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Benzodiazepines (BZPs) have been shown to reduce hypothalamic–pituitary–adrenal (HPA) axis activity acutely in normal humans. In

contrast, the effects of chronic BZP treatment on the HPA axis have not been well studied, especially in the geriatric population. This

study examined the acute and chronic effects (3 weeks) of alprazolam and lorazepam on plasma cortisol in 68 subjects (60–83 years)

who received 0.25 or 0.50mg b.i.d. alprazolam, or 0.50 or 1.0mg b.i.d. lorazepam, or placebo orally according to a randomized, double-

blind, placebo-controlled parallel design. Memory assessment and blood samples for plasma cortisol were obtained prior to the morning

dose on days 0, 7, 14, and 21, and at 1, 2.5, and 5 h postdrug on days 0 and 21. Assessments of anxiety and depression were carried out

at days 0, 7, 14, and 21 before drug administration. Plasma cortisol was affected compared to placebo only by the 0.5mg alprazolam

dose. During the first and the last day of treatment, there was a significant drop in cortisol at 2.5 h after alprazolam compared to placebo.

The predose cortisol levels increased significantly during chronic alprazolam treatment, and correlations were found between these

cortisol changes and changes in depression, anxiety, and memory scores. These findings suggest that even a short period of chronic

treatment with alprazolam, but not lorazepam, may result in interdose HPA axis activation in the elderly, consistent with drug withdrawal.

If confirmed, this effect may contribute to an increased risk for drug escalation and dependence during chronic alprazolam treatment.
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INTRODUCTION

Acute administration of various benzodiazepines (BZPs)
has been associated with a decrease in basal plasma cortisol
and adrenocorticotropic hormone (ACTH) concentrations,
consistent with a decrease in the hypothalamic–pituitary–
adrenal (HPA) axis activity (Beary et al, 1983; Boulenger
et al, 1989; Bruni et al, 1980; Charney et al, 1986; Curtis et al,
1997; De Souza, 1990; Gram et al, 1984; Laakmann et al,
1984; McIntyre et al, 1993; Osman et al, 1993; Risby et al,
1989; Roy-Byrne et al, 1991; Schuckit et al, 1992; Tormey
et al, 1979; Zemishlany et al, 1990). BZPs have also been
shown to attenuate or block the increase in plasma cortisol
associated with various types of acute stressors, such as

preoperative stress, painful electrical stimulation, hypogly-
cemia, and metabolic stress (Breier et al, 1991; Collomp et al,
1994; Goldstein et al, 1982; Joyner et al, 1998; Judd et al,
1995; Kertesz et al, 1985; Melsom et al, 1976; Pruneti et al,
2002; Rodriguez-Huertas et al, 1992; Roy-Byrne et al, 1988;
Santagostino et al, 1996; Sevy et al, 1994; Torpy et al, 1993,
1994; Vongsavan et al, 1990). Acute doses of both diazepam
and alprazolam have been associated with reductions in
plasma cortisol, although the effect produced by alprazolam
has been more consistent (Breier et al, 1986; De Souza,
1990). Fewer studies have examined the effects of loraze-
pam, another widely prescribed BZP, on cortisol. Single
doses of lorazepam reportedly attenuate cortisol elevations
associated with surgical and dental procedures (Kertesz
et al, 1985; Loach and Fisher, 1975).
Studies of the effects of BZPs on cortisol and other indices

of HPA axis activity have generally been limited to the
effects of single acute doses (De Souza, 1990). Data on
the influence of chronic BZP treatment remain sparse and
the relevant studies have been limited to patients with panic
disorder (Abelson et al, 1996; Fukuda et al, 1998; Lopez et al,
1990a). Interestingly, these individuals exhibit baseline
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hypercortisolemia (Lopez et al, 1990a), a potentially
confounding effect. Thus, it is not clear whether the
reductions in plasma and urinary cortisol concentrations
associated with chronic alprazolam treatment reported in
these patient populations resulted from the direct action of
the BZP on HPA axis activity, an indirect action moderated
by a reduction in symptoms, some combination of these
possibilities, or other unknown mechanisms.
Another limitation of these studies is that measurements

