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Abstract. The amnestic effects of benzodiazepines (BZs)
have attracted considerable research interest. This re-
flects not only the clinical implications of memory failure
for people prescribed these drugs but also the potential
of BZs as tools in modelling organic memory problems.
As well as impairing certain aspects of human memory
functions, BZs affect mood states by reducing anxiety
and inducing sedation. An unresolved issue is the extent
to which the amnestic effects of BZs are separable from
their sedative and anxiolytic effects. The present review
focusses on this issue, first presenting a conceptual frame-
work for evaluating the interrelationship between the
various effects of BZs, and then summarising recent
volunteer and patient research relevant to dissociating
amnestic from other effects. Clinical implications are
discussed in terms of the use of BZs alone or as adjuncts
to psychotherapy for anxiety disorders, and attention is
drawn to the need for more ecological validity in psycho-
pharmacological research. Theoretical implications are
explored in terms of BZs as tools in studying both mem-
ory failure and the relationship between mood and cog-
nition.
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For the past 30 years, benzodiazepines (BZs) have been
extensively prescribed throughout the western world as
tranquillizers and sleeping pills. These drugs, however,
not only act to reduce anxiety and induce sedation. They
can also produce an apparent anterograde “amnesia”.
Amnesic effects were recognised early on by anaesthetists
using BZs as premedicants (Brandt and Oakes 1965;
Haslett and Dundee 1968; Pandit and Dundee 1970).
Indeed, anaesthetists welcomed a premedicant drug
which resulted in a patient forgetting unpleasant opera-
tive procedures. Many studies have since been carried out
in which single doses of BZs have been given to non-
anxious, volunteer subjects and significant impairments

have been found in their performance on certain types of
memory tasks (Curran 1986).

The amnesic effects of BZs have attracted consider-
able research interest for both practical and theoretical
reasons. One practical reason is that many people take
BZs on a daily basis and for them, memory loss could
interfere with their ability to function optimally. Another
relates to the fact that BZs are often given in combination
with behavioural and cognitive treatments of anxiety. To
the extent that such therapies involve specific types of
learning, the conjoint use of drugs which impair a client’s
memory may well be counter productive.

Theoretical relevance derives firstly from the observa-
tion that some organic amnesias have certain features in
common with the memory impairments induced by BZs.
It has therefore been suggested that the administration
of BZs to normal, healthy subjects may provide a useful
model of organic amnesia, especially of Korsakoff’s dis-
ease {Brown et al. 1982; Weingartner 1985). Secondly,
because the study of amnesic patients has helped clarify
our understanding of “normal” memory functions, it has
been argued that the differential effects of BZs on mem-
ory may also help elucidate “normal” memory mecha-
nisms (e.g. Mewaldt et al. 1983). Thirdly, as discussed
later in this review, mood-altering drugs like BZs offer
potential tools in the study of the interrelationship be-
tween cognition and mood.

Given both the practical and potential theoretical
relevance of understanding the effects of BZs upon hu-
man memory, it is not surprising that research in this field
has mushroomed in volume. Between 1986 and 1990, a
“Medline” search reveals over 100 published studies
which have assessed BZ effects on human memory. This
work has helped to produce a clearer picture of the
differential effects of BZs, such as which aspects of mem-
ory functions are impaired and which preserved, and
how the manner in which memory is assessed can affect
this.

At the same time, limitations to our understanding
derive mainly from two related issues. The first is the
question of specificity of effects: to what extent are the
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“amnpestic” effects of BZs isolated from their other effects
— most notably those on arousal, on attention and on
anxiety levels? The second is the question of ecological
validity: how generaliseable are laboratory-based find-
ings to the “real world”, to the daily experience of people
taking BZs? Even though the memory-impairing effects
of BZs were recognised in the 1960s, we still know little
today about how, on either a short-term or long-term
basis, these drugs affect cognitive functions of patients
who take them, or how these cognitive effects may in-
teract with non-pharmacological treatments of anxiety.
The aim of this review is both to summarise what we now
know about the effects of BZs on memory and to identify
our ignorance, focussing on the issues of specificity of
effects and ecological validity.

