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Abstract

Benzodiazepines are widely used in the treatment of anxiety disorders and sleep disturbances.
Negative side-effects of long-term use on cognitive performance have been reported, with
largest impairments for older men and those using higher doses. However, research using
validated neuropsychological tests is limited. In this study, it was examined whether long-term
benzodiazepine users showed impaired cognitive performance on four cognitive domains as
compared to a large normative data sample. Furthermore, it was examined whether sex, age and
benzodiazepine dose had a significant effect on cognitive functioning in long-term
benzodiazepine users. As a second analysis, personality traits, coping and anxiety levels were
analysed. Long-term benzodiazepine users showed significantly impaired cognitive functioning
on the psychomotor speed, episodic memory and sustained attention domain, but not in
executive functioning. No effects of sex, age or benzodiazepine dose were found. Long-term
benzodiazepine users reported more feelings of negativity, more somatization, more shyness,
more psychopathology and less extraversion compared to the general population. Furthermore,
they reported less active coping, more palliative coping, more avoidance coping, more passive
coping, less expression of emotions and higher anxiety levels. These results largely support
earlier performed studies. Studies that took into account more cognitive domains at the same
time are however rare. This study implies an overall cognitive effect in long-term
benzodiazepine users rather than specific effects. Therefore, treatment for long-term

benzodiazepine users may require tailored interventions.



Introduction

Benzodiazepines are the most frequently used drugs worldwide and primarily used for their
anxiolytic properties (Airagnes et al., 2019). According to Baldwin et al. (2013), there is good
evidence for their efficacy in acute treatment of generalized anxiety disorder, social anxiety
disorder and panic disorder. Next to reducing anxiety, benzodiazepines are also known to be
effective in inducing and maintaining sleep, as they reduce the time taken to fall asleep, increase
the duration and efficiency of sleep, and reduce periods of wakefulness after the onset of sleep.
Other known beneficial effects of benzodiazepines include muscle relaxation, and the treatment
and prevention of epileptic seizures (Baldwin et al., 2013).

When first introduced in the late 1950s and 1960s, benzodiazepines were prescribed
regularly since they were thought to be less toxic and less likely to cause dependence than
previous drugs (Wick, 2013). By the mid-to-late 1970s, benzodiazepines were the most
frequently described drugs (Wick, 2013). In their annual report on prevalence of
benzodiazepine use, Maust et al (2019) found that in 2015, 12.6% of adults in the United States
reported having used benzodiazepine at least once. They found the highest rate of overall
benzodiazepine use among adults aged 50-64 years. Furthermore, more women reported to use
benzodiazepines than men. Misuse of benzodiazepine was reported by 2% of the adults in the
United States, particularly among young adults (ages 18-25) (Maust et al., 2019).

Despite the benefits of benzodiazepines on the short term, using benzodiazepines for a
longer period may lead to significant negative side effects. These include the risk of dependency
and adverse effects such as cognitive impairment (Barker et al., 2004; Lader, 2011). In their
meta-analysis, Barker et al. (2004) even found impaired performances with moderate-to-large
effect sizes compared to controls in all cognitive domains in long-term benzodiazepine users.
Largest effect sizes were found in sensory processing (measured with the Seashore rhythm test
and Witkins Rod and Frame Test), psychomotor speed, episodic memory and visuospatial
abilities; smaller effect sizes were found in verbal reasoning, working memory and motor
control/performance (measured with the Ball-Bearing test; Finger tapping test and purdue
pegboard). More recently, Crowe and Stranks (2018) conducted a comparable meta-analysis,
in which they found the largest deficits in the areas of working memory, processing speed,
divided attention, visuoconstruction, episodic memory and language. Both meta-reviews,
however, included only a small number of studies and research using validated
neuropsychological tests is limited. Besides, sample sizes of included studies are small (Barker
et al., 2004; Crowe & Stranks, 2018). Despite growing concern about possible negative side-

effects, the number of long-term benzodiazepine users turns out to remain high over the years
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(Sonnenberg et al., 2012; Taipale et al., 2019). More research on negative side-effects is needed
to raise more awareness about possible side-effects of long-term benzodiazepine use.

