviation of the speed was also taken as a
performance measure. The test duration was to be about 1
hour; the actual test duration varied between 45 and 120
minutes.

Critical Tracking Task. Critical Tracking Task21 mea-
sures the subject’s ability to control a displayed error sig-
nal in a first-order compensatory tracking task. Error was
displayed as an increasing horizontal deviation of a cursor
from the midpoint on a horizontal, linear scale. Compensa-
tory joystick movements nulled the error by returning the
cursor to the midpoint. The frequency at which the subject
lost control was the critical frequency or λc in rad/s. The
test included 5 trials, of which the lowest and the highest
scores were discarded; the average of the remaining scores
was taken as the final score.

Divided Attention Task. Divided Attention Task22 mea-
sures the ability to divide attention between 2 tasks per-
formed simultaneously. First, the subject performed the
Critical Tracking Task as described above but at a constant
level of difficulty set at 50% of his or her maximum capac-
ity for 12 minutes. Tracking error is measured as the differ-
ence in millimeters between the position of the cursor and
the midpoint of the scale. Second, the subject monitored
24 peripheral displays upon which single digits change
asynchronously at 5-second intervals. The occurrence of
the digit “2” was a signal for the subject to remove the foot
from a pedal as rapidly as possible. Signals occurred twice
at every location, in random order, at intervals of 5 to 25
seconds. Mean absolute tracking error (in millimeters)
and average reaction time (in milliseconds) were taken
as variables.

Syntactical Reasoning Task. A series of 32 sentences
were presented to the subject. Each described the order
of 2 letters, e.g., “B follows A.” Each sentence is followed
immediately by the same letters, printed on the computer
screen, e.g., “AB.” In half of the trials, the order is the
same as described by the preceding sentence, and in the

other half of the trials, the order is opposite. Sentence diffi-
culty varies within the series, from simple active sentences
as given above to more complicated sentences involving
passives, negatives, or both, e.g., “B is not followed by A.”
The required response was to indicate as quickly as pos-
sible, using appropriate push buttons, whether or not the
pair of letters was in the same order as given in the preced-
ing sentence. This task measures working memory.23 Cor-
rect number of responses and mean reaction time were the
measurements.

Digit Symbol Substitution Test. The Digit Symbol Sub-
stitution Test (DSST) is a computerized version of the
original paper-and-pencil test taken from the Wechsler
Adult Intelligence Scale24 and is a measurement of psy-
chomotor speed, concentration, and attention. The subject
was briefly shown an encoding scheme consisting of a row
of squares at the top of the screen in which 9 digits were
randomly associated with particular symbols. The same
symbols were presented in a fixed sequence at the bottom
of the screen as a row of separate response buttons. The
randomization procedures were chosen such that symbols
never appeared at the same ordinal position within both
rows. The encoding scheme and the response buttons re-
mained visible while the subject was shown successive
presentations of a single digit at the center of the screen.
The task was to match each digit with a symbol from the
encoding list and click the corresponding response button.
The number of digits correctly encoded within 3 minutes
was the performance measure.

Subjective Measurements. Different visual analogue
scales were used to assess subjective measurements of
mood and drug effects on driving. In addition, each test
day subjects filled out the Groninger Sleep Quality Scale25

to assess sleep quality during the preceding night. The
measurements were a total score of 14 yes/no questions to
score the number of sleep complaints (ranging from good
sleep [score = 0] to worst possible sleep [score = 14] and
specific questions about time needed to fall asleep, num-
ber of awakenings during the night, and sleep duration in
hours. Adverse events observed, spontaneously reported
by the subject, or elicited by a nonleading question were
recorded. After the psychometric tests, subjects were
asked to assess their mood by filling in a 16-item mood
scale from which the factors alertness, contentedness, and
calmness were derived.26 Subjects were asked to rate their
driving performance after the Road Tracking Test, and the
driving instructor was asked to rate the driving perfor-
mance and the degree of sedation of the subject after the
Road Tracking Test.

