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ABSTRACT
Introduction/background: Zolpidem is a sedative-hypnotic widely 
prescribed in the United States. Recently, the US Food and Drug 
Administration (FDA) issued a drug safety communication regarding its 
dosing in women.

Objective: To compare compliance with FDA-approved dosing for 
zolpidem in women before and after a drug safety communication, 
and to evaluate compliance based on pharmacy location and 
prescriber type.

Method: This was a retrospective, observational cohort study. New 
prescriptions for Ambien, Ambien CR, Edluar, or Zolpimist or their 
respective generics dispensed from Kerr Drug pharmacies in North 
Carolina to women 18–64 years of age between April and September 
of 2012 (“before” cohort) or April and September of 2013 (“after” 
cohort) were included. χ2 tests were conducted to assess overall 
compliance, as well as compliance based on location (urban or rural) 
and prescriber type (physician or midlevel), with FDA-approved dosing 
for zolpidem. Trends in total prescription volume and total zolpidem 
prescription volume for all Kerr Drug pharmacies over the study period 
were also described.

Results: A total of 14,156 prescriptions for zolpidem were included in 
the primary analysis. Sixteen percent of prescriptions dispensed were 
in compliance with FDA recommendations following the FDA alert. A 
statistically significant increase was observed in compliance with FDA-
approved dosing for zolpidem (odds ratio = 1.49; 95% CI, 1.35–1.65; 
P < .0001) postdrug safety communication. Significant increases in 
compliance were also observed in the post-FDA communication 
subgroups based on location and prescriber type, though no 
subgroup was found to be significantly more compliant than another.

Conclusions: The release of a drug safety communication by the 
FDA resulted in a statistically significant increase in proper dosing of 
zolpidem in women. Further research is needed in order to determine 
the impact of FDA alerts on prescribing patterns and the reasons for 
therapeutic substitution after such alerts.
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Table 1. New US Food and Drug Administration  
(FDA)–Mandated Dosing of Zolpidem Products in Women

Drug

Dosing 
Recommendations 

Pre-FDA 
Communication

Dosing  
Recommendations  

Post-FDA Communication
Ambien, Edluar, 

Zolpimist
10 mg once daily, 

immediately 
before bedtime

Women:
5 mg once daily, 

immediately before 
bedtime

Ambien Controlled 
Release

12.5 mg once daily, 
immediately 
before bedtime

Women:
6.25 mg once daily, 

immediately before 
bedtime

 Immediate-release zolpidem was approved in 1992 and 
is now one of the most popular sleep medications in the 

United States, totaling 39.4 million prescriptions dispensed 
in 2011 alone.1 Originally, immediate-release zolpidem 
was dosed starting at 10 mg (12.5 mg controlled release) 
immediately before bedtime in adults. On January 10, 2013, 
the US Food and Drug Administration (FDA) released a 
drug safety communication regarding new data of elevated 
serum concentrations of zolpidem in nonelderly women 
taking doses equal to or greater than 10 mg.2 According to 
several pharmacokinetic studies cited in the report, women 
had peak serum concentration and area under the time-
concentration curve that were 45% higher than men.2 In 
addition, women tended to eliminate zolpidem more slowly, 
resulting in an increased risk of next-day impairment when 
performing morning tasks.2 Studies evaluating driving 
performance after taking zolpidem products found that 
subjects with zolpidem serum concentrations > 50 ng/mL 
had significant impairment to increase the risk of a motor 
vehicle accident.2 Eight hours after a dose of immediate-
release zolpidem, 15% of women and 3% of men had blood 
levels > 50 ng/mL. Such blood levels were observed at an 
even higher rate after administration of controlled-release 
zolpidem (33% of women and 25% of men, respectively).2

In response to these new data, the FDA warned patients 
and providers against the use of zolpidem doses exceeding 
5 mg for immediate-release products or 6.25 mg for the 
extended-release product in female patients2 (Table 1). 
Providers were also advised to caution women about the 
risks of next-morning impairment in activities such as 
driving (despite perhaps feeling fully awake). Intermezzo, 
a zolpidem product, already contained different dosing 
recommendations for women than for men. The FDA 
approved a change in the package inserts for other 
manufacturers of zolpidem products (specifically Ambien, 
Edluar, Zolpimist, and Ambien Controlled Release) to 
change the dosing recommendations in their respective 
package inserts for women in May 2013 (see Table 1).3

While FDA communications are vital to health care 
practitioners, the effectiveness of these communications 
on prescriber behavior is not well studied. In particular, the 
impact of the zolpidem warning on dosing in the affected 
population has not been published. This study was designed 
to measure the impact of the original FDA drug safety 
communication regarding zolpidem in January 2013.

