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Abstract
Purpose Results from a number of studies have suggested a
relationship between cognitive alteration and benzodiazepine use in the elderly. The aim of this study was to
determine the impact of benzodiazepine use on cognitive
functions in a young adult population.
Methods This study included 1,019 French salaried workers
from the VISAT (Aging, Health and Work) cohort whose
objective was to determine the long-term impact of working
conditions on health and aging. Data were collected during
interviews by occupational physicians in 1996, 2001 and
2006. Cognitive function was assessed using five cognitive
tests (immediate free recall test, delayed free recall test,
recognition test, Digit Symbol Substitution Subtest and visual
search speed test). Cognitive scores obtained after a 10-year
follow-up were investigated among three categories of
benzodiazepine users, namely, non-users, occasional users
and long-term users, using analysis of covariance models
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adjusted for several potential confounders in men and women
separately.
Results In the course of the 10 year-follow-up, 3.9% of
subjects were defined as occasional users of benzodiazepine
and 7.5% as long-term users. The analysis revealed a
significant alteration of long-term memory in women
whereas there was no significant association in men.
Conclusions Long-term use of benzodiazepine leads to
specific impairment in long-term memory only in women.
Keywords Cognition . Benzodiazepine . Gender . Young
adult . Observational cohort study

Introduction
Psychotropic drug use is common in most industrialized
countries and particularly so in France [1]. This high
prevalence of use is also observed in the context of work
environments [2–4], and it has been documented that
several job and social constraints lead to chronic use of
these medications [5–7]. In addition to the risk of abuse as
well as road or work-related injuries related to psychoactive
drug use [8, 9], another major public health question is
whether long-term use may induce permanent cognitive
deficits. Experimental and clinical studies have documented
the acute effects of psychoactive drugs on cognitive
performance, showing changes in vigilance and memory
with benzodiazepine use [10]. It has also been determined
that the duration of psychoactive drugs use commonly
exceeds the recommended duration of therapy, especially in
the elderly [11, 12], with many patients are receiving longlasting treatment which can stretch to several years.
A number of studies carried out in the early 1980s
investigated the relationship between benzodiazepine
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consumption and cognitive decline. Since then, several
authors have shown the impact of these drugs on
attention, memory and psychomotor speed after an acute
administration [10, 13]. Most of pharmacoepidemiological
studies assessing the effect of psychoactive drugs on
cognitive function have focused on elderly subjects who
are most likely to consume and to develop cognitive
deficits [14]. Moreover, these studies used mostly crosssectional surveys that did not distinguish between psychopathology and drug consumption. In 2002, Paterniti et al.
[15] published the first longitudinal study that emphasized
a negative impact of long-term benzodiazepine consumption on cognitive functions. These results were confirmed
by Bierman et al. [16] who found a negative effect of
chronic use of benzodiazepines on long-term memory.
Consequently, the effect of chronic benzodiazepine use
has been well explored in the elderly, with some studies
reporting a lower risk of cognitive decline or no
association [17] and other studies finding an increased
risk of cognitive decline or dementia among psychotropic
drug users [15, 16, 18–20].
The aim of the study reported here was to investigate the
effects of benzodiazepine use (occasional and long-term
use) over a period of 10 years on cognitive efficiency in a
young adult population according to gender.

Materials and methods
Participants
Details regarding the population sampling in the VISAT
study (Aging, Health and Work) have been described
elsewhere [21]. A total of 4,258 current and former
salaried workers were randomly selected from the worker’s list of 94 occupational physicians in three areas in the
South of France in 1996. Of these, 3,237 subjects agreed
to participate in a prospective cohort study. The sample
consisted of 1,660 men and 1,577 women aged 32, 42, 52
and 62 years when selected. Recruitment and data
collection occurred during the compulsory medical examination by the occupational physician, who was trained for
this survey. Data were collected at three cross-sectional
time points in 1996, 2001 and 2006. In 1999, an
intermediate data collection was conducted to obtain
information only on medications (no other information
was collected). Six subjects (0.2%) at baseline (or during
the follow-up) presented a serious psychiatric disease and
were excluded from the study due to the potential impact
of their psychiatric disease on cognitive functioning. We
included 1,019 subjects in our analysis who completed the
10-year follow-up for whom a complete data set was
available.