of integrated cortisol secretion did not allow for the
detection of potential interdose elevations that might occur
during chronic alprazolam treatment. Abrupt withdrawal
and gradual tapering of alprazolam and other short-
elimination half-life BZPs have been shown to result in
increased cortisol secretion and activation of other indices
of HPA axis activity (Lopez et al, 1990b; Mellman and Uhde,
1986; Owens et al, 1991). Thus, given the relatively short
elimination half-life of alprazolam and a prolonged inter-
dose interval, it is possible that a marked drop in plasma
drug concentration could trigger increased HPA axis activity
in the period prior to morning dose. Indeed, clinical data
from individuals on chronic treatment with alprazolam and
similar BZPs suggest that rebound anxiety and other
symptoms of withdrawal reactions can develop between
doses (Ashton, 1994; Cole and Kando, 1993; Hallstrom and
Lader, 1981; Herman et al, 1987; Kales et al, 1983, 1987;
Noyes et al, 1985, 1988; Pecknold, 1993; Risse et al, 1990;
Schweizer and Rickels, 1998; Slak, 1986; Vgontzas et al, 1995;
Woods et al, 1992; Wolf and Griffiths, 1991). However, it
appears that none of these studies have examined interdose
plasma cortisol levels. Additionally, the few studies that have
reported reductions in cortisol during chronic alprazolam
treatment provided no information on the relationship
between drug sampling times and the times at which the last
drug dose was administered. Without considering this
temporal information, it is possible that the reduced cortisol
levels reported during chronic alprazolam treatment simply
reflect measurements at plasma drug concentrations.
There are also little data on tolerance with respect to

cortisol during chronic BZP treatment. Cowley et al (1995)
examined the effects of an acute challenge of diazepam in a
group of panic disorder patients on chronic treatment with
alprazolam compared to a group that was drug-naive with
respect to the use of BZPs. Although diazepam produced
comparable reductions in plasma cortisol in the two groups,
diazepam-related impairments in saccadic eye velocity and
short-term memory were found only in BZP-naive patients.
These results suggest that tolerance might have developed
to cognitive sequelae, but not to cortisol reduction.
Another limitation to the available data on the effects of

BZPs on HPA axis activity is that most studies have
employed younger populations and higher doses than those
typically recommended in the geriatric population. The
relationship of cortisol responses to the dose, dosing
schedule, duration of treatment, and potency of BZPs in
the geriatric population remains to be clarified. In the light
of these considerations, we examined the acute effects of
low and high equivalent dosages of alprazolam (0.25 and
0.50mg) and lorazepam (0.50 and 1mg) on plasma cortisol
concentrations in a group of normal healthy elderly
volunteers as part of a study examining the cognitive effects
of these medications.

METHODS

Subjects

In total, 82 subjects participated in a study examining the
effects of alprazolam and lorazepam on cognitive perfor-
mance in the elderly (see Pomara et al, 1998 for further
details). Complete sets of plasma cortisol levels were
available for a subgroup of 68 subjects for the initial
challenge session, for 58 subjects during chronic treatment,
and for 61 subjects during acute rechallenge. These subjects
were 60–83 years of age and all were free of significant
psychiatric illness determined by DSM-III-R criteria (Amer-
ican Psychiatric Association, 1987) based on psychiatric
interview, Hamilton Anxiety scores (HAM-A), and Hamil-
ton Depression scores (HAM-D). At screening, it was
determined that all subjects attained a memory quotient
(Wechsler, 1945) score not less than 1 SD below age-
corrected scores (Hulicka, 1966) and a vocabulary age-
corrected scaled score greater than 7 (Wechsler, 1981). All
subjects were free of significant medical illness determined
by physical examination, EKG, and routine laboratory
investigation. As indicated in Table 1, no difference in
demographic or cognitive performance at screening was
detected across study medication groups included in these
analyses.