Pharmacokinetics
Blood samples for serum drug level analysis were col-

lected on days 2, 9, and 16 of each treatment period using
the following procedure: peripheral venous access was es-
tablished, and the required blood sample of 7 mL of whole
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blood was taken. The blood samples were analyzed for
serum concentration of escitalopram, the S-enantiomer
and R-enantiomer of the metabolites demethylcitalopram
(DCT) and didemethylcitalopram (DDCT), and for mir-
tazapine by means of a validated analysis method accord-
ing to the principles of Good Laboratory Practice.

Statistical Analyses
Sample size was based on a power calculation for de-

tecting a treatment difference of 2.0 cm or more on the
primary measure, i.e., SDLP. A treatment difference of 2.4
cm was found to be clinically relevant, which corresponds
with a blood alcohol concentration (BAC) of 0.5 mg/mL
in a study of social drinkers performing the same Road
Tracking Test.27 The power of detecting a mean difference
of 2.0 cm was calculated to be greater than 90% using the
noncentral T-distribution, with the within-subject stan-
dard deviation being 2.1 cm as estimated in previous stud-
ies carried out by the Maastricht University research
group.12

Parameters of the Road Tracking Test, psychometric
tests, and subjective mood scales were subject to analyses
of variance with subject, treatment, and period as factors.
Driving and psychomotor data were analyzed for each test
day separately. In case of a main treatment effect, drug-
placebo effects were determined using simple contrasts.

The results of the Groninger Sleep Quality Scale were
not normally distributed. To examine the main treatment
effects, the variables were analyzed by the Friedman test
(nonparametric). In case of a significant treatment effect,
drug-placebo comparisons were defined through the Wil-
coxon signed-rank test (nonparametric). All statistical
tests were conducted using SPSS (version 11.5 for Win-
dows; SPSS Inc., Chicago, Ill.).

RESULTS

Missing Data
A total of 18 subjects completed the study. The Road

Tracking Test was interrupted by the driving instructor in
1 subject after treatment with mirtazapine 30 mg/day (day
2) because he fell asleep while driving. In this case, the re-
maining data (64% complete) were used to calculate driv-
ing measurements. There were no missing data concern-
ing the psychometric tests. One subject did not complete
the Groninger Sleep Quality Scale during the second day
of placebo treatment. These incomplete data were treated
as missing values.

Driving and Psychometric Tests
Summary of the results of the driving test and the

psychometric tests is shown in Table 1. Standard devia-
tion of lateral position showed a significant effect of treat-
ment and period (F = 5.59, df = 2,32; p < .05) on day 2.
Drug-placebo comparisons revealed an impairing effect

of mirtazapine (30 mg), but not of escitalopram (10 mg).
No interaction was found between treatment and period.
Treatments did not affect SDLP on days 9 and 16. Results
of the SDLP are presented in Figure 1.

Mean (SE) tracking error in the Divided Attention
Task is presented in Figure 2 for each treatment condition.
Significant effects of treatment and period (F = 3.46,
df = 2,32; p < .05) were found on tracking error in the Di-
vided Attention Task on day 2. Mirtazapine (30 mg) sig-
nificantly increased tracking error, as demonstrated by
drug-placebo contrasts. Escitalopram (10 mg) had no ef-
fect on tracking error on day 2 compared to placebo. No
interaction was found between treatment and period. There
were no significant treatment effects demonstrated on days
9 and 16.

For the remaining performance measurements, no sta-
tistically significant effects of treatment were established.

Subjective Measurements
Summary of the results of subjective mood measure-

ments is shown in Table 1. Alertness and contentedness
were significantly affected by treatment on day 2. Drug-
placebo comparisons revealed that mirtazapine (30 mg) re-
duced alertness and contentedness. No significant treat-
ment effects were demonstrated on day 2 for the factor
calmness or on days 9 and 16 for the 3 factors.

