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Abstract Rationale: Serotonin reuptake inhibitors (SSRIs)
have been attributed CNS-activating properties based on
their ability to elevate the Critical Flicker Fusion (CFF)
threshold. However, such an interpretation may be ques-
tioned since CFF elevations may also be due to SSRI-
induced increases in pupil diameter. Objectives: The 
effect of pupillary changes on CFF assessment following
SSRI administration was investigated in a double blind,
crossover study. Methods: During three periods of
15 days, 21 healthy men and women (30–50 years) 
received sertraline (50 mg on days 1–8, 100 mg on
days 9–15), citalopram (20 mg on days 1–8, 40 mg on
days 9–15) and placebo. Assessments were done on
days 1, 8 and 15 and consisted of pupillary measure-
ments and CFF assessments with and without pupillary
control (a 2-mm artificial pupil) using the Leeds Psycho-
motor Tester. Results: Both SSRIs induced an acute and
steady increase in pupil diameters. CFF thresholds were
depressed following acute administration of sertraline
and citalopram, but this was only apparent when a con-
trol was made for the pupillary changes. No CFF effects
were seen at day 8, but CFF was again reduced at
day 15, with and without control for pupil size. Conclu-
sions: Mydriasis masked the detrimental effects of both
SSRIs on CFF during the acute assessments. Our results
raise questions regarding the validity of the assessment
of the behavioural toxicity of SSRIs based on CFF 
measurements without ample control for pupil size, 
especially when these concern acute measurements.

Keywords Sertraline · Citalopram · Cognition · Pupil
drug effect · Drugs adverse effect · Critical Flicker 
Fusion

Introduction

The Critical Flicker Fusion (CFF) threshold is the fre-
quency at which a flickering light is perceived as a
steady light source. Changes in CFF are thought to be in-
dicative of changes in CNS activation (Curran 1990) and
CFF has been used extensively to assess the cognitive
(side) effects of a variety of drugs, including antidepres-
sants. It has been argued that CFF should be included as
a primary measure in clinical trails of antidepressants
(Hindmarch 1987), and CFF changes have been repeat-
edly used to rank the behavioural toxicity of antidepres-
sant drugs (Hindmarch 1995, 1998, 1999; Kerr et al.
1991).

One particular class of antidepressant drugs, the 
serotonin reuptake inhibitors (SSRIs), were repeatedly
shown to increase CFF thresholds (for reviews see 
Hindmarch 1995, 1999), and it was concluded based on
these findings that SSRIs have ‘excitatory’ rather than
sedative properties. However, in the case of SSRIs, CFF
measurements may not be readily interpretable in terms
of cognitive changes, because mydriatic (pupil dilata-
tion) effects of SSRIs may have significantly modified
the outcome of CFF measurements (Ramaekers et al.
1995; Warrington et al. 1989).

In humans, SSRIs such as paroxetine, fluoxetine and
sertraline have been shown to induce significant increas-
es in pupil diameter (Deijen et al. 1989; Ramaekers et al.
1995; Saletu and Grünberger 1988). Pupil size deter-
mines the amount of retinal illumination (Hart 1992),
and as is stated by the Ferry-Porter Law (Davson 1976),
CFF is directly proportional to the logarithm of the light
intensity. As a consequence, CFF thresholds will rise fol-
lowing mydriasis and fall following miosis, as was con-
vincingly demonstrated by Lawrence et al. (1982) using
pilocarpine and homatropine eye drops to produce mio-
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sis and mydriasis, respectively. Hence, SSRIs may ele-
vate CFF thresholds as a direct result of their mydriatic
properties (Ramaekers et al. 1995; Warrington et al.
1989). As a consequence, CFF thresholds obtained after
SSRI administration are likely to reflect a combination
of arousal/CNS-mediated changes and those attributable
to pupil dilatation.

