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BACKGROUND/AIMS
Panic disorder is one of the most common anxiety disorders with a good pharmacotherapeutic response. Benzodiazepines are one type 
of such efficient medications. This study aimed to evaluate the impact of alprazolam and clonazepam on blood sugar of adults with 
panic disorder. 

MATERIAL and METHODS
This randomized controlled trial recruited 45 patients suffering from panic disorder. After filling out the initial questionnaire and measuring 
patients’ height and weight, fasting and 2-hour postprandial blood sugar and glycosylated hemoglobin (HgA1c) were measured. Then, 
the patients were randomly allocated into three groups of sertraline, sertraline+alprazolam, and sertraline+clonazepam. After 3 months 
of treatment, the lab tests were repeated, and the data were analyzed using the statistical analysis software SPSS 18. 

RESULTS
A total of 32 women and 13 men with a mean age of 28.98±6.8 years were recruited. Demographic characteristics and history of physical 
and psychological diseases did not show any significant differences among the three groups (p>0.05). At the end of the 3rd treatment 
month, the mean of 2-hour postprandial blood sugar (p=0.032) and HgA1c (p=0.0007) were decreased in the sertraline group, while the 
mean level of fasting blood sugar (p=0.006) and 2-hour postprandial blood sugar (p=0.015), and HgA1c (p=0.015) revealed a significant 
increase in the sertraline+alprazolam group. 

CONCLUSION
This study showed that the treatment with alprazolam can cause an increase in the blood glucose in non-diabetic patients suffering from 
panic disorder. 
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INTRODUCTION 
As a common anxiety disorder, panic disorder has a prevalence ranging from 1% to 2% in the lifetime of the general 
population (1). Pharmacotherapy and cognitive psychotherapy are the two effective treatment methods (2). Benzodi-
azepines are among the fast-acting anti-panic medications that can be used in a short-term and long-term treatment 
(3-6). On the other hand, it may take up to several weeks to achieve the therapeutic effect of selective serotonin reuptake 
inhibitors (SSRIs), and benzodiazepines represent the best treatment option, especially in the first few weeks. Among 
benzodiazepines, alprazolam (Xanax) is one of the most widely used medications for panic attacks (7-9), although similar 
effects were reported for lorazepam and clonazepam (10). Alprazolam reaches its maximum serum concentration 1 to 2 
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hours after taking a 1 mg dose, and it has a half-life of 9–16 hours 
(11). Alprazolam randomly binds to benzodiazepine GABA re-
ceptors (12) to reduce the general brain activity. In addition, the 
GABA system interacts with other neurotransmitters, including 
serotonergic, adrenergic, cholinergic, and opioid systems. The 
clinical effects of alprazolam in treating anxiety and depression 
occur through the interaction of alprazolam with serotonergic 
and adrenergic pathways in the limbic system, brain stem, and 
locus coeruleus (8). Like other benzodiazepines, clonazepam ex-
erts its effect by binding to GABA receptors, and thus increases 
the inhibitory activity of this receptor (13). Previous studies have 
shown that clonazepam has significantly greater effects than 
placebo in the treatment of panic attack (14-16).

In addition to their psychological effects, benzodiazepines 
exert different metabolic effects (17-20). Many studies have 
investigated the metabolic effects of alprazolam on blood 
sugar levels in humans, and given the conflicting results they 
produced and because of the widespread use of alprazolam 
and clonazepam in the treatment of panic disorder, the pres-
ent study aims to assess the effect of these medications on 
blood sugar levels in non-diabetic individuals suffering from 
panic disorder. 

MATERIALS and METHODS 
In the present randomized controlled trial, 45 patients visiting 
psychiatric departments affiliated to Babol University of Medi-
cal Sciences (Rouhani and Yahyanejad Hospitals) were random-
ly enrolled if they presented with diagnostic criteria for panic 
disorder according to the Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition (DSM-IV), as well as the study in-
clusion criteria. 

The study inclusion criteria included the age ≥18 years and older, 
a written consent form, psychiatric diagnosis of panic disorder 
based on the DSM-IV criteria (newly diagnosed patients), no 
intention of pregnancy during the study and using a suitable 
contraceptive method, and no use of psychoactive medications 
over the week.