This study will extend the previous study from Kan et al. (2006) on short and long-term
effects of a protocolled benzodiazepine discontinuation programme, and the study of Knoop et
al. (2006), on psychological traits as predictors of successful withdrawal and abstinence of
benzodiazepines. What they did not do is examine cognitive effects of long-term
benzodiazepine use and compare psychological traits of long-term benzodiazepine users with a
reference group. The aim of the current study is to further our understanding of impaired
cognitive functioning in patients with long-term benzodiazepine use, using validated
neuropsychological tests.

First, this research will examine whether long-term benzodiazepine users (before
withdrawal) differ in cognitive functioning from the healthy population (using available
normative data). Cognitive domains studied are psychomotor speed, episodic memory,
executive function, and sustained attention. Based on previous literature (Barker et al., 2004a;
Crowe et al., 2018), impairments in all cognitive domains in long-term benzodiazepine users
compared to normative data are hypothesized. In accordance with previously performed meta-
analyses (Barker et al., 2004a; Crowe et al., 2018), largest effect sizes are expected in
psychomotor speed and executive function. Moderate effect sizes are expected in episodic
memory and sustained attention.

Second, a dose-response relation is to be explored across all cognitive domains (Stein
& Strickland, 1998). In their review article, Stein and Stickland (1998) state that tolerance to
sedative effects during chronic benzodiazepine use may lead to increase in the amount or
frequency of dosing which, in turn, further exacerbates the cognitive effects. Therefore, it is
hypothesized that there will be larger cognitive impairments in patients with higher doses.
Largest effect of dose is expected in sustained attention (Golombok, 1988). Third, we will
examine other factors associated with cognitive impairment in long-term benzodiazepine users,
which are age and sex. According to Turnheim (2004), the brain is especially sensitive to drug
effects in older adults and therefore drugs may affect cognitive function and motor coordination.
Consequently, larger cognitive impairments are expected in in older patients. Based on Barker
et al. (2004a), among long-term benzodiazepine users, men are proposed to be at higher risk for
cognitive impairment compared to women. That is why larger cognitive impairments are
expected in men.

Finally, we will examine whether patients differ in personality traits, level of anxiety

and coping, compared to normative data. Despite the anxiety reducing effects, high levels of
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anxiety are typically found in long-term benzodiazepine users and therefore expected (Kan et
al., 2004; Konopka et al., 2013). In terms of coping, it is expected that they use more avoidance
coping, less active coping and less expression of emotions. These coping styles are suggested
to be associated with long-term use of benzodiazepines (Bish et al., 1996; Zandstra et al., 2004).
In personality traits, more neuroticism and less extraversion and less openness is expected
(Konopka et al., 2013; Manthey et al., 2010).

Methods

Patients

In this study, we used existing data collected by Kan et al. (2006) for a study on the efficacy of
a protocolled benzodiazepine discontinuation programme. Participants were patients at the
department of Psychiatry at the Radboud University Medical Centre in Nijmegen, who used
benzodiazepines for at least 3 months. Education as collected by Kan et al. (2006) was
distributed over 10 scales. For further analysis, these data were converted to Verhage
classification system (Verhage, 1964), where level of education is classified on an ordinal rating
scale from 1 (less than primary school) to 7 (university degree). Severity of benzodiazepine
dependence was measured with the Benzodiazepine Dependence Self-Report Questionnaire
(Bendep-SRQ; Kan, 1999). The Bendep-SRQ has 4 subscales, ‘problematic use’ (measures
degree of awareness of problematic benzodiazepine use), ‘preoccupation’ (measures degree of
preoccupation/ obsession with respect to the availability of benzodiazepines), ‘lack of
compliance’ (measures the degree of lack of compliance with the therapeutic benzodiazepine
regimen) and ‘withdrawal’ (measures the degree of unambiguity of experienced
benzodiazepine withdrawal). An estimation of premorbid intelligence was made with the Dutch
version of the National Adult Reading Test (NART: Schmand et al., 2008).