METHOD

This was an observational, retrospective cohort study. The 
primary objective was to compare compliance with FDA-
approved dosing of zolpidem in women before and after 
the original FDA drug safety communication. Secondary 
objectives were to compare compliance with FDA-approved 
dosing of zolpidem in women before and after the original 
FDA drug safety communication based on whether the 
prescription was dispensed in an urban or rural area or 
whether the prescriber was a midlevel or physician-level 
practitioner. New prescriptions for zolpidem dispensed to 
women at Kerr Drug pharmacies in North Carolina from 
April 1, 2012, to September 30, 2012 (“before” cohort) 
and from April 1, 2013, to September 30, 2013 (“after” 
cohort) were included if they met the following criteria 
for the FDA drug safety communication: prescriptions for 
a zolpidem product dispensed to women aged 18–64 years 
of age. Prescriptions were excluded if the patient received 
Intermezzo at any time during the study period or if medical 
records were missing. In order to minimize confounding 
related to patients simply being dispensed a refill for an 
existing prescription, only new prescriptions were included. 
A prescription was identified as “new” if it was associated 
with a new prescription number. All duplicate prescription 
numbers correlated with a zolpidem prescription were 
removed.

All data were obtained from a central database at Kerr 
Drug corporate headquarters and blinded prior to being 
obtained by the investigators. Data obtained from each 
eligible prescription included the agent prescribed (including 
strength), the location at which it was dispensed, the date it 
was prescribed, and the Drug Enforcement Administration 
(DEA) number of the prescribing provider. City or town 
population data were obtained through the United States 
Census Bureau4 and were classified based on the 2010 
United States Census Bureau definition for an urban versus 
rural area. Cities or towns were classified as “urban” if the 
population was ≥ 2,500 people or “rural” if the population 
was < 2,500 people.5 Prescribers were identified as midlevel 
if the DEA number obtained started with “M” or doctor level 
if the DEA number started with “A, B, F, or X.”

In September 2013, Kerr Drug was acquired by Walgreens 
Pharmacy. As a result, percent change in total prescription 
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 ■ Dosing recommendations for zolpidem products in women 
have changed due to potential safety risks.

 ■ Even after a drug safety communication released by the 
US Food and Drug Administration, most prescriptions 
for zolpidem dispensed to women were above the 
recommended dose.

 ■ Clinicians can improve patient and public safety by educating 
patients on the risks associated with the use of zolpidem at 
doses higher than recommended.
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Table 2. Overall χ2 Test of Compliance for Zolpidem 
Prescriptions in Women Before and After the US Food and 
Drug Administration (FDA) Communication

Time Point
In Compliance, 

n (%)
Odds Ratio  
(95% CI) P Value

Post-FDA communication 1,046 (15.5) 1.49 (1.35–1.65) < .0001
Pre-FDA communication 809 (10.9) Reference
 

Table 4. χ2 Tests of Compliance for Zolpidem Prescriptions 
in Women Before and After the US Food and Drug 
Administration (FDA) Communication by Prescriber Type

Prescriber Type
In Compliance, 

n (%)
Odds Ratio 
(95% CI) P Value

Adjusted < .0001*
Midlevel

Post-FDA 
communication

291 (15.0) 1.58 (1.30–1.91) < .0001

Pre-FDA 
communication

204 (10.1) Reference

Physician
Post-FDA 

communication
751 (15.6) 1.46 (1.30–1.64) < .0001

Pre-FDA 
communication

604 (11.2) Reference

*Mantel-Haenszel χ2 test of association between time point and 
compliance, adjusting for prescriber type.

