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AIM
Short term administration of benzodiazepines (BZD) was found to
prolong reaction time (RT) in experimental studies. However, studies
on long term BZD use did not always adjust for important confounders
and showed inconsistent results. We aimed to identify a possible
relationship between long term BZD use and RT in BZD users in this
large cross-sectional, observational study.

METHODS
The RTs of non-users (n = 2404) were compared with low (n = 288),
intermediate (n = 74), and high dose BZD users (n = 57) in the
Netherlands Study of Depression and Anxiety (NESDA). RTs were
obtained from the Implicit Association Test. Analyses were adjusted for
sociodemographic characteristics, health indicators, severity of
psychopathology and antidepressant use.

RESULTS
Of the NESDA participants, 419 subjects (14.8%) used BZDs. A higher
dose of BZDs was associated with prolonged RTs (P = 0.01). When
comparing the different dose groups, the high dose group, but not the
low and medium dose groups, had significantly longer RTs than the
non-users.

CONCLUSIONS
Tolerance for the RT prolonging effect of relatively high doses of BZDs
does not seem to develop. As prolonged RTs can have adverse
consequences in daily life, BZDs should be prescribed conservatively at
the lowest possible dose.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Short term benzodiazepine (BZD) use

prolongs reaction time (RT).
• Although the prevalence of long term BZD

use is high, it in unclear whether RT is still
affected in chronic use.

WHAT THIS STUDY ADDS
• High dose BZD use is associated with

prolonged RTs in chronic users
(independent of psychopathology).

• Tolerance for the RT prolonging effect of
BZDs does not seem to develop at high
doses in chronic users.
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Introduction

As the prevalence of long term benzodiazepine (BZD)
use is high [1], the accompanying side effects are an
important research topic. Reaction time (RT) impairments
are common in short term BZD use [2] and even seem to
remain in chronic use [3]. Choice RT tasks (CRTTs), where
different responses are to be sorted to one of several
stimuli as fast as possible, are an objective means to detect
RT impairment due to the use of BZDs [4, 5].

Previous research on the association between BZD use
and RT (as measured by CRTTs) mainly consisted of small
randomized trials, which compared the short term effects
of BZD administration with placebo. In most of these
studies, BZD administration prolonged RTs for a duration
up to 6 weeks [6–11]. Only two small studies did not find
prolonged RTs after BZD intake [12, 13].

The few studies on the association between longer
term BZD use and RTs reported inconsistent results. One
cross-sectional, observational study found longer RTs in
chronic users than in non-users, but did not investigate if
this effect was confounded by psychopathology [14]. Two
studies did not report differential RTs among BZD users
and non-users [15, 16]. When an extra dose of 20 mg
oxazepam was administered, RT increased in 18 BZD-naive
participants, but not in 18 long term BZD users, suggesting
that tolerance to the effects of BZDs on RT may have
developed [16].

The inconsistent results regarding chronic BZD use
may be caused by the lack of correction for established
confounders such as psychopathology [14, 16], physical
health [14, 15] and antidepressant use [14]. Further, differ-
ences in sample selection (healthy subjects vs. subjects
with psychopathology) may have led to the discrepancies.
In order to determine whether the effects of BZDs on RT
remain in long term BZD use, we analyzed the association
between BZD use and RT as measured by the Implicit Asso-
ciation Test in 2823 participants of the Netherlands Study
of Depression and Anxiety (NESDA) and corrected for
important confounders.

Methods

Subjects
Subjects participated in the baseline assessment of the
NESDA [17]. The NESDA recruited 2981 individuals aged
18–65 years with and without symptoms of depressive
and/or anxiety disorders from different health care set-
tings [17]. Lifetime diagnoses were defined as current or
past diagnosis of a depressive or anxiety disorder as
assessed by the DSM-IV Composite International Diagnos-
tic Interview (CIDI, WHO version 2.1). The baseline assess-
ment included written questionnaires, an oral interview
and the implicit association test (IAT) computer task [17].

The study protocol was approved by the ethics review
board of each participating centre, and all subjects signed
an informed consent.

Subjects without IAT data (n = 129), those with unusu-
ally long RTs (>10 s, n = 5) or missing values on BZD dose (n
= 6) or BZD users without a lifetime diagnosis of depres-
sion or anxiety (n = 18) were excluded. After exclusion,
2823 subjects (94.7%) remained for our analyses. Of this
group, 419 (14.8%) subjects used BZDs. Subjects who con-
ducted the IAT were not statistically different from those
who did not in terms of BZD use in general, used dose of
BZDs, gender, education, and severity of depression and
anxiety. However, subjects without IAT data were signifi-
cantly older (P = 0.002).