Neuropsychological tests:

A battery of neuropsychological tests was administered in order to measure the different
cognitive domains. Psychomotor speed was measured with the Trial Making Test (TMT) part
A, the Stroop Color-Word Test (parts | and I1) and the Substitution subtest from the Wechsler
Adult Intelligence Scale (TMT-A: Bowie & Harvey, 2006; Stroop Color-Word Test: Hammes,
1971; WAIS: Stinissen et al., 1970). In order to measure episodic memory, the Dutch version
of the Rey Auditory Verbal Learning Test (AVLT: Van der Elst et al., 2005; Rey, 1964) was
administered. Sub scores that were used are ‘Total correct’ (total correctly recalled words over

the five learning trials), ‘Delayed Recall’ (number of correctly recalled words after a delay) and
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‘Delayed Recognition’ (correct number of hits and correct rejections after a delay). Executive
function was measured with the Stroop Color-Word Test interference score (i.e. response
inhibition; Stroop Il compared to Stroop II: Hammes, 1971) and the TMT interference score
(i.e., mental flexibility; part B/part A: Bowie et al., 2006). Sustained attention was measured
with the Bourdon-Wiersma task (Loo, 1957). Scores that were used are ‘misses’ (number of
missed items) and ‘total time’ (total completion time). In the AVLT, WAIS and Bourdon-
Wiersema subtests, a higher raw score means a better performance. For the Stroop Color-Word
subtests (Stroop I, Il and interference score) and TMT subscales (TMT A and interference

score), higher scores signify less good performances.

Questionnaires

An indication of personality was acquired with the Dutch Short Form of the MMPI-2
(subscales: negativism; somatization; shyness; severe psychopathology; extraversion) (DSFM:
Luteijn et al., 1985). Anxiety symptoms were measured with the State Trait Anxiety Index
(subscales: State Anxiety; Trait Anxiety) (STAI: Defares et al., 1979). An indication of coping
style was acquired with the Utrecht Coping List (subscales: Active Coping; Avoiding;
Comforting Ideas; Depressive Coping; Expression of Negative Emotions) (UCL: Schreurs et
al., 1993). The following applies to the DSFM subscales: the higher the score, the more present
the personality trait. For STAI scores, higher scores are indicative of higher anxiety. In the

UCL, high scores mean that patients report using the specific coping style more often.

Data collection
Patients using benzodiazepines for a period of 3 months or longer were contacted and informed
about disadvantages of prolonged use of benzodiazepines and the possibility to participate in a
protocolled discontinuation program (Oude Voshaar et al., 2001). Psychological assessments
were performed at all patients who agreed to participate in this program and all participants
signed an informed consent form. All data were collected as part of routine clinical assessments
between 1997 and 2001, and were stored in an in-house clinical database in a pseudonymous
manner, compliant with the then-current EU Data Protection Directive 95/46/EC according.
Data extraction from that database for this study was done by E.O., in compliance with the EU
General Data Protection Regulation 2016/679, resulting in a fully anonymous database for
further analysis.

Sociodemographic information of the patients and data on benzodiazepine dosage and

use were collected through conducting file reviews, telephone survey and consultation of the
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medicine prescription at the general practitioner or pharmacy. Prior to the telephone survey, all
participants received a letter with information on the study and a declaration of consent

concerning insight in medicine prescriptions.

Normative data
Data of patients using benzodiazepines long-term were compared with normative data in order
to analyse if long-term benzodiazepine use is associated with impairments in cognitive
functions. Furthermore, scores on psychological questionnaires were compared to normative
data with the purpose of analysing if patients differed from the norm group in personality traits,
anxiety level and coping styles.

Univariate norms for cognitive tests (TMT-A, TMT Interference (TMT B/A)), Stroop
Color-Word test (part I, Il, Interference (Stroop 111/11)), WAIS Substitution, version of the Rey
Auditory Verbal Learning Test and Bourdon-Wiersma) were acquired via a large Dutch

normative data set from www.andinorms.nl (de Vent et al., 2016). In calculating these standard

scores, age, sex and education level on Verhage scale are taken into account.