Design and Procedures

A double-blind, placebo-controlled, parallel-groups design
was used in this study. Subjects were randomly assigned to
receive one of the following study medications orally twice
daily at 0900 and 2200 for 3 weeks: 0.25mg alprazolam,
0.50mg alprazolam, 0.50mg lorazepam, 1mg lorazepam, or
placebo. Responses to the morning dose of study medica-
tion were measured at 1, 2.5, and 5 h subsequent to the first
b.i.d. dose on days 0 and 21. During chronic treatment,
measurements were taken in the mornings prior to
administration of the study medication on days 0, 7, 14,
and 21. At each evaluation time, blood was drawn for
determination of plasma cortisol and drug levels. Cortisol
was measured by a competitive protein-binding method
with a sensitivity of 0.45 mg/dl. Crossreactivity with
endogenous steroids was less than 1%, except for 11-
deoxycortisol (4.7%) and corticosterone (4.5%). Plasma
alprazolam and lorazepam levels were determined by
electron capture gas chromatography (Greenblatt et al,
1978). A neuropsychological test battery described in
Pomara et al, 1998 was administered during each evaluation
time point, with the HAM-A and HAM-D Scales adminis-
tered only during morning predrug evaluation sessions. In
this report, components of the Buschke Selective Reminding
Test (BSRT; Buschke and Fuld, 1974), self-reports of mood
(Berchou and Block, 1983), and the Hamilton scales were
included in the analyses.

Analyses

The mean plasma cortisol levels for all assessment times are
presented in Table 2. The plasma cortisol levels under a
particular drug condition (0.25mg alprazolam, 0.50mg
alprazolam, 0.50mg lorazepam, or 1.0mg lorazepam) were
compared to the placebo using analyses of variance
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(ANOVAs) with time as a repeated variable during postdose
evaluation sessions. The main effects of drug type and
interactions between drug type and time were followed up
with t-tests comparing a particular drug condition to
placebo at each evaluation time. Associations between
plasma cortisol concentrations and various measures of
Pearson’s correlation coefficients were reported.

RESULTS

Plasma drug levels for 0.25 and 0.50mg doses of alprazolam
significantly differed from one another at all time points, as
did plasma drug levels for 1.0 and 0.50mg doses of
lorazepam. As expected, plasma drug levels for high doses
were significantly different from low doses at each
comparison time (all t-tests, po0.05), and plasma drug
levels from 2.5 to 5 h postdrug in all conditions (all t-tests,
po0.05). Peak drug levels were consistent with the
literature and occurred roughly around 1 and 2.5 h
following the morning dose.

Cortisol Levels Associated with the Initial Acute
Morning Dose (Day 0)

Plasma cortisol levels are presented in Table 2 and repeated
measures ANOVAs comparing high or low doses of either
alprazolam or lorazepam to placebo across evaluation times
during the initial acute challenge revealed that significant
drug effects occurred only during the high-dose alprazolam
condition (drug type by time, F(3, 84)¼ 3.05, p¼ 0.033).
Paired comparisons indicated that 0.50mg alprazolam
resulted in significantly lower plasma cortisol levels 2.5 h
postdrug when compared to placebo (t(28)¼ 2.62,
p¼ 0.0140. Analyses repeated using change from baseline
cortisol levels produced similar results.

Effect of Chronic Treatment on Morning PreDrug
Plasma Cortisol Levels

A within-group analysis showed that at the end of 3 weeks
of chronic treatment (on day 21) in the 0.50mg alprazolam
group, the morning predrug plasma cortisol levels were

significantly higher than those prior to receiving any
treatment on day 0 (t(11)¼ 3.14, p¼ 0.011). No significant
difference between predrug plasma cortisol levels pre- and
postchronic treatment was noted in the placebo or other
drug groups was seen. There were no drug-to-placebo
differences in predrug cortisol levels on days 0, 7, 14,
and 21.

Cortisol Levels Associated with the Final Acute Morning
Dose (Day 21)

After 3 weeks of chronic b.i.d. treatment, plasma cortisol
levels following the morning dose of preassigned drug were
measured during the final session on day 21. Repeated
measures ANOVA comparing cortisol levels following high
or low doses of either alprazolam or lorazepam to placebo
revealed evidence that significant drug effects occurred in
the high-dose alprazolam group (drug type by time,
F(3, 69)¼ 4.86, p¼ 0.004). Follow-up t-tests indicated that
the lowered plasma cortisol levels observed in the 0.50mg
alprazolam group compared to the placebo approached
significance at the 2.5 h test time (t(23)¼ 1.95, p¼ 0.064).
ANOVAs performed on change from baseline cortisol levels
comparing 0.5mg alprazolam to the placebo also produced
a significant drug by time interaction (F(2, 46)¼ 5.06,
p¼ 0.010), in that the magnitude of reduction in cortisol
levels in the high-dose alprazolam condition was greater
than the placebo at 2.5 h postdrug (t(23)¼ 2.78, p¼ 0.011).