Data collection
Self-administered questionnaire
A self-administered questionnaire was completed by the
subjects regarding their social, familial and occupational
status and lifestyle. Educational level (number of years of
schooling) was divided into three categories: <10 years
of schooling; 10–13 years; >13 years. Subjects who
reported the use of alcohol at least daily were defined as
daily alcohol consumers. Smoker status was categorized
as “current smoker” or “non-smoker”. We used the
marital status question to identify the subjects involved
in cohabitation (yes/no). In the same way, we created
dichotomous variables: from the Likert scale assessing
physical activities (yes/never) and from shiftwork (currently/not currently).
Clinical examination
For each data collection time point, questionnaires
regarding former and current medical conditions and a
clinical examination were administered by physicians.
All medical histories were reported [subject currently
affected by a disease (yes/no)]. We created one dichotomous variable (yes/no) coding for the medical history
for each disease if the subject was affected at least once
during the follow-up by depression, diabetes, hypercholesterolemia, trauma, thyroid disease and cardiovascular
disorders (high blood pressure, cerebrovascular accident,
ischemic attack transient, angina pectoris or myocardial
infarction).
Exposure to benzodiazepines was defined from data
collected in 1999, 2001 and 2006 (this information was
not available in the 1996 survey). In 1999, 2001 and
2006, subjects reported all drugs taken during the
previous month, and these drugs were then classified
according to the Anatomical, Therapeutic and Chemical
Classification. Benzodiazepines (and benzodiazepinerelated drugs) were identified by following codes:
N05CF and N05CD (hypnotics), N05BA (anxiolytics),
M03BX07 (tetrazepam) and N03AE (clonazepam). The
questionnaire also contained one question to determine
whether subjects used these drugs for at least 1 year.
According to the answers at the different times of the
study, we defined three mutually exclusive categories of
benzodiazepine users: (1) “non-users”, no reported use in
1999, 2001, 2006; (2) “occasional users”, reported use in
one survey or for less than 1 year; (2) “long-term users”,
reported use in two or three successive surveys or for at
least 1 year.
Neuropsychological assessment was evaluated in
1996, 2001 and 2006 using the same cognitive tests
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each time. Five tests were administered in the following
order:
–
–
–

–
–

An immediate free recall test adapted from the Rey
auditory verbal learning test with only three trials and
16 words learned [22].
The WAIS (Wechsler Adult Intelligence Survey) digit
symbol substitution subtest (DSST) [23]
A selective attention test derived from the Sternberg’s
test [24] and composed of two subsets. The first subset
was to scan as quickly as possible a line of 58
alphabetic characters to find a target letter shown in
the margin and then cross it out. This task was repeated
six times. The second subset also included six lines of
58 characters, but the memory load was greater because
the target was to locate one of the four letters shown in
the margin.
A delayed recall test in which subjects had to write
down all of the words they could remember from the
word list given in the first test.
A recognition test in which participants had to find the
16 words learned previously from a list of 32 words.

Three cognitive functions, namely, memory, information
processing speed component and visual attention, were
evaluated in these tests. The results for the word list
learning tests, delayed free recall and recognition tasks are
given as a mean number of cited words, those for the DSST
are given as a mean score, and those for the selective
attention test are given as the mean time taken to perform
the test (in minutes). Thus, in all analyses, a better
performance corresponds to a higher score for word lists
and DSST, whereas it corresponds to a lower score (shorter
time) for the selective attention test. All tests were run by
physicians specifically trained for this study.
Statistical analysis
All analyses were conducted with the SAS ver. 9.2
statistical packages (SAS Institute, Cary, N.C.). A descriptive analysis investigated the socio-demographic and
medical characteristics of the study sample, the prevalence
of benzodiazepine exposure and cognitive performance
during the follow-up. Paired t and χ2 tests were used to
compare the sample’s characteristics. Effect sizes were
calculated following the method set out by Hedges and
Olkin [25] according to gender. The effect size represents
the difference between the benzodiazepine user (occasional
or long-term) group and the non-user group divided by the
pooled standard deviation. Therefore, a negative effect size
indicates that the performance of the subject was poorer
than that of the reference group (non-users). We stratified
multivariate analyses on the gender variable because
cognitive functioning and psychoactive drug use are known

