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Abstract. The performance of 43 long-term users (average =
5 years) of benzodiazepine (BZ) medications was examined
on a battery of behavioral tasks, cognitive tests, and subjec-
tive mood rating scales. The performance of the chronic
BZ users did not differ significantly from age- and sex-
matched anxious subjects, except that critical flicker fusion
(CFF) thresholds were lower and subjective ratings of tran-
quilization were higher in the BZ users. Twenty-two sub-
jects were reexamined in order to determine the acute effects
of BZ medications in long-term users. The acute administra-
tion of BZ medications significantly increased CFF thresh-
olds, improved digit-symbol substitution test performance,
impaired the delayed recall of verbal material, increased
subjective ratings of tranquilization, and reduced physical
sedation. Motor performance tests were not impaired and
subjective feelings of sedation were not increased after the
acute administration of BZs by chronic users. During with-
drawal from long-term BZ use (17 subjects), CFF thresh-
olds were elevated, subjective ratings of physical sedation
and anxiety were increased, but performance on other psy-
chomotor and cognitive tests was not altered. The results
suggest that tolerance develops selectively to different be-
havioral and subjective effects of BZ medications with their
continued use. Tolerance failed to develop to the antian-
xiety effects, the reduction of CFF threshold, and to the
impairment of short-term memory caused by BZs. How-
ever, chronic users of BZ medications failed to demonstrate
psychomotor-impairing or sedating effects to BZ medica-
tions. The results have implications for evaluating the safety
of the long-term use of BZ medications.
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A number of benzodiazepine (BZ) derivatives have become
widely used in medical and psychiatric practice due to their
effectiveness as antianxiety agents, hypnotics, muscle relax-
ants, and in the control of seizures (Rickels 1978; Cohen
1981). There has long been concern about psychological
side effects that might be produced by these drugs. The
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initial administration of BZs to normal volunteers produces
sedation and impairment on a variety of psychomotor tasks
that measure motor speed, visuomotor coordination, and
cognitive function (see Vogel 1979; Wittenborn 1979;
Kleinknecht and Donaldson 1975). Similar effects have
been reported with anxious subjects (Linnoila et al. 1983;
de Gier et al. 1981; Zimmerman-Tansella et al. 1978), so
that patients should be cautioned about driving or operat-
ing dangerous machinery when taking these medications.
However, these concerns can be decreased by physicians
when therapy is initiated at drug doses with minimal sedat-
ing effects (Rickels 1978, 1981). Furthermore, because the
sedative effects of BZs appear to diminish rapidly with re-
peated administration while their antianxiety effects remain
effective (Rickels et al. 1983), the therapeutic dosage of BZ
medications can be adjusted safely during their continued
administration.

Although BZs are most often taken regularly by patients
for relatively short periods of time, many individuals, par-
ticularly the elderly, may take them chronically for years
(Mellinger and Balter 1981). There has been growing con-
cern recently about deleterious effects that may be asso-
ciated with the long-term use of BZ medications. Patients
who have taken BZs regularly for long periods of time may
experience withdrawal symptoms following abruptly stop-
ping the drug, even if they have been taking medically-
prescribed doses (Winokur and Rickels 1981; Winokur
et al. 1980). These patients can be managed by gradually
reducing their dose. Of greater concern are reports of pa-
tients taking BZs regularly for years that demonstrate signs
of generalized intellectual impairment (Hendler et al. 1980;
Bergman et al. 1980). Recently, Petursson et al. (1983) re-
ported impaired performance by long-term BZ users on
the digit-symbol substitution test and the symbol copying
test, although performance on tests of reaction time or letter
cancellation was not altered. Furthermore, the impaired
performance of these patients failed to recover after they
gradually stopped taking their medication. With the notable
exception of Petursson et al. (1983), the effects of BZs on
objective performance tests have not been studied in pa-
tients that have taken these medications longer than for
Jjust a few weeks.

The present study was conducted as part of a clinical
program examining the medical and psychological status
of patients who have taken medically-prescribed doses of
BZ medications for long periods of time. Forty-three pa-
tients taking BZs daily for an average of 5 years were exam-



ined at their initial clinic visit on a battery of psychomotor
tests, cognitive tasks, and subjective mood rating scales.
These tests were selected because they had been shown pre-
viously to be sensitive to detecting the effects of BZs in
normal volunteers (Vogel 1979; Wittenborn 1979; Klein-
knecht and Donaldson 1975). Their test scores were com-
pared with a matched group of drug-free anxious outpa-
tients. Twenty-two of the chronic users returned to the clinic
when the acute effects of the BZ medications were examined
shortly after their medication was taken. Finally, changes
in performance were examined in 17 subjects during the
time that they were experiencing symptoms of withdrawal
from BZs. A preliminary report of these data appeared
earlier (Lucki et al. 1985).