The need for pupillary control in CFF testing, particu-
larly in psychopharmacology research, has been fre-
quently pointed out (AufdemBrinke 1982; Danjou et al.
1992; Lawrence et al. 1982; Smith and Misiak 1976).
Concomitant mydriatic effects may lead to a wrongful
favourable representation of a drugs cognitive profile, or
may even mask a drug’s detrimental effect on CNS acti-
vation, whereas miotic effects may be misinterpreted as
sedative actions. Nevertheless, a pupillary control is
rarely used in studies measuring the CFF effects of psy-
choactive drugs, despite the fact that an effective control
for pupillary changes is fairly easy implemented by the
use of a 2-mm artificial pupil (Smith and Misiak 1976).
It is noteworthy that those investigators who made the
effort to control for pupil size (Mattila et al. 1988; 
Ramaekers et al. 1995) were unable to detect the 
ascribed CFF elevation after SSRI administration.

The present experiment was carried out to examine the
effect of pupillary changes on CFF measurements follow-
ing SSRI administration. This was investigated by the as-
sessment of the acute and subchronic effects of the SSRIs
sertraline and citalopram on CFF threshold, obtained with
and without a 2-mm artificial pupil to control for pupil 
dilatation. Sertraline and citalopram are predicted to in-
crease pupil size and consequently elevate CFF when as-
sessed without pupillary control, but no effects are ex-
pected when CFF is assessed with a control for pupil size.

Materials and methods

Subjects

Twenty-four healthy subjects, 12 men and 12 women, aged
30–50 years, were recruited through newspaper advertisements.
Subjects were screened by means of a telephonic interview, health
questionnaire, electrocardiogram, laboratory tests (blood haemato-
logy and chemistry, urinalysis, drug and pregnancy screening) and
a routine medical examination. Exclusion criteria were the pres-
ence or a history of cardiac, hepatic, renal, pulmonary, neurologi-
cal, gastrointestinal, haematological or psychiatric illness, symp-
toms of excessive drinking (>20 units of alcoholic beverage a
week), pregnancy or lactation, use of medication other than oral
contraceptives, use of drugs, and any sensory or motor deficits
which could reasonably be expected to affect test performance. All
subjects scored below depression threshold (<50) on the Zung 
Depression Scale (Zung 1965). The study was approved by the
standing Medical Ethics Committee of Maastricht University, and
carried out in accordance with the Declaration of Helsinki (Hong
Kong Modification 1989). Written informed consent was obtained
from each subject prior to participation.

Design and treatments

The study was conducted according to a randomised, double-
blind, placebo-controlled three-period crossover design. Treatment

orders were randomly assigned and double blind. Treatment peri-
ods lasted 15 days and were separated by 14-day washout periods.
Treatment regimens consisted of sertraline 50 mg on days 1–8 fol-
lowed by sertraline 100 mg on days 9–15, citalopram 20 mg on
days 1–8 followed by citalopram 40 mg on days 9–15, or placebo
(Fig. 1). Medication was taken at fixed times in the morning.

Testing procedure

Assessments were done on days 1, 8 and 15 of each treatment 
period at a fixed time between 12 noon and 6 p.m. The acute mea-
surements on day 1 were done 5 h after the first drug administra-
tion. Before the start of the study, all subjects were individually
trained to conduct the CFF tests. Consumption of alcoholic bever-
ages during the treatment periods was prohibited and subjects
were instructed to arrive at the laboratory well rested. Female sub-
jects were tested for pregnancy before the start of each of the three
treatment periods. CFF assessments were first performed without
pupillary control, followed by a similar assessment with a 2-mm
artificial pupil. Lastly, pupil diameter was measured. The entire
procedure lasted approximately 10 min.

Critical Flicker Fusion assessment

CFF was assessed using the Leeds Psychomotor Tester (Leeds
Psychomotor Services, York). CFF threshold was ascertained 
using four red light-emitting diodes in a binocular foveal fixation,
positioned at eye level, with dimmed ambient illumination. Respon-
ses were made through a push button, which was attached to the
emitting device by a 1-m-long wire. This ensured that the subject
viewed the stimuli from a standard distance. In the condition with
pupillary control, the subjects wore closed eyeglasses with two 
2-mm apertures, which could be adjusted to match the position of
each subject’s eyes.

