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S leep problems are common in the general population; 
consequently, hypnotic drugs or sleeping pills are widely 

prescribed in adults.1 Previous investigations have revealed that 
approximately 25% of people are dissatisfied with their sleep quality 
and approximately 10% meet the criteria for insomnia syndrome.2,3 
Epilepsy is also a common brain disease worldwide, with a prevalence 
of 0.5%–1% in humans.4,5 Based on its pathogenesis in adulthood, 
epilepsy  might have an idiopathic origin or be caused by 3 main 
diseases (head injury, stroke, and brain tumor), as symptomatic 
epilepsies.6 In the human brain, γ-aminobutyric acid (GABA)-ergic 
neurons play a critical role in regulating the cortical stability in 
both sleep problems and epilepsy. With their GABA-ergic effects, 
benzodiazepines were used for a long time to treat sleep problems 
and epileptic seizures.

Zolpidem is a nonbenzodiazepine GABA-ergic drug that can 
be prescribed for short-term treatment of insomnia.7,8 A study 
published in 1991 reported that 10 mg of zolpidem per night is an 
effective therapeutic dose for treating sleep disturbances of various 
origins.9 The drug has been the most popular prescription for sleep 
problems in Taiwan for more than a decade. However, since 2000, 
some reports revealed that overuse of zolpidem could happen in a 
medical care system and that sudden withdrawal of the drug may 
result in epileptic seizures.7,8 Meanwhile, long-term zolpidem users 
were recently reported as having 4 times or higher risk of death by 
various causes compared with nonusers in the United States,10 besides 
the common adverse effects of zolpidem such as nausea, vomiting, 
amnesia, headache, delirium, hallucinations, short-term memory 
loss, nightmares, and sleepwalking.11,12 On the basis of these data, we 
supposed that long-term use of zolpidem might change the cortical 
stability and increase locomotor activities of users, thereby enhancing 
the likelihood of adult epilepsy.7,8,13 Therefore, we conducted this 
study by using a Taiwanese, nationwide, population-based database 
to determine whether epilepsy risk increases subsequent to zolpidem 
use.

METHOD
Data Sources

This study used the reimbursement data of the Taiwanese National 
Health Insurance (NHI) system for obtaining medical claims from 
1996 to 2010. More than 99% of the population was enrolled in this 
insurance program by 2008.14,15 The Taiwan Department of Health 
has authorized the National Health Research Institutes (NHRI) to 
manage and maintain the claims data and to establish the National 
Health Insurance Research Database (NHIRD), which draws data 
from several randomly selected claims databases that are available 
for research and administrative purposes.

In this study, we used the NHRI database to obtain medical 
reimbursement claims data from 1996 to 2010 for one million randomly 
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used as a predictor of epilepsy.

Results: Patients with epilepsy exhibited an adjusted 
odds ratio (OR) of 1.86 (95% CI, 1.70–2.03) and were, 
therefore, more strongly associated with zolpidem 
exposure than control patients were. The adjusted OR of 
epilepsy increased with the increase of mean zolpidem 
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adjusted OR was 1.64 (95% CI, 1.44–1.86) for those who 
had taken < 1.0 g/y of zolpidem and 2.38 (95% CI, 2.06–
2.74) for those who had taken ≥ 20.0 g/y of zolpidem. 
An adjusted OR of 3.55 (95% CI, 2.94–4.28) was noted 
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selected people representative of the entire population of 
Taiwan. We used the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) to identify 
diseases. The NHRI scrambles the personal identification 
information of all insurants before releasing the database to 
users. This study was approved by the Ethics Review Board 
at China Medical University (CMU-REC-101-012).

Study Patients
We used the claims data from 2005 to 2010 to conduct 

a population-based case-control study for investigating 
the risk of epilepsy associated with zolpidem use. Figure 1 
shows the flowchart for selecting the study groups. Patients 
with epilepsy history prior to 2005 or aged < 20 years were 
excluded. We identified 4,972 newly diagnosed epilepsy 
patients (ICD-9-CM code 345) for the period of 2005–2010 
as cases. The diagnosed date of epilepsy was used as the index 
date. For each epilepsy case, 4 controls without a history 
of epilepsy were randomly selected from the rest of the 
population, frequency-matched by sex, age, and index year. 
In this study, zolpidem was used as a predictor of epilepsy. 
The zolpidem medication history before the index date was 
estimated for each study patient. We calculated the annual 
mean exposure to zolpidem between the first exposure date 
and the index date for each study patient.

The other causes or risk factors for epilepsy were identified 
before the index date, including stroke (ICD-9-CM 430–438), 
head injury (ICD-9-CM 850–854, 959.01), brain tumor 
(ICD-9-CM 225, 191, 192, 194.3 and 194.4), sleep disorder 
(ICD-9-CM 307.4 and 780.5), diabetes (ICD-9-CM 250), 
hypertension (ICD-9-CM 401–405), and hyperlipidemia 
(ICD-9-CM 272).

Statistical Analyses
The distributions of demographic status, history of 

exposures to zolpidem, and other comorbidities were 
compared between epilepsy cases and controls. We used the 
χ2 test and Student t test to examine differences in categorical 
variables and continuous variables, respectively. We then 
used logistic regression analysis to calculate the odds ratios 
(ORs) of epilepsy presented with 95% confidence intervals 
(95% CIs) associated with zolpidem exposure and other 

diseases, compared with controls. The zolpidem exposure 
histories of the study patients were measured according to 2 
categorical types, one to stratify the exposure into yes or no 
and one to categorize the exposure dose (none, < 1, 1–4, 5–9, 
or ≥ 10 g/y) based on quartile method to estimate the dose-
response relationship between the zolpidem levels and the 
risk of epilepsy. Data analysis further revealed interactions 
between zolpidem exposure and individual comorbidities 
for the risk of epilepsy.