Table 3. χ2 Tests of Compliance for Zolpidem Prescriptions 
in Women Before and After the US Food and Drug 
Administration (FDA) Communication by Location

Location
In Compliance,  

n (%)
Odds Ratio 
(95% CI) P Value

Adjusted < .0001*
Rural

Post-FDA 
communication

734 (15.0) 1.55 (1.38–1.74) < .0001

Pre-FDA 
communication

548 (10.3) Reference

Urban
Post-FDA 

communication
312 (16.7) 1.38 (1.16–1.65) .0004

Pre-FDA 
communication

261 (12.7) Reference

*Mantel-Haenszel χ2 test of association between time point and 
compliance, adjusting for location.

volume and total zolpidem prescription volume were 
described in order to observe whether any changes in 
zolpidem dispensing may be a result of changing ownership. 
Each eligible prescription was categorized by time period 
and by compliance. The time periods were defined as 
predrug or postdrug safety communication. Subgroups 
included prescriptions dispensed in a rural or urban area 
and prescriptions prescribed by midlevel or physician 
prescribers. Criteria for compliance were prescriptions 
written for 5 mg of immediate-release zolpidem or 6.25 
mg of extended-release zolpidem. Those prescriptions not 
meeting this definition of compliant were categorized as 
noncompliant.

The primary endpoint, percent compliance with FDA-
approved dosing for new zolpidem prescriptions, was 
compared between the time periods using a χ2 test of 
homogeneity. For the secondary endpoints, compliance with 
FDA-approved dosing for new zolpidem prescriptions was 
described as percentage compliant for each of the subgroups: 
location (urban and rural) and prescriber type (midlevel 
prescriber or physician). Mantel-Haenszel χ2 tests were 
conducted to evaluate the association between time point 
(pre-FDA or post-FDA communication) and compliance, 
adjusting for location or prescriber type. SAS version 9.3 
(SAS Institute, Cary, North Carolina) was used to perform 
all statistical inference. This study was approved as exempt 
by the Campbell University College of Pharmacy and Health 
Sciences Institutional Review Board, Buies Creek, North 
Carolina.

RESULTS
A total of 14,161 new prescriptions for zolpidem were 

dispensed to women at Kerr Drug pharmacies during the 
study time period. Five prescriptions were excluded from all 
analyses due to the patient also being dispensed a prescription 
for Intermezzo. Twelve prescriptions were excluded from the 
secondary analysis for prescriber due to missing prescriber 
records. Therefore, 14,156 prescriptions were available for 
the primary analysis and secondary analysis of location, 

while 14,144 prescriptions were included in the secondary 
analysis of prescriber (Figure 1).

For the primary analysis, prescriptions dispensed 
to women after the drug safety communication were 
significantly more likely to be in compliance with FDA-
approved dosing for zolpidem (15.5%) compared to those 
dispensed prescriptions prior to the communication (10.9%; 
odds ratio [OR] = 1.49; 95% CI, 1.35–1.65; P < .0001). Results 
for the primary endpoint are summarized in Table 2. When 
prescriptions were adjusted for location or prescriber type, 
compliance remained significantly higher in the post-FDA 
communication group. Tables 3 and 4 illustrate the change in 
the percent of prescriptions compliant with FDA-approved 
dosing for zolpidem based on location and prescriber 
type. In the location subgroups, compliance increased 
significantly in the post-FDA communication group for both 

Figure 1.  Prescriptions for Zolpidem Included in the 
Statistical Analysis

 

14,161 Prescriptions included

5 Prescriptions excluded 
(receipt of Intermezzo)

April –September 2012

7,405 prescriptions

4 Prescriptions
excluded from 

prescriber subgroup
analysis

April –September 2013

6,751 prescriptions

8 Prescriptions 
excluded from 

prescriber subgroup
 analysis
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urban (OR = 1.38; 95% CI, 1.16–1.65; P = .0004) and rural 
areas (OR = 1.55; 95% CI, 1.38–1.74; P < .0001) despite the 
compliance rates remaining < 17% in all groups. The overlap 
of the confidence intervals for urban and rural areas suggests 
that there was no statistically significant difference between 
the 2 groups with regard to compliance. Similar findings 
were observed in the prescriber subgroups. Compliance with 
FDA recommendations increased significantly among both 
midlevel prescribers (OR = 1.58; 95% CI, 1.30–1.91; P < .0001) 
and physicians (OR = 1.46; 95% CI, 1.30–1.64; P < .0001) in 
the post-FDA communication group compared to the pre-
FDA communication group despite the compliance rates 
remaining less than 16% in all groups. As was found with 
the location groups, no statistically significant difference 
was observed between the 2 prescriber groups with regard to 
compliance. Total prescription volume for all prescriptions 
dispensed to all patients in Kerr Drug pharmacies decreased 
3.77%, while total prescription volume for all zolpidem 
products dispensed to all patients in Kerr Drug pharmacies 
decreased 9.08%.