Summary of the results of Groninger Sleep Quality
Scale and subjective driving measurements is shown in
Table 2. Friedman test revealed effects of treatment on
sleep duration on nights 1 and 15. Drug-placebo compari-
sons showed that escitalopram significantly reduces sleep
duration by 67 minutes, whereas mirtazapine increased
sleep duration by 58 minutes during the first night of treat-
ment. Other drug-placebo comparisons did not reveal sig-
nificant differences.

Effects of treatment on day 2 were significant for the
ratings of driving performance by the driving instructor
and by the subjects. Drug-placebo comparisons, however,
revealed no significant treatment effects on driving per-
formance rated by the driving instructor. Subjects rated
their driving performance worse after mirtazapine (30 mg)
treatment, demonstrated by placebo-drug comparisons.
There was also a significant treatment effect on day 9
on driving performance as rated by the subjects, but this
could not be attributed to any of the drugs as compared to
placebo.

Adverse Events
The adverse event with the highest incidence in the

escitalopram group was fatigue followed by insomnia,
somnolence, and headache (Table 3). In the mirtazapine
group, the adverse event with the highest incidence was
fatigue, followed by somnolence and dizziness. In the pla-
cebo group, fatigue, insomnia, and headache occurred
most frequently.
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Pharmacokinetics
Mean (SD) plasma concentrations for escitalopram

were 20.17 (4.60) nmol/L at day 2, 71.44 (27.89) nmol/L
on day 9, and 97.78 (41.46) nmol/L on day 16. Mean (SD)
plasma concentrations for mirtazapine were 67.67 (16.52)
nmol/L on day 2, 166.07 (52.64) nmol/L on day 9, and
203.67 (98.48) nmol/L on day 16. The values were within
the expected therapeutic range.

DISCUSSION

The main goal of the present study was to compare the
effect of different evening doses of escitalopram and mir-
tazapine on actual driving performance as measured by the
subjects’ mean SDLP during the Road Tracking Test. Re-

sults from the present study showed that escitalopram did
not affect driving performance in the acute (10 mg), dose
increase (20 mg), or steady-state treatment phase. Mirtaz-
apine, on the other hand, produced driving impairment
after the initial dose as indicated by a significant rise in
mean SDLP compared to placebo. In the case of 1 subject,
the driving test could not be completed due to excessive
sleepiness after a single dose of mirtazapine 30 mg.
Mirtazapine’s detrimental effect on driving decreased
over time and was no longer of clinical relevance after re-
peated dosing.

Escitalopram (10–20 mg) did also not affect psy-
chomotor function after single and repeated doses. Mir-
tazapine impaired tracking in a Divided Attention Task.
This effect, however, was only apparent after a single

Table 1. Summary of the Results of the Driving Test, Psychometric Tests, and Subjective Mood Measurements in Healthy Subjects
Enrolled in a Crossover Trial of Escitalopram, Mirtazapine, and Placebo (N = 18)

 Contrast Analyses

Escitaloprama Mirtazapinea

Mean (SEM) Treatment Effect Overall vs Placebo vs Placebo
Measure Day Placebo Escitaloprama Mirtazapinea F df p p p
Driving test
Standard deviation of lateral 2 17.9 (0.72) 18.1 (0.87) 21.8 (1.36) 13.1 2,32 < .001 NS < .001

position, cm 9 18.2 (0.87) 19.2 (0.97) 19.5 (1.03) 2.34 2,32 NS … …
16 18.6 (1.01) 19.4 (0.94) 19.2 (0.94) 0.503 2,32 NS … …

Standard deviation of speed, 2 1.68 (0.09) 1.61 (0.08) 1.68 (0.09) 0.470 2,32 NS … …
km/h 9 1.71 (0.11) 1.72 (0.11) 1.66 (0.08) 0.108 2,32 NS … …

16 1.68 (0.82) 1.76 (0.08) 1.68 (0.07) 0.578 2,32 NS … …

Psychometric test
Critical Tracking Task, rad/s 2 4.17 (0.18) 4.20 (0.18) 3.96 (0.17) 2.60 2,32 NS … …