Day 0 (Initial Challenge) vs Day 21 (Final Challenge)
Cortisol Levels Associated with the Morning Dose

The extent to which cortisol levels after the morning dose
changed after chronic treatment within each drug condition
was examined by ANOVAs with postdrug evaluation time
(0, 1, 2.5, and 5 h) and day (0 and 21) as repeated variables.
There was a significant day by time interaction for the
0.50mg alprazolam condition (F(3, 33)¼ 3.47, p¼ 0.027).
Paired t-tests indicated that cortisol levels were significantly
higher during day 21 than day 0 at 1 h (t(11)¼ 2.87,
p¼ 0.015) and at 2.5 h postdrug 9t(11)¼ 2.26, p¼ 0.045).
Owing to the previously noted elevation in the morning

Table 1 Demographic and Cognitive Performance at Screening Standard Deviations (in italics)

Low alprazolam
(0.25mg) (N¼ 11)

High alprazolam
(0.50mg) (N¼ 15)

Low lorazepam
(0.50mg) (N¼ 14)

High lorazepam
(1.0mg) (N¼13) Placebo (N¼15)

M SD M SD M SD M SD M SD

Age (years) 68.82 6.08 68.07 5.91 68.14 5.99 67.62 4.82 69.07 6.32 F(4,63)¼ 0.14, p¼ 0.97

Weight (lbs) 178.43a 11.29 168.03 31.63 170.07 24.82 173.67a 18.29 174.90 27.81 F(4,61)¼ 0.25, p¼ 0.91

MMSEb 29.29 1.11 29.33 1.32 29.13 0.99 29.56 0.53 29.56 0.73 F(4,37)¼ 0.31, p¼ 0.87

Memory Quotient 132.05 13.65 120.27 18.01 118.92a 11.55 121.33a 16.20 126.29a 15.36 F(4,60)¼ 1.50, p¼ 0.21

Vocabulary 13.27 2.28 13.53 2.29 13.50 3.01 13.38 2.66 13.40 3.20 F(4,63)¼ 0.02, p¼ 0.99

HAM-A 2.81 2.79 2.14a 2.11 2.79 1.42 2.62 2.26 2.07a 1.86 F(4,61)¼ 0.38, p¼ 0.82

HAM-D 2.09 1.81 2.47 2.50 2.50 1.99 2.23 2.13 2.21a 2.39 F(4,62)¼ 0.08, p¼ 0.99

Sex (M/F) 7/4 8/7 8/6 8/5 8/7 w2(4)¼ 0.49, p¼ 0.98

aValues based on n–1.
bValues based on n¼ 7 for low alprazolam, n¼ 8 for low lorazepam, and n¼ 9 for high alprazolam, lorazepam, and placebo.
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cortisol levels during chronic treatment, when changes from
baseline scores were examined, the cortisol suppression
effect appeared larger on day 21 compared to day 0.

Plasma Drug Levels with 0.50mg Alprazolam

An ANOVA with session (initial and final challenge) and
evaluation time as repeated variables was performed on the
0.5mg alprazolam group. A main effect of session was
found when prechallenge baselines were included in the
model (F(1, 11)¼ 69.78, po0.001) as well as when they were
excluded from the model (F(1, 11)¼ 63.79, po0.001),
indicating that postdrug plasma drug levels during final
challenge were significantly higher than during initial
challenge. However, correlational analyses revealed that
cortisol levels were not significantly associated with plasma
alprazolam concentrations either at 2.5 h postdrug during
the initial and final challenge sessions or during the course
of chronic treatment.

