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ABSTRACT

Alprazolam is a benzodiazepine derivative that is currently used in the treatment of
generalized anxiety, panic attacks with or without agoraphobia, and depression. Alprazo-
lam has a fast onset of symptom relief (within the first week); it is unlikely to produce de-
pendency or abuse. No tolerance to its therapeutic effect has been reported. At discontinu-
ation of alprazolam treatment, withdrawal and rebound symptoms are common. Hence,
alprazolam discontinuation must be tapered.

An exhaustive review of the literature showed that alprazolam is significantly superior
to placebo, and is at least equally effective in the relief of symptoms as tricyclic antide-
pressants (TCAs), such as imipramine. However, although alprazolam and imipramine are
significantly more effective than placebo in the treatment of panic attacks, Selective Sero-
tonin Reuptake Inhibitors (SSRIs) appear to be superior to either of the two drugs.
Therefore, alprazolam is recommended as a second line treatment option, when SSRIs are
not effective or well tolerated.

In addition to its therapeutic effects, alprazolam produces adverse effects, such as
drowsiness and sedation. Since alprazolam is widely used, many clinical studies investi-
gated its cognitive and psychomotor effects. It is evident from these studies that alprazo-
lam may impair performance in a variety of skills in healthy volunteers as well as in pa-
tients. Since the majority of alprazolam users are outpatients, this behavioral impairment
limits the safe use of alprazolam in patients routinely engaged in potentially dangerous
daily activities, such as driving a car.
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INTRODUCTION

Alprazolam, 8-chloro-1-methyl-6-phenyl-4H-s-triazolo [4,3-a] (1,4) benzodiazepine,
is a benzodiazepine derivative used in the treatment of a variety of disorders, including
panic attacks, generalized anxiety, and depression. Since its introduction in the 1960s, al-
prazolam became one of the most used drugs in the USA and is currently the most often
prescribed psychoactive drug.

The first section of this review article summarizes clinical pharmacology of alprazo-
lam. In the second section its clinical use is discussed. The therapeutic efficacy of alprazo-
lam is compared with the alternative pharmacological treatments that have been intro-
duced over the years. The ideal drug should be clinically effective and should not produce
adverse effects that interfere with daily activities, such as driving a car. Since the majority
of alprazolam users are outpatients, many experimental studies have been conducted to in-
vestigate the behavioral effects of this drug. The results from these studies are summarized
in the third section of this article. The fourth section discusses the future prospects for
alprazolam.

CLINICAL PHARMACOLOGY

Alprazolam is a 1,4-triazolobenzodiazepine analog. The chemical structure of alprazo-
lam differs from that of classical benzodiazepines such as diazepam by the presence of the
triazole ring.

Greenblatt and colleagues studied pharmacokinetics of alprazolam during the 1980s
and 1990s (108,109). At 1 to 2 h after administration (7,,,,) of a single 1 mg dose of alpra-
zolam the peak plasma concentration (C,,.) ranged between 12 and 22 pg/L, the volume
of distribution (VD) from 0.8 to 1.3 L/kg, the elimination half-life (¢, ) from 9 to 16 h
and the clearance from 0.7 to 1.5 mL/min/kg. After oral administration, approximately
90% of alprazolam was absorbed and bound to plasma proteins (the fraction of unbound
alprazolam is approximately 30%). The absorption rate was independent of the adminis-
tered dose. However, plasma levels of alprazolam (and its metabolites) were linearly re-
lated to the administered dose (45). A steady state condition was reached after 2 to 3 days,
independent of the dosage schedule.

Alprazolam is metabolized in the liver by hepatic microsomal oxidation. This process
is mediated by cytochrome P4503A isoforms (CYP3A4). Up to now, 29 metabolites of
alprazolam have been identified. Alprazolam’s two principle metabolites, 4-hydroxy al-
prazolam and o-hydroxy alprazolam, are present at low plasma concentrations and show
much less benzodiazepine receptor affinity than alprazolam. Hence, these metabolites are
unlikely to contribute to the clinical effects of alprazolam. Approximately 80% of alprazo-
lam is excreted by the kidney as unchanged drug.

Factors that Influence the Pharmacokinetics of Alprazolam

A comparison of pharmacokinetics of alprazolam (1 mg) after oral and sublingual
routes in 12 healthy male volunteers (233) showed that peak plasma levels are reached
significantly later after sublingual (2.8 h) than after oral administration (1.8 h). Other
pharmacokinetic parameters do not differ significantly between these routes of adminis-
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tration. Another study by the same author reported no significant differences (232).
Pharmacokinetics after intravenous administration did not differ from that after oral ad-
ministration, except for a faster 7, (0.48 h) after intravenous administration (250). The
onset of alprazolam-induced sedation was more rapid after intravenous (10 to 20 min)
than after oral administration (40 min).

The pharmacokinetics of alprazolam is not significantly influenced by gender (140,
150) or menstrual cycle (140,176). However, oral contraceptives have been reported to
affect pharmacokinetics of alprazolam (151). In pregnant women alprazolam appears to
increase the risk of congenital abnormalities when used during the first trimester (127).
Alprazolam and 4-hydroxy-alprazolam have been found in breast milk (194). Pharmacoki-
netics of alprazolam in breast milk is similar to that in blood plasma of lactating women,
suggesting that alprazolam readily passes the blood-milk barrier. Hence, alprazolam is
classified as a pregnancy category D drug and lactating women are advised to stop breast-
feeding if they are treated with alprazolam.

In elderly, peak plasma levels of alprazolam are higher than in young subjects. Fur-
thermore, alprazolam clearance is reduced in older subjects resulting in a prolonged elimi-
nation half-life (104,106,182).

Alprazolam pharmacokinetics is similar in healthy volunteers and patients. In elderly
depressed patients, pharmacokinetics of alprazolam did not change significantly from
day 1 (starting dose of 0.5 mg) up to day 42 (mean daily dose of 1.6 mg). Metabolites of
alprazolam do not accumulate after repeated dosing (63). In another study there was also
no significant difference in the pharmacokinetics of alprazolam in healthy volunteers as
compared to patients with panic disorder (134).

Since alprazolam is metabolized in the liver, patients with hepatic diseases should be
carefully monitored when treated with the drug. The clearance of alprazolam is signifi-
cantly reduced and elimination half-life significantly increased in patients with liver cir-
rhosis (131). Renal disease may also reduce alprazolam clearance leading to accumulation
of alprazolam and its metabolites. Increased levels of free alprazolam have been reported
in patients receiving either hemodialysis or Continuous Ambulatory Peritoneal Dialysis
(CAPD) as compared to healthy controls (235). CAPD patients also showed a tendency to
increased 7, ., clearance and prolonged elimination half-life of alprazolam. Metabolism
is significantly slowed by obesity (1), whereas smoking has been reported to accelerate
alprazolam elimination (123,197,251). No significant changes in the pharmacokinetics of
either drug have been observed during co-administration of alprazolam and buspirone to
healthy male volunteers (35).

Drugs that inhibit cytochrome P450 enzymes are likely to alter the pharmacokinetics of
alprazolam. Inhibitors of CYP3A4 may increase elimination half-life and elevate peak
plasma concentrations of this drug, whereas other drugs may enhance alprazolam metab-
olism. Changes in the pharmacokinetics of alprazolam have been produced by drugs that
alter CYP3A4 metabolism. They have been reported for erythromycin (285), ketocona-
zole (111), itraconazole (286), venlafaxine (3), nefazodone (112,154), fluoxetine (107,
160), fuvoxamine (91), carbamazepine (97), cimetidine (1,207), and propoxyphene (2).
However, other substrates for CYP3A4 such as grapefruit juice (287) and sertindole (281)
did not significantly alter alprazolam metabolism.