DISCUSSION
Prescriptions dispensed to nonelderly women were 49% 

more likely to be in compliance with FDA recommendations 
as a result of a drug safety communication. Research is 
lacking on how the response to FDA communications may 
vary among different groups of prescribers or how the 
location of the prescriber may affect his or her response. 
Results remained statistically significant, even after adjusting 
for these confounders. Compliance with the drug safety 
communication increased significantly among all subgroups 
analyzed and ranged from 38% in the urban group to 58% for 
midlevel prescribers. No significant difference in compliance 
was observed between any subgroup, indicating that the 
location in which a prescriber practiced did not have an 
effect on the response to this FDA alert, nor did the type 
of prescriber among midlevel prescribers and physicians 
overall. Future research may consider evaluating compliance 
among specific prescriber specialties as opposed to simply 
dividing all prescribers into the 2 broad categories of midlevel 
prescribers and physicians.

Following the FDA communication, there was an observed 
1.4-fold decrease in the dispensing of zolpidem compared to 
total prescriptions dispensed from Kerr Drug pharmacies. 
This relative reduction in zolpidem prescriptions suggests 
that the decrease is less a result of a decrease in pharmacy 
business or changing ownership and more likely directly 
related to the drug safety communication. This finding is 
consistent with a similar study by Dusetzina et al,6 which 
reported that FDA communications targeting specific patient 
populations often spilled over into subpopulations for which 
the warnings were not intended. The authors noted that 
drug-specific communications often led to large decreases 
in utilization.6 A similar study by Hugman and Edwards7 
found that, while mass “Dear Healthcare Professional” 
letters are an essential element of communicating drug 
safety information to the masses, more individualized 

communication methods targeted at providers may be more 
effective in conveying the true message of the drug safety 
communication without causing a decrease in prescribing 
of the targeted agent. Postulated reasons for the decrease 
in dispensing volume observed in our study include patient 
preference to discontinue the medication due to bad press, 
increased awareness of serious side effects associated with 
zolpidem use, or a misunderstanding of the intent of the 
drug safety communication. Therapeutic substitution could 
also be a factor contributing to the decrease in zolpidem 
dispensing observed in this study. However, our study was 
not designed to identify if the general decrease in zolpidem 
dispensing observed resulted in an increase in the dispensing 
of other agents used in the treatment of insomnia.

This study has several limitations worth noting. Although 
the FDA communication resulted in a 49% increase in 
compliance with FDA recommendations, only approximately 
16% of prescriptions dispensed for zolpidem were in 
compliance. The primary endpoint measures prescription 
compliance, which may be influenced by individual 
prescribers’ biases. Though controlled-release zolpidem has 
been studied out to 6 months, zolpidem products are generally 
recommended only for short-term insomnia therapy (2 to 4 
weeks) followed by reevaluation of the patient.8,9 In spite of 
the lack of data, zolpidem therapy is often initiated and never 
discontinued in patients suffering from insomnia symptoms. 
We included only new prescriptions in our analysis but 
could not account for updated orders for patients who had 
previously failed the indicated dose of 5 mg of zolpidem. 
Some prescribers instruct patients to split tablets for cost 
savings. Since directions for use were not obtained for each 
prescription, some prescriptions for zolpidem 10 mg may 
have actually been dosed correctly if the patient was pill-
splitting. For the secondary endpoint of compliance based 
on location, location reflected from where the prescription 
was dispensed, not where the prescriber practiced. It is 
possible that some prescribers practicing in urban areas 
were included in our analysis with rural prescriptions due 
to where the prescription was dispensed and vice versa. 
Future research may consider analysis of a smaller sample 
of specific patients and providers, which includes all patient 
medication data in order to identify therapeutic changes in 
specific patients, and minimize some of the limitations of 
this study.

CONCLUSIONS
These prescriptions dispensed for zolpidem in this cohort 

of women demonstrated a significant increase in compliance 
with FDA dosing recommendations after a drug safety 
communication and was consistent among subgroups based 
on location and prescriber type. Further research is needed 
to better understand the clinical significance of such results.

Drug names: zolpidem (Ambien, Edluar, and others).
Disclosure of off-label usage: The authors have determined that, to the best of 
their knowledge, no investigational information about pharmaceutical agents 
that is outside US Food and Drug Administration–approved labeling has 
been presented in this article. 
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