Norms for the Bendep-SRQ were obtained from Kan et al. (2001) (reference group of
outpatient benzodiazepine users). Normative data for the DSFM were calculated using
normative data from Luteijn et al. (1985). STAI norms were calculated from Ploeg (1982).
Norms for the UCL were calculated using the test manual (Schreurs et al., 1993). Norms were
adjusted for age and/ or sex where appropriate. Norms for the DFSM, STAI and UCL were

based on the normal population.

Statistics

First, sample characteristics, including demography and clinical data, were summarized
using descriptive statistics (mean, SD and range for continuous data, numbers and percentages
for dichotomous data, median and range for categorical data). The scores of participants on the
cognitive tests were converted into z-scores, which were compared to the normative population
with one-sample t-tests (one-tailed). Next, we averaged the z-scores of the various tests within
the same cognitive domain and performed the same analysis for these compound scores.
Furthermore, we calculated for each test the percentage of z-scores that were smaller than -1.5,
therefore called impaired. Based on a normal curve with mean z-score 0, 6.7% of the z-scores
are expected to be impaired with a z = -1.5 cut-off. Effect sizes were calculated and expressed
in Cohen’s d (Cohen, 1988). Negative effect sizes indicate worse cognitive performance in the

long-term benzodiazepine users than the normative population. According to Cohen (1988),
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effect sizes are considered small at d=0.20, medium at d=0.50 and large at d=0.80. Next, a linear
regression analysis was performed to predict the cognitive domain scores from sex, age and
dose of benzodiazepine.

Finally, for the psychological tests, one-sample t-tests (two-tailed) were performed on
z-scores in order to examine if patients significantly differed from the normative mean (0) on
personality traits, anxiety level and coping strategies. The percentage of clinically relevant
deviant z-scores on psychological tests was expected to be 13.4%, withaz =-1.5andz=1.5

cut-off.

Results

In total, 92 patients (41 men, 51 women) took part in the benzodiazepine discontinuation
program and participated in a psychological research. Table 1 shows the demographics of the
patients. There was no significant difference in age between men and women (t(90)=.75,
p=.46). Neither did men and women significantly differ in level of education (U(Nmen=39,
Nwomen=49)=856.50, z=-.86, p=.39). There were 4 patients for whom education level was
unknown. For further analyses the group median education level score was imputed (Verhage
4) in order to compute age- and education-adjusted standard scores.

Analysis of the NART scores, which measured premorbid intelligence, showed that the
patients with their mean premorbid 1Q of 97.31 (Table 1) did not significantly differ on
premorbid intelligence when compared to the norm population (t(83)= -1.53, p=.13).

As shown in Table 1, patients reported significantly higher benzodiazepine
dependence on the Bendep-SRQ than the normative population which was composed of
outpatient benzodiazepine users. Higher benzodiazepine dependence was found on all
subscales (Table 1).



Table 1. Background characteristics of the long-term benzodiazepine users

Men Women Total
Patients 41 (44.6 %) 51 (55.4 %) 92
Mean* SD Range
Age 48.39 13.16 25-78
Education (Verhage) 4 1-7
Benzodiazepine Dose**  43.37 55.28 2250
Premorbid NART 1Q 97.31 16.13 56 - 131
Bendep SRQ Mean Raw score (SD) Mean z-value (SD) p (t)
Problematic Use 3.72 (1.29) 1.46 (.74) <.001 (18.63)
Preoccupation 3.92 (1.23) 0.92 (.75) <.001 (11.69)
Lack of Compliance 1.79 (3.92) 0.79 (1.03) <.001 (7.26)
Withdrawal 3.75 (1.31) 0.76 (.58) <.001 (9.90

* Median shown for education (7 categories, 1 = less than primary school; 7 = academic degree)
** Benzodiazepine dose expressed in the diazepam equivalent (mg).

As shown in Table 2, except for the Stroop Color-Word Test Interference, participants
performed significantly worse on all tests compared to the norm group. Furthermore, they
significantly deviated from the normative mean on the psychomotor speed, episodic memory
and sustained attention domains, but not on the executive function domain (Table 2). Sex, age
and benzodiazepine dose did not have a significant effect on the cognitive domains.