Because immediate release tablets are clinically effective for 3 to 6 h, alprazolam must
be administrated several times during the day. This can result in fluctuations in plasma
levels, which may affect clinical efficacy. Sustained release (SR) formulations reduce
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interdose variability in plasma levels of alprazolam and its adverse effects (5). Hence, SR
formulations may improve treatment compliance. SR formulations have a considerably
lower absorption rate, resulting in peak plasma concentrations that are half those observed
with immediate-release formulation of alprazolam and a 7', of 8 to 12 h (38). Therefore,
it has been suggested that sedative effects of alprazolam SR may be less pronounced than
those with the immediate release tablets. A study on the pharmacokinetics of alprazolam
SR at single doses of 2, 4, 8, and 10 mg reported a linear increment in peak plasma con-
centrations of alprazolam and its metabolites with increasing doses (283). Anxious pa-
tients, who were switched from immediate release tablets (first 2 weeks) to extended re-
lease alprazolam tablets (second 2 weeks), showed gradual clinical improvement during
the study. However, patients reported a significant increase in sedation and anxiety
symptoms during the first days after switching (271).

MECHANISM OF ACTION

Alprazolam easily crosses the blood brain barrier and enters central nervous system
(CNS). Although the exact mechanism of action of benzodiazepines is unknown, alprazo-
lam binds nonselectively to the gamma-amino butyric acid, (GABA ,)-benzodiazepine re-
ceptor complex. Most GABA , receptors are composed of three classes of subunits with
several variants (o, ¢, P,_3, Y;_3)- Benzodiazepine receptors can be differentiated based
upon their subunit structure: type 1 receptors are composed of a,, v, subunits whereas
type 2 receptors have a, ; sB; 3v, subunits. The functional significance of these subunits is
still under investigation, but it has been established that sedation and anterograde amnesia
are mediated by o, subunits, whereas a, subunits mediate anxiolytic effects (59,65,226,
231). Benzodiazepine a, subunits are found in high density in the cerebellum and in low
density in hippocampus. Benzodiazepine o, subunits are abundantly present in hippo-
campus, striatum, and spinal cord.

At the receptor complex, alprazolam facilitates the binding of GABA and increases the
influx of chloride ions. The presence of GABA, in turn, inhibits the action of several con-
nected brain structures. It is, however, difficult to limit the action to “therapeutic mean-
ingful” sites of action: GABA binds nonselectively to more than 30% of all brain syn-
apses. The inhibition exerted by GABA results in a general slowing of brain activity,
known as sedation. Further, the GABA system interacts with other neurotransmitter sys-
tems, including noradrenergic, serotonergic, cholinergic, and opioidergic systems. Espe-
cially alprazolam’s interactions with the serotonergic and noradrenergic pathways to the
limbic system and brain stem structures (e.g., locus coeruleus) contribute to its clinical ef-
fectiveness in the treatment of anxiety and depression.

CLINICAL EFFICACY OF ALPRAZOLAM

Generalized Anxiety Disorder (GAD)

During the 1980s and 1990s a number of studies investigated the efficiency of alprazo-
lam in the treatment of GAD. The efficacy of alprazolam during 4 to 8 weeks-long periods
of therapy was determined by means of anxiety symptom scales such as the Hamilton
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Rating Scale for Anxiety (HAM-A). The average alprazolam dosage used in GAD ranged
from 0.5 to 3.0 mg. Relative to placebo, most studies reported significant clinical im-
provement during alprazolam treatment (4,49,61,62,75,83,170,171,177,181,213). How-
ever, some studies failed to demonstrate any significant difference between alprazolam
and placebo (40,95). This was probably caused by a significant clinical improvement
during placebo treatment. As in panic disorder studies, global improvement rates of 50%
and higher after placebo treatment has been reported in GAD patients.

Alprazolam has been shown to be at least equally effective in the treatment of GAD as
other benzodiazepines, such as oxazepam (218,272), diazepam (4,49,61,62,71,83,95,171,
213), lorazepam (50,51,119,269), clobazam (40,118), etizolam (19,30,200), bromazepam
(19), and the partial benzodiazepine agonist abecarnil (170). Alprazolam has also been
shown to be at least equally effective as TCAs, such as imipramine (121,178). Alprazolam
was more effective than imipramine in the relief of somatic symptoms, whereas imipra-
mine had a positive effect on psychic symptoms such as dysphoria and negative antici-
patory thinking.

In a 6-week double-blind placebo-controlled study in 94 outpatients with GAD (75) al-
prazolam (1.9 mg daily) was equally effective as buspirone (18.7 mg daily). However, the
onset of clinical improvement was much faster with alprazolam (within the first week)
than with buspirone (gradual improvement over weeks). Another study reported that al-
prazolam was at least equally as effective as buspirone in the treatment of anxious outpa-
tients (51). Buspirone produced significantly fewer adverse effects when compared to al-
prazolam. However, dropout rate during buspirone treatment was rather high, since the
therapeutic effect was apparent only at 2 to 4 weeks after the start of therapy.

Alprazolam was found to be as effective as diazepam in the treatment of moderate to
severe anxiety during alcohol withdrawal in alcoholics (145). Also, 98% of GAD patients
with comorbid irritable bowel syndrome showed a significant reduction in anxiety and
89% reported a reduction of gastrointestinal complaints after 4 weeks of alprazolam
therapy. These benefits were maintained during a 4-week tapering period and were also
present at 4 weeks after discontinuation of therapy (268). In the treatment of anxiety asso-
ciated with cancer alprazolam has been reported to produce significant improvement that
was evident within one week of treatment and was maintained thereafter. However, in
similar studies clinical improvement was also achieved with muscle relaxants (122) and
even with placebo (276).

Panic Disorder (PD)

During the eighties two large-scale international multi-center studies, the first and
second Cross-National Collaborative Panic Study (CNCPS I and II), were initiated to ex-
amine the efficacy of alprazolam in the treatment of PD. The first CNCPS was a multi-
center study performed in the USA, Canada, and Australia (11,142,165,190,203). Patients
with PD or agoraphobia with panic attacks (Diagnostic and Statistical Manual of Mental
Disorders, 3rd edition, DSM III, criteria) were included. Patients received either placebo
or alprazolam for 8 weeks. Daily dosages were increased to reach 6 mg alprazolam after 3
weeks of treatment. The mean (+SD) daily alprazolam dose was 4.2 + 1.1 mg after 3
weeks and 5.7 mg + 2.3 mg after 8 weeks of treatment. Results showed that after 4 weeks
alprazolam was significantly more effective than placebo. However, after 8 weeks the dif-
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ference between alprazolam and placebo was only moderate and all therapeutic gains dis-
appeared after discontinuation of alprazolam.

Clinical improvement was maximal when alprazolam plasma levels ranged from 20 to
40 ng/mL (110). However, plasma levels and corresponding treatment responses showed
great individual differences and there was no linear relationship between plasma levels
and clinical improvement (280). Therefore, individual dose adjustments are necessary to
gain optimal treatment benefits with alprazolam (166).