The psychophysical method of limits was used to determine
CFF thresholds, with three alternating ascending and descending
trials. In the ascending mode, flicker was increased by 1 Hz/s and
subjects had to press the button when they could no longer detect
flickering. In the descending mode, the flicker frequency was
gradually decreased by 1 Hz/s and subjects responded when they
just started to see a flickering. The mean of the six measurements
was taken as the dependent variable indicating CFF threshold.

CFF is most often interpreted in terms of a CNS arousal and
activation (Curran and Wattis 1998). CFF shifts, however, may
also occur as a result of changes in a subjects’ response criterion,
particularly when CFF is determined by the method of limits para-
digm (Clark 1966). In short, a more conservative response strategy
may lead to a CFF reduction, whereas a riskier response strategy
can result in CFF elevations (see Ghozlan 1990; Ghozlan and 
Widlöcher 1993; MacNab et al. 1985). To exclude effects of 
response bias, a forced-choice paradigm may be employed (Swets
et al. 1961). However, in psychopharmacology research, the Leeds
Psychomotor Tester and the method of limits paradigm is used ex-
tensively, and to ensure comparability with previous studies this
methodology was used in the present study as well. However, in
order to investigate if changes in response bias had influenced the
threshold assessment, the difference between mean ascending (ƒa)
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Fig. 1 Schematic representation of the study design, with an 
example of a treatment order (sertraline-citalopram-placebo). 
Dosage for each treatment was doubled on days 9–15. Triangles
denote the time points of assessments (days 1, 8 and 15)



and descending thresholds (ƒb) was calculated. The ascending–de-
scending threshold difference (∆=ƒa-ƒb) is thought to reflect the
internal subjective judgement of subjects; a more conservative re-
sponse criterion will result in a larger value of ∆ (Ghozlan 1990;
Ghozlan and Widlöcher 1993).

Pupil diameter

Pupil diameter was recorded using a head-mounted eye-tracking
system (4000SU eye tracker; Applied Science Laboratories). The
beam from an infrared light source illuminates the eye and an opti-
cal system focuses an image of the pupil onto a solid-state eye
camera. Both the illumination beam and the image of the eye are
reflected from a helmet visor, which is coated to be reflective in
the near infrared region and transitive to visible light. The illumi-
nator, optics and camera are all helmet mounted. Pupil and corneal
reflection outlines and centroids are displayed on a pupil monitor
over the video image of the eye. Pupillary diameter was recorded
for approximately 10 s at a rate of 50 measurements per second.
Median pupil diameter is taken as the dependent variable.

Statistical analyses

Pupil diameters were analysed in a multivariate, repeated-measures
analysis of variance (MANOVA) according to a 3×3 factorial de-
sign. Within-subjects factors were Treatment (placebo, sertraline,
citalopram) and Time (days 1, 8, 15). CFF thresholds were analysed
using a MANOVA according to a 3×3×2 factorial design, with
Treatment (placebo, sertraline, citalopram), Time (days 1, 8, 15)
and Pupillary control (present, absent) as within-subjects factors.
Significant (P<0.05) main effects involving factors with more than
two levels (i.e. Treatment and Time) or interaction effects were 
further investigated using separate comparisons (paired t-tests) 
between the appropriate levels to identify the exact nature of the
differences.

Results

Missing data

Three subjects (one man, two women) withdrew from the
study after experiencing nausea and diarrhoea following
administration of citalopram. Data from the remaining
21 subjects were analysed and are reported below.

Pupil diameter

Results of the pupil measurements are depicted in Fig. 2.
Overall analysis of the pupil diameters showed a main ef-
fect of Treatment [F(2,19)=39.96, P<0.001], but no main
effect of Time or a Treatment by Time interaction. Subse-
quent comparisons revealed that sertraline [t(20)<–3.45,
P<0.005] and citalopram [t(20)<–4.39, P<0.001] induced
a significant increase of pupil diameter compared to place-
bo at each time point. Pupil diameters did not differ, how-
ever, between sertraline and citalopram at any point.