Materials and methods

Subjects

The chronic BZ users (N=43) were recruited from the BZ
Discontinuation Program conducted by the Psychopharma-
cology Research and Treatment Clinic at the University
of Pennsylvania. The patients were 22 males and 21 females
with an average age of 43.5 years (4 1.7 years, 1 SEM;
range=26-70). All of the patients, except for six (14%),
graduated high school and 12 of the patients (28%) were
college graduates. All 43 patients were taking a variety of
BZs at the time of their initial visit. Thirteen patients were
taking diazepam (Valium, mean=11.1 mg/day, range=5-
20 mg/day), 13 patients were using lorazepam (Ativan,
3.7 mg/day, 1-10 mg/day), seven patients were receiving
clorazepate  dipotassium  (Tranxene, 10.0 mg/day,
3.75-15 mg/day), and seven patients were using alprazolam
(Xanax, 2.6 mg/day, 0.75-6 mg/day). In nearly every case,
the daily intake of BZ medication was within the range
acceptable for therapeutic use. As a group, the patients
had been taking their BZ medications regularly (defined
as daily intake) for an average of 60 months (+ 1.2 months;
range=11-185). The range of the duration of BZ use varied
with the patient’s primary medication: diazepam, 14—
185 months; lorazepam, 15-120 months; clorazepate, 11—
84 months; and alprazolam, 14-23 months. Individual pa-
tients were also examined that were taking either chlordi-
azepoxide (Librium, 40 mg/day for 120 months), oxazepam
(Serax, 10 mg/day for 36 months), or flurazepam (Dal-
mane, 30 mg/day for 108 months). Of the 43 patients, 33
(77%) were taking only a single BZ as their medication.
Four patients were simultaneously taking two BZs; fluraze-
pam (2) and triazolam (1) were taken occasionally at night
for sleep and one patient was regularly taking clorazepate
and lorazepam. Six patients were concomitantly taking
nonbenzodiazepine medications; four instances involved
the additional use of an antidepressant drug and two pa-
tients were taking antihypertension medications. The be-
havior of these six subjects did not differ systematically
from the remaining group. A 5-ml sample of blood was
taken at the initial interview and examined for the presence
of BZ medications or metabolites in plasma.

The psychiatric interviews at the initial evaluation re-
vealed the existence of psychiatric problems in many of
the chronic users of BZs. Most of the patients were diag-
nosed with an anxiety-related disorder; 24 (56%) with gen-
eralized anxiety disorder and 13 (30%) with panic disorder.
Of the remaining patients, two were diagnosed with major
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depressive disorder, two had a cyclothymic disorder, and
two patients had symptoms of mixed anxiety and depres-
sion.

A group of controls (N =26) was recruited from patients
seeking treatment for anxiety-related disorders at the Clinic.
This group of subjects was matched for sex (15 males, 11 fe-
males), educational level, and age (mean =38.6 years, +2.2,
P>0.05) with the group of chronic BZ patients. Each of
these control subjects was diagnosed with Generalized Anx-
iety Disorder (DSM III criteria) after a psychiatric interview
and each patient scored greater than 18 on the Hamilton
Anxiety Scale. All of the control subjects were drug-free
for at least 3 weeks prior to taking the battery of behavioral
tests and none had been chronic users of BZ medications.

Behavior test battery

A battery of six tests were administered at each session.
The tests are described briefly below in the order of their
administration. The behavioral tests were selected because
they were previously reported to be sensitive to the effects
of BZs in normal volunteers (see Vogel 1979; Wittenborn
1979; Kleinknecht and Donaldson 1975).

Subjective mood scales. The subjective report of mood states
was measured using 100-mm lines that separated 12 pairs
of items that described opposite feeling states, as described
by Norris (1971). Scales of mental sedation (alert/drowsy,
clear headed/fuzzy, quick witted/mentally slow, attentive/
dreamy), physical sedation (strong/feeble, well coordinated/
fuzzy, energetic/lazy, capable/incompetent) and tranquiliza-
tion (calm/excited, contented/discontented, peaceful/agitat-
ed, relaxed/tense) were constructed by grouping the scores
from four similar items. A larger score indicates a report
of more intense feelings of mental sedation, physical seda-
tion, or tranquilization.