Measures
BZD use BZD use was registered by observation of drug
containers brought to the interview (73.4%) or self-reports.
BZDs were classified as Anatomical Therapeutic Code
(ATC)-coded groups N05BA, N05CD, and N03AE01 and the
non-BZD hypnotics zopiclone and zolpidem (ATC code
N05CF) [18]. The daily BZD dose was computed according
to the coding system of the ATC and defined daily dose
(DDD) system [19]. The mean daily dose was calculated by
dividing individual daily doses of BZDs by the correspond-
ing DDD. For subjects using BZDs other than diazepam, an
equivalent dose was calculated [20]. The DDD was catego-
rized into three groups: (i) daily dose ≤0.5 DDD (low dose),
(ii) daily dose >0.5 but <1 DDD (intermediate dose), and (iii)
daily dose >1 DDD (high dose). BZD users completed the
BZD Dependence Self-Report Questionnaire (Bendep-
SRQ) as a measure of dependence severity [21, 22].

Implicit association test The IAT is a computerized RT task
which measures the strength of implicit associations [23].
However, we did not use the IAT to measure implicit asso-
ciations, but solely to measure RTs in a CRTT. To avoid the
interference of implicit associations, we only used four
single concept blocks of the IAT (Table S1). Stimulus words
from two categories (e.g. anxious or calm) appeared in
mixed order in the middle of a computer screen. Partici-
pants were instructed to sort the stimulus words as fast as
possible to one of the two categories by pressing either a
left response key (‘Q’) or a right response key (‘P’) on the
keyboard. The RT of a trial was defined as the time from the
appearance of a stimulus word until the correct response
key was pressed [24]. In the NESDA study, two IATs were
included, a ‘depression IAT’ and an ‘anxiety IAT’ [25]. In the
anxiety IAT, subjects needed to sort words (such as
nervous or relaxed) into the categories ‘anxious’ and
‘calm’. In the depression IAT, subjects needed to sort words
(such as meaningless or valuable) in the categories
‘depressed’ and ‘elated’ [25].

Covariates
As sociodemographic characteristics (gender, age, educa-
tion), health indicators (alcohol use, chronic disease), psy-
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chopathology (severity of anxiety and depression) and
antidepressant use were found to be associated with RTs
and BZD use [5, 26, 27], these variables were included as
covariates in our analyses. Additionally, the total number
of mistakes made during the analyzed IAT blocks was
taken into account.

Sociodemographic characteristics were reported
during the baseline interview. For regular alcohol use, the
mean number of alcoholic consumptions per day was
computed. The number of chronic somatic conditions was
ascertained by self-report and dichotomized into presence
of one or more chronic somatic conditions (yes/no). The
severity of generalized anxiety and panic symptoms was
assessed with the Beck Anxiety Inventory (BAI) [28]. The
severity of depressive symptoms was measured by the
cognitive/mood scale of the Inventory of Depressive
Symptomatology Self Report (IDS-SR) [29]. Antidepressant
use was subdivided into selective serotonin reuptake
inhibitors (SSRIs, ATC code N06AB), tricyclic antidepres-
sants (TCAs, N06AA) and selective serotonin and norepi-
nephrine re-uptake inhibitors (N06AF, N06AX). The mean
daily dose of antidepressant use was calculated and cat-
egorized into three groups.

Statistical analyses
Sample characteristics were expressed by percentages for
categorical variables, by means for continuous, normally dis-
tributed variables and by medians for continuous, non-
normally distributed variables. RTs were transformed into
their negative inverse (−1/RT) due to their positively skewed
distributions, yielding a normal distribution [30]. The nega-
tive inverse of the blocks 2, 5, 8, and 11 of the IAT were
averaged to diminish the influence of implicit or a preference
for responses with the dominant hand. To correct for the
learning effect, z-scores were calculated for each block
(using −1/RT transformed values). These were averaged into
one single score per subject. A higher z-score indicated a
longer RT and thus a prolonged response. Group differences
between non-users, low dose users, intermediate dose users
and high dose users on RTs were analyzed by analysis of
covariance. Post-hoc tests on individual group differences
were performed using the Fisher Least Significant Difference
test. The analysis was corrected for sociodemographic char-
acteristics, duration of BZD use, health indicators, severity of
psychopathology, duration of BZD use, daily dose of antide-
pressant use and number of mistakes made in the IAT. Analy-
sis for trend was conducted. Linear regression analyses were
used to examine associations between characteristics of BZD
use as separate independent variables and RT in BZD users
only after adjustment for all covariates.