With few exceptions (99,270), other placebo-controlled studies also reported clinical
superiority of alprazolam as compared to placebo (48,68,162,169,186,238,266,267).
However, there were high rates of noncompliance in the placebo groups. This was also a
problematic issue in the first CNCPS trial when approximately 50% of patients that re-
ceived placebo dropped out of the study between weeks 4 and 8. It is likely that a large
number of noncompleters affected the study outcome. Hence, the results from the first
CNCPS have been a matter of debate (172). Several relatively small studies compared the
efficacy of alprazolam with that of other benzodiazepines. For example, double-blind
studies showed that alprazolam was at least as effective in the treatment of PD as diaze-
pam (68,192,278), etizolam (179), clonazepam (266,267), adinazolam (208), or lorazepam
(43,237). Alprazolam was also superior to non-benzodiazepine drugs such as propranolol
(186,209). Unlike alprazolam, trazodone (42) and ibuprofen (243) were ineffective.

The traditional treatment in PD is imipramine, a TCA. The largest study comparing the
effects of imipramine and alprazolam versus placebo was the second CNCPS (55). A total
of 1168 PD patients were randomly assigned to one of the treatment groups. During an 8-
week, double blind treatment period, clinical changes were recorded. The onset of clinical
improvement was faster in the alprazolam group (week 1) as compared to the imipramine
group (week 4). After 8 weeks, both drugs were equally effective, and both were superior
to placebo. The average daily dose was 5.7 mg of alprazolam and 155 mg of imipramine.
The number of patients that did not complete the study was considerably higher in the
placebo (43%) and imipramine groups (30.2%) than in the alprazolam group (17.4%).

Several smaller double-blind studies compared the efficacy of alprazolam (at doses
ranging from 2 to 6 mg) with that of imipramine (at doses ranging from 100 to 150 mg);
the treatment periods in these trials ranged from 8 to 12 weeks (42,48,58,162,163,219,
245,265,270). In line with the CNCPS, these studies consistently showed that in the
treatment of PD alprazolam was at least as effective as imipramine. Again, the onset of the
therapeutic effect of alprazolam (week 1) was significantly faster than that of imipramine
(weeks 2 to 4). Symptoms of the disease often exacerbated during the first weeks of
therapy with imipramine. Due to its anticholinergic side effects, imipramine was not well
tolerated by a substantial number of patients. As a result, dropout rates in patients re-
ceiving imipramine were higher than with alprazolam.

Long-term (8 months) treatment of PD patients with alprazolam showed that clinical
improvement was maintained without significant dose changes. However, the number of
completers in patients receiving the active drug was twice that in the placebo group. At 1.5
years after participation in a 6-week clinical trial (267) 78% of PD patients continued
using alprazolam without dosage increments and most of these patients continued to
benefit from long-term therapy with alprazolam (205). Long-term efficacy of alprazolam
was also reported in other studies (135,136,216,239,246). Nevertheless, many patients
still had occasional panic attacks or agoraphobia. Hence, long-term therapy with alprazo-
lam does not cure panic patients, but only reduces the symptoms of PD.
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Klosko and colleagues (143) treated patients with PD over a period of 15 weeks with
alprazolam (mean dose, 4.6 mg), behavioral therapy, or placebo; one group of patients re-
ceived no treatment at all. These authors reported that behavioral therapy was significantly
more effective than placebo or no treatment. Although in both groups of patients clinical
improvement was observed, there was no significant difference in the improvement of al-
prazolam- and placebo-treated patients. In 1992, a meta-analysis comparing the effec-
tiveness of treatments in PD with agoraphobia revealed that alprazolam was effective for
the treatment of panic and anxiety symptoms, whereas behavioral treatment (exposure
therapy) was significantly more effective for phobia (53).

The London/Toronto study in 154 PD patients with agoraphobia compared the effects
of combined treatment with alprazolam (5 mg/day) and exposure therapy, alprazolam and
relaxation therapy (a psychological placebo), placebo and exposure therapy, and placebo
and relaxation therapy (173). Patients received 8 weeks of treatment, followed by a ta-
pering period of 8 to 16 weeks and follow-up visits until week 43. Unlike in the CNCSP
studies, placebo dropout percentage in the London/Toronto study was low. Clinical im-
provement was shown in all four groups, but the onset was faster with alprazolam than
with exposure therapy. In contrast to the results from the 1992 meta-analysis (53), ex-
posure therapy was significantly more effective than alprazolam and placebo. Improve-
ment after alprazolam did not differ significantly from that after placebo. Thus, regarding
clinical efficacy, the advantage of alprazolam or exposure therapy in the treatment of PD
is not yet obvious.

The improvement with the combination of alprazolam and exposure therapy was not
significantly greater than after exposure therapy combined with placebo. Furthermore, in
contrast to those patients receiving exposure therapy, sedation was reported up to week 8
during alprazolam treatment. Taking into account these adverse effects, exposure therapy
may be regarded more favorably than treatment with alprazolam.

An 8-week double-blind study in 92 PD patients showed that alprazolam was signifi-
cantly superior to buspirone or placebo. Moreover, buspirone was not superior to placebo
in the treatment of PD (244).

Selective Serotonin Reuptake Inhibitors (SSRIs) were introduced more recently as an
alternative treatment option for PD. Unfortunately, up to now, no direct comparison of the
therapeutic efficacy of alprazolam and any of the SSRIs has been made. A meta-analysis
of 27 clinical studies in PD patients showed that SSRIs (including paroxetine, fluvoxa-
mine, zimelidine and clomipramine) were significantly superior (p < 0.0004) to alprazo-
lam (mean dosage of 4 mg/day), imipramine (mean dosage of 150 mg/day) or placebo
(29). Although there was a significant relationship between dose and the magnitude of the
effect for either alprazolam or imipramine, SSRIs were also superior to higher dosages of
alprazolam and imipramine. There was no significant difference between imipramine and
alprazolam (p <0.11). Nevertheless, both treatments were significantly superior to pla-
cebo in alleviating panic symptoms. Taken together, these results suggest that SSRIs
should be viewed as the first-line treatment of panic disorder. Alprazolam may be used as
a second-line treatment, if SSRIs prove to be ineffective or are not tolerated well.

Depression

Although alprazolam use has been associated with suicide ideation, a review of the lit-
erature (149) and a meta-analysis of 22 studies in depressed patients (130) showed that al-
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prazolam use is not associated with an increased risk of suicide. Moreover, in contrast to
other benzodiazepines, alprazolam is known for its antidepressant properties.

First-line treatments in depression are tricyclic antidepressants (TCAs). Clinical studies
in depressed patients showed that alprazolam is at least equally effective as TCAs, such as
amitriptyline (13,66,76,126,157,249), imipramine (84,86,87,180,212,277), dosulepine
(41), desipramine (85,210), or doxepin (9). However, other studies reported that, although
alprazolam provided symptom relief, amitriptyline (124,159,227) and imipramine
(103,161) were significantly more effective. Analyses of early dropouts revealed that
whether alprazolam or TCAs are the most favorable treatment choice depends on the diag-
nosis of depression (mild versus severe) (199). Early dropouts were most frequently ob-
served during imipramine treatment (in patients with severe depression). Imipramine,
however, seems to be more efficacious in the long run in patients that remain in treatment
(patients with mild depression). Patients with severe depression seem to benefit most from
alprazolam treatment. Meta-analyses confirmed that alprazolam is significantly superior
to placebo and is as effective as TCAs (204,256).