Critical Flicker Fusion

Results of the CFF assessments are presented in Fig. 3.
CFF thresholds showed a main effect of Pupillary con-
trol [F(1,20)=208.82, P<0.001] and a main effect of

Treatment [F(2,19)=6.68, P<0.01], whereas the main ef-
fect of Time approached significance [F(2,19)=3.36,
P<0.06]. No interaction effects were found. Further ana-
lyses showed that at day 1, sertraline [t(20)=2.59,
P<0.05] and citalopram [t(20)=2.67, P<0.05] significant-
ly reduced CFF when assessed with pupillary control,
but no such reduction was found in the CFF assessment
without pupillary control. At day 8, no effects of either
drug were seen, with or without pupillary control. At
day 15, citalopram decreased CFF obtained with [t(20)=
2.24, P<0.05] and without [t(20)=2.72, P<0.05] pupil-
lary control. Similarly, sertraline reduced CFF without
pupillary control [t(20)=2.41, P<0.05], whereas the re-
duction of CFF with pupillary control just failed to reach
significance [t(20)=1.90, P=0.07].
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Fig. 2 Mean (standard error) pupil diameter after 1, 8 and 15 days
of treatment with placebo, sertraline and citalopram

Fig. 3 Mean (standard error) Critical Flicker Fusion (CFF)
thresholds as measured with the Leeds Psychomotor Tester with
and without a 2-mm artificial pupil to control for pupil size, on
days 1, 8 and 15 of treatment with placebo, sertraline and citalo-
pram. * P<0.05 versus placebo



Response criterion

Analysis of the calculated differences between mean as-
cending and descending thresholds (∆) revealed no main
effects of Treatment or Time. A main effect was present
for Pupillary control [F(1,20)=20.06, P<0.001] indicat-
ing that differences were larger in the uncontrolled con-
dition. No interaction effects were found.

Discussion

As was hypothesised, pupil diameter increased signifi-
cantly during treatment with sertraline and citalopram.
Mydriasis occurred quite rapidly following a single acute
dose of both SSRIs, reaching a maximum 5 h after first
administration. Subsequently, mydriasis remained stable
at this level throughout the treatment period. While my-
driasis following sertraline administration has been
found previously (Saletu and Grünberger 1988), this is
the first study to demonstrate the mydriatic effect of 
citalopram.

The role of a serotonergic mechanism in the control
of pupillary diameter has also been suggested by the ac-
tions of serotonergic drugs other than SSRIs. It has been
reported that 5HT2 receptor antagonists (Millson et al.
1991, 1992) and 5HT3 receptor antagonists (Rizzi et al.
1993) cause miosis. In contrast, fenfluramine, m-chloro-
phenylpiperazine and 5-HT1A receptor agonists were
shown to increase pupil size (Benjamin et al. 1997;
Broocks et al. 1998; Prow et al. 1996). The mydriatic re-
sponse is probably mediated by central 5HT1A receptors
evoking the release of noradrenaline on alpha2-adrenore-
ceptors (Prow et al. 1996). Activation of postsynaptic 
alpha2-adrenoreceptors at the Edinger-Westphal nucleus
inhibits parasympathetic activation of the constrictor
muscles in the iris, leading to mydriasis (Szabadi and
Bradshaw 1996).

The main finding in the present study is that mydria-
sis significantly affected the outcome of CFF assess-
ments following SSRI administration. An acute dose of
50 mg sertraline and 20 mg citalopram was found to de-
crease CFF thresholds when controlled for pupil size. At
the same time, no such a decrease was seen in the CFF
assessment without pupillary control, suggesting that the
concomitant increase in pupil size had attenuated a de-
cline in CFF. Our data also indicate that the influence of
mydriasis on CFF is limited to the acute assessment; the
ensuing (subchronic) measurements revealed no differ-
ences in CFF results obtained with or without a pupillary
control. Both methods of assessment show that CFF was
unchanged after 1 week of SSRI administration, while
doubling of the dosage to 100 mg sertraline and 40 mg
citalopram in the following week resulted in a reduction
of CFF. It thus appears that the predicted modulation of
CFF effects of sertraline and citalopram administration
by concomitant mydriasis is only evident during acute
assessments.