9 4.08 (0.17) 4.20 (0.16) 4.02 (0.16) 1.62 2,32 NS … …
16 4.28 (0.16) 4.21 (0.15) 4.19 (0.14) 0.516 2,32 NS … …

Divided Attention Task
Tracking error, mm 2 17.0 (0.96) 15.5 (0.91) 19.1 (1.14) 7.65 2,32 .002 NS .032

9 17.2 (1.26) 16.0 (0.81) 18.0 (1.13) 1.96 2,32 NS … …
16 16.2 (1.03) 16.0 (1.07) 17.0 (1.01) 0.749 2,32 NS … …

Reaction time, ms 2 1683 (79) 1633 (56) 1717 (60) 1.12 2,32 NS … …
9 1727 (80) 1659 (67) 1671 (63) 0.687 2,32 NS … …

16 1646 (59) 1616 (65) 1612 (53) 0.233 2,32 NS … …
Syntactical Reasoning Task

No. of correct responses 2 22.7 (1.53) 23.4 (1.48) 23.7 (1.60) 0.516 2,32 NS … …
9 24.0 (1.63) 24.3 (1.32) 23.6 (1.50) 0.348 2,32 NS … …

16 23.4 (1.69) 25.3 (1.19) 23.3 (1.44) 1.17 2,32 NS … …
Reaction time, ms 2 1489 (94) 1530 (88) 1613 (85) 2.27 2,32 NS … …

9 1417 (93) 1474 (98) 1483 (88) 0.603 2,32 NS … …
16 1430 (92) 1463 (81) 1406 (85) 2.79 2,32 NS … …

Digit Symbol Substitution
Test, no. of correct responses 2 76.1 (2.76) 77.2 (2.35) 75.1 (2.16) 0.945 2,32 NS … …

9 78.1 (2.88) 78.9 (2.45) 77.0 (1.92) 0.629 2,32 NS … …
16 79.6 (2.07) 78.8 (2.02) 78.4 (2.11) 0.279 2,32 NS … …

Subjective mood measurement
Alertness, mm 2 79.2 (3.88) 74.6 (4.65) 60.3 (5.10) 11.9 2,32 < .001 NS < .001

9 71.5 (5.15) 73.6 (3.68) 68.9 (5.52) 0.812 2,32 NS … …
16 76.9 (5.78) 76.0 (4.28) 71.3 (4.53) 1.70 2,32 NS … …

Contentedness, mm 2 85.3 (3.42) 82.7 (3.55) 80.5 (3.51) 4.24 2,32 .023 NS .007
9 81.5 (3.72) 83.9 (3.51) 80.8 (4.35) 1.35 2,32 NS … …

16 84.9 (3.54) 84.8 (3.94) 83.6 (3.80) 0.235 2,32 NS … …
Calmness, mm 2 83.7 (4.06) 80.1 (4.68) 83.1 (4.14) 3.05 2,32 NS … …

9 83.6 (3.38) 81.9 (4.72) 85.2 (3.21) 0.502 2,32 NS … …
16 87.8 (2.54) 81.9 (4.58) 82.3 (3.68) 1.74 2,32 NS … …

aTreatment doses on days 1–7: 10 mg escitalopram or 30 mg mirtazapine; on days 8–15, 20 mg escitalopram or 45 mg mirtazapine.
Abbreviations: df = degrees of freedom, NS = not significant.
Symbol: … = analysis not conducted.
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dose and not after repeated drug administration. On the
first night of treatment, subjective measurements of sleep
showed a reduction of sleep duration after escitalopram
administration and an increase of sleep duration after mir-
tazapine administration. In addition, subjective measure-
ments of driving performance showed that subjects rated
their driving performance much worse after mirtazapine
30 mg treatment.