The study exclusion criteria included active suicidal ideations; 
diseases in which sertraline, alprazolam, and clonazepam are 
contraindicated; a history of or current psychotic or bipolar 
disorder; pregnant or breastfeeding women, uncontrolled sei-
zure disorder; a personality disorder that impairs assessment 
of treatment efficacy and safety, simultaneous treatment with 
psychotropic medications, and diabetes.
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FIGURE 1. CONSORT 2010 flow diagram



First, participants’ demographic details (age, gender, education 
level, and marital status), history of physical and psychoneuro-
logical diseases, and frequency of panic attacks over the last 
week were recorded. Then, their height and weight were mea-
sured, and fasting and two-hour postprandial (2hpp) blood 
sugar, and HbA1c were assessed. Patients were randomly (in 
numerical order) allocated to sertraline, sertraline plus alpra-
zolam, and sertraline plus clonazepam groups (15 patients in 
each group). Figure 1 presents the study process flowchart.

The case group (sertraline+alprazolam) received a daily dose of 
1–2 mg of alprazolam plus 50 mg to 200 mg of sertraline (depend-
ing on patient’s response), and the control group (sertraline only) 
received 50 mg to 200 mg of sertraline per day. Considering that in 
newly diagnosed patients, the control of panic attacks (especially 
in the first weeks of treatment) is difficult, 0.5 mg alprazolam was 
prescribed if required in case of a panic attack. The other control 
group (sertraline+clonazepam) received a daily dose of 0.5–1 mg 
of clonazepam plus 50 mg to 200 mg of sertraline. Patients were 
studied over 12 weeks. At this stage, patients for whom a medical 
visit was necessary have been visited by the project psychiatrists, 
free of charge. At the end of the first treatment month, patients’ 
body mass index was measured again, they were visited by the 
psychiatrist, and the frequency of their panic attacks was record-
ed. At the end of the 3rd treatment month, patients were visit-
ed by the psychiatrist, and their fasting and 2-hour postprandial 
blood sugar and HbA1c were evaluated again. 

The ethics committee approval was received for this study 
from Babol University of Medical Sciences, Babol, Iran (Ap-
proval date: December 28, 2015; Approval number: Mubabol.
Rec.1394.255). All participants provided an written informed 
consent form. 

This study was registered on the website of clinical trials (www.
irct.ir) with the registration ID: IRCT2016040722991N3. 

Statistical Analysis
Data obtained from the three groups were analyzed using the 
IBM Statistical Package for the Social Sciences (SPSS) Statistics 

version 18 (SPSS IBM Corp.; Armonk, NY, USA). Chi-square and 
analysis of variance (ANOVA) tests have been used for data 
analysis; in addition to the ANOVA, repeated measure (general 
linear model) was used to assess the trend of blood glucose and 
HbA1c changes. Some of baseline variables such as drug dose 
have been considered as covariates in this analysis model. A 
p-value <0.05 was considered statistically significant.

RESULTS  
Patients’ mean age was 28.98±6.8 years (range, 19–52 years). A 
total of eight patients were unable to complete the treatment 
course (due to medication side-effects or non-attendance). Phys-
ical diseases were reported by 31.1% of patients. Of all physical 
diseases reported, the mitral valve prolapse at 11.1% was the most 
frequent among patients with panic attack. Furthermore, 48% of 
patients had psychiatric comorbidities, of which, GAD at 17.7% 
and adjustment disorder at 11.1% had the highest prevalence. Oth-
er comorbidities were major depressive disorder, social phobia, 
OCD, and dysthymia, respectively. The mean number of panic at-
tacks in the last week was 2.98±1.8, which was reduced to 1.421±0.5 
after the first month of treatment and zero by the end of the 3rd 
month. This reduction was statistically significant (p=0.002). Table 
1 presents the blood sugar status of patients with panic attack 
before and after treatment in the sertraline, sertraline+alprazol-
am, and sertraline+clonazepam groups. 

Figure 2 shows therapeutic effects of the three groups on HgA1c 
before and after the intervention. No significant dose-depen-
dent effects were observed (p=0.807).