The absence of a mydriatic influence on subchronic
CFF assessments results is rather unexpected and cannot
be explained by variations in pupil diameter, since pupils
remained steadily enlarged during the full length of SSRI
treatment periods. Possibly, a prolonged increase in reti-
nal illumination due to mydriasis induces an adaptive re-
sponse in subsequent sensory pathways. For example, it
was found that long-term exposure to bright ambient
light produced morphological and biochemical adapta-
tions of the retina in rats to ‘regulate the number of pho-
tons captured a day and protect against light damage’
(reviewed by Penn and Anderson 1991). Adaptation to
luminance might be expected to disturb the relation be-
tween pupil size and CFF (Ripps and Weale 1976). In-
deed, CFF threshold shows no correlation with the natu-
ral size of the pupil (Miles 1950).

Experimental data on the CFF effects of sertraline re-
veals a clear distinction between acute and subchronic
results. Sertraline was found to produce CFF elevations
in acute studies (Hindmarch and Bhatti 1988; Mattila et
al. 1988; Saletu and Grünberger 1988), but not following
subchronic treatment (Hindmarch et al. 1990; Williams
et al. 1996). The only study to date on the effect of cita-
lopram on CFF also showed an acute elevation of CFF
following a single (20-mg) dose (Nathan et al. 2000). All
assessments in the previous studies were done without
control for pupillary changes. Interestingly, the only
acute CFF study with a pupillary control failed to find a
CFF elevation by sertraline (Mattila et al. 1988) Further-
more, the CFF elevations were accompanied by con-
tradicting subjective reports of increased feelings of
drowsiness (Hindmarch and Bhatti 1988; Mattila et al.
1988; Saletu and Grünberger 1988). These results sup-
port the notion that these acute CFF elevations may be
due to mydriasis rather than reflect true behavioural
changes.

Turning to the present data, the use of an artificial pu-
pil presumably removes peripheral confounding by pupil
changes and provides CFF data that is interpretable as a
behavioural measure. Our results indicate that sertraline
and citalopram exert an acute mild detrimental effect on
CNS activation. Analyses indicate that the CFF reduc-
tion cannot be explained by drug-induced changes in re-
sponse criterion. Subchronically, the data suggest habitu-
ation to the detrimental effects after 1 week of treatment.
However, increasing the dose may have triggered the re-
appearance of detrimental effects at week 2, but since no
acute effect of the doubled dose was measured, this ex-
planation needs to be confirmed in future studies. The
results are in line with a previous finding of slightly re-
duced vigilance, as assessed with the Mackworth Clock
Test, following sertraline administration (Schmitt and
Riedel 1999), and with frequently reported feelings of
drowsiness (Hindmarch and Bhatti 1988; Hindmarch et
al. 1990; Mattila et al. 1988; Saletu and Grünberger
1988). A similar association between a decline in CFF
(controlled for pupil size) and reduction of vigilance was
observed with the SSRI fluoxetine (Ramaekers et al.
1995). Parallel results of controlled (but not uncon-
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trolled) CFF and other objective and subjective measures
of arousal/sedation support the notion that CFF can be
taken as an indicator of the effects of SSRIs on CNS
arousal, but only when an effective control is made for
changes in pupil size.

In conclusion, the present study demonstrated that
mydriatic effects of the SSRIs sertraline and citalopram
significantly modified the outcome of CFF assessments.
Our data show that concurrent mydriasis masked the det-
rimental effects of both SSRIs on CFF during the acute
assessments. Similar confounding is likely to occur with
other SSRIs, and indeed with all drugs which intrinsical-
ly alter pupil size. Future CFF studies should include an
effective control for pupil size or at least take into ac-
count the putative effect of pupillary changes following
drug administration when interpreting the results. Our
results raise questions regarding the validity of the as-
sessment of the behavioural toxicity of SSRIs based on
CFF measurements without ample control for pupil size,
especially when these concern acute measurements. A
critical reappraisal of the data, for example by compar-
ing CFF results with other measures of CNS arousal and
sedation, may be warranted.
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