to differ between the sexes [26]. We therefore performed a
multivariate analysis of covariance to evaluate the impact of
long-term benzodiazepine use through changes in cognitive
scores after 10 years of follow-up. The non-user group was
the reference group. We included in the model all variables
identified as expected confounding factors: age, cognitive
score at the baseline, education level, cohabitation life,
tobacco use, physical activity, shiftwork, daily alcohol use,
BMI (body mass index) [27] and medical histories of
diabetes, depression, trauma, cardiovascular and thyroid
diseases. The beta (β) coefficient for each variable indicates
the amount of change one could expect in various cognitive
test scores given a one-unit change in the value of that
variable.

Results
In the VISAT cohort study, 3,237 subjects were enrolled in
1996, 2,288 in 2001 and 1,308 in 2006. The number of
subjects lost to follow-up was more important between
2001 and 2006 because subjects were older and retired. The
VISAT survey took place in the context of the occupational
medicine department of each company so those subjects
who retired during study were more difficult keep in the
study than current workers. In our study, we included 1,019
subjects who participated in all surveys and who had been
diagnosed to be free of dementia or psychiatric disease at
the time (Table 1). The age classes of 32 years and 42 years
were the most highly represented (two-thirds of the
sample), and one-third of the sample had a high level of
education. In 1996, 29.6% were current smokers, 28.4%
reported daily alcohol consumption (only six subjects were
identified as clinically abusive consumers by occupational
physicians in 2006). We determined many differences
according to gender in the categories of employment and
consumption of alcohol (41.2% in men and 14.1% in
women, p<0.001).
However, 2,201 subjects were not included in our
analysis because they were lost to follow-up or presented
a serious psychiatric disease at the evaluation time point
(Table 1). Subjects lost to follow-up were overall older,
comprised fewer supervisors (9.5 vs. 12.5% in the included
population, p<0.05) and more blue collar workers (24.8 vs.
20.4%, p<0.01) and presented a lower educational level
than the included population (26.8 vs. 33.4%, p<0.01).
Finally, our study population presented better cognitive
performance than the population not included in all tests
except for the DSST.
In our population, 3.9% of subjects were considered as
occasional benzodiazepine users (women 4.8%, men 3.2%).
We identified 7.5% of the population (women 8.3%, men
6.7%) as long-terms benzodiazepine users. The most
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Table 1 Comparison of characteristics of the study population
and the not-included population
in 1996

Cohort characteristics

Sex
Men

*p<0.05, **p<0.01
SD, Standard deviation
Data are presented as the number
(n) with the percentage in parenthesis unless indicated otherwise

Study population, n=1,019
(32.6%)

Not-included population, n=2,201
(68.4%)

536 (52.6)

1115 (50.7)

Women
Age at baseline
32 years
42 years
52 years
62 years
Occupational status
Executives
Technicians/supervisors
White collar
Blue collar
Education level
<10 years
10–13 years
>13 years
Cohabitation lifestyle
Shiftwork
Physical activity

483 (47.4)

1086 (49.3)

322
318
242
137

(31.6)
(31.2)
(23.8)
(13.4)

569
651
652
329

(25.9)**
(29.6)
(29.6)**
(15.0)

127
298
359
208

(12.5)
(29.2)
(35.2)
(20.4)

210
641
758
546

(9.5)*
(29.1)
(34.4)
(24.8)**

246
433
340
829
135
757

(24.1)
(42.5)
(33.4)
(81.4)
(13.3)
(74.3)

589 (26.8)
1023 (46.5)*
589 (26.8)**
1749 (79.5)
447 (20.3)**
1564 (71,1)

Current smoker
Daily alcohol consumption
Body mass index (mean ± SD)
Cognitive scores (mean ± SD)
Immediate free recall
Delayed free recall
Recognition test
Digit Symbol Substitution Test
Selective attention test