In terms of side-effects, 37 (82.7%) patients experienced at least 
one side-effect, and the sertraline+alprazolam group had the 
highest side-effects; although generally, no significant differ-
ence was observed among the groups in terms of medication 
side-effects (p>0.05). The most common side-effect was loss 
of appetite, as 44% of patients (four from sertraline group and 
three from sertraline plus clonazepam) experienced it. Mean-
while, 56% (eight from the sertraline+alprazolam group and one 
from the sertraline+clonazepam group) experienced increased 
appetite. No significant association was observed between se-
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TABLE 1. Blood sugar profile of patients with panic attack before and after treatment in the sertraline, Sertraline+Alprazolam, and Sertraline+-
Clonazepam groups 

Variable Treatment Group Baseline Mean±SD** After 3 Months Mean±SD p

Fasting blood sugar Sertraline 88.60±11.5 89.40±11.4 NS*

 Sertraline+alprazolam 86.20±10.7 89.62±10.0 0.006

 Sertraline+clonazepam 85.33±10.2 86.00±9.6 NS*

 p 0.69 0.62 -

2hpp*** blood sugar Sertraline 101.80±11.1 97.50±10.4 0.032

 Sertraline+alprazolam 97.67±13.8 102.69±15.5 0.015

 Sertraline+clonazepam 96.93±12.6 99.00±8.6 NS*

 p 0.52 0.56 -

Hb****A1c Sertraline 5.12±0.3 4.72±0.2 0.007

 Sertraline+alprazolam 5.20±0.5 5.45±0.4 0.015

 Sertraline+clonazepam 5.06±0.4 4.96±0.2 NS*

 p 0.69 0.0001 -

*NS: nonsignificant; **SD: standard deviation; ***2hpp: 2-hous post-prandial; ****Hb: hemoglobin
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rum glucose changes and weight gain (p>0.05). Hypersomnia 
and sexual dysfunction were other common side-effects. 

DISCUSSION
The present study showed a significant reduction in the 2-hour 
postprandial blood sugar (p=0.032) and HbA1c (p=0.007) in the 
sertraline group, and a significant increase in fasting (p=0.006) 
and 2-hour postprandial (p=0.015) blood sugar and HbA1c 
(p=0.015) in the sertraline+alprazolam group.

Surwit et al. (21) compared the effects of 5 mg/kg injection of 
alprazolam with placebo in diabetic rats and reported that al-
prazolam can increase plasma insulin and reduce blood glucose 
in response to stress. The difference between their results and 
ours appear to be caused by the fact that these authors as-
sessed only the short-term effect of alprazolam on diabetic rats. 

In a study by Lustman et al. (22), alprazolam reduced HbA1c over 
8 weeks in diabetic patients with panic attack. Unlike the pres-
ent study, their study was conducted on diabetic patients with 
uncontrolled blood sugar. Moreover, they assessed only the ef-
fect of alprazolam alone without sertraline, which can explain 
the difference in the results.

In a clinical trial conducted by Afkhami Ardekani et al. (23), the 
administration of fluoxetine led to significant reductions in blood 
sugar indices, including fasting and postprandial blood sugar 
and HbA1c. The same result was observed in the present study 
for sertraline. Unlike the present study, in the Afkhami study, al-
prazolam led to reduced fasting and postprandial blood sugar 
and HbA1c. Interestingly, their study population also had uncon-
trolled diabetes and had received alprazolam alone.

In another study, Afkhami investigated the effect of alprazolam 
on blood sugar control in diabetic patients and reported re-
duced fasting blood sugar (24). In the present study, the ther-
apeutic effects of alprazolam and fluoxetine were compared, 
while we assessed the effect of sertraline+alprazolam as a 

treatment approach to panic disorder. The difference might be 
attributed to the study design (to use different SSRIs as treat-
ment options) and the effect of sertraline on pharmacodynam-
ics of alprazolam. Given that sertraline is an inhibitor of liver 
enzymes, especially cytochrome P450 (25), it can exert its effect 
by changing hepatic uptake and metabolism of alprazolam, and 
provide its different impact on blood glucose. 

In a study by Gomez et al. (26), administration of sertraline led to 
no increase in blood sugar following glucose injection in both di-
abetic and non-diabetic groups of rats, and clonazepam caused 
no significant change in fasting and postprandial blood sugar in 
rats. The present study confirmed this finding as sertraline-re-
duced postprandial blood sugar and HbA1c, but clonazepam 
caused no significant change in blood sugar indices. 