Results

Characteristics of the study population
Table 1 shows the sample characteristics of the 2823
included participants, of which 419 subjects (14.8%) had

used BZDs in the past month. Subjects with a low daily
dose were more often female (72.2%) than the non-users,
intermediate and high dose groups. The average age was
lower in the non-users (40.9 years) and increased with each
BZD dose. Non-users had lower BAI (median = 8.0) and IDS
(median = 6.0) scores than all BZD user groups. The mean
RT for the group as a whole was 0.96 s. It was shortest in
the non-user group and increased with each dose group.
All groups had a median number of three mistakes in the
four included blocks.

Associations between BZD use and RT
Table 2 shows group differences between non-users and
low, intermediate and high dose users on RT. In unad-
justed (P for linear trend <0.001) and adjusted analyses (P =
0.01) groups differed significantly on RT. Gender (F =
16.69), age (F = 521.32), education (F = 108.03), number of
alcohol drinks consumed (F = 5.27), severity of depression
(F = 15.88) and anxiety (F = 14.38) had much higher F
values than dose of BZD use (F = 2.35). In contrast, duration
of BZD use (F = 0.065), daily dose of TCA (F = 0.008), SSRI (F
= 0.05) and other antidepressants (F = 0.13) had much
lower F values than daily dose of BZDs. In post hoc tests,
high dose BZD users had significantly longer RTs than non-
users, while the other dose groups did not differ signifi-
cantly from non-users. Figure 1 shows the adjusted mean
RTs per user group as obtained by multivariate regression
analysis. Higher BZD doses were significantly associated
with longer RTs (P = 0.01).

Associations between characteristics of BZD
use and RT
Table 3 reports the results of additional regression analy-
ses on specific associations between the characteristics of
BZD use and RT among the BZD users only. After adjust-
ment, a higher daily dose of BZDs was associated with
longer RTs (β = 0.096, P = 0.03). When duration of use was
added to this regression analysis, the results did not
change and the β of duration of use was low (β = −0.0.21)
and not significant (P = 0.65). This indicates a possible
dose−response effect of BZDs on RTs. Further, problematic
use showed a positive association (β = 0.118, P = 0.02) with
RT. Figure 2 shows the adjusted mean values of reaction
time according to problematic use on the Bendep-SRQ in
BZD users only (n = 366). β coefficients and P values were
obtained by multivariate linear regression analysis. A
higher score on the Bendep-SRQ subscale problematic use
was significantly associated with longer RTs (P = 0.02).

Discussion

In this cross-sectional, observational cohort study, we
investigated the putative association between long term
BZD use and RT. High doses of BZDs (>1 DDD), but not
lower doses, were associated with prolonged RTs. This
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indicates that tolerance to the RT prolonging effect of
BZDs does not (completely) develop at higher doses of
BZDs.

The finding of longer RTs in high dose BZD users was in
line with experimental research on short term BZD use and
RT [6–11] as well as with an observational study which
found longer RTs in anxious, high dose BZD users (1.2–4
DDD) than in healthy non-users [14]. However, in the latter

study it was unclear, whether prolonged RTs were due to
BZD intake or psychopathology.

Still, several studies did not find associations between
BZD use and RT in chronic users [15, 16]. Possibly, BZDs still
affect RTs in chronic use, but study design issues led to a
lack of significant group differences in these studies (small
sample size [15, 16], absence of adequate statistical trans-
formations [15, 16]). Alternatively, the lack of significant

Table 1
Characteristics of the study group according to BZD dose category (n = 2823)

No BZD
BZD low dose
≤0.5 DDD

BZD intermediate
dose >0.5–1 DDD

BZD high
dose >1 DDD

P valuen = 2404 n = 288 n = 74 n = 57

Sociodemographics
Female gender (%) 1584 (65.9) 208 (72.2) 42 (56.8) 32 (56.1) 0.02
Age (years) mean (SD) 40.9 (13.3) 45.1 (11.9) 46.6 (11.1) 48.8 (9.1) <0.001
Education level (years) median (IQR) 12.0 (10.0; 15.0) 11.0 (10.0; 15.0) 10.0 (9.0; 15.0) 10.0 (9.0; 11.5) <0.001