Anxiety and Depression Under Chronic 0.5mg.
Alprazolam Treatment

Anxiety (HAM-A) and depression (HAM-D) scores were
determined prior to morning dose and repeated measures
ANOVAs detected no differences between 0.5mg alprazo-
lam and placebo groups in change from day 0 anxiety or
depressions levels. However, after 2 weeks of chronic
treatment of 0.5mg alprazolam, changes from day 0 anxiety
scores were linearly correlated to change from day 0 cortisol
levels (r¼ 0.66, p¼ 0.028). Similarly, at 3 weeks, changes in
depression scores were associated with changes in cortisol

levels (r¼ 0.61, p¼ 0.048). Analysis of change from
day 0 self-rated evaluations of sedation (alert-drowsy)
indicated a significant time by treatment type interaction
(F(2, 44)¼ 3.46, p¼ 0.040), with evidence of reduced alert-
ness in the 0.5mg alprazolam group relative to the placebo
after 2 weeks of chronic treatment (t(21)¼ 2.47, p¼ 0.022).
However, this alprazolam-associated change in sedation was
not significantly correlated with change in cortisol levels at
2 weeks. Comparison of changes in self-rated tension
(tense-relaxed) under chronic 0.5mg alprazolam treatment
to placebo indicated no differences, and no correlations
with cortisol levels were detected.

Cortisol Levels and Memory following Chronic 0.5mg
Alprazolam Treatment

At the end of 21 days chronic treatment of 0.50mg
alprazolam, correlations between plasma cortisol levels
and BSRT recall performance indicated that higher morning
cortisol levels were significantly associated with higher pre-
and 2.5 h postdrug delayed recall scores (r¼ 0.79, p¼ 0.002
and r¼ 0.59, p¼ 0.044, respectively). No such relationships
were observed at the initial challenge on day 0. Total recall
was not associated with plasma cortisol levels during either
challenge session.

DISCUSSION

Consistent with previous results, we found that acute and
chronic administration of alprazolam (0. 5mg) resulted in
significant reductions in plasma cortisol. In addition, we

Table 2 Means and Standard Deviations (in italics) of Plasma Cortisol Levels (mg/dl) for the Acute, Chronic, and Final Challenge Sessions

Low alprazolam
(0.25mg)

High alprazolam
(0.50mg)

Low Lorazepam
(0.50mg)

High lorazepam
(1.0mg) Placebo

M SD M SD M SD M SD M SD

Initial acute
challenge

n¼ 11 n¼ 15 n¼ 14 n¼ 13 n¼ 15

Baseline 14.21 4.64 15.60 7.42 13.78 6.82 14.13 3.34 15.47 7.58

1 h postdrug 9.54 3.09 9.09 3.01 12.27 6.37 11.22 4.28 11.05 5.74

2.5 h postdrug 10.92 4.44 6.75 3.13 12.87 5.60 14.68 5.12 13.54 9.55

5 h postdrug 9.69 3.59 10.65 6.24 9.38 5.13 10.29 2.90 11.94 5.56

Chronic treatment n¼ 10 n¼ 11 n¼ 13 N¼ 11 n¼ 13

Baseline 13.72 4.57 13.65 6.43 13.39 6.94 14.01 3.55 15.78 7.70

Week 1 11.24 2.23 14.01 4.70 13.36 4.47 16.00 4.10 14.90 4.76

Week 2 11.18 2.09 17.24 7.88 13.94 4.81 11.60 3.13 15.55 6.03

Week 3 14.00 4.66 19.32 7.95 14.54 4.01 14.58 5.15 17.69 6.08

Final acute
challenge

n¼ 10 n¼ 12 n¼ 14 n¼ 12 n¼ 13

Baseline 13.19 4.03 20.20 8.17 14.10 4.20 14.36 4.97 17.69 6.08

1 h postdrug 9.07 3.56 11.72 5.71 9.45 3.53 10.02 3.59 10.80 4.89

2.5 h postdrug 9.94 3.70 9.38 5.10 11.53 6.63 12.76 5.12 14.15 6.94

5 h postdrug 9.68 4.44 9.50 3.85 11.07 5.44 12.20 4.06 11.25 4.60
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found that predose, morning cortisol levels also progres-
sively increased in the 3-week period of alprazolam (0.5mg)
b.i.d. treatment. These predose, morning elevations were
correlated with increased anxiety after 2 weeks of treatment
and with increased depression after 3 weeks. Increases in
cortisol levels on the 3rd week were associated with better
memory performance in response to acute alprazolam
rechallenge. Thus, although cortisol dropped following the
morning dose of alprazolam, during the course of chronic
treatment cortisol actually increased prior to the morning
dose.
The possible mechanisms for the observed elevation in