Premenstrual Dysphoric Disorder (PDD)

Most women experience mild to moderate premenstrual symptoms during their
lifetime, but 3 to 5% of women experience a severe syndrome, referred to in the Diag-
nostic and Statistical Manual of Mental Disorders, 4™ edition (DSM-IV) as Premenstrual
Dysphoric Disorder or PDD (146). Double blind placebo-controlled studies in women
with PDD showed that alprazolam caused improvement during the luteal phase, but had
no postmenstrual effects (64,115,253). Other studies reported, however, no significant im-
provement with alprazolam as compared to placebo in any phase of the menstrual cycle
(234). Mixed results, depending on the presence of mild anxiety or depression, were re-
ported for alprazolam, 0.75 mg/day. (18). Conflicting reports are not surprising, since in
the treatment of PDD the placebo effect is rather high, providing at least 50% symptom
relief in 20 to 60% of patients (93), independent of the time spent with the physician (94).

Studies with SSRIs have shown that drugs such as fluoxetine (201,257,258) or sertra-
line (288,289) are highly effective in the treatment of PDD, without producing adverse
CNS effects of alprazolam. Hence, SSRIs are recommended as the first-line treatment
strategy in PDD. Alprazolam may be considered in case SSRIs do not provide sufficient
relief.

Other Therapeutic Areas

A placebo-controlled study investigated the effects of alprazolam (0.5 to 1.5 mg) on
tinnitus over a 12-week period (128). In thirteen out of 17 patients suffering from tinnitus
alprazolam, 1.5 mg/day reduced the intensity of tinnitus, while at 0.5 mg alprazolam was
effective in only 4 patients. It appears that more crossover studies are needed to confirm
the effectiveness of alprazolam (125,248).

Alprazolam has also been examined in the treatment of Post Traumatic Stress Disorder
(PTSD), but found to be ineffective. Although improvement in anxiety related symptoms
was evident, specific PTSD symptoms remained unimproved (32).

In flight phobia, a single dose of alprazolam, 1 mg, (but not placebo) significantly re-
duced anxiety but increased heart rate and respiratory rate during flight. Patients treated
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with alprazolam during one flight expected to be less anxious on future flights. This ex-
pectation did not, however, materialize. If the patients were not medicated, rebound anxi-
ety, panic attacks and physiological responses were observed during the second flight
(279).

In a more recent study six patients suffering from seasonal affective disorder were
treated successfully with alprazolam, 1.2 to 2.4 mg/day for 2 weeks (284). Since the
number of patients in this study was limited, the results will have to be confirmed by
future placebo-controlled and active treatment-controlled (light therapy) studies. When
co-administered with haloperidol in the treatment of schizophrenia, alprazolam reduced
symptoms of excitement and uncooperativeness in 28 psychotic patients (15). Alprazolam
has also been reported to be effective in the treatment of primary fibrositis/fibromyalgia
syndrome when co-administered with ibuprofen (229). Its effectiveness has been de-
scribed in essential tremor (113), social phobia (99), and in patients with disruptive behav-
ioral episodes (44).

Adverse Events

A post-marketing study in the UK, involving almost 10,000 patients treated with alpra-
zolam, reported no serious adverse events. The most commonly reported adverse events
were drowsiness and sedation (70). A literature review including 3574 patients that partic-
ipated in the active drug-controlled studies reported similar results (129).

In the London/Toronto study significantly more adverse effects were reported after al-
prazolam than after placebo (195). Generally, adverse effects diminished during treatment,
but were still present at the end of the study. Analysis of the number of adverse events re-
ported in the second CNCPS showed marked differences between the treatments (39). Pa-
tients using alprazolam reported an increment in typical adverse effects of benzodiaze-
pines, such as sedation, fatigue, weakness, memory problems, ataxia and slurred speech,
whereas patients using imipramine reported an increment in anticholinergic adverse ef-
fects such as blurred vision, tachycardia, palpitations, insomnia, nervousness, malaise,
dizziness, headache, nausea, vomiting, and decreased appetite. In patients that received
placebo anxiety symptoms were the most reported adverse events. In total, alprazolam
produced less adverse effects than either imipramine or placebo. The number of adverse
events decreased over time with either of the treatments. Clinical improvement was not
correlated with either number or severity of adverse effects.

Withdrawal and Rebound Effects after Discontinuation of Therapy

Discontinuation of daily alprazolam use is preferably tapered to reduce rebound symp-
toms. During tapering over a period of several weeks or months the daily dosage is grad-
ually decreased to zero.

In the London/Toronto study, the therapeutic benefits from alprazolam were lost
during tapering and follow-up, whereas the gains from exposure therapy continued. The
results from this study enhanced the debate on alprazolam’s efficacy in the treatment of
PD (173,174,175,254). With few exceptions (164), other studies also showed that treat-
ment of PD with benzodiazepines is followed by withdrawal and rebound symptoms (an-
xiety scores higher than baseline), especially if the drugs are discontinued abruptly. High
rates (50% or more) of symptomatic withdrawal and rebound effects have been reported
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after 4 to 8 weeks of successful treatment with alprazolam, followed by a rather short
(several weeks) tapering period (69,202,215,239). However, also after much longer ta-
pering periods rebound effects were still present in a substantial number of patients. Re-
bound anxiety has been often reported with the dose reduction from 1 to 0 mg. Hence, a
slower tapering period from 1 to 0 mg (in gradually lower dosages over several weeks)
seems necessary to avoid the occurrence of rebound symptoms. In this context, it is im-
portant to note that an effective tapering period could last longer than the duration of the
actual alprazolam treatment.

In contrast, discontinuation effects are not observed after buspirone (214), imipramine
(215), SSRIs, or cognitive-behavioral therapy (173). Withdrawal and rebound effects
during alprazolam tapering are not reduced by concurrent therapy with a non-benzodiaz-
epine, such as the 5-HT, receptor antagonist ondansetron (224). Combining alprazolam ta-
pering with cognitive behavioral therapy reduces withdrawal symptoms and thus facili-
tates alprazolam discontinuation (198,255).

Frequency of panic attacks or of episodes of phobia before the start of therapy did not
predict recurrent pathology after long-term (4 years) treatment with alprazolam (136).
However, other studies showed that baseline levels of anxiety can predict treatment
outcome. Age over 40, low levels of baseline anxiety (282), or reduced anxiety and panic
symptoms during treatment (33) correlated with less rebound and withdrawal effects. The
severity of rebound phenomenon differs among benzodiazepines and seems to be related
to the half-life of the drug. For example, rebound and withdrawal effects after alprazolam
are more severe than after diazepam, which has a much longer half-life (191).

Dependence, Addiction, and Abuse Liability

In contrast to general beliefs, and taking into account a huge number of prescriptions
for alprazolam, the incidence of abuse and dependence in the patient population is very
low (221,223,241). However, like other benzodiazepines, alprazolam is abused for non-
medical reasons, often in combination with alcohol, drugs of abuse and/or other pre-
scription medications. Alprazolam is used by drug addicts and has become a popular party
drug during the last decade.

Mood changes associated with abuse liability in subjects with a history of drug abuse
have been assessed with the Addiction Research Center Inventory (ARCI). The following
factors are assessed by the ARCI questionnaire: euphoria, dysphoria, sedation, intellectual
efficacy and energy, and activation. Studies have consistently shown that the use of alpra-
zolam is accompanied by a dose-dependent sedation (37,77,78,183,184,185,228,291) and
euphoria (46,47,185,291). Especially the euphoric effects of alprazolam may reinforce
usage of the drug by subjects with a history of drug abuse. In contrast, in healthy volun-
teers and patients the sedative effects of alprazolam are more pronounced. Decreased in-
tellectual efficacy and energy (185,291) and increased dysphoria (37) have been reported.
It has been shown that patients’ tendency to consume drugs more frequently predicts de-
pendence to a much greater extent than the preference for aprazolam (drug liking) (196).
Thus, the simple fact of increased “drug liking” or euphoria does not correlate well with
the risk for alprazolam abuse.
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BEHAVIORAL EFFECTS

Brain Activity

Cerebral blood flow (CBF) and brain activation were found to be decreased after alpra-
zolam. By intravenous administration alprazolam caused an acute decrease in whole-brain
CBF of 25 to 30% (225). More specifically, cerebral blood flow was significantly de-
creased (>15%) in the left lateral superior and right medial inferior frontal areas as well as
in the cingulate cortex (259).