A conceptual framework

The simplest conceptual framework we require to under-
stand how any anti-anxiety treatment may affect cog-
nition is presented in Fig. 1a. The interaction between
cognition and mood has been widely documented (for
reviews see Blaney 1986; Williams et al. 1988). Levels of
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Fig. 1. a Simplified model of the interaction between anxiety, arous-
al and cognitive function. b How benzodiazepines may act on those
factors

anxiety may influence cognitive functioning not only
quantitatively in terms of levels of performance (cf Ey-
senck 1984) but also qualitatively in that anxious people
display an attentional bias towards threat-related in-
formation in the environment (Mathews and MacLeod
1985, 1986). Partly perhaps via this attentional bias,
and/or directly through anxiety mood states themselves,
levels of arousal will also be influenced. Similarly, levels
of arousal may interact with aspects of cognitive func-
tioning (Yerkes-Dodson 1908; Eysenck 1982).

The effects of BZs within this framework are depicted
in Fig. 16. As anxiolytics, BZs may act directly on levels
of anxiety. As sedative compounds, they may act directly
to reduce levels of arousal. And as centrally acting drugs,
BZs may directly influence cognitive functions. By acting
on any or all of these three components, BZs may also
influence the interaction between them.

Given this simple conceptual framework, it is clear
that a change in cognitive functioning following ad-
ministration of a BZ may be interpreted in several ways.
For instance, it could be that the drug directly affected
an aspect of cognition (e.g. impaired attentional or mem-
ory functions), or that it lowered arousal levels (e.g.
sedated a subject such that information may not have
been registered). Further, these effects may also depend
on the individual’s initial (pre-drug) levels of anxiety. For
example, it is possible that, following a BZ, performance
may improve in highly anxious subjects. When taken on
a repeated basis, these various direct and interactional
effects will also depend on the individual’s tolerance to
BZs, and tolerance to the anxiolytic, sedative and cog-
nitive effects of BZs may not develop in parallel.

Acute effects of benzodiazepines

Anterograde “amnesia” is a consistent finding from vol-
unteer studies of single doses of a BZ: information
presented after the drug is administered is poorly remem-
bered. In contrast, no study has found objective evidence
of retrograde impairments of memory: information ac-
quired before drug administration is retained intact. Very
rarely, retrograde amnesic effects have been observed,
but they have been linked to the patient being so deeply
sedated as to having a degree of cerebral hypoxia (Dun-
dee and Pandit 1972; McKay and Dundee 1980). The
degree and duration of anterograde amnesia depends on
several factors (the particular BZ taken; dosage and
route of administration; the memory assessments used;
the times post-drug at which information is presented
and retrieval is required; characteristics of the subject
population tested). Although there is considerable varia-
tion between studies in these factors, the relatively large
number of studies carried out to date do allow some
generalizations to be drawn out.

First, BZs do not impair performance on tasks which
require remembering a few verbal items for a period of
seconds. For example, performance on the digit span
task is unaffected by BZs and so too is the recency effect
in free recall tasks (Ghoneim and Mewaldt 1975; Gho-
neim et al. 1981; Curran et al. 1987b). Few studies have



assessed short-term visual or spatial memory. On the
Corsi block task, two BZs (oxazepam and lorazepam)
impaired performance relative to placebo, but as this
visuospatial task involves a motor response, this may
have related to the effects of these drugs on motor speed
(Curran et al. 1987b).