Table 2. Cognitive performance and statistics of the long-term benzodiazepine users *

N Mean SD t p (one- Cohen’s d Percentage

z-value z-value tailed) Impaired**
Psychomotor Speed*** 84 -1.11 1.17 -8.69 <.001 -0.95 31.0
TMT A 85 -0.86 1.04 -6.34 <.001 -0.69 28.2
Stroop CWT | 91 -1.28 1.75 -6.95 <.001 -0.73 34.1
Stroop CTW I 90 -1.18 1.86 -6.01 <.001 -0.63 344
WAIS Substitution 92 -1.31 1.36 -9.22 <.001 -0.96 33.7
Episodic Memory 90 -.052 0.99 -4.96 <.001 -0.52 16.5
AVLT Total Correct 91 -0.54 0.99 -5.18 <.001 -0.54 15.4
AVLT Delayed Recall 90 -0.66 1.24 -5.03 <.001 -0.53 21.1
AVLT Delayed Recognition 90 -0.39 1.15 -3.18 .001 -0.34 23.3

Executive Function 83 0.45 1.04 4.79 n.s. 0.53 1.2

Stroop CWT Interference 89 1.12 1.04 10.15 n.s. 1.08 34.8
TMT Interference 85 -0.22 1.06 -1.93 .03 -0.21 153
Sustained Attention 87 -1.12 0.97 -10.83 <.001 -1.15 184
Bourdon-Wiersma Misses 87 -1.71 1.51 -10.55 <.001 -1.13 49.4
Bourdon-Wiersma Total 87 -0.53 141 -3.55 <.001 -0.38 26.4

* Mean raw score and standard deviation for the raw scores are displayed in Appendix A.

** Percentage impaired is the percentage z-values < -1.5. Expected percentage impaired is 6.7%.
*** Psychomotor Speed compound score calculated as (MEAN(MEAN(Stroop Color-Word Test card |, Stroop Color-Word
test card I1),Trial Making Test-A, Wechsler Adult Intelligence Scale-Substitution), with z-values of the subtests.

Table 3 shows that patients significantly differed from the normative mean on all

personality traits measured with the DSFM. Patients reported more feelings of negativity, more

somatization, more shyness, more psychopathology and less extraversion, compared to the

general population. With regard to anxiety levels as measured with the STAI, Table 3 shows

that patients scored significantly higher than the normative group on both the state as the trait

subscale, indicating higher levels of anxiety than the reference group. Furthermore, Table 3

shows that on the UCL, patients reported to use significantly less active coping, more palliative

coping, more avoidance coping, more passive coping, and less expression of emotions,

compared to the reference group.



Table 3. Personality traits, anxiety and coping skills in the long-term benzodiazepine users

N Mean Raw  SD Raw Mean z- SD t p Percentage
Score Score value z-value Clinically
relevant
Deviation*

Dutch Short Form of the MMPI (DSFM)

Neuroticism 92 24.27 9.52 1.24 124 9.64 <.001 51.1
Somatization 92 21.63 9.02 3.08 1.70 1735 <.001 81.5
Shyness 92 16.27 8.96 1.29 1.40 8.85 <.001 435
Psychopathology 92 5.55 4.71 1.06 1.74 5.82 <.001 27.2
Extraversion 92 11.14 6.88 -1.13 1.30 -8.32 <.001 46.7

State-Trait Anxiety Inventory (STAI)
State anxiety 92 45.87 13.32 0.68 112 5.79 <.001 29.3
Trait anxiety 92 57.05 12.02 1.35 1.95 6.64 <.001 65.2

Utrecht Coping List (UCL)

Active Coping 92 15.85 412 -0.57 1.10 -4.96 <.001 22.8
Palliative Coping 92 17.86 3.95 0.30 0.98 2.93 .004 15.2
Avoidance 92 17.74 3.94 0.65 1.12 5.60 <.001 18.5
Social Support 92 12.75 3.81 0.07 111 0.614 ns. 16.3
Passive Coping 92 18.39 4.65 2.09 1.67 1199 <.001 58.7
Emotional Coping 92 6.14 1.73 -0.22 1.01 -2.04 .04 16.3
Comforting Thoughts 92 12.04 2.84 0.02 0.97 0.21 n.s. 13.0

* Percentage clinically relevant deviations is the percentage patients with z-values < -1.5 & z-values >1.5. Expected
percentage clinically relevant deviant is 13.4%.