Digit-symbol substitution test (DSST). A code of nine
matched digits and symbols was presented at the top of
the test form. The DSST required subjects to record the
appropriate symbol below the sample digits that were
matched by a code appearing at the top of the form. The
test was scored as the number of correct items completed
in 90 s. Different forms and codes were used each time
that the test was administered in order to prevent subjects
from improving their performance by memorizing a single
code. This test was similar to one of the subtests of the
Wechsler Adult Intelligence Scale (WAIS, Wechsler 1955).
The DSST and the symbol copying test were readministered
at the end of the initial interview because patients rapidly
became familiar with the testing procedure, and the score
on the second administration was used.

Symbol copying test. The symbol copying test required sub-
jects to draw symbols immediately below a sample. The
nine same symbols that were used in the DSST were pre-
sented in a random order on each test form. Different forms
were used each time that the test was given. The test was
scored as the number of items completed in 90 s. This test
has been used, in combination with the DSST, as a motoric
control for physical writing speed (Petursson et al. 1983).

Letter cancellation test. The letter cancellation test required
subjects to scan a form of randomly-arranged letters and
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to circle a given target letter. Sixty seconds were allowed
for this test. Items scored were the number of letters
scanned and the number of times that the target letter ap-
peared but was not circled (scored as an omission).

Critical flicker fusion threshold (CFF). The CFF threshold
was included in the test battery because it has been shown
to be sensitive to the effects of psychoactive medications
including BZs (Smith and Misiak 1976), although its signifi-
cance is not completely understood. The CFF was measured
using a Leeds Psychomotor Tester apparatus. Subjects ex-
amined an illuminated display of four red light-emitting
diodes (LEDs), placed 1 m from the subject at approximate-
ly eye level, that was continuously changing in frequency.
The subjects pressed an indicator button when they ob-
served the display of flickering lights change to appear con-
tinuously illuminated (irials of ascending frequency) or
when the continuously illuminated display changed to ap-
pear to flicker (trials of descending frequency). Trials of
ascending and descending frequency were presented alter-
nately, with the first two trials administered for practice
but not scored. The score was the combined average fre-
quency of five trials of ascending frequency and five trials
of descending frequency.

Free recall of word lists. Verbal memory was measured after
reading a list of 16 noncategorized nouns to subjects at
a rate of one word/2 s. The subjects recorded as many of
the words that they could recall immediately after the list
of words was read, and then recorded as many words from
the same list that they could still remember 20 min later.
Immediate and delayed recall were measured as the absolute
number of words remembered after no delay and after a
20-min delay. In addition, the memory decrement was mea-
sured as the percentage of words that were remembered
immediately that could no longer be recalled 20 min later
[1-(delayed recall/immediate recall)*100]. Separate lists
were used for each presentation composed of nouns that
were matched for their relative frequency of use in the En-
glish language (Thorndike and Lorge 1944; Paivio et al.
1968).

Testing procedure

The initial behavior evaluation of 43 chronic BZ subjects
occurred during their initial visit to the Psychopharmaco-
logy Research and Treatment Clinic. The subjects were seen
at various times of the day without regard to the time of
their previous dose of medication. The subjects were told
not to take their medication just prior to arrival at the
Clinic, so that the behavior tests were conducted approxi-
mately 4-14 h after their previous dose of medication. Thus,
this evaluation might be regarded as representing the status
of these patients as they ordinarily appear in their daily
activities. The performance of the 43 chronically-medicated
subjects at this evaluation was compared with the group
of 26 drug-free anxious subjects.

Twenty-two of the chronic BZ subjects returned to the
clinic 3 weeks after their initial visit to assess the acute effect
of their BZ medications. The patients that participated in
this lengthier test session did not differ systematically from
the larger group of chronic BZ users but were selected on
the basis of their availability. Of this subset of subjects,
nine were taking diazepam, six were taking lorazepam, four
subjects were using clorazepate, two were receiving alpra-

zolam, and one subject was taking chlordiazepoxide. They
were instructed to eat only a light breakfast (juice and no
caffeinated beverages) and to refrain from taking any medi-
cation immediately prior to their visit. Upon their arrival
in the laboratory, the patients were tested on the battery
of behavior tests. The subjects then took a fixed dose of
their medication (often their usual unit dose) and were re-
tested on the behavior test battery starting 60-90 min later,
or during the time of expected peak drug effects. The dose
of drug administered to these subjects was assigned accord-
ing to their regular medication: 5 mg diazepam, 1 mg lora-
zepam, 7.5 mg clorazepate, 0.5 mg alprazolam, or 10 mg
chlordiazepoxide. Their performance following medication
was compared with their test scores measured immediately
prior to their taking the drug.