The above tasks are seen traditionally to tap short-
term or primary memory as conceptualised in the “modal
model” of memory (Atkinson and Shiffrin 1971). Indeed,
most studies of BZs have been carried out implicitly or
explicitly within the framework of the modal model. A
more comprehensive view of short-term remembering is
offered by the “working memory” model which posits
more than one short-term store (Baddeley and Hitch
1974). Pivotal to the working memory modet is the “cen-
tral executive” mechanism which is responsible for
general processing and for allocating processing re-
sources to the particular task(s) at hand. The central
executive is aided by two main subsystems — a store
maintaining verbal information (the articulatory loop)
and a store for visuospatial material (the visuospatial
scratchpad). The central executive, which has a limited
capacity, also mediates the exchange of information be-
tween long-term and short-term storage. The effects of
BZs on working memory have not yet been assessed in
detail. In a study comparing a benzodiazepine (lo-
razepam, 2 mg) with the anticholinergic drug, scopol-
amine, we found evidence that lorazepam impairs central
executive function essentially by reducing the speed (but
not the accuracy) with which information is manipulated
(Curran et al. 1991). However, a recent study by Rusted
and Eaton-Williams (submitted) found that diazepam
(5, 10 mg) disrupted central executive function in terms
of both speed and accuracy of processing. Differences
between these two findings may reflect differing speed-
accuracy trade-offs in the logic task used to assess central
executive function rather than differences between lo-
razepam and diazepam. Future research on the effects of
BZs on working memory is needed to clarify which as-
pects are impaired. It is possible that acute doses of BZs,
perhaps partly via inducing sedation, may reduce central
executive function which, in turn, will impair perfor-
mance on a wide range of tasks.

BZs appear to affect different aspects of long-term
memory in different ways. Although there is considerable
debate among cognitive psychologists about how to
characterise long-term remembering in terms of stores,
systems and processes, one useful framework for discuss-
ing drug effects on memory is a three-way division of
episodic, semantic and procedural memory (e.g. Tulving
1985). Episodic memory, as its name suggests, is the
system concerned with remembering personally experi-
enced episodes in our lives. It is an autobiographical
memory which retains information such as what you had
for supper last night or the circumstances in which you
first met a close friend. In the laboratory, episodic mem-
ory is often assessed by seeing how much of a recently
presented story, or a list of words or a series of photo-
graphs, a subject recalls or recognises. And what is found
consistently is that BZs impair performance on these
tasks.
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In general, the more demands a task places on episod-
ic memory, the clearer are the detrimental effects of BZs.
So, for example, free recall tasks are more sensitive than
cued recall or recognition tasks. Or again, the longer the
delay between acquisition and retrieval, the greater the
drug effect on performance. Overall, when direct assess-
ments of memory are used, it seems that the experimental
manipulations which affect the performance of normal
(non-drugged) subjects produce a broadly parallel pat-
tern of influences on the performance of subjects ad-
ministered single doses of BZs. Thus if subjects are re-
quired to process information at different depths, from
the relatively superficial (e.g. deciding whether a word is
in capital letters or in small case) to the relatively deep
(e.g. deciding whether a word belongs to a particular
semantic category), BZs may mean fewer words are
subsequently recalled but the pattern of recall will be the
same as normal (i.e. deeper levels of encoding lead to
better recall) (Curran et al. 1988).

It is well established that benzodiazepines do not
impair the retrieval of information acquired before drug
administration. Apparently paradoxically, several stud-
ies have shown that subjects given a BZ can actually
remember word lists presented before the drug signifi-
cantly better than subjects given placebo (Ghoneim et al.
1984 ; Hinrichs et al. 1984). This effect, however, is only
found when one or more lists are presented post-drug.
Without the interfering effects of post-drug lists, pre-
drug lists are recalled equally by drug and placebo
groups. Therefore, as Hinrichs et al. (1984) show convin-
cingly, this “retrograde facilitation” effect is due to drug
groups’ impaired learning of post-drug lists which re-
duces retroactive interference on pre-drug learning.

Semantic memory is the system concerned with our
stored knowledge of the world, our language, rules and
concepts. Unlike information in episodic memory which
is stored with reference to how, where and when that
information was acquired, information in semantic mem-
ory is thought to be relatively decontextualised. In drug
studies, semantic memory has been assessed almost ex-
clusively by “word fluency” tasks: a subject is asked to
produce as many instances of a category (e.g. occupa-
tions) and/or words beginning with a particular letter of
the alphabet (e.g. F) as they can think of at a given time.
BZs do not appear to affect performance on word fluency
tasks (Curran et al. 1987b, 1991), although whether this
reflects a sparing of semantic memory or a relative insen-
sitivity of the task is not clear. Using a sentence verifica-
tion task, we found neither lorazepam nor oxazepam
affected accuracy of semantic retrieval although both
BZs slowed retrieval speeds (Curran et al. submitted).