Health indicators
Non/mild drinker (%) 1470 (61.1) 189 (65.6) 55 (74.3) 41 (71.9) 0.09
Moderate drinker (%) 534 (22.2) 52 (18.1) 11 (14.9) 7 (12.3)
Heavy drinker (%) 400 (16.6) 47 (16.3) 8 (10.8) 9 (15.8)
Somatic disease (%) 1259 (52.4) 186 (64.6) 50 (67.6) 44 (77.2) <0.001

Psychopathology
BAI, median (IQR) 8.0 (3.0; 16.0) 19.0 (9.0; 27.0) 24.0 (13.8; 30.5) 21.0 (12.1; 31.5) <0.001
IDS-SR mc, median (IQR) 6.0 (2.0; 9.0) 9.0 (5.0; 12.0) 10.0 (8.0; 13.0) 11.0 (8.5; 14.0) <0.001

Antidepressant use
No AD use (%) 1920 (79.9) 159 (55.2) 24 (32.4) 16 (28.1) <0.001
AD low dose <0.5 DDD (%) 58 (2.4) 18 (6.3) 3 (4.1) 2 (3.5)
AD intermediate dose 0.5–1 DDD (%) 251 (10.4) 50 (17.4) 22 (29.7) 15 (26.3)
AD high dose >1 DDD (%) 175 (7.3) 61 (21.2) 25 (33.8) 24 (42.1)

Reaction time
RT (s), mean (95% CI) 0.94 (0.93; 0.96) 1.02 (0.98; 1.06) 1.11 (1.05; 1.18) 1.19 (1.12; 1.28) <0.001*

BZD use (%)
Duration (months) median (IQR) N/A 24.0 (5.0; 93.0) 12.0 (3.0; 60.0)a 36.0 (8.5; 96.0) 0.04
Type 0.24

Short acting (t1/2 < 24 h, %) N/A 238 (82.6) 60 (81.1) 40 (70.2) 0.093
Long acting (t1/2 > 24 h, %) N/A 50 (17.4) 14 (18.9) 17 (29.8)

BZD dependence (BENDEP-SRQ)
Problematic use, median (IQR) N/A 9.1 (8.8; 9.5) 10.5 (9.7; 11.2) 11.3 (10.4; 12.2) <0.001
Preoccupation, median (IQR) N/A 12.3 (11.8; 12.8) 14.4 (13.3; 15.4) 15.6 (14.5; 16.6) <0.001
Lack of compliance, median (IQR) N/A 6.0 (5.0; 9.0) 7.5 (5.3; 10.0) 10.0 (7.8; 11.0) <0.001

RT is the mean RT of 80 trials. 1 DDD is defined as 10 mg diazepam equivalents day−1. P is derived by analysis of variance (ANOVA) for quantitative, normally distributed variables,
Kruskal−Wallis test for continuous, non-normally distributed variables and χ2 statistics for categorical variables. Significance is inferred at P < 0.05. AD, antidepressant; BAI, Beck
anxiety index; BENDEP-SRQ, Benzodiazepine Dependence Self Report Questionnaire; BZD, benzodiazepines; DDD, defined daily dose; IDS-SR mc, Mood cognition scale of the
Inventory of Depressive Symptomatology; IQR, interquartile range; RT, reaction time.

Table 2
Differences between non-users, low dose users, intermediate dose users and high dose users on RT as analyzed in 2823 NESDA participants

No BZD Low dose ≤0,5 DDD Intermediate dose >0.5–1 DDD High dose >1 DDD

P
n = 2404 n = 288 n = 74 n = 57
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Unadjusted 0.95 (0.94, 0.96) 1.03 (1.00, 1.06) 1.11 (1.04, 1.18) 1.19 (1.11, 1.29) <0.001
Adjusted 0.96 (0.95, 0.97) 0.97 (0.95, 0.99) 0.99 (0.95, 1.05) 1.03 (0.97, 1.10) 0.01

1 DDD was defined as 10 mg diazepam equivalents day−1. The adjusted analysis was adjusted for sociodemographic characteristics (gender, age, education level), health indicators
(alcohol intake and presence of a somatic disease), severity of psychopathology (BAI and IDS-mc), daily dose of used antidepressants, duration of BZD use and number of mistakes
made in the IAT. P was obtained by ANCOVA (analysis for linear trend). Significance was inferred at P < 0.05. BZD, benzodiazepines; CI, confidence interval; DDD, defined daily dose;
RT, reaction time.
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associations between BZD use and RT may indicate that
tolerance to the prolonging effect of BZDs on RT develops
in long term BZD use so that only relatively high doses
cause effect. The fact that we did not find an association
between duration of use and RT may be due to the major-
ity of BZD users in NESDA being chronic users. The com-
parison of new users with chronic users might have
resulted in different results.