Many of the chronically-medicated subjects abruptly
stopped taking their medication as part of a supervised
drug withdrawal program. It was possible to readminister
the behavior test battery to some of these subjects (N=17)
during a subsequent visit to the Psychopharmacology
Clinic, approximately 4-8 days following the cessation of
their BZ intake. The time of this evaluation varied accord-
ing to the individual clinical condition of the subjects. Most
of the subjects reported experiencing some withdrawal
symptoms at this evaluation and these clinical data will
be reported separately at a later time. The 17 subjects that
participated in this evaluation were regularly taking the
following BZ medications: diazepam (7), clorazepate (4),
lorazepam (3), and one subject each taking alprazolam, ox-
azepam, or chlordiazepoxide. The behavioral performance
of these subjects was compared with their own performance
determined on the day of their initial visit to the Psycho-
pharmacology Clinic.

Results

Initial evaluation of chronic BZ users

Analysis of the plasma samples from the chronically-medi-
cated subjects confirmed the presence of high concentra-
tions of BZ medications or metabolites for all subjects.
Mean plasma levels (+1 SEM) of the following drugs or
metabolites were measured: 1) diazepam, 517+ 108 ng/ml,
plus desmethyldiazepam (active metabolite), 582+ 135 ng/
ml; 2) clorazepate (not measured) or desmethyldiazepam
(active metabolite), 360+101 ng/ml; 3) lorazepam,
38+ 6 ng/ml; and 4) alprazolam, 30+ 9 ng/ml.

The assessment of behavioral performance of the
43 subjects who had taken BZ medications for years did
not reveal strong evidence of changes when compared with
the group of drug-free anxious controls with a few excep-
tions (see Table 1). Test performance by the chronic BZ
group did not differ significantly on the DSST, symbol
copying test, letter cancellation test, or verbal recall tests.
The CFF threshold showed a smalil (4.5%), but statistically
significant (P < 0.05), reduction in the chronic BZ subjects
when compared with the anxious controls. The subjective
report of physical or mental sedation did not differ between
groups, but the chronic BZ subjects did report a greater
magnitude of response on the tranquilization scale (P<
0.05) than the drug-free anxious subjects.

The initial behavioral test performance was examined
separately in those subjects taking BZs with long half-lives
(e.g., diazepam, clorazepate, N=20) versus the BZs with



Table 1. Behavioral performance of chronic users of benzodiaze-
pine medications
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Table 2. Comparison of benzodiazepines with different half-lives
on behavioral performance

Behavior test Drug-free N Chronic N
anxious BZ patients
controls

Digit-symbol 62.6 + 2.7 26 593 + 1.7 42

substitution test

Symbol copying 1443 £+ 5.1 26 136.8 + 3.9 42

test
Letter cancellation test

Number of letters  495.9
Omissions 1.5

3246+ 052 24

22.4 26 16.6 42

Critical flicker
fusion threshold

30.99+ 0.40% 42

(Hz)
Free verbal recall
Immediate recall 9.0 + 0.6 22 79 + 0.3 40
Delayed recall 7.0 + 0.6 58 + 04
Memory decrement 23.5 £ 3.9 28.1 + 3.0

(%)

Mood rating scales

175.8 +159 22
150.8 +11.2
186.4 +11.6

Mental sedation
Physical sedation
Tranquilization

1475 +12.9 39
131.2 +13.0
2343 +16.2%

All values represent the mean+1 SEM

* Value differs significantly from drug-free anxious controls ac-
cording to Student’s ¢-test, P<0.05

relatively short half-lives (e.g., lorazepam, alprazolam, N=
20) and is shown in Table 2. No significant differences were
measured in performance on any of the psychomotor tests,
verbal recall tests, or report of subjective mood between
these two broad classes of BZ medications (P>0.05 for
all comparisons).

Acute effect of BZs in chronic drug users

The acute effects of a variety of BZs were examined in
22 of the subjects 3 weeks after their initial evaluation. The
predrug test performance of these subjects did not differ
significantly from their test scores measured at their initial
interview. The results for most of the behavior tests are
presented in Table 3. Performance on the DSST showed
a small but statistically significant improvement (P=0.02).
The CFF threshold demonstrated a significant reduction
shortly after intake of drug in the chronic BZ subjects.
Test scores for symbol copying and letter cancellation did
not differ from predrug values.