plasma morning cortisol are not clear. Pharmacokinetic
analysis revealed that alprazolam plasma concentrations
markedly decreased by the fifth hour following acute
dosing, and very low through levels were likely reached
the following morning (ie more than 12 h after the last
dose). The elevation in morning cortisol might reflect early
stages of alprazolam withdrawal. Indeed, BZP discontinua-
tion has been associated with drug withdrawal and
activation of the HPA axis (Lopez et al, 1990b; Mellman
and Uhde, 1986; Owens et al, 1991). In our study, cortisol
elevations were not associated with significant increases in
other symptoms of withdrawal, but this could be due to the
fact that this investigation was not specifically designed to
address this question.
Alternatively, it is possible that activation of the HPA axis

is the earliest manifestation of withdrawal. There are clinical
data suggesting that even short-term treatment with
alprazolam can result in the development of dependence
and symptoms of anxiety in between doses (Woods et al,
1992).
It is also the case that both endogenous cortisol and

alprazolam are substrates for cytochrome P450-3A4
(CYP3A4), which is responsible for metabolism to 6b-
hydroxycortisol and 4- and a-hydroxyalprazolam (Ged et al,
1989; von Moltke et al, 1994). There is evidence that
CYP3A4 can accommodate more than one substance and
that interactions with a particular substrate can impact on
the metabolism of the other (Wang et al, 2000). Thus, the
possibility that the elevation in cortisol that we observed
during chronic alprazolam treatment might have been
related to a partial inhibition of CYP3A4-mediated cortisol
metabolism cannot be excluded and deserves further study.
Our findings that chronic alprazolam treatment resulted

in a progressive increase in predose cortisol levels contrasts
with previous reports that chronic alprazolam treatment
was associated with significantly lower plasma or urinary
free cortisol relative to the predrug baseline (Abelson et al,
1996; Lopez et al, 1990a). The reasons for the discrepancy
may be attributable to several methodological differences,
such as uncontrolled dose-to-sampling intervals for cortisol
determination, differences in target population, prior use of
psychotropic medications, inclusion of placebo group, and
pharmacokinetic factors.
Whereas the predose cortisol increases suggest a with-

drawal effect, the present results also reflect the develop-
ment of cognitive tolerance. This was indicated by the
absence of significant drug effects on the total and delayed
recall in response to the final alprazolam rechallenge
(Pomara et al, 1998). Similarly, Cowley et al, (1995) found
that panic-disorder patients chronically treated with alpra-

zolam experienced reduced cognitive side effects after an
acute diazepam challenge. Both withdrawal and tolerance
may reflect adaptation to chronic alprazolam treatment that
might contribute to dose escalation.
Neither the low alprazolam nor the high and low

lorazepam dose had any significant effect on plasma cortisol
either acutely or during chronic treatment. The reductions
in plasma cortisol that have been reported in response to
acute doses of these compounds have involved higher doses
than those employed in the current study. For instance,
Loach and Fisher (1975) reported that 1.5mg of lorazepam
attenuated cortisol response to presurgical stress and, more
recently, Collomp et al (1994) reported a similar effect of a
2mg lorazepam dose on the cortisol response to exercise.
The lack of a significant cortisol response to lorazepam in
the present report may well be due to the low doses used.
Additionally, although anxiolytic activity of a 1.0mg
lorazepam dose is generally thought to be equivalent to
0.50mg alprazolam (Ashton, 1994), only the latter resulted
in reduced plasma cortisol levels. Thus, it is possible that
nonequivalence of doses, or differences in potency, and/or
in their intrinsic pharmacological effects in geriatric
subjects might have contributed to these observations.
In summary, our results suggest that chronic treatment

with alprazolam, but not lorazepam, is associated with
plasma cortisol elevations prior to the first morning dose.
This increase may reflect an early stage of drug withdrawal.
At the same time, a tolerance for cognitive toxicity appears
to develop. Since alprazolam and lorazepam remain widely
prescribed BZPs and are often taken for months or years,
especially in the elderly, it is of potential clinical
significance to confirm the differential effects on interdose
cortisol levels and HPA axis activation. This may lead to a
better understanding of factors that may contribute to an
increased risk for drug escalation and dependence during
chronic treatments with these compounds.
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