The decrease in brain activity after administration of alprazolam has also been demon-
strated by studies recording event-related potentials. For example, significantly reduced
N1 and P1 amplitudes have been found after alprazolam administration (6,25,242), re-
flecting the inhibitory activity of alprazolam. Significantly decreased P300 amplitude and
a prolonged P300 latency have also been shown (187,242). The reduction of P300 am-
plitude reflects a worsening of cognitive functioning, reduction in information processing,
and the quality of processing. The prolonged P300 latency implicates a prolonged stimu-
lus evaluation time. In line with these changes in P300 activity, performance on a reaction
speed test was significantly impaired. In this context, it has been shown that the P300 cor-
relates highly to alprazolam’s effects on a choice reaction time (117).

Acute Effects of Aprazolam in Healthy Volunteers

Psychomotor performance

The majority of behavioral studies were performed in healthy volunteers after a single
dose of aprazolam. Table 1 provides an overview of the results from these studies.

The doses of alprazolam in these studies ranged from 0.25 to 2.0 mg, reflecting those
used in clinical practice. Studies in Table 1 are double blind and placebo-controlled. They
were designed as crossover or comparison group trials. Acute administration of alprazo-
lam led to a general slowing of performance expressed in increased reaction speed on the
tests. The performance impairing effects are significantly different from placebo at doses
of 0.5 mg and higher. Performance impairment is not limited to specific skills or abilities.
The effects of alprazolam are evident in all tests.

Some remarks must be made regarding the clinical relevance of the findings summa-
rized in Table 1. That is, several of the studies were performed with a limited number of
subjects. Hence, the results have low statistical power and their reliability is questionable.
Furthermore, most tests do not represent daily activities. For example, the Digit Symbol

TABLE 1. Psychomotor performance after acute administration of alprazolam

Alprazolam dosage (mg) 0.25 0.50 0.75 1.0 1.5 2.0
% of tests showing impairment 13.0 28.6 66.7 84.2 92.9 75.0
Total number of tests 23 28 15 38 14 12

Data are from references 10,17,22-25,54,60,72-74,78,89,92,105,114,116,120,133,137,147, 155,160,
167,187-189,206,211,228,230,233,240,250,261,263,273-274,283. Tests included reaction time
tests, tapping, cancellation, tracking, DSST, symbol copying, CFFT, card sorting, vigilance, stroop,
and balance tests. A detailed summary of study results can be obtained upon request from the authors.
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Substitution Test (DSST), Cancellation Test (CT), and Symbol Copying Test (SCT) are
very popular in human psychopharmacology. Their popularity is probably due to the fact
that they are cheap, easy to apply, and of short duration (1 to 3 min). Their results are
readily obtained by counting the number of correct digit-symbol pairs (DSST), cancelled
items (CT), or copied symbols (SCT). Unfortunately, these tests have no clear theoretical
background. That is, it is unclear what is actually measured by these tests, and as a result
interpretation of the data differs greatly among investigators. Tests such as the DSST
measure several skills and abilities simultaneously resulting in a global measure of re-
sponse (98), which in turn cannot be related easily to distinct brain regions or specific neu-
rotransmitter systems.

Performance on these tests is also very sensitive to learning effects. Despite exhaustive
training sessions, significant performance improvement on subsequent test sessions can be
observed. Unfortunately, learning effects are not always taken into account and other
studies do not report whether subjects were trained to a baseline performance level before
the start of the study.

Whereas it is likely that performance decrement in short cognitive and performance
tests (usually 5 to 10 min) can be compensated by increased effort and alertness during
test performance, this is generally not true in tests of longer duration (>30 min). In this
context, performance of daily activities, such as highway driving, requires sustained at-
tention over a long period of time (vigilance). Benzodiazepines are known to affect vigi-
lance performance by producing gradual performance decrement (144). At 0.5 mg alpra-
zolam impaired performance in a 60 minutes vigilance test (147,148) and at 0.8 mg it
reduced speed and accuracy in a 20 min visual vigilance test at 3.5 h after its administra-
tion (263).

As a consequence of the limitations observed in the majority of studies summarized in
Table 1, one should be cautioned about making judgments regarding real-life performance
based upon results from psychomotor test batteries. This is particularly true since daily ac-
tivities often represent overlearned skills or abilities, whereas laboratory tests are more
often of an artificial nature and are not practiced on a daily basis. In addition, daily activ-
ities such as driving a car are examples of complex behavior. Individually tested skills and
abilities related to driving may be unimpaired, whereas results on a driving test may show
significant impairment. Also, the severity of impairment found in laboratory tests does not
predict to what extent daily activities will be impaired. For example, in a study which
showed both significant impairment in laboratory tests and in actual driving performance
after acute alprazolam treatment, a comparative analysis showed that results of laboratory
tests measuring skills and abilities related to driving do not accurately predict actual
driving performance in normal traffic (274).

Driving ability
Driving is an example of complex, skilled behavior practiced on a daily basis. Epide-
miological evidence showed that benzodiazepine users have an increased risk of traffic ac-
cidents (16). A review showed that benzodiazepine hypnotics significantly impaired
driving ability during normal traffic the day following bedtime administration (275). Al-
though the effect of benzodiazepines on driving performance depends on various factors,
such as the dose of the drug, time after drug intake, or gender, driving impairment due to

benzodiazepines is generally higher than observed with blood alcohol concentrations of
0.05% (the legal limit for driving in The Netherlands).
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Recently, Verster and colleagues examined the acute effects of alprazolam (1 mg) on
driving ability (274). Twenty healthy volunteers performed an on-the-road driving test
during normal traffic, one hour after treatment administration. Subjects were instructed to
drive with a steady lateral position and a constant speed (60 mph) over a 100 km highway
circuit. The Standard Deviation of Lateral Position (SDLP, cm) and speed variability (SD
Speed, km/h) were the primary and secondary parameters of the test, expressing the
amount of vehicle control of the subjects. Driving performance was severely impaired
after alprazolam. That is, performance on the test was characterized by significantly in-
creased side-to-side weaving of the car, repeated excursions out-of-lane into both the ad-
jacent traffic lane and the road shoulder and significantly increased speed variability.
Hence, vehicle control was seriously affected. SDLP increment after alprazolam (1 mg)
was equal to that observed after blood alcohol levels of 0.15%, clearly above the legal
limit of driving, and corresponding to a significantly increased traffic accident risk. More-
over, after alprazolam six out of twenty subjects had to stop their driving test before com-
pletion, because they fell asleep behind the steering wheel. In conclusion, driving is
unsafe after acute administration of alprazolam.

Effect on memory

Brain structures involved in memory processes (cerebellum, hippocampus, amygdala
and cerebral cortex) have a high affinity for alprazolam, due to the abundant presence of
GABA , benzodiazepine receptor complexes. Several reviews concerning the effects of
benzodiazepines on memory have pointed to the dose-related impairment of acquisition
(56,100) and retrieval (262) of newly learned information, whereas previous learned infor-
mation (i.e., before drug administration) remains intact. The results from studies with
alprazolam are summarized in Table 2. The effects of alprazolam were similar to those of
other benzodiazepines.