The acute administration of the BZs produced interest-
ing effects on the verbal recall tests (see Fig. 1). Although
immediate recall was not altered, the ability to recall the
word list after a 20-min delay was significantly impaired
(P=0.005) shortly after drug intake. This effect was also
reflected in a significant increase in memory decay, or the
percentage of words that were remembered immediately
that could not be recalled after the 20-min delay.

The acute intake of BZ medication did not change the
reported level of mental sedation (see Fig. 2), but decreased
significantly (P=0.01) feelings of physical sedation in the

Behavior tests Short-acting Long-acting

benzodiazepines benzodiazepines

Digit-symbol substitution 603 + 23 576 + 24
Symbol copying test 142.6 £+ 5.6 131.0 + 5.6
Letter cancellation test

Number of letters 465.1 +25.0 455.5 £25.3

Omissions 14 + 03 1.2 + 04
Critical flicker fusion 30.77+ 0.57 31.20+ 0.64
theshold (Hz)
Free verbal recall

Immediate recall 7.6 + 0.5 8.2 + 0.5

Delayed recall 5.6 £ 0.6 6.0 + 0.5

Memory decrement (%) 275 £ 5.0 279 4+ 3.7
Mood rating scales

Mental sedation 1451 £174 142.6 +21.4

Physical sedation 1278 £17.4 134.5 +24.5

Tranquilization 2532 4223 204.3 +27.3

All values represent the mean+1 SEM for patients taking either
short-acting (i.e., lorazepam or alprazolam; N =20) or long-acting
(i.e., diazepam or clorazepate; N=20) benzodiazepines. All com-
parisons between the two classes of benzodiazepines were not stat-
istically significant (P> 0.05), according to Student’s #-test

Table 3. Effect of acute administration of benzodiazepines on the
behavioral performance of chronically medicated patients

Behavior test Predrug Postdrug
Digit-symbol substitution 569 + 2.5 59.4 + 2.8*
Symbol copying test 1374 + 4.6 141.0 £ 5.2
Letter cancellation test
Number of letters 483.3 +22.9 482.8 +23.5
Omissions 1.0 + 03 1.3 +£ 03
Critical flicker fusion 32.324 0.66 31.714+ 0.69*%

threshold (Hz)

All values represent the mean4-1 SEM

* Value differs significantly from predrug performance according
to Student’s ¢-test, P<0.05

chronic BZ patients. In addition, acute intake of BZs in-
creased significantly (P =0.001) the report of subjective feel-
ings of tranquilization.

Although the sample of subjects examined with socme
of the drugs was small, it appeared that the pooled results
were representative of the effect for each medication. On
the verbal recall test, for example, the drugs with a long
half-life (W=13) produced as large a reduction in delayed
recall (5.0 words 10.7) and memory decay (44.5% +6.2)
as the BZ medications with a short half-life (4.9 words+1.0
and 38.8% + 7.1, respectively). Similarly, the magnitude of
subjective tranquilization was increased equivalently by the
long-acting (255+27) as well as the short-acting (245+32)
BZs.

Behavior test performance during BZ withdrawal

Seventeen subjects were examined with the behavior test
battery 4-8 days after they stopped taking their BZ medica-
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Fig. 1. Effect of acute administration of BZs on the free recall
of word lists in long-term BZ users. The values shown on the
left side of the figure represent the mean number of words recalled,
with vertical lines showing 1 SEM. The values shown on the right
side of the figure represent the percent decay of memory after
20 min relative to the immediate recall of the word list (1-delayed
recall/immediate recall). The BZs did not alter immediate recall
(P>0.05) but significantly reduced the number of words recalled
after a 20-min delay [#(19)=3.13, P=0.005]. In addition, the mem-
ory decay percentage was also significantly increased by acute BZ
administration in long-term BZ users [#(19)=2.74, P=0.01]
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Fig. 2. Alterations in mood state caused by the acute administra-
tion of BZ medications to long-term users. The values shown repre-
sent the mean mood score on the scales of mental sedation, physical
sedation, or tranquilization before or 1 h after taking BZ medica-
tions, with the vertical lines showing 1 SEM. Acute administration
of BZs produced a significant reduction in feelings of physical
sedation and increased feelings of tranquilization (less anxiety) in
the chronic users. * indicates P=0.01 according to Student’s z-test

tions. The behavior test performance of these subjects is
presented in Table 4. These subjects showed no significant
differences in their performance on the DSST, symbol copy-
ing, letter cancellation, and verbal recall tasks when com-
pared with their own performance at their initial interview.
However, the CFF thresholds of the chronic BZ subjects
increased significantly (P=0.004) during BZ withdrawal
(see Table 4). In addition, as shown in Fig. 3, the chronic