Discussion
In this study, cognitive performance, personality traits and psychological distress were studied
in long-term benzodiazepine users. With respect to cognition, significant impairments were
found in the psychomotor speed, episodic memory and sustained attention domains, but not in
executive functioning. Large effect sizes were found for the sustained attention and
psychomotor speed domains and a medium effect size was found for the episodic memory
domain. No effects for sex, age and benzodiazepine dose on cognitive performance were
observed. Finally, long-term benzodiazepine users showed less active coping, more palliative
coping, more avoidance coping, more passive coping and less expression of emotions,
compared to the general population.

These findings extend and largely support previous studies that have looked into the
effects of long-term benzodiazepine use (Barker et al., 2004; Crowe et al., 2018). Similar effect

sizes were found for the psychomotor speed and episodic memory domains as in the meta-
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analyses of Barker et al. (2004) and Crowe et al. (2018). However, for sustained attention effect
sizes were larger and for executive functioning effect sizes were not significant in the current
study in contrast to these meta-analyses (Barker et al., 2004; Crowe et al., 2018). It is possible
that the results from the Stroop Color-Word test, which measured executive functioning, are
less reliable because accuracy of response was not taken into account, while long-term
benzodiazepine users tend to make more errors (Federico et al., 2017; van der Elst et al., 2006).
Furthermore, these differences might be partly due to the use of a limited battery of tests,
particularly for the executive functioning domain. In the current study, executive functioning
was measured with two traditional tasks that might not have been complex enough to measure
the executive functioning domain, and did not focus on working memory which is considered
an important part of executive functioning (Baggetta & Alexander, 2016). For future studies,
more complex measurement of executive functioning is suggested, for example using the
Behavioural Assessment of the Dysexecutive Syndrome, which has superior ecological validity
as compared to standard executive tests (Norris & Tate, 2000).

Most studies focus on the effects of long-term benzodiazepine use in at most one or two
specific cognitive domains. This study focused on multiple cognitive domains in one study,
hereby providing a better opportunity to study the more widespread effect of long-term
benzodiazepine use on cognitive performance.

With respect to sex, previous studies on statistics of long-term benzodiazepine use found
more women using benzodiazepines on the long-term than men (Maust et al., 2019). A similar
distribution is seen in the current study. The lack of effect for sex on cognitive performance in
long-term benzodiazepine use is in line with the mixed findings in previous studies (Barker et
al., 2004; Nafti et al., 2019).

The finding that benzodiazepine dose did not affect cognitive performance was not in
line with previous studies, where an effect of dose was found with larger doses being associated
with larger impairments (Golombok et al., 1988; Starcevic, 2012). Compared to outpatient
benzodiazepine users, patients in our study reported significant higher benzodiazepine
dependence. This finding is representative for a psychiatric outpatient group (Kan et al., 2004).
In terms of benzodiazepine dose, the long-term benzodiazepine users in the current study
reported relatively high doses as compared to previous studies that found an effect of
benzodiazepine dose on cognitive performance (Golombok et al., 1988; Lucki et al., 1986).
Cognitive performance in high-dose benzodiazepine users (defined as >50mg) shows consistent
effects on cognition, suggesting that all patients are impaired (Federico et al., 2017; Federico et

al., 2020). Consequently, dose response relations might not be found in patients using relatively
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high doses. While the patients in the current study reported a mean dose of 43.37 mg which is
smaller than 50 mg, it is a relatively high dose and therefore might explain the discrepancy with
previous studies (Golombok et al., 1988; Lucki et al., 1986).