Our study has some limitations. The data are limited by
representing only one outcome composed of six indi-
vidual RT trials. The highest doses in NESDA were still
rather moderate doses, so that effects of very high doses
could not be investigated. Since there were only four
people who took more than 35 mg day−1 and there was
heterogeneity in their impairment, it was statistically inap-
propriate to look at them as a separate category. However,
some of the highest impairments were seen with the
highest doses and this may have obscured a finer grain
interpretation. For this reason, future studies should focus
on recruiting enough high dose BZD users. The IAT may
not be the most optimal task to measure RT, because the
stimulus words were not neutral but related to depression
and anxiety and may therefore influence subjects suffering
from these illnesses. However, as the effects on RT
remained after adjustment for severity of anxiety and
depression, this is unlikely. Further, the validity of a CRTT
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Figure 1
The adjusted mean values of reaction time (in ms) obtained from the
implicit association test according to the dose of BZDs used in 2823
NESDA participants. The size of each square is proportional to the
number of participants. Vertical lines indicate standard errors. Analyses
were adjusted for sociodemographic variables (i.e. gender, age, educa-
tion), health indicators (i.e. daily alcohol use, presence of somatic
disease), psychopathology (i.e. IDS-mc, BAI), antidepressant use (in four
categories) and duration of BZD use. Low dose was defined as ≤5 mg
diazepam equivalents day−1, intermediate dose as 5.01–10 mg day−1 and
high dose as >10 mg day−1. β coefficients and P values by multivariate
linear regression analysis

Table 3
Associations between characteristics of BZD use and RT in 419 BZD users

Characteristics of BZD use n

Univariate
analysis

Adjusted
model§

β P β P

Dose† 419 0.167 0.001 0.096 0.03
Dose*severity of depression 419 −0.203 0.22 0.084 0.57

Dose*severity of anxiety 419 −0.207 0.18 0.106 0.44
Duration of BZD use 419 0.114 0.02 0.036 0.40

Type of BZD 419 0.115 0.02 −0.013 0.77
Problematic use‡ 366 0.190 <0.001 0.118 0.02

Preoccupation‡ 366 0.110 0.04 0.023 0.64
Lack of compliance‡ 366 0.210 <0.001 0.070 0.17

†Daily dose is entered as a continuous variable. ‡Subscales of the Benzodiazepine
Dependence Self Report Questionnaire. §The adjusted models were adjusted for
sociodemographics (gender, age, education), health indicators (daily alcohol use,
presence of somatic disease), severity of psychopathology (IDS-mc, BAI), and
antidepressant use (SSRI, TCA, Other Antidepressants). BZD; benzodiazepines, β;
standardized β coefficient by linear regression analyses. Values in bold are signifi-
cant (P < 0.05).
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Figure 2
The adjusted mean values of reaction time (in ms) obtained from the
implicit association test according to problematic use on the Bendep-SRQ
in BZD users only (n = 366). The size of each square is proportional to the
number of participants. Vertical lines indicate standard errors. Analyses
were adjusted for sociodemographic variables (i.e. gender, age, educa-
tion), health indicators (i.e. daily alcohol use, presence of somatic
disease), psychopathology (i.e. IDS-mc, BAI) and antidepressant use. β
coefficients and P values by multivariate linear regression analysis
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for real life situations, such as driving or working at a
machine, is lower than the validity of a simulation task.
Despite these limitations, our study makes an important
contribution to the literature on BZDs and RT due to the
following strengths. NESDA is a large observational, cohort
study and includes a large sample of average BZD users
with a long duration of use and comorbid psychopathol-
ogy, so that our findings can be generalized to outpatient
BZD users in primary and secondary care. The study size
enabled us to adjust for important confounders such as
psychopathology. The investigation of various characteris-
tics of BZD use enabled us to determine the aspects of long
term BZD use which are associated with RT.

In conclusion, we found increased RTs in high dose BZD
users even after adjustment for severity of psychopathol-
ogy and antidepressant use. This indicates that no com-
plete tolerance to the RT prolonging effect of high BZD
doses develops in long term BZD users. Medical doctors
should alert their patients of the prolonged RTs associated
with high doses of BZDs and possible consequences for
everyday tasks where fast reaction is required. This study
also underlines the directive to prescribe and use BZDs
conservatively, and at the lowest dose possible [31].
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