The contents of episodic and semantic memory are
thought to be directly accessible to consciousness — we
can bring to mind both personal episodes and impersonal
facts. In contrast, procedural memory is expressed in-
directly through skilled performance. So, for example,
procedural memory includes our knowledge of percep-
tual and motor skills such as riding a bicycle, and more
“intuitive” skills we may use in problem-solving. BZs
have been found not to affect procedural learning in both
perceptual-learning tasks (Lister and File 1984) and ana-
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gram-solving tasks (Weingartner and Wolkovitz 1988).
In perceptual-motor skill-learning tasks, such as the pur-
suit rotor (cf Curran et al. 1991) results are less consistent
and this may relate to motor sedation.

Tasks assessing procedural memory in these ways are
indirect tests of memory ~ remembering is inferred from
changes in the performance of a skill. Another kind of
indirect test of memory includes what is normally refer-
red to as “priming”: the influence of prior exposure on
subsequent performance. For example, subjects might be
asked to rate each of a series of words (e.g. cheese,
dragon) according to how much they liked them. They
might then be given an ostensibly unrelated task of com-
pleting lists of three letter word stems (e.g. CHE...,
DRA...) with the first English word that comes to mind.
Even though the stems may actually begin a dozen or
more common words, the subject is more likely to com-
plete those stems with the words they were exposed to in
the previous rating task. Thus at no point is the subject
asked to remember any words directly. His or her mem-
ory for the words is indexed indirectly through perfor-
mance on the word stem completion task. One of the
most intriguing findings in memory research over the
past decade has been that amnesic patients may show
preserved abilities on indirect tests of memory despite
profound impairments on direct tests (for review, see
Shimamura 1986). Few studies of BZs have assessed
priming. Both Fang et al. (1987) and Danion et al. (1989)
found diazepam (0.3 mgkg™*, 0.2 mg'kg ™!, respectively)
did not affect performance on an indirect test of memory
but produced the usual impairment on direct tests of
memory. However, Brown et al. (1989) report precisely
the opposite effect in a study of lorazepam: impairment
on an indirect test (word stem completion) but not on a
direct test (recogunition).

Similarly, in a comparison of lorazepam (2 mg) with
scopolamine (0.3, 0.6 mg) Schifano and Curran (sub-
mitted) found that lorazepam impaired verbal priming
more than verbal recall whereas the higher dose of
scopolamine produced the opposite pattern of effect. To
further explore this surprising effect of lorazepam on
word priming, Curran and Gorenstein (submitted) re-
cently compared lorazepam (2 mg) with the closely re-
lated but much less potent BZ, oxazepam (30 mg). Sig-
nificant differences between the two BZs were found on
word-stem completion, but not word recall, with lor-
azepam again producing impairments of priming.

Taken together, the results of these studies suggest
that there may be qualitative differences between the
effects of different BZs on memory functions. They also
suggest that priming can be disrupted by lorazepam. This
is remarkable in that priming appears relatively unaffect-
ed by age (Parkin and Streete 1988), by alcohol
(Hashtroudi et al. 1984), by scopolamine (Kopelman
and Corn 1988) or by organic amnesia (Shimamura
1986). Clearly, more research is needed, using a wide
range of priming tasks and different (single and repeated)
dosages of lorazepam and other BZs, to clarify these
effects. As Tulving and Schacter (1990) point out, prim-
ing is probably a ubiquitous occurrence in everyday life,
and disruption of this nonconscious form of memory

could have major implications for people’s ability to
function efficiently.

Specificity of effects of BZs

BZs do not only affect memory. Single doses also gener-
ally impair performance on attentional and on psycho-
motor tasks and generally lower subjective ratings of
alertness. Given these global effects on a range of tasks
and marked subjective sedation, one must question
whether BZs have any specific effects on memory which
are not simply by-products of their sedative effects.

How can we dissociate the sedative and amnesic ef-
fects of BZs? One simple approach might be a statistical
one — to covary measures of sedation from measures of
memory. When we have done this, we find that the
differences between a BZ and a placebo in their effects on
memory are diminished but are still significant, even
though differences in psychomotor performance may
disappear (Curran et al. 1987b, 1991). This may imply
that sedation contributes to, but does not explain, the
“amnesic” effects of BZs. The main limitation of this
statistical approach is that covariance assumes a linear
relationship between variate and covariate and the rela-
tion between memory and sedation may well be more
complex than that.