302 (29.6)
289 (28.4)
24.7 ± 3.9

706 (32.1)
624 (28.4)
24.7 ± 4.2

8.2 ± 2.1
7.9 ± 2.9
13.2 ± 2.5
51.2 ± 14.6
3.4 ± 1.6

7.9 ± 2.0**
7.4 ± 2.7**
12.9 ± 2.5**
50.4 ± 15.1
3.7 ± 1.6**

frequently reported benzodiazepines were bromazepam,
with 2.7% of the population identified as long-term users,
with a definite preference for benzodiazepines by women
(3.9 vs. 1.7% in men, p<0.05), followed by zopiclone
(1.7%) and zolpidem (1.3%). Tetrazepam (fourth position,
1.1% of long-term users) and clonazepam (fifth position,
0.7% of long-term users) use was also reported.
At baseline, women scored better on all cognitive tests
than men (Table 2). During the follow-up, we identified a
slight increase in cognitive performance between 1996 and
2001 which we attributed to a familiarity with the cognitive
tests by the participants (effect which decreases with age).
This transient period was followed by a natural decrease (or
stabilization) in cognitive scores related to the aging
population.
The effect sizes and 95% confidence intervals for the
performance of subjects on different cognitive tests
according to their benzodiazepine consumption are given

in Figs. 1 and 2. The results are different according to
gender. Among the men, only occasional users performed
worse than non-users, while among the women, long-term
users performed more poorly than non-users in free recall
tests. However, these results must take into account all
confounding factors.
Table 3 presents the results of the multivariate models of
covariance analysis for each score in 2006 according to
gender. In all models, scores at baseline, age and education
level were the strongest associated factors explaining the
value observed in 2006. In women, the long-term consumption of benzodiazepines presented a significant alteration of scores in delayed free recall (β=−2.13±0.67, p<
0.01), which evaluates the long-term memory of subjects.
We also found a significant interaction between benzodiazepines and thyroid disease in this model. There was no
statistically significant difference in cognitive scores for
men.
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Table 2 Mean cognitive scores
during the follow-up for men
and women

Cognitive test

Year of test

Total (n=1,019)

Men (n=536)

Women (n=483)

Immediate free recall

1996
2001
2006
1996
2001
2006
1996
2001
2006
1996
2001
2006
1996
2001
2006

8.2 ± 2.1
8.7 ± 2.1
8.6 ± 2.2
7.9 ± 2.9
8.3 ± 2.9
8.1 ± 3.0
13.2 ± 2.5
13.5 ± 2.3
13.4 ± 2.3
51.2 ± 14.6
53.7 ± 17.7
53.5 ± 17.0
3.4 ± 1.6
3.3 ± 1.5
3.4 ± 1.5

7.9 ± 2.1
8.3 ± 2.0
8.1 ± 2.1
7.2 ± 2.8
7.7 ± 2.8
7.5 ± 2.8
12.7 ± 2.6
13.1 ± 2.4
12.9 ± 2.5
48.4 ± 13.9
51.4 ± 19.8
50.3 ± 14.6
3.4 ± 1.6
3.3 ± 1.5
3.5 ± 1.6

8.6 ± 2.1***
9.1 ± 2.1***
9.1 ± 2.1***
8.7 ± 2.8***
8.9 ± 2.9***
8.8 ± 3.0***
13.7 ± 2.2***
13.9 ± 2.1***
14.0 ± 2.0***
54.2 ± 14.8***
56.2 ± 14.5***
56.9 ± 18.7***
3.4 ± 1.5
3.3 ± 1.5
3.3 ± 1.4*

Delayed free recall

Recognition test

Digit symbol substitution subtest
*p<0.05, ***p<0.0001 (comparison between men and
women)

Selective attention test

Data are presented as the mean
cognitive score ± SD

The aim of this study was to investigate the impact of longterm benzodiazepine use on cognitive functioning in young
adults according to gender. Adverse events following acute
administration of benzodiazepines on attention, memory
and psychomotor speed are well described in the literature
[10]. Most studies have reported a negative effect of longterm benzodiazepine use on cognitive functioning [15, 16,
28–31], but the results are heterogeneous [17, 19, 32].