Results of the present study are fully in line with current
notions regarding the effects of escitalopram and mirtaz-
apine on psychomotor and/or driving performance. Esci-
talopram is an SSRI, and SSRIs have generally been shown
to produce no or little effect on psychomotor function and
cognition. Mild psychomotor or cognitive impairment is
most likely to occur for SSRIs possessing some affinity for
muscarinic receptors such as paroxetine and fluvoxamine,

Table 2. Summary of the Results of the Groninger Sleep Quality Scale and Subjective Driving Measurements in Healthy Subjects
Enrolled in a Crossover Trial of Escitalopram, Mirtazapine, and Placebo (N = 18)

 Contrast Analyses

Time Escitaloprama Mirtazapinea

Point, Mean (SEM) Treatment Effect Overall vs Placebo vs Placebo
Measure Night Placebo Escitaloprama Mirtazapinea χ2 df p p p

No. of sleep complaints 1 2.29 (0.87) 4.83 (0.96) 3.33 (0.70) 3.23 2,32 NS … …
8 3.28 (1.00) 4.72 (0.81) 3.61 (0.52) 2.49 2,32 NS … …

15 3.56 (0.88) 4.61 (0.99) 2.72 (0.49) 2.27 2,32 NS … …
Time needed to fall asleep, min 1 16.4 (4.15) 36.1 (14.5) 17.5 (7.00) 4.13 2,32 NS … …

8 17.6 (4.23) 15.4 (3.09) 25.0 (7.62) 0.13 2,32 NS … …
15 22.1 (4.85) 21.4 (4.41) 21.8 (4.52) 0.98 2,32 NS … …

No. of awakenings 1 0.94 (0.38) 2.11 (0.54) 1.29 (0.34) 4.33 2,32 NS … …
8 1.44 (0.33) 1.44 (0.35) 1.17 (0.39) 2.72 2,32 NS … …

15 1.14 (0.33) 1.83 (0.48) 0.61 (0.22) 5.77 2,32 NS … …
Sleep duration, h 1 7.24 (0.23) 6.12 (0.39) 7.82 (0.28) 13.7 2,32 .001 .007 .05

8 7.11 (0.34) 7.10 (0.22) 7.56 (0.32) 2.86 2,32 NS … …
15 7.28 (0.32) 6.76 (0.24) 7.78 (0.22) 12.76 2,32 .002 NS NS

Day

Driving rated by subject, mm 2 77.4 (4.62) 71.3 (4.79) 12.3 (53.7) 6.37 2,32 .041 NS .025
9 75.4 (5.15) 65.4 (5.02) 67.7 (5.50) 6.68 2,32 .036 NS NS

16 71.9 (5.6) 63.0 (3.89) 66.3 (5.09) 3.44 2,32 NS … …
Driving rated by instructor, mm 2 81.1 (2.23) 79.2 (2.69) 74.8 (3.27) 6.96 2,32 .031 NS NS

9 76.6 (3.82) 75.0 (3.58) 78.3 (4.35) 1.94 2,32 NS … …
16 77.1 (3.06) 71.3 (4.75) 74.4 (3.47) 1.53 2,32 NS … …

Sedation rated by instructor, mm 2 19.5 (6.01) 20.9 (6.70) 28.2 (7.16) 1.34 2,32 NS … …
9 18.3 (5.94) 20.0 (5.15) 18.2 (5.83) 0.76 2,32 NS … …

16 20.2 (5.78) 26.0 (5.58) 18.4 (4.30) 2.66 2,32 NS … …
aTreatment doses on days 1–7: 10 mg escitalopram or 30 mg mirtazapine; on days 8–15, 20 mg escitalopram or 45 mg mirtazapine.
Abbreviations: df = degrees of freedom, NS = not significant.
Symbol: … = analysis not conducted.

Figure 1. Mean (SE) Standard Deviation of Lateral Position
(SDLP) After 2, 9, and 16 Days of Crossover Treatment With
Escitalopram, Mirtazapine, and Placebo (N = 18)

aTreatment doses on days 1–7: 10 mg escitalopram or 30 mg
mirtazapine; on days 8–15, 20 mg escitalopram or 45 mg
mirtazapine.

*p < .001.
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Figure 2. Mean (SE) Tracking Error of the Divided Attention
Task After 2, 9, and 16 Days of Crossover Treatment With
Escitalopram, Mirtazapine, and Placebo (N = 18)

aTreatment doses on days 1–7: 10 mg escitalopram or 30 mg
mirtazapine; on days 8–15, 20 mg escitalopram or 45 mg
mirtazapine.