Table 4. Changes in behavioral performance of chronic benzodiaze-
pine users following abrupt withdrawal from medication

Behavior test Initial Examination
examination during
withdrawal
Digit-symbol substitution 562 + 29 585 + 28
test
Symbol copying test 129.5 + 5.5 1284 + 6.1
Critical flicker fusion 31.40+ 0.73 32.82+ 0.82*
threshold (Hz)
Letter cancellation test
Number of letters 4498 +95.4 468.6 +108.5
Omnissions 1.2 +£ 1.3 0.8 £ 1.3
Free verbal recall
Immediate recal 94 + 1.8 9.1 + 25
Delayed recall 72 + 22 69 + 22
Memory decrement (%) 245 4+ 14.8 240 + 9.6

The initial examination of chronic benzodiazepine users (N=17)
was performed during the patient’s first visit to the clinic. The
examination during drug withdrawal occurred 4-5 weeks later and
approximately 4-8 days after the patients stopped taking their me-
dication. All values represent the mean+1 SEM

* Value is significantly higher than performance during the initial
examination according to Student’s ¢-test, #(15)=3.37, P=0.004
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Fig. 3. Changes in mood state during withdrawal from long-term
use of BZ medications. Patients were evaluated 4-8 days after stop-
ping their medication and their scores were compared with the
report of their mood state during the initial interview (when they
were on medication). Patients reported significantly greater feclings
of physical sedation and reduced feelings of tranquilization (greater
anxiety) during the period of withdrawal from BZs. * indicates
that the value differs significantly from baseline according to Stu-
dent’s t-test, P<0.05

BZ subjects reported an increase in their subjective feeling
of physical sedation (P=0.03) and a reduction in their re-
ported feeling of tranquilization (P=0.01).

Discussion

The present study examined the performance of subjects
that had been taking BZ medications chronically for an
average of 5 years on a series of objective behavioral tests



and subjective mood scales. The performance of the long-
term BZ users was compared with age-matched drug-free
subjects diagnosed with an anxiety disorder. Few behavior-
al differences were found between the two groups of sub-
jects. Specifically, the CFF threshold was significantly lower
and the subjective report of tranquilization was greater in
the chronically medicated subjects. Since the long-term BZ
users maintained use of their medication in order to control
anxiety symptoms, the group of drug-free anxious subjects
probably provided as close an estimate of these subject’s
behavior prior to their initiating medical treatment as possi-
ble to obtain. Furthermore, the use of an anxious control
group allowed us to measure the increased feelings of tran-
quilization in the chronic BZ users, whch agreed with the
report from 75% of the chronically-medicated subjects that
continued use of their medication helped to control their
anxiety symptoms. Although it is possible that different
BZs may cause different profiles of behavioral impairment
or that negative results may be due to an excessively hetero-
genous group of subjects, our attempt to evaluate the BZ
medications on the basis of pharmacological half-life did
not reveal fundamental differences in their effects.

These results do not support the idea that serious psy-
chomotor or cognitive impairment is necessarily produced
in patients by the regular long-term use of BZs (Bergman
et al. 1980; Hendler et al. 1980), at least when the medica-
tions are taken at medically-prescribed doses. Recently, pa-
tients taking BZs chronically demonstrated reductions in
performance on the DSST and symbol copying test com-
pared with a group of normal controls, and their perfor-
mance failed to improve to normal values even when their
medication was stopped (Petursson et al. 1983). One prob-
lem in evaluating the behavioral status of the chronic drug
users is the difficulty in estimating what the subject’s perfor-
mance might have been prior to, or without, drug treat-
ment. Without having assessed the performance of anxious
subjects prior to medical treatment, the behavioral deficits
shown by patients after chronic BZ medication by Peturs-
son et al. (1983) either may have been already present prior
to treatment, or might be long-lasting behavioral changes
caused by chronic BZ use. Nevertheless, comparable behav-
ioral deficits on the DSST or symbol copying test or further
differences in behavioral performance, beyond reduced
CFF threshold and increased tranquilization, were not mea-
sured in long-term users of BZ medications in the present
study.