A more satisfactory way of assessing sedative versus
amnesic effects would be to show a dissociation between
them experimentally.

The effects of BZs are thought to be mediated by
facilitation of central GABA-ergic transmission via spe-
cific benzodiazepine receptors (Haefely 1985; Morre et
al. 1985). If all of the effects of BZs are mediated in this
way, then administration of a benzodiazepine antagonist
such as flumazenil should reverse the sedative, psycho-
motor and amnesic effects of BZs. On the whole, how-
ever, studies with flumazenil have not yet produced a
consistent pattern of results. O’Boyle et al. (1983) re-
ported that co-administration of a high dose of fluma-
zenil reversed sedation but only attenuated the amnesic
action of diazepam. Complete reversal of amnesic effects
by flumazenil has been reported in studies using lor-
metazepam (Dorow et al. 1987) and flunitrazepam (Gen-
til et al. 1989). Dunton et al. (1988) reported differential
dosage effects of flumazenil on the amnesic actions of
diazepam as compared with lorazepam. Ghoneim et al.
(1989) found that the time course of flumazenil’s reversal
of diazepam differed for sedative compared with amnesic
effects. Hommer et al. (1986) administered the antagonist
before giving diazepam and this resulted in a blocking of
attentional and sedative effects but amnesia remained.
We found that flumazenil reversed the sedative and
psychomotor effects of midazolam but not its amnesic
effects in both normal volunteer subjects (Curran and
Birch 1991) and patients undergoing day-care surgery
(Birch and Curran 1990). It will be apparent from just
this selection of studies that we do not yet have a clear
picture of whether flumazenil reverses all the effects of all
BZs or not. A fair conclusion is probably that sedative
effects are much more easily reversed that amnestic ef-
fects. However, different researchers have used very dif-



ferent agonist/antagonist dosages, and other procedural
differences make it difficult to compare across the various
studies.

A third way to establish a dissociation between seda-
tion and amnesia could be to show that two drugs
produced the same effect on one measure (sedation or
amnesia) but different effects on the other measure. In a
study comparing two chemically similar BZs, oxazepam
(15, 30 mg) with its chlorinated derivative, lorazepam
(1, 2 mg) we found similar effects on measures of atten-
tion, sedation and psychomotor function but different
degrees of memory impairments (Curran et al. 1987b).
This may mean that the relation between sedation and
amnesia varies depending on the particular ben-
zodiazepine. In a similar vein, Smirne et al. (1989) com-
pared three dose levels of flunitrazepam (1, 2, 4 mg) and
found memory impairments even at the lowest dose,
whereas accompanying attentional impairments were
produced only by the higher doses.

A fourth way of dissociating sedation and amnesia
could be to show that tolerance over repeated dose of
BZs builds up differentially to the two effects. I shall
discuss this mainly in the section on studies with anxious
patients, but it is worth noting here the results of one
carefully controlled study of a 3-week administration of
diazepam to normal, volunteer subjects. Ghoneim et al.
(1981) used 30 volunteers in three independent treatment
groups administering each night: (i) placebo for 3 weeks;
(it) diazepam (0.2 mg-kg™*) for 3 weeks; or (iii) placebo
for 3 weeks except for 1 night when the same dose of
diazepam was given. Subjects were tested on days 1, 2,
18, 19, 21, and 28. This design allowed a comparison of
acute with chronic effects of the drug.