*p < .05.
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or for α1 receptors such as nefazodone.12 Escitalopram,
however, is the most selective SSRI available and pos-
sesses no affinity for additional receptors systems.3 The
absence of any driving and psychomotor impairment in the
present study provides further evidence that therapeutic
doses of escitalopram do not affect driving performance.

Mirtazapine is an α2 antagonist that is known to possess
strong, antagonistic binding affinities for postsynaptic
serotonergic and histaminergic receptors. The antagonistic
effect on histaminergic H1 receptors is not thought to me-
diate therapeutic effects. Rather, H1 blockade causes som-
nolence and sedation that may result in performance im-
pairment on a range of activities. The sedative effects of
mirtazapine may potentially last for a prolonged period, as
the drug possesses an elimination half-life of 20 to 40
hours. Consequently, mirtazapine is generally given at
night to promote sleep and reduce daytime drowsiness.

Several investigations about the effects of mirtazapine
on psychomotor function and driving in healthy volunteers
have been reported. Ramaekers et al.28 assessed the effect
of evening doses of mirtazapine for 15 days. Actual driv-
ing and psychomotor assessments were conducted on days
2, 8, 9, and 16 of each period. Subjects received mirtaz-
apine in doses of 15 mg and 30 mg nocte during the first
and second week of dosing, respectively. Mirtazapine 15
mg nocte increased SDLP (the main driving parameter)
by 2.2 cm after the first dose, which was less than shown
by social drinkers performing the same Road Tracking
Test with a BAC of 0.5 mg/mL.27 The magnitude of
mirtazapine-induced impairment was much less than were
those reported in other studies. Mattila et al.,29 for example,
reported that single doses of mirtazapine 15 mg and ami-
triptyline 50 mg produced severe and comparable psy-
chomotor impairment after administration in the morning.
The main difference with the study design of Ramaekers et
al.28 lies in the time of drug administration, namely at the
test day or at the evening before the test day. Consequently,
Ramaekers et al.28 have suggested that the sedative effect
of mirtazapine on daytime performance might be much
alleviated by nocturnal administration. This notion has re-
cently been confirmed by Ridout et al.,30 who assessed the

Table 3. Most Common Adverse Events in Healthy Subjects
Enrolled in a Crossover Trial of Escitalopram, Mirtazapine,
and Placebo, N (%) (N = 18)
Adverse Event Placebo Escitaloprama Mirtazapinea

Fatigue 3 (16.7) 6 (33.3) 11 (61.1)
Insomnia 3 (16.7) 4 (22.2) 2 (11.1)
Somnolence 1 (5.6) 4 (22.2) 7 (38.9)
Headache 3 (16.7) 4 (22.2) 2 (11.1)
Dizziness 1 (5.6) 3 (16.7) 5 (27.8)
Dry mouth 1 (5.6) 3 (16.7) 1 (5.6)
Nausea 2 (11.1) 3 (16.7) 1 (5.6)
Agitation 0 (0) 1 (5.6) 0 (0)
aTreatment doses on days 1–7: 10 mg escitalopram or 30 mg

mirtazapine; on days 8–15, 20 mg escitalopram or 45 mg
mirtazapine.

psychomotor effects after evening and daytime doses of
mirtazapine (15–30 mg) in a single, comparative placebo-
controlled study over a 5-day period. Daytime doses of
mirtazapine 15 mg significantly impaired performance in
a Brake Reaction Time test on the first day of treatment. A
single nocturnal dose of mirtazapine 15 mg, however, did
not affect brake reaction time after single and repeated
doses. In addition, both drug regimens did not affect driv-
ing performance after 5 days of dosing.30 These studies
thus seem to suggest that the impairing potential of mirtaz-
apine in whole or in part is mitigated by nocturnal dosing
or sleep. In addition, the degree of daytime performance
impairment during mirtazapine treatment may also depend
on the starting dose. The 3 studies above have assessed
mirtazapine 15-mg doses during treatment initiation,
whereas in medical practice mirtazapine treatment is often
started at higher doses, i.e., 30 mg. Data from the present
study thus may provide complementary information on the
impairing effects of mirtazapine treatment on daytime per-
formance, complementary during treatment initiation.