Immediate and delayed recall, and recognition are impaired by alprazolam at doses of
0.5 mg and higher. In contrast, working memory is not significantly affected after admin-
istration of this drug. Although studies using the Sternberg Memory Scanning Test, Digit
Span and Mental Arithmetic showed significant impairment, this impairment involves re-
action speed parameters, and not the accuracy of test performance. Hence, impairments in
these tests do not indicate an effect on memory processes, but suggest only slower respon-
siveness (reaction speed) after alprazolam.

TABLE 2. Memory functioning after acute administration of alprazolam

Alprazolam dosage (mg) 0.25 0.50 0.75 1.0 1.5 2.0
% of tests showing impairment 11.8 36.4 533 75.0 85.7 100.0
Total number of tests 17 22 15 24 7 2

Data from references 14,22,23,52,60,92,105,114,116,120,137,155,167,187,206,228,230,233,260,
263,273-274. Tests included immediate and delayed recall, recognition, digit span, arithmetics,
Sternberg memory scanning, and story recall. A detailed summary of study results can be obtained
upon request from the authors.
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Dose dependency of the effects

It is evident from Tables 1 and 2 that with increased alprazolam blood levels im-
pairment in memory and psychomotor tests are reported more often. Also, the impairment
is more severe with higher doses of the drug. Behavioral and adverse effects of alprazolam
are less pronounced after small and more frequent dosing (252).

Interestingly, Bourin and colleagues (28) reported that alprazolam at a low dose
(0.125 mg b.i.d. for 14 days) improved performance in DSST, picture recall, choice re-
action time test and the Critical Flicker Fusion Test (CFFT). The authors reported that the
test performance was trained to baseline before the start of the study. The placebo group
showed less improvement in the performance than the alprazolam group. However, the
clinical relevance of the effects of alprazolam at such a low dose is questionable.

Routes of administration

By either oral or sublingual routes of administration alprazolam produced similar im-
pairment in the DSST, a reaction time test, and in immediate and delayed recall tests
(233). DSST and performance on a perceptual speed test, measured at 1.25 to 12.5 h after
drug administration, were equally affected by alprazolam, by either oral or intravenous
routes (250). These data suggest that alprazolam impairs performance independent of its
route of administration. However, due to the differences in the pharmacokinetic param-
eters the time of maximal effects of the drug may vary substantially with the route of
administration.

Interactions with alcohol

Interactions between alprazolam and alcohol are important to address since many pa-
tients with anxiety or panic disorder self-medicate with alcohol. Bond and colleagues (24)
examined the acute effects of alprazolam (1 mg) and alcohol (0.5 g/kg) alone and in com-
bination in a variety of psychological tests. Alprazolam caused significant impairment in
all tests. The impairment after alcohol was less pronounced. The effects of both drugs ad-
ministrated simultaneously were not greater than predicted from the sum of the single
dose effects, suggesting no interaction (25). With higher doses of alcohol, impairment in
combination with alprazolam was greater than with either drug alone (167,228).
Alprazolam and alcohol combination increased behavioral aggression and irritability in
moderately drinking healthy volunteers and in patients with panic disorder more than
would have been predicted from the sum of single effects (26,27).

Interactions with CYP3A4 inhibitors

Erythromycin did not modify the acute effects of alprazolam (0.8 mg) in DSST perfor-
mance (285). DSST performance worsened significantly when alprazolam was co-admin-
istered with ketoconazole, but immediate and delayed word recall test after alprazolam
was not affected by ketoconazole (111). Inhibition of alprazolam metabolism by itracona-
zole significantly impaired performance in the DSST (286). DSST and symbol copying
were not affected by alprazolam and venlafaxine combined (3). Test performance (DSST
and RT tasks) after alprazolam are worsened by drugs that alter CYP3A4 metabolism, in-
cluding nefazodone (112,154), fluoxetine (107,160), fluvoxamine (91), carbamazepine
(97), cimetidine (1,207), and propoxyphene (2).
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Acute tolerance

It has been shown that after a single dose of benzodiazepines, including alprazolam,
psychomotor impairment in simple tests such as the DSST, symbol copying and tracking
is greater during the absorption phase than at a later time point after acute administration,
even if blood levels of a drug are similar (72,73,74,105,152,155,252,283). This effect,
called proteresis, suggests the development of acute tolerance and many authors support
this conclusion. However, because these tests are known to be very sensitive to learning
and practice effects the “tolerance” may also reflect a practice effect.

Repeated Administration to Healthy Volunteers

The effects of aprazolam by chronic administration were initially studied in healthy
volunteers. Tables 3 and 4 summarize the results of these studies.

It is evident from Tables 3 and 4 that after 1 to 3 weeks of daily administration of alpra-
zolam, the drug produced no significant impairment in most of the tests. In contrast,
Tables | and 2 show that in the same tests a single dose of alprazolam produced significant
impairment of performance. Hence, many authors concluded that tolerance to the perfor-
mance impairing effects of alprazolam was evident. However, as discussed earlier, learn-
ing effects can also cause the absence of impairing effects in these tests.

Fleishaker and colleagues (90) reported that sedation scores after three days of therapy
with alprazolam were independent of the dose of the drug (1, 3, or 6 mg daily, sustained
release) and were lower than after a single dose of alprazolam. Alprazolam’s blood levels
after 3 days of therapy were, however, 1.5 times higher than after a single dose of the drug.

This finding may be explained by the results of a study that measured changes in
GABA , benzodiazepine receptor density with single photon emission computed tomo-
graphy. During 24 days of daily alprazolam administration (2 mg) to healthy volunteers
receptor density decreased (96). At the baseline, and at 3, 10, 17, and 24 days after the
start of therapy, sedation was measured and the Hopkins verbal learning test was per-

TABLE 3. Psychomotor performance after repeated administration of alprazolam

Alprazolam dosage (mg) 0.25 0.50 0.75 1.0 1.5 2.0
% of tests showing impairment 0.0 0.0 143 0.0 0.0 66.7
Total number of tests 3 3 7 7 4 3

Data from references 10,28,116,132,156,160,206,240,252,261. Tests included reaction time tests,
DSST, symbol copying, card sorting, tracking, vigilance, and the CFFT. A detailed summary of study
results can be obtained upon request from the authors.

TABLE 4. Memory functioning after repeated administration of alprazolam

Alprazolam dosage (mg) 0.25 0.50 0.75 1.0 1.5 2.0
% of tests showing impairment 0.0 0.0 0.0 0.0 50.0 0.0
Total number of tests 2 2 2 2 2 2

Data from references 28, 96,116,156,206. Tests included immediate and delayed recall, and recog-
nition. A detailed summary of study results can be obtained upon request from the authors.
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formed. Results were compared with GABA , receptor density. Sedation was associated
with 16% receptor occupancy, but tolerance developed on day 17. This rather low occu-
pancy rate had significant performance effects. After 3 and 10 days of therapy delayed
recall was significantly worse as compared to baseline. After 24 days, delayed recall per-
formance returned to the baseline performance level, suggesting the development of tol-
erance. Immediate recall was unaffected at all measurements. Correlation between tol-
erance effects in sedation and memory tests and receptor density was poor, suggesting the
involvement of other mechanisms.

In this context, it is important to note that tolerance lasts only as long as drug therapy is
continued on a daily basis. Patients requiring chronic drug treatment comply poorly with
treatment instructions (21) and often use the drug only if needed, use other medication
concurrently, or change dosages depending on their health complaints (222). In such in-
stances, tolerance to the impairing effects of alprazolam will not develop easily, and pa-
tients are still at risk that behavioral impairments will compromise their daily activities.