Furthermore, larger impairments may be found in patients using a smaller dose for a
longer time, than in patients using a high dose for a short time (Starcevic, 2012). While all
patients in our study used benzodiazepines for at least three months, it was not recorded for
how long they had been using benzodiazepines in total. Thus, this might explain the discrepancy
with previous results, since length of benzodiazepine use could have interfered with the effect
of dose. Direct comparison with other studies is however difficult since different definitions of
long-term use have been applied. While the duration of benzodiazepine use is difficult to access,
future studies could make an attempt to do so, for instance using the Measurements in the
Addictions for Triage and Evaluation (MATE: Schippers et al., 2010).

The mean age and age range of the long-term benzodiazepine users in this study were
comparable with the mean ages and age ranges of long-term benzodiazepine users in other
studies (Barker et al., 2004; Crowe et al., 2018; Oude Voshaar et al., 2005). While other studies
found effects for age on cognitive impairment in long-term benzodiazepine users, we did not.
This discrepancy could too be due to lack of information on length of benzodiazepine use.

Patients in this study had higher education and intelligence levels than previously found
in literature on long-term benzodiazepine users (Donoghue & Lader, 2010; Konopka et al.,
2013; Zandstra et al., 2004). This is expected when considering that patients signed up for
detoxification, since those patients usually report average levels of education and intelligence
(Cosci et al., 2016).

In terms of coping skills, our sample of long-term benzodiazepine users showed less
active coping, more palliative coping, more avoidance coping, more passive coping and less
expression of emotions, compared to the general population. These findings are largely in line
with our hypotheses and previous results (Bish et al., 1996; Zandstra et al., 2004). In the current
study, two types of coping skills, passive and palliative coping, were examined which, as far as
we know, have been studied in substance use patients before, but not explicitly in long-term
benzodiazepine users. (Franken et al., 2001). According to Schreurs et al. (1993), passive
coping is associated with being occupied with the stressful event, ruminating about the past and
pulling back. Higher scores on palliative coping indicate seeking of distraction, or trying to
suppress negative feelings by substance use (Schreurs et al., 1993). Higher scores on both
subscales tend to go along with higher anxiety levels, more neuroticism and more depressed

feelings (Schreurs et al., 1993). In terms of personality, long-term benzodiazepine users in the
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current study reported more neuroticism, are shyer and reported to be less extravert.
Furthermore, they reported more psychopathology, more somatization and higher anxiety
levels. These findings are consistent with earlier studies and seem to characterize long-term
benzodiazepine users (Kan et al., 2004; Konopka et al. 2013; Manthey et al., 2010).

The question rises if the observed cognitive impairments could be explained by long-
term benzodiazepine use as an underlying factor, or if other factors are more likely to be
underlying factors. Previous studies found a decreased ability to inhibit impulses in substance
users, and a higher likelihood of benzodiazepine use among individuals with impulse control
disorders (Campanha et al., 2020; Ramey & Regier, 2018). In the current study, impulse control,
as measured in the executive functioning domain, showed no significant impairment in long-
term benzodiazepine users. Therefore, impulse control is not expected to have caused these
cognitive impairments. Another explanation could be found in the high levels of anxiety in our
patient sample. In their review article, Castaneda et al. (2008) argue that anxiety is associated
with cognitive impairments. However, significant impairments of anxiety have been found only
in specific cognitive domains and effect sizes are small (Castaneda et al., 2008; Moran, 2016).
Therefore, anxiety is not a likely explanation for the observed cognitive impairments in our
patient sample.

This leaves the long-term use of benzodiazepines itself as a possible cause for the
observed cognitive impairments. Recent studies using rs-fMRI support the effect of
benzodiazepine use on the brain network for short-term use, but little is known for long-term
benzodiazepine users (Frolich et al., 2020). Besides, literature is mixed about degree of
recovery of cognitive functioning after withdrawal from long-term benzodiazepine use (Barker
et al., 2004; Crowe & Stranks, 2018). It could be interesting for future research to explore
functional patterns in the brain in current long-term benzodiazepine users and after withdrawal,
in order to study if the observed impairments are chronic.