As it turned out in the present study, an evening dose of
mirtazapine 30 mg significantly impaired actual driving
performance and psychomotor function after the first
night of treatment. The drug increased SDLP by 3.9 cm as
compared to placebo in the Road Tracking Test. The effect
of mirtazapine 30 mg in the evening would be the equiva-
lent of driving with a BAC of above 0.5 mg/mL,27 i.e., the
BAC above which drivers have an elevated risk of becom-
ing involved in a traffic accident.31 The rise in SDLP after
the 30-mg dose of mirtazapine was also bigger as com-
pared to the effect of the nocturnal 15-mg dose, i.e., 2.2 cm
in the previous driving study.28 The latter elevation in
SDLP was associated with a BAC below 0.5 mg/mL and
was generally considered of insufficient magnitude to re-
duce driver safety. The present data, however, demonstrate
that the acute, sedative effect of mirtazapine on driving
will become clinically relevant when treatment is started
at higher doses, such as 30 mg nocte.

The detrimental effect of mirtazapine on driving perfor-
mance was primarily limited to the acute phase of treat-
ment. There was some indication of a rise in SDLP after
mirtazapine dose escalation, but this effect was relatively
small in magnitude and not significantly different from
mean SDLP in the escitalopram condition. Overall, driv-
ing performance did not differ during the dose escalation
and steady state compared to placebo. Other measures also
demonstrated that mirtazapine impairment was limited to
the acute phase of treatment. Mirtazapine 30 mg in the
evening decreased tracking performance in a Divided At-
tention Task and decreased feelings of alertness and con-
tentedness. The Critical Tracking Task did not show im-
pairment after mirtazapine 30 mg. Apparently, when the
cognitive load performance is increased by adding a visual
search task as in the Divided Attention Task, tracking per-
formance becomes more vulnerable to the impairing ef-
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fects of a drug. None of the effects were present after 1 or
2 weeks of repeated dosing. The absence of mirtazapine
impairment after repeated dosing is probably related to
the development of tolerance. Many studies have shown
that tolerance to the acutely impairing effects of sedative
antidepressants on driving performance develops within a
few days of dosing.28 The implication is that driving under
the influence of a sedative antidepressant such as mirtaz-
apine should only be contraindicated during the acute
phase of treatment.

A potential limitation of the present study is the re-
stricted age range of the subjects (21–40 years of age). It
is generally believed that elderly people are more vulner-
able to side effects from pharmacologic treatment. Gener-
alization of results from experimental driving studies in
younger volunteers to the elderly population has to be
done with caution.12 The magnitude of driving impair-
ment observed in adult volunteers might only be a conser-
vative estimate of a drug’s activity in elderly individuals
who appear extra sensitive to pharmacologic treatment,
particularly in case of sedating antidepressants.

In conclusion, escitalopram 10 to 20 mg did not affect
actual driving, psychomotor performance, and cognitive
function in healthy subjects. Mirtazapine 30 mg nocte
produced significant and clinically relevant impairment
of driving and psychomotor performance during the acute
treatment phase. The findings on psychomotor and driv-
ing performance are supported by subjective evaluations.
Mirtazapine decreased feelings of alertness and content-
edness; no subjective mood changes were present during
escitalopram treatment. It is recommended to avoid high
doses of mirtazapine during treatment initiation in order
to promote safety over the day. The results from this study
show that antidepressants can affect driving performance
differently because of differences in their pharmacody-
namic profiles. Importantly, broad class warnings about
antidepressants and driving may not be informative
enough and should be specified to individual substances.

Drug names: citalopram (Celexa), escitalopram (Lexapro), methadone
(Methadose, Dolophine, and others), mirtazapine (Remeron), paroxe-
tine (Paxil and others).
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