Gender

None of the behavioral studies summarized in Tables 1 to 4 reported significant gender
differences in the test performance. Also, menstrual cycle phases did not affect perfor-
mance during alprazolam therapy. Progesterone did not affect performance in alprazo-
lam-treated patients. DSST and card sorting test were equally impaired during the luteal
and follicular menstrual cycle phases (176). However, women using oral contraceptives
were more sensitive to alprazolam-induced impairment in the DSST, an aiming test, and a
reaction time test. The increased impairment did not, however, correlate well with the
pharmacokinetic parameters (151).

Age
Elderly

Old age is associated with an increased sensitivity to pharmacodynamic and behavioral
effects of benzodiazepines. That is, at a given alprazolam plasma concentration perfor-
mance will be more impaired in older than in young subjects. However, the relationship
between pharmacokinetic differences and behavioral effects does not always correlate
well, and some studies failed to find pharmacokinetic and pharmacodynamic differences
between young and old subjects (133). In a study comparing young and elderly healthy
volunteers, the elderly showed a longer duration of performance impairment, as measured
by DSST and tracking tests (188). The difference between young and elderly subjects was
more pronounced with increased task difficulty. By intravenous administration to young
and elderly healthy volunteers alprazolam had a significant sedative effect. Elderly sub-
jects were more impaired in the card sorting test and DSST, but there was no significant
difference in the performance of elderly and younger subjects in the cancellation as well
as in the immediate and delayed recall tests (20).

Children

Alprazolam is not frequently prescribed to children and behavioral studies in the pedi-
atric population are scarce. In an open trial with alprazolam (88) twelve children with
overanxious disorders received placebo (week 1), alprazolam (4 weeks), and post-drug
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placebo treatment (2 weeks). Children were subjected to a continuous performance task, a
paired associate learning test, a semantic word processing task, and a test to assess visuo-
motor performance. No significant performance decrement was reported during alprazo-
lam treatment. On the contrary, performance improved in most tests, probably due to
practice effect.

In another study the effects of alprazolam (mean dose 1.57 mg/day) were studied in
children and adolescents with overanxious and avoidance disorders (mean age 12.6 years).
After 1 week of placebo, followed by 4 weeks of alprazolam, there was no significant
change in performance in the continuous performance test and visual matching task that
assess long-term memory. However, in the Sternberg memory scanning test, children in
the placebo group performed significantly worse than those on alprazolam (247). Based
upon these limited results, it seems that the behavioral effects of alprazolam in children
and adults are similar.

Current or Past Drug Abusers

Mumford and colleagues (184) investigated the single-dose effects of alprazolam (0.5,
1.0, and 2.0 mg) in 14 male subjects who met the DSM-III-R diagnosis for psychoactive
substance dependence. Urine drug tests revealed that subjects were drug-free on test days.
Tests included DSST, balance, a choice reaction time test, and immediate and delayed
picture recall and recognition. After 2 mg of alprazolam the subjects showed significantly
greater impairment than with placebo in all tests. At lower doses alprazolam produced no
significant impairment of performance, except in the choice reaction time test. In similar
studies with polydrug users the same authors reported significant impairment in digit
span, balance, DSST and choice reaction tests after a single dose of alprazolam (37,77,
183,185).

Light, moderate and heavy drinkers are at increased risk to abuse benzodiazepines.
Women are more vulnerable to this effect than men. Moderately drinking women reported
equally increased alprazolam and buspirone liking when compared to light drinking
women. Although alprazolam produced a dose-dependent impairment in performance
tests, including DSST, a word learning test, divided attention, and tracking, drug liking
was independent of the dose of alprazolam (82). Females with a paternal history of alco-
holism performed significantly worse in the DSST and immediate word recall test than
control subjects (81).

Behavioral Effects in the Patient Population

The presence of pathology is known to affect human behavior. For example, it has been
shown that anxiety and depression itself significantly impair cognitive and psychomotor
performance (31,36,67,101,139,141,220,264). However, the number of studies that inves-
tigated possible impairment caused by the illness itself is limited and the results are often
conflicting.

For example, in a direct comparison (67), 14 panic patients in a non-panic state (back-
ground anxiety) performed worse than healthy controls in a variety of psychological tests,
including immediate and delayed recall, digit span, DSST, symbol copying, digit cancel-
lation test, and a reaction time test. Panic patients in the non-panic state are physiologi-
cally more aroused and reported significantly higher levels of anxiety than the healthy

CNS Drug Reviews, Vol. 10, No. 1, 2004



62 J. C. VERSTER AND E. R. VOLKERTS

controls. However, performance differences in the tests reached significance only for im-
mediate and delayed recall tests. In contrast, in another study with 69 patients with mild to
moderate panic disorder, there was no significant impairment in similar tests (101).

In patients with unipolar and bipolar depression, significant impairment was found in
laboratory tests assessing motor speed (reaction time and tapping tests) and visual tracking
(trial making and dot replacement tests) (264). There was no significant difference in the
impairment of patients with unipolar as compared to bipolar depression. In contrast, an-
other study reported that patients with unipolar or bipolar depression had no significant
impairment in a laboratory test battery, including tests of executive functioning, verbal
and visual memory, attention, intelligence, psychomotor speed, and sensory-perceptual
skills, than matched control subjects (220). However, memory functioning in patients
scoring high on depression was significantly worse than those having mild depression.

A study examining memory functioning in 3999 Vietnam veterans (141) reported that
those experiencing depressive symptoms (without anxiety) had significantly impaired im-
mediate recall on the California Verbal Learning Test. The veterans experiencing anxiety
(without depression) had no significant impairments. However, veterans suffering from
both, anxiety and depression, had immediate recall impairment and were significantly
worse on the retrieval of newly learned information than control subjects.

These studies illustrate that it is important to take comorbidity into account when dis-
cussing possible impairments accompanying panic disorder, anxiety, or depression.
Taking into account the mixed and conflicting results described above, more studies are
needed to get a better understanding of the impact of the pathology itself on human
performance.

The complex interaction between therapeutic effects (presumably improving perfor-
mance) and adverse effects (presumably worsening performance) of alprazolam cannot
easily be predicted from studies with healthy volunteers. However, these studies will ex-
amine the adverse drug effects of alprazolam, without interference of changes in the pa-
thology itself. Since alprazolam’s activity may be modified by the disease, it is important
to perform these studies in a patient population as well.

A limited number of studies investigated the effects of alprazolam on cognitive and
psychomotor performance in patients. For example, patients receiving hemodialysis or
continuous peritoneal dialysis performed significantly worse on the DSST, choice reaction
and short-term memory tests suggesting that patients with renal dysfunction are more sen-
sitive to some of the psychomotor and memory effects of alprazolam (236).

Behavioral effects after acute administration of alprazolam (0.25, 0.5, 0.75 mg) and
placebo have been investigated during the premenstrual and postmenstrual phases in
women with premenstrual syndrome (79,80). Performance tests were performed at 0.5 to
4 h after treatment; they included DSST, balance, divided attention, repeated acquisition,
and word learning tests. Relative to placebo, alprazolam produced significant dose-related
decreases in performance on all tasks regardless of menstrual cycle phase. However, sig-
nificant practice effects were found in the DSST and repeated acquisition test.

A study comparing the performance impairing effects of a single dose of alprazolam
(1 mg) in healthy volunteers and PD patients showed that alprazolam significantly im-
paired DSST performance in both groups. The difference between patients and healthy
volunteers was not significant (134).