With a sample size of 92 long-term benzodiazepine users, our study had a large sample
size compared to most other studies (Barker et al., 2004 (Mean N=33.5; SD=28.9); Deckersbach
et al., 2011 (N=20); Oude Vorshaar et al., 2005 (N=16); Pomara et al., 2015 (N=37)). While
there are studies with larger sample sizes, those focus only on cognitive functioning in older
adults or use limited tests (Helmes & @stbye, 2015; Rickels et al., 1999; van Vliet et al., 2009).
Additionally, a large normative dataset (mean N=1,984) was used in order to analyse if
cognitive performance was impaired in the long-term benzodiazepine users (de Vent et al.,
2016). The large normative sample makes the analyses more reliable and makes it possible to

test the cognitive performances for effects of sex and age. However, it could be interesting for
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future research to compare cognitive performance in long-term benzodiazepine users with
cognitive performance in other psychiatric groups, such as patients with substance use disorders
or patients with anxiety disorders (Bruijnen et al., 2019; Castaneda et al., 2008). Another
strength of our study is that severity of benzodiazepine dependence was characterized with a
validated test, hereby acquiring more and useful information on the long-term benzodiazepine
group (Kan et al., 1999).

The results of this study should be interpreted with a consideration of its limitations.
The test battery of this study is limited, since it did not represent all cognitive domains. An
important missing domain is social cognition, which is proposed to play a prominent role in the
establishment, development and course of the therapeutic relationship and is thought to
influence therapy outcome (Quednow, 2020). Literature on impairments in social cognition in
long-term benzodiazepine users is mixed (Nilsonne et al., 2017; Sabino et al., 2016; Zurowska
et al., 2017). Therefore, future research should also take social cognition into account.
Furthermore, while there is much information on demographics of the group, no information
was acquired on amount of time between benzodiazepine intake and the psychological research.
The time in-between is assumed to affect performance on cognitive tasks, most of all memory
tasks, since benzodiazepine has an acute sedative effect (Gorenstein et al., 1994). While most
assume that psychomotor effects tend to resolve with tolerance to sedation, results on measures
of memory are conflicting (Gorenstein et al., 1994; Stein & Strickland, 1998). In order to look
further into the possibly interfering effect of sedation, more research is needed in which time
since last dose and length of benzodiazepine use are taken into consideration. In this way, acute
and chronic effects observed in long-term users can be distinguished.

In conclusion, this study shows long-term benzodiazepine use to be associated with
cognitive impairment across nearly all domains, suggesting that cognitive impairments might
be rather widespread than specific. These findings have clinical relevance, as cognitive
impairment may interfere with treatment. Cognitive impairment can reduce factors such as
active participation in group therapy or treatment compliance (Bates et al., 2006; Bernardin et
al., 2014; Kiluk et al., 2011). Furthermore, an often-used intervention in addiction care and
anxiety treatment, cognitive behavioural therapy, requires elaborate cognitive capacities, such
as episodic, semantic and procedural memories, which seem diminished in long-term
benzodiazepine users (Ortega et al., 2014; Otto et al., 2005). Interventions that take cognitive
impairments into account may lead to better treatment outcomes, but prevalence of cognitive

impairments in substance use disorders often remain unnoticed (Bruijnen et al., 2019).
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Therefore, cognitive functioning should be monitored more regularly, and interventions may

need to be tailored.
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Appendix

Appendix A. Additional statistics on cognitive tests: Mean raw score and standard deviation.

Mean Raw Score SD Range
TMT A 46.06 20.70 16 - 117
T™MT B 106.39 50.57 41 — 250
TMT Interference (B/A) 240 71 1.31-4.19
Stroop | 56.98 22.35 36 — 155
Stroop Il 71.74 29.66 43 — 258
Stroop 11 120.70 45.10 62 - 283
Stroop Interference (111/11) 1.73 39 1.01-2.89
WALIS Substitution 43.66 12.29 18 -78
AVLT Total 40.91 8.69 21-65
AVLT Delayed Recall 7.84 3.09 0-15
AVLT Delayed Recognition 27.70 3.48 11-30
Bourdon-Wiersma Misses 30.93 30.52 1-219
Bourdon-Wiersma Total 11.81 2.87 454 -18.48
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