The behavioral effects produced acutely following the
initial administration of BZs to normal volunteers have
been reported frequently (for review, see Vogel 1979; Wit-
tenborn 1979; Kleinknecht and Donaldson 1975), but simi-
lar effects have not been studied previously in long-term
users. The assessment of acute effects of BZs in chronically-
medicated subjects could reveal changes in their behavioral
effects following long-term use. In addition, the time follow-
ing the previous dose of medication would be expected to
be important for assessing the behavioral effects of BZs,
but clinical studies often have minimal control over this
variable. For these reasons, the performance of the chroni-
cally-medicated subjects was measured 1 h after drug intake
and was compared with test scores measured earlier just
prior to administration of the drugs. Several behavior mea-
sures changed acutely after BZ intake. Performance im-
proved on the DSST, the CFF threshold decreased, delayed
recall was impaired, and the subjective report of tranquiliza-
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tion was increased whereas physical sedation was decreased.
Although different BZs could demonstrate individual pro-
files of behavioral effects, the BZ medications examined
in the present study were not different in the effects they
caused in the chronic users.

Taken together with their behavioral performance at
the baseline examination, the sensitivity of the behavior
tasks to BZs in chronically medicated subjects could be
heuristically classified into three broad categories: 1) behav-
ior changes that may be relatively long lasting or contin-
vously present; 2) behavior effects that were present only
shortly after drug intake; and 3) behaviors reported to be
altered by BZs in drug-free subjects but that were not
changed in the chronic BZ users, possibly due to the devel-
opment of tolerance.

First, the reduction of CFF thresholds and the increased
subjective feeling of tranquilization appeared to be more
continuously affected by long-term BZ intake. Each of these
behaviors were altered during the baseline examination,
4-14 h following the previous drug dose, as well as changed
shortly after taking the BZ medications. Although both
behaviors are caused by acute administration of BZs in
drug-free subjects, the chronic users showed these behavior
effects in the absence of accompanying subjective feelings
of sedation or other impairments in psychomotor perfor-
mance that are frequently also reported in drug-free sub-
jects. That chronically medicated subjects show such behav-
ior changes suggests that complete tolerance does not devel-
op to these behavioral effects of BZs, and their relative
persistence may be a function of accumulated plasma BZ
concentrations.

A second type of behavioral response in the chronic
users was measured on memory function. The delayed recall
of word lists was impaired in chronic users when measured
shortly after taking medication, but was not altered at the
baseline examination which occurred hours following the
previous dose. Thus, memory impairment appeared to oc-
cur for only a brief time in the chronic users following
intake of their medication, but was not continuously altered
despite the persistent concentrations of BZs measured in
plasma. A number of BZ medications have been reported
to produce effects resembling short-term anterograde amne-
sia when administered acutely to normal volunteers (Ghon-
eim and Mewaldt 1975) or to anxious subjects (Angus and
Romney 1984; Hartley et al. 1982). These effects appear
to be due to an inability to consolidate new information
into long-term memory storage, although immediate memo-
ry and information learned prior to drug administration
are not affected by acute BZ administration (for review,
see Lister 1985). In a previous study using normal subjects,
Ghoneim et al. (1981) reported that diazepam impaired ver-
bal recall after 3 weeks of daily drug administration but
noted some development of tolerance. When subjects were
tested 12-14 h after their previous dose of medication, how-
ever, inhibition of verbal recall was small but marginally
significant. Another study involving short-term chronic ad-
ministration of diazepam failed to measure memory impair-
ment several hours following the subject’s previous dose
(Ghoneim et al. 1984a). A similar lack of correlation be-
tween the time course of memory impairment and the ex-
pected duration of plasma BZ levels has been noted in pre-
vious studies with drug-free subjects (Ghoneim et al. 1984 b;
Kothary et al. 1981; File and Bond 1979). We did not have
the opportunity to determine whether the time course of
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memory impairment was altered by chronic BZ use. The
results from the present study also suggest that the time
course for reduction of the CFF threshold and increased
tranquilization after acute BZ administration would differ
from the time course of memory impairment.

The effect of BZ medications on memory function has
potential implications for the safety of the clinical long-term
use of BZs. Although complete tolerance to BZ’s effects
on verbal recall failed to develop in the chronic users, the
effects appeared to be relatively brief in duration. Since
the memory-impairing effects of BZs would be limited only
to new information presented during a short critical period
of time, one may question whether patients taking BZ medi-
cations chronically would suffer from or be aware of any
effects on their memory. The recall of information learned
prior to medication may be facilitated by diazepam (Hin-
richs et al. 1984). On the other hand, many patients take
BZ medications several times daily, and the memory-im-
pairing effect of BZs may have greater impact for certain
kinds of patients, such as cardiac patients (Frazure-Smith
and Rolicz-Woloszyk 1982) or the elderly (Salzman et al.
1975). The implications of laboratory tests of recall ability
with BZs for the overall clinical status of patients’ memory
function should be evaluated with further clinical studies.