There is currently no data that establish a causal link
between benzodiazepine consumption and cognitive decline
in young adults, and few studies have taken an interest in
men and women separately in their analysis. However, sex
differences in cognitive abilities are well documented [33–
37], and several studies suggest that men and women differ
significantly in terms of their specific cognitive functions
[38]. Men excel in visuospatial abilities whereas women
excel at fine motor skill tasks and verbal fluency. Bremner
et al. [39] found different patterns of activation in brain
regions among women compared to men during the
remembrance of emotional words. Other studies have

Fig. 1 Effect sizes and 95% confidence intervals for the performance
of men on tests of cognitive function categories according to
benzodiazepine use

Fig. 2 Effect sizes and 95% confidence intervals for the performance
of women on tests of cognitive function categories according
benzodiazepine use

Discussion
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Table 3 Results of multivariate
covariance analysis according to
gender

Cognitive test

Immediate free recall

Delayed free recall
*p<0.05, **p<0.01
Data are adjusted for age group,
cognitive score at baseline, education level, cohabitation life,
tobacco use, physical activity,
shiftwork, daily alcohol use,
body mass index and medical
history of diabetes, cardiovascular disease, trauma, thyroid disease and depression.
a
β indicates the amount of change
in cognitive tests compared to
non-users. Value is given as the
score ± SD

Recognition test

Digit symbol substitution subtest

Selective attention test

focused on the impact of sexual hormones on cognitive
functioning and decline [40]. These sex differences must be
taken into account in cognitive performance studies. To the
best of our knowledge, this is the first study to investigate
the evolution of cognitive performance according to
benzodiazepine use throughout a 10-year follow-up in a
large sample of healthy young adults (<62 years). Indeed,
most studies have focused on the impact of psychotropic
drugs in elderly patients [15–19], whereas psychoactive
drug consumption often begins before the age of 60 years
and continues after this age. As cognitive functions are very
sensitive to factors related to aging, it is important to assess
changes in performance in several psychometric tests
regardless of age and especially among patients whose
mental health is good enough to perform their job during
the period of observation. In our study, we analyzed
benzodiazepine use taking into account other psychosocial
and behavioral variables, such as tobacco use, cohabitation
life or medical history, which may be important potential
confounders in the relationship between drug use and
cognitive functions. We observed that the long-term
consumption of benzodiazepines was associated with a
negative impact on cognitive performance; this negative
impact was especially evident for long-term memory in
women only (β=−2.13±0.67). Among our study cohort, the
consumption of benzodiazepines did not seem to have any
impact on the cognitive performance in men.
Some limitations of our study must be discussed. The
first limitation is that the VISAT population was not strictly
population based, even if the overall distribution into socioprofessional categories is close to that observed at the
national level in France [21]. Due to the manner in which

Category of drug use

βa
Men (n=526)

Women (n=483)

Non-users
Occasional users
Long-term users
Non- users
Occasional users
Long-term users
Non-users
Occasional users
Long-term users
Non- users
Occasional users
Long-term users

0
-0.01 ± 0.36
-0.40 ± 0.25
0
0.77 ± 0.50
−0.80 ± 0.42
0
−0.10 ± 0.47
-0.57 ± 0.34
0
−1.66 ± 2.46
-0.32 ± 1.70

0
−0.55 ± 0.35
0.52 ± 0.28
0
−0.14 ± 0.97
−2.13 ± 0.67**
0
−0.06 ± 0.33
−0.12 ± 0.26
0
−0.91 ± 3.46
4.48 ± 2.65