No acute or chronic effects were found on a digit recall
task. The immediate recall of 16 uncategorised words
showed a clear impairment after a single dose of
diazepam but this effect decreased over the 3-week treat-
ment period. Thus, tolerance built up in terms of im-
mediate memory. However, no tolerance effects were
observed for delayed (15 min) recall of those words,
which was significantly impaired compared with placebo
at each testing session. All groups were again tested at 4
weeks when no differences in performance were found,
so there were no residual memory effects following with-
drawal. This implies that repeated doses of diazepam
produce partial rather than complete tolerance to its
memory decrement over a 3-week treatment period. In
Ghoneim et al.’s (1981) study, no drug effects were found
on a range of non-memory tasks (tapping rate, simple
and choice reaction times and multiplication of numbers)
or on subjective ratings of drowsiness, implying that the
effects of diazepam on memory are not simply a by-
product of altered levels of arousal. Few other studies
have assessed the amnesic effects of daily BZs with volun-
teer subjects over a time interval resembling a normal
treatment period.

Effects of anxiety

So far we have discussed the issue of specificity of BZ
effects in terms of the interaction between sedation and
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memory. Unfortunately, we know very little of how
anxiety levels may also interact to influence the effects of
BZs on cognition (cf Fig. 15). By using healthy volunteer
subjects, most studies have not taken anxiety levels into
account, either implicitly assuming that anxiety levels
would be unaffected as subjects were “non-anxious” to
begin with, or finding that measures of anxiety showed
floor effects before drug administration.

Three studies have assessed the possible effects of
anxiety levels on memory using single doses of BZs with
volunteer subjects. Kohnen and Lienert (1980) manipu-
lated anxiety experimentally by varying the degree of
stress in the test situation. They showed that recall of
objects was improved by 2 mg cloxazolam in stressful
situations but impaired in a low-stress condition. Desai
et al. (1983) found diazepam (5 mg) improved the perfor-
mance of high anxiety volunteers but impaired that of
low anxiety volunteers in recalling consonant sequences.
However, a very different pattern of results is reported
by Hartley et al. (1982): in a task requiring the retrieval
and recognition of category exemplars, the performance
of high anxiety volunteers was generally more impaired
than that of low anxiety volunteers by 5 mg diazepam.

These disparate results have few, if any, implications
for the effects of benzodiazepines on memory in clinically
anxious patients. The decreased arousal produced by
single doses of drug may be subject to tolerance effects
such that the interaction of anxiety, performance and
drug varies over a treatment period. On balance, the
findings from studies of anxious patients taking BZs on
a repeated basis (discussed below) indicate persisting
memory impairments rather than any improvements.

Anxiety, cognitive bias and benzodiazepines

The past decade has seen significant advances deriving
from the application of cognitive psychology to the in-
vestigation of anxiety and depression. This work has
accumulated evidence that these emotional disorders are
associated with biases in the cognitive processing of emo-
tionally salient information. Evidence so far implies that
anxious people display attentional biases such that they
selectively attend to threat-related information. In con-
trast, most studies with depressed people indicate that
they show a memory bias towards mood-congruent in-
formation (for reviews see Blaney 1986; Williams et al.
1988). Memory research with anxious subjects has
produced equivocal results. Mogg et al. (1987) found no
evidence of a memory bias towards threatening words
with patients diagnosed as having generalised anxiety
disorder. However, two studies have produced evidence
for a memory bias in patients with panic disorder (Nor-
ton et al. 1988; McNally et al. 1989) and Nunn et al.
(1984) report memory bias in agoraphobic patients.

If anxiety is associated with a bias towards processing
threat-related information, an agent which changes anx-
ious mood such as a BZ may also be capable of produc-
ing a change in cognitive bias. To date, no published
study appears to have addressed the possibility of change
in memory bias following a BZ, although two studies
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have tried to assess attentional bias pre- and post- a BZ
(Golombok et al. 1990; submitted). Unfortunately, in
neither study (one with pre-operative patients; one with
patients diagnosed as having generalised anxiety disor-
der) did the BZ (diazepam, 10 mg) produce a significant
change in levels of state anxiety, and so the finding that
there was no significant change in attentional bias is
equivocal. Further, as Golombok et al. discuss, it is
possible that cognitive bias is a relatively enduring, stable
characteristic of highly anxious individuals (i.e. a “trait”
feature) which remains stable despite transient changes
in mood (i.e. “state” anxiety).