The third class of behavioral response to chronic BZ
administration is behavioral effects that develop tolerance
following the continued use of BZ medications. Tolerance
can be defined as the diminished effects on task perfor-
mance of BZs following continued administration. In the
present study, the chronic BZ users did not demonstrate
significant impairment on the DSST, symbol copying, letter
cancellation, nor report significant mental or physical seda-
tion at their baseline examination or following the acute
administration of BZ medications. The present study is lim-
ited in concluding that tolerance developed to the effects
of BZs on these behaviors because the effects of similar
doses of BZs were not examined in drug-free subjects, al-
though further studies are planned to do this. The sugges-
tion that tolerance develops to the effects of BZs on at
least some of these behaviors can be made, however, in
view of the extensive previous literature concerning BZ’s
behavioral effects (Vogel 1979; Wittenborn 1979; Kleink-
necht and Donaldson 1975), and because some acute behav-
ioral effects of BZs were measured in the chronic users.
The lack of psychomotor impairment caused by these doses
must also be viewed in consideration of the presence of
high plasma levels of BZs and metabolites in these subjects.
Although the low doses of some of the BZ medications
may not have been expected to cause large impairment of
these behaviors, these doses are commonly recommended
for medical treatment and indicate that the chronic users
probably do not experience such behavioral impairment as
a function of their clinical use. The finding that perfor-
mance on many of the behavior tests used in the present
study was not impaired following the chronic use of BZ
medications is in agreement with studies that have demon-
strated tolerance following the regular use of BZs for just
a few weeks in normal volunteers with similar tasks (Ar-
anko et al. 1983; Liljequist et al. 1979). The lack of impair-
ment found on the DSST and symbol copying tests in the
present study is especially significant, because Petursson
et al. (1983) reported that these behaviors were impaired
in chronic BZ users. If the use of BZ medications was re-
spomsible for such effects, then DSST and symbol copying
performance should be diminished further acutely following

BZ intake in chronic users. This expected result was not
obtained in the present study.

Several subjects were also examined during withdrawal
from BZ medications and their performance was compared
with their baseline performance at the initial interview. Dur-
ing withdrawal, the CFF threshold was increased and the
subjective report of tranquilization was reduced while phys-
ical sedation was increased. The change in CEFF threshold
and degree of tranquilizaton occurred in the opposite direc-
tion of that measured during the initial interview. The in-
creased anxiety reported by these patients could have been
symptomatic of withdrawal caused by the abrupt discontin-
vation of long-term BZ use (Schopf 1983; Winokur and
Rickels 1981; Winokur et al. 1980), or due to a return of
anxiety symptoms that caused the patients to originally seek
treatment (Rickels et al. 1983; Rickels 1981). The increased
CFF threshold during BZ withdrawal may reflect a rebound
from the continuous CNS depression present during chron-
ic use of BZ medications. The increased report of sedation
may have been caused by a lack of sleep for some subjects
after suddenly stopping regular BZ use, but this was not
accompanied by impaired performance on the other behav-
ior tasks.

Although learning effects could influence the results of
psychomotor tests that are readministered frequently, the
effects of practice in the present study would be minimal
given the lengthy interval between test sessions (unpub-
lished data). Retesting effects would exert more of a role
during examination of the acute effects of BZs because the
test battery was administered twice within hours, and may
have caused the significant increase in DSST performance
in the chronic BZ users. Further studies are planned to
compare the acute behavioral effects of BZs in drug-free
and chronically-medicated subjects with placebo-controlled
studies.

That different behaviors show different types of re-
sponses to the long-term use of BZ medications has impor-
tant implications for the safety of their clinical use as well
as the neuropharmacological substrates underlying their ef-
fects. That tolerance fails to develop rapidly to the tranqui-
lizing actions of BZs in most patients, but does develop
to their motor-impairing and sedative actions, has probably
enabled BZs to be used chronically for the clinical treat-
ment of anxiety disorders with relative safety (Rickels et al.
1983; Rickels 1978). However, the clinical significance of
the lack of tolerance to the memory-impairing effects of
BZs should be examined further and long-term use of even
therapeutic doses may cause physical dependence in some
patients (Schopf 1983; Rickels et al. 1983; Winokur and
Rickels 1981). That tolerance develops selectively to the
different behavioral effects of BZs may indicate differential
adaptation of BZ receptors or other neurochemical sub-
strates modulating these behavioral effects (Lippa et al.
1982). The examination of the behavioral effects of BZs
in chronically-medicated subjects provides an important
evaluation of their safety as well as clues to the pharmaco-
logical mechanisms underlying their beneficial clinical ef-
fects.
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