A controlled longitudinal study (57) examined memory functions in PD patients from
the London Toronto Study. The patients received alprazolam, placebo, and/or psychologi-
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cal therapy (exposure or relaxation). Patients were treated for 8 weeks with alprazolam
(mean daily dose of 5.25 mg in week 8) or placebo and tested at baseline (week 0), after
chronic treatment (week 8), and during follow-up period (24 weeks after the start of the
study). As compared to placebo, alprazolam significantly impaired free word recall after 8
weeks. After 24 weeks, performance in alprazolam-treated patients returned to the base-
line, whereas performance in the placebo-treated patients improved. There was no signif-
icant difference in the performance of alprazolam- and placebo-treated patients in digit
span, news recall and psychomotor tests (cancellation and tapping speed). Psychological
therapy had no significant effects on test performance. A 3.5-year follow-up of these pa-
tients showed that the test performance of PD patients that belonged to the alprazolam
treated group was similar to that in the placebo-treated group (138). Performance in both
groups was equal to the pre-treatment level. The authors concluded that their post-
treatment findings after 24 weeks should be explained as practice effects rather than
drug-induced effects.

Gladsjo and colleagues (102) investigated neuropsychological functioning of PD pa-
tients treated for six weeks with alprazolam (4 mg/day, extended release) or placebo in
combination with cognitive-behavioral therapy. Relative to baseline, both groups showed
significant improvement on tests measuring attention, executive functioning (Card Sorting
Test), psychomotor speed (Trial Making Test, Finger Tapping Test), and visual memory
tests. No significant improvement was found on tests measuring learning, verbal memory
and reaction time. However, these effects were caused by a practice effect on the tests,
making the results of this study hard to interpret.

Like alprazolam (274), driving ability after diazepam can be severely impaired (193).
Driving ability after chronic alprazolam treatment has not been investigated in patients. A
4-week study (158) examined the effects on actual driving performance in anxious outpa-
tients treated with buspirone (15 mg daily) or diazepam (15 mg daily). Chronic treatment
with buspirone did not significantly impair driving performance. In contrast, diazepam
significantly impaired driving performance during the first three weeks of treatment. In
addition, speed control after diazepam was significantly impaired during the first treat-
ment week. From these results it could be expected that driving will be significantly im-
paired after chronic administration of alprazolam as well. It is, therefore, important to in-
vestigate whether alprazolam would affect performance of PD patients in the-road driving
test and whether tolerance develops to driving impairment that is evident after acute alpra-
zolam administration (274).

A study that examined the effects of long-term (8 years) benzodiazepine therapy on
DDST performance and a Symbol copying test before, during, and after discontinuation of
the therapy showed that performance of PD patients, who were successfully tapered off
from alprazolam therapy, significantly improved as compared to patients continued on al-
prazolam (217). An earlier study (168) compared cognitive and psychomotor performance
in anxious outpatients who were treated with benzodiazepines (including alprazolam) and
those who received no pharmacological treatment. Performance in benzodiazepine-treated
patients was significantly worse in the Critical Flicker Fusion Test (CFFT), but no signif-
icant differences were observed on the DSST, symbol copying, letter cancellation and im-
mediate and delayed recall tests. However, after acute administration of benzodiazepines
to these patients, performance in the DSST significantly improved, whereas delayed recall
was significantly impaired. Treated patients were also tested at 4 to 8 days after discon-
tinuation of therapy (during benzodiazepine withdrawal). In comparison with their base-
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line performance, there were no significant differences in the test results, except for an in-
crease in CFF threshold. Furthermore, patients reported significantly increased sedation
and less feelings of tranquilization.

DISCUSSION

This exhaustive literature review shows that alprazolam is effective in the treatment of
panic disorder, generalized anxiety and depression. The major conclusion from the studies
discussed is that alprazolam is as effective as TCAs, such as imipramine, in the relief of
symptoms. However, in panic disorder SSRIs appear to be significantly superior to alpra-
zolam, as well as TCAs, and should, therefore, be viewed as the first line therapy of this
disorder.

In panic attacks alprazolam produces rapid clinical improvement during the first week
of therapy, reducing anxiety, depressive symptoms and frequency of the attacks. TCAs
and SSRIs, in contrast, may worsen the symptoms initially and may become effective only
after 2 to 4 weeks of continuous administration. Patients receiving psychological therapy
reported no worsening at the onset, but it took several weeks before clinical improvement
was established. The aggravation of symptoms or slow onset of action has serious impli-
cations for compliance and may result in premature discontinuation of therapy. Hence, al-
prazolam treatment is favored, if rapid relief of symptoms is required.

During treatment, alprazolam is safe and well tolerated. No dose increments are nec-
essary and the risks of dependence and abuse are small in the patient population. However,
like other benzodiazepines, when treatment is discontinued, alprazolam causes withdrawal
and rebound effects; the symptoms that were reduced or absent during treatment may re-
appear. The rebound symptoms may be more severe than prior to therapy. Furthermore, it
has been reported that all advantages of alprazolam therapy are lost after discontinuation
of the drug. In contrast, improvement remains stable long after discontinuation of psycho-
logical therapy. However, psychological treatment is effortful, time-consuming and costly.

Alprazolam produces a variety of unwanted effects of which drowsiness and sedation
are the most prominent. As reviewed above, aprazolam at clinically effective doses pro-
duces significant behavioral toxicity. The results summarized in Tables 1 and 2 show that
a single dose of alprazolam can impair memory and psychomotor performance. As sum-
marized in Tables 3 and 4, after repeated administration of the drug tolerance develops to
the performance impairing effects of alprazolam. However, it must be taken into account
that the tests used in these studies (e.g., the DSST) are known for persistent learning and
practice effects. Hence, it cannot be ruled out that improvement in the performance after
repeated administration of the drug is caused by practice effects. Moreover, a large
number of patients use alprazolam not on a daily basis, but only as needed. In such cases,
tolerance to alprazolam’s impairing effects does not develop easily. This becomes evident
from the few behavioral studies conducted in patients. Although some of these studies re-
ported learning and practice effects, others reported significant performance impairment
after long-term therapy with alprazolam. It can be questioned whether at higher doses of
alprazolam the therapeutic effect of alprazolam outweighs its adverse effects.

In conclusion, the impairing effects on daily activities such as driving a car limit the
safe use of alprazolam in outpatients. Taking into account alprazolam’s effects after
treatment discontinuation (withdrawal and rebound effects) and its adverse effect profile
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(drowsiness and sedation), it is not surprising that alprazolam is not recommended as
first-line therapy in panic disorder (12), generalized anxiety (7,12) or depression (8).
However, alprazolam may be considered as a second-line treatment if SSRIs are not ef-
fective or tolerated well.

Prescribers may prefer a combination therapy of SSRIs and alprazolam. It is known
that SSRIs have a slow onset of action (several weeks) and may produce initial symptom
worsening. The co-administration of alprazolam may provide adequate symptom relief
during the first 6 to 8 weeks after the start of the therapy. Alprazolam can be gradually
withdrawn when SSRIs become clinically effective (290). The combination therapy with
alprazolam will presumably enhance treatment compliance.

A recent study in 443 panic patients reported that despite efforts to promote the use of
SSRIs in the treatment of panic disorder only a modest increase in their use took place
(34). Despite all recommendations to use SSRIs instead of alprazolam in the therapy of
panic disorder, the use of alprazolam remained stable over the past decade. The pre-
scribers are apparently conservative in changing their treatment regimen, despite clear evi-
dence that SSRIs have a greater clinical efficacy combined with a favorable adverse effect
profile when compared to alprazolam.
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