Effects of BZs on memory functions of anxious patients

In view of the fact that the amnesic effects of BZs were
reported in the 1960s in the anaesthesiology literature, it
is puzzling why so little is known in the 1990s about the
cognitive effects of BZs on people who have taken these
drugs daily for an anxiety disorder over a period of
months or years. As has been pointed out elsewhere
(Curran 1986; Koelega 1989), generalisability of volun-
teer studies to the patient population is limited by several
factors, including the fact that the former involve young,
non-anxious predominantly male subjects whereas the
latter are predominantly older, anxious and female. In
research with anxious patients, one is necessarily looking
at a three-way interaction of mood state, drug and cog-
nition.

Two studies have compared the memory functions of
chronic users with various control groups. Golombok et
al. (1988) used a measure of cumulative intake of BZs
over years and found this was negatively correlated with
level of learning over trials in a free recall task, as, too,
was the actual dose of BZ taken on the day of testing.
Lucki et al. (1986) found no difference in the perfor-
mance of chronic BZ users and an anxious control group.
However, they did find that chronic users were impaired
on a delayed word recall task after taking one dose of
a BZ.

Longitudinal studies of cognition with patients are
very few. In a study by Morton and Lader (1990) patients
diagnosed as having generalised anxiety disorder were
administered a 4-week treatment of either lorazepam
(mean end of treatment dosage, 1.7 mg bd) or a newer
anxiolytic, alpidem (mean end of treatment dosage,
56 mg bd). Both treatments produced parallel reductions
in levels of anxiety, and at 4 weeks there was no subjec-
tive or motor sedation. However, patients given lor-
azepam were significantly impaired at 4 weeks on a word
recall task. [A single-dose volunteer study of the same
drugs in the same laboratory had shown more profound
effects of lorazepam on the same recall task which were
accompanied by marked sedation (Curran et al. 1987a)].
Thus like the results of Ghoneim et al. (1981) with nor-
mal volunteers, the clinical study of Morton and Lader
implies that tolerance to sedation develops before
tolerance to amnesic effects.

Recently, we carried out a study with patients who
had a diagnosis of “agoraphobia with panic” (Curran et

al. submitted). They were allocated to two drug treat-
ment groups, alprazolam or placebo. Dosages were flex-
ible and at the end of treatment averaged 5.2 mg al-
prazolam (range 0.5-9 mg) and 8.2 capsules of placebo
(range 5-10), each given in up to four divided doses per
day. We assessed the patients on a range of cognitive and
psychomotor indices at three time points: before treat-
ment, after an 8-week treatment, and then again at a
drug-free follow-up of approximately 24 weeks. At these
assessment points, there was no evidence of subjective or
motor sedation, and over the 8-week treatment anxiety
levels changed equally in both groups. However, we
found a highly significant impairment of performance on
a word recall task at the end of treatment for patients
given alprazolam. Further, at follow-up, scores on this
task had only returned to bascline (pre-treatment) levels
in the alprazolam group whereas placebo subjects had
shown a significant improvement (a practice effect) over
the three assessment times. An indirect test of memory
using a word-stem completion task was administered at
8 weeks. This indirect test showed no treatment differ-
ences, parallelling findings from studies of single doses of
diazepam and oxazepam with normal volunteers. Over-
all, therefore, this study showed that a two month ad-
ministration of a BZ impaired patients’ episodic memory
in the absence of sedation.

In that study, subjects within each drug and placebo
group were given one of two psychological treatments:
graded in vivo exposure or progressive relaxation train-
ing. The two psychological treatment groups did not
differ on objective measures, but they did differ on sub-
jective ratings of everyday memory problems. To see if
we could gain some information about patients’ memory
functions in everyday life, rather than in the laboratory,
we asked them to complete a slightly adapted form of the
Subjective Memory Questionnaire (Bennett-Levy and
Powell 1980) at each assessment point. Subjects given
exposure treatment rated fewer everyday memory fail-
ures than the relaxation group, in terms of how often
they had forgotten things, both at the end of treatment
and at follow-up. This difference was not reflected in the
objective memory tests. It may be that subjective ratings
of memory reflect mood state or feelings of self-efficacy
more than actual memory functioning. Further, that
there were no differences between drug and placebo
groups in subjective memory may imply one of two
things: either the episodic memory impairment shown in
laboratory testing did not mean memory problems were
experienced in daily life, or subjects were unaware of
experiencing such problems. Memory questionnaires of-
fer limited insight into real-life memory problems, al-
though completion of questionnaires by significant
others such as spouses may provide more reliable data
(Baddeley et al. 1982).