In 1977, Zumoff and Hellman (27) revealed that daily intake of 40 
mg of chlordiazepoxide in insulin-dependent diabetic women 
exacerbated hyperglycemia and increased fasting blood glu-
cose from 220 to 380. They also asserted that most analgesics 
exacerbate hyperglycemia and most antidepressants improve 
hyperglycemia. The present study results showed increased 
fasting blood sugar, 2hpp, and HbA1c levels. Since the fasting 
blood sugar level is not a reliable criterion for long-term blood 
sugar control, HbA1c appears to be a more appropriate criterion 
for the assessment of the alprazolam effect.

In another review study, McIntyre et al. (28) investigated the 
effect of antidepressants on blood sugar hemostasis and insu-
lin sensitivity, and the showed that certain serotonergic medi-
cations such as fluoxetine reduce hyperglycemia and increase 
insulin sensitivity, while noradrenergic antidepressants such as 
desipramine have the reverse effect. Moreover, norepinephrine 
and serotonin reuptake inhibitors such as venlafaxine and du-
loxetine have no effect on blood sugar hemostasis. 

In a clinical trial, Giardino et al. (29) investigated the effect of 
alprazolam on the neuroendocrine reaction of the body in re-
sponse to hypoglycemia 120 minutes after administration. The 
results showed that alprazolam reduces ACTH and GH re-
sponse to ITT-induced hypoglycemia butthat it has no effect on 
the level of cortisol. Alprazolam showed no effect on the hypo-
glycemia-induced glucose changes. In a similar study, Patel et 
al. (30) observed an increase in cortisol and ACTH due to hypo-
glycemia in the placebo group, but not in the alprazolam group. 
The results of a study by Hedrington et al. (31) also confirmed 
the effect of alprazolam in reducing hypoglycemia-induced 
neuroendocrine effects in healthy people. However, the above 
studies investigated the acute effect of medication on fasting 
and postprandial blood sugar, but they did not measure HbA1c. 
It appears that alprazolam affects neuro-adrenergic systems in 
the short-term, inhibits them, and prevents blood sugar increase.

In the present study, sertraline was a fixed component of treat-
ment in all three groups, and its blood-sugar-reducing effect 
was demonstrated. However, this effect was not observed in 
combination with alprazolam, and the blood sugar increased. 
The reason for the difference may be attributed to the combined 
use of sertraline and alprazolam as this combination changes 
its pharmacodynamics and its metabolism and can ultimately 
lead to increased blood sugar levels.
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FIGURE 2. Effects of the three treatment groups on HbA1c (before 
and after the intervention)



One of the side-effects of alprazolam is impaired appetite. In the 
present study, this effect was observed as increased appetite in 
the sertraline+alprazolam group. The increase in appetite can be 
due to the direct effect of medication on the appetite center, or 
due to a sense of well-being and an improved clinical status. 

The weight gain was also proposed as another side-effect of 
alprazolam. The sedation and lethargy induced by alprazolam 
can lead to inactivity or reduced physical activity, and in the long 
term, it can lead to weight gain and its subsequent complica-
tions, including insulin resistance. 

Another significant clinical point in the present study was the 
lack of a significant change in the blood sugar profile in patients 
receiving clonazepam+sertraline. Compared to alprazolam, 
clonazepam appears to be a better treatment choice, especially 
for diabetic patients. 

One of the strength points of the present study is the fact that 
many studies have assessed the effect of benzodiazepines such 
as alprazolam on the blood sugar profile of diabetic patients, 
but only a few studies have been conducted in non-diabetic 
patients. Another distinctive point in the present study was the 
assessment of a combined use of alprazolam+sertraline, while 
most studies have investigated the effect of alprazolam alone.

Limitations of this study included the difficulty of panic attacks 
control in the control group, especially in the first weeks of treat-
ment when we prescribed 0.5 mg alprazolam, as needed, in per-
sistent panic attacks that did not respond to sertraline. It is sug-
gested to future researches to design the study using a method 
in which the control group does not need benzodiazepines, al-
though it seems very difficult. 

The present study showed that alprazolam can increase HbA1c 
and thus affect the control of blood sugar in non-diabetic patients.  
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