Non-users
Occasional users
Long-term users

0
−0.04 ± 0.29
−0.30 ± 0.20

0
0.37 ± 0.26
0.01 ± 0.21

the data were obtained from the medical examinations
conducted by occupational physicians, we were led to
restrict the study cohort to wage earners who were still
working or just retired. This eliminated other categories of
people who were out of work when the sample was set up,
non-salaried workers and non-working individuals of
working age. The second limitation is related to attrition
for two reasons. Firstly, because we did not include subjects
lost to follow-up and, secondly, because the cognitive
performances at baseline were better in our study population than in the not-included population. Therefore, there
was a selection bias of subjects which is related to the
“healthy worker effect” (subjects with good health are more
likely to be at work at the inclusion and during the followup than subjects of poor health status), which may have led
to a possible underestimation of the impact of psychoactive
drug use on cognitive functions. Patterns of benzodiazepine
use in our sample were similar to those observed in other
studies [2, 5]. We defined the category of drug use (nonusers/occasional users/long-term users) according to methodology reported in other studies investigating cognitive
decline and drug use in the elderly [15, 18]. We put forward
the hypothesis that individuals reporting benzodiazepine
use during the month preceding the interview for two of the
surveys or who reported benzodiazepine treatment for at
least 1 year would be classified as long-term users because
in France the prescription recommendations for these drugs
must not exceed 4 weeks for hypnotics and 12 weeks for
anxiolytics. This hypothesis on the longitudinal use of
drugs extrapolated from four data collection times could
lead to a misclassification bias. Despite these limitations,
we believe that the misclassification bias likely did not
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greatly affect our group of long-term users because these
patients reported the same drug or a similar drug in 2001
and/or 2006, strongly suggesting chronic use.
In our population, the prevalence of long-term psychoactive drug consumers was 9.0%, of whom the most were
benzodiazepine users (82.6%). We identified 7.5% of the
study cohort as long-term users of benzodiazepines (or related
benzodiazepines). According to the French product characteristic summary of these drugs, the prescription period should
not exceed 4 weeks for hypnotics and 12 weeks for
anxiolytics. There is therefore a real problem in the
prescription habits for these drugs. Moreover, the risk of
dependence associated with the long-term consumption of
benzodiazepines is well documented. We chose to analyze
benzodiazepines because these drugs are the most extensively
used psychoactive drugs in the French population [3].
Our results are in accordance with many published
reports which underline that the long-term use of benzodiazepines is associated with a negative effect on cognitive
functions[15, 16, 27]. In 2002, Paterniti et al. [15]
performed the first longitudinal study to identify the
negative impact of long-term benzodiazepine consumption
in the elderly. The authors used data from the cohort EVA
(Epidemiology of Vascular Aging), which included 1,176
subjects aged 59–69 years followed-up for 4 years and
identified that the long-term use of benzodiazepines seemed
to be a risk factor for cognitive decline. Bierman and al.
[16], in a 9-year follow-up, cohort study (Longitudinal
Aging Study Amsterdam), confirmed the negative impact
on long-term memory and word retention among subjects
aged 55–85 years. In their meta-analysis of clinical studies
involving a minimum benzodiazepine exposure time of
1 year, Barker and al. [41] included 13 studies in which
neuropsychological tests were used to evaluate cognitive
performance of 12 cognitive domains (as working memory,
psychomotor speed, visuospatial, attention…). The mean
duration of benzodiazepine use was 9.9 years. The authors
found that long-term benzodiazepine users were more
impaired than the controls across all cognitive domains.
The major limitation of these studies was the use of data
from elderly populations because in the elderly, it remains
difficult to distinguish whether individuals use drugs as a
response to cognitive impairment or whether the long-term
use of these substances increases age-related cognitive
impairment. Therefore, we observed the same impact of
benzodiazepines on memory. We attributed this effect in
women based on our separate analysis of men and women.
Finally, in our model evaluating the impact of benzodiazepines on long-term memory in women, we found a strong
interaction between benzodiazepines and thyroid disease.
Several published studies have emphasized the impact of
the hypothyroidism on anxiety and depression, which could
lead the patient to consume benzodiazepines [42, 43].

Conclusions
In conclusion, our study determined that long-term benzodiazepine use begins during adult life, even if its prevalence
increases with age. Of our study cohort, 7.5% of young
workers were benzodiazepene used. This is the first study
to evaluate cognitive performance according to gender in an
adult population and to show that long-term benzodiazepine
exposure leads to specific impairment in long-term memory
only in women. We need further investigations over a
longer period of observation to determine whether or not
these alterations are associated with a risk of developing
dementia in old age.
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