Future research using repeated dosages of BZs over
more than a few days is restricted by ethical considera-
tions concerning dependence. However, research to date
implies that repeated use of BZs over weeks does not lead
to tolerance of episodic memory impairments. This has
implications for the debate about the conjoint use of BZs
with psychological therapies. There are several issues



involved in this debate, beyond that of memory impair-
ment, including questions about whether pharmacologic-
ally lowered anxiety levels impede or promote therapy
involving exposure to anxiety-inducing situations (cf
Matthews et al. 1981; Hayward et al. 1989; Wardle
1990). But because BZs do not impair all aspects of
learning, one would predict that BZ induced memory
impairments would only impede cognitive-behavioural
treatments to the extent that the latter involve episodic
learning. For example, depending on several factors (e.g.
particular BZ used, dosage, timing of therapy sessions
with respect to drug ingestion) it is possible that a client
may actually forget what she/he did during a therapy
session. This would contribute negatively to therapy out-
come. However, to the extent that such treatments in-
volve procedural learning (e.g. classical conditioning,
skill acquisition), one would not expect BZ-induced im-
pairments.

Benzodiazepine-induced amnesia?

What, then, can we conclude about the effects of BZs on
memory? In terms of acute dosage, the sedative effects
of BZs may contribute to a range of performance impair-
ments, including performance on tasks involving mem-
ory functions. These global changes may be due, in part
at least, to impairment of attentional or central executive
functions. But results so far do not rule out the possibility
that episodic memory itself is disrupted, over and above
sedation effects. If two measures (e.g. of “memory” and
“sedation”) show different effects of a drug, it can always
be argued that the measures themselves are differentially
sensitive, so ideally, one needs to show a double dissocia-
tion. The concept of sedation (or “arousal” or “activa-
tion”) is itself ill-defined and the various subjective,
psychomotor and psychophysiological measures of seda-
tion do not inter-correlate well. It also seems likely that
people may try to compensate for subjective sedation by
increasing the effort expended in performance of a task.
Such compensatory factors, or motivational factors,
have received little attention as yet in research with
psychotropic drugs.

The central issue remains of how changes in memory
performance are interpreted in terms of the disruption of
particular memory and/or non-memory processes. Re-
sults of studies in which BZs have been given on a daily
basis over a period of weeks imply that tolerance de-
velops differentially to sedative and amnesic effects. In-
deed, tolerance may not develop fully to impairments of
episodic memory. It is of clinical concern that significant
memory impairments have been found after weeks of
daily BZ use by anxious patients. Those impairments
seem to be more pronounced on tasks relying heavily on
contextual cues, such as word recall or paired associate
learning, and this is similar to impairments observed in
Korsakoff’s disease (KD).

Unlike KD, BZs do not appear to produce retrograde
impairments of memory. Further, priming is preserved
in KD (cf Shimamura 1986) whereas there is some pre-
liminary evidence that one BZ (lorazepam) may disrupt
verbal priming as assessed by word completion, although
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other BZs (diazepam, oxazepam) do not. Weingartner
(1985) suggested that BZ-induced memory impairments
tend to parallel those of KD, whereas those of scopol-
amine are more akin to those of Alzheimer’s disease. To
date, however, it has proved difficult to dissociate the
effects of these two types of compounds in terms of their
effects on memory (Curran et al. 1991; Rusted and
Eaton-Williams, submitted). Both compounds can
produce sedation and psychomotor impairments as well
as amnestic cffects.

Future research is needed using detailed task analyses
to establish more precisely the conditions under which
different aspects of memory are disrupted or preserved.
Whether BZs offer a useful model in the study of either
organic amnesias or the mechanisms of “normal” mem-
ory will depend on identifying specific memory effects of
these drugs as distinct from their anxiolytic and sedative
effects. The potential of BZs and other psychotropic
drugs as tools in the study of the interaction between
mood and cognition has yet to be fulfilled.
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