All data analyses were performed using the SAS 9.3 
package (SAS Institute Inc, Cary, North Carolina), and 
P < .05 in 2-tailed tests was considered significant.

RESULTS
The mean zolpidem exposure time was 0.99 years in the 

epilepsy group and 0.70 years in the control group. Patients 
with epilepsy and controls were similar in distributions of sex 
and age, with similar mean ages of approximately 56 years 
(P = .36) (Table 1). The prevalence of zolpidem exposure was 
approximately 2-fold greater in the epilepsy patients than in 
the controls. The epilepsy group was also more likely than 
the control group to take 20 g or more of zolpidem per year. 
The epilepsy group had higher prevalence of comorbidities 
than the control group.

Table 1 shows the estimated risk of epilepsy associated 
with zolpidem exposure and comorbidities. Patients with 
epilepsy had an adjusted OR of 1.86 (95% CI, 1.70–2.03) 
and were, therefore, more strongly associated with zolpidem 
exposure than control patients were. The adjusted OR of 
epilepsy increased with the increase of mean zolpidem 
exposure (g/year). Compared with the OR of nonusers, the 
adjusted OR was 1.64 (95% CI, 1.44–1.86) for those who 
had taken < 1.0 g/y of zolpidem and 2.38 (95% CI, 2.06–
2.74) for those who had taken ≥ 20.0 g/y of zolpidem. The 
comorbidities, excluding hyperlipidemia, were significantly 
associated with the risk of epilepsy. Stroke, head injury, and 
brain tumor were strongly associated with epilepsy.

Table 2 shows that an adjusted OR of 3.55 (95% CI, 2.94–
4.28) was associated with epilepsy when users stopped using 
zolpidem for less than 7 days. The estimated risk declined 
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Long-term use of zolpidem, even in typical doses, might ■■
change users’ cortical stability and increase locomotor 
activities, thereby enhancing epilepsy.

Patients with epilepsy had an adjusted odds ratio (OR) of ■■
1.86 times more strongly associated with zolpidem exposure 
than control patients were. The OR of developing epilepsy 
increased with the increase of mean zolpidem exposure per 
year.

Withdrawal effects of zolpidem play a role in epileptogenesis, ■■
and their avoidance requires considerable time to taper the 
dose when discontinuing the drug.

Figure 1. Flowchart Presenting Selection of Study Subjects

Abbreviation: NHIRD = National Health Insurance Research Database of 
Taiwan.

 
  

All 14,770 epilepsy 
patients, 1996–2010

All non-epilepsy 
individuals

Epilepsy cases (N = 4,972)
newly diagnosed 2005–2010

Control group (N = 19,888) 
for final analysis

Excluded patients 
with epilepsy 
diagnosis before 
2005 (n = 9,798)

Randomly selected, 
frequency-matched 
by age, sex, and 
index year

Population aged 20 years and older 
in NHIRD database (N = 861,307)
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Table 2. Odds Ratios of Epilepsy Associated With Time Frame of Zolpidem 
Exposure

Variable
Controls, 

N

Case 
Group, 

N
Crude Odds  

Ratio (95% CI)
Adjusted Odds  
Ratioa (95% CI)

No zolpidem exposure 19,372 3,170 Reference Reference
Days after quitting zolpidem

< 7 628 290 4.39 (3.73–5.15)* 3.55 (2.94–4.28)*
8–14 56 25 4.12 (2.43–6.99)* 3.92 (2.20–7.01)*
15–30 99 44 4.09 (2.75–6.09)* 3.34 (2.13–5.25)*
31–90 261 104 3.39 (2.64–4.35)* 2.75 (2.07–3.65)*
> 90 4,444 1,339 2.20 (2.05–2.38)* 1.62 (1.47–1.78)*

P Value P Value
Trend … … < .0001 < .0001
aModel adjusted for age, sex, and comorbidities of stroke, head injury, brain tumor, sleep 

disorder, diabetes, hypertension, and hyperlipidemia.
*P < .001.
Symbol: … = not applicable.

to an adjusted OR of 1.62 (95% CI, 1.47–1.78) when users 
stopped using the drug for more than 90 days.

Table 3 shows the estimated risks of epilepsy in relation 
to zolpidem use, stroke, head injury, and brain tumor, and 
the interaction among these factors. Zolpidem use exerted 
little effect on the risk of epilepsy in interaction with stroke, 
head injury, and brain tumor. Among all factors, brain tumor 
exhibited the strongest association with epilepsy in the absence 
of zolpidem exposure (OR = 29.7, 95% CI, 17.8–49.6).

DISCUSSION

The current study is the first population-based study on 
the risk of developing epilepsy for zolpidem users in Taiwan. 
Contrary to our expectation, the results demonstrated a 
significant association between the use of zolpidem and an 
increased risk of developing epilepsy. Because zolpidem is 
a widely used hypnotic agent worldwide, the relationship 
between its long-term use and the risk of neurologic 

Table 1. Demographic Status, Zolpidem Use, and Comorbidity of Individuals With 
Epilepsy and Controls and Odds Ratio of Epilepsy Associated With Zolpidem Use and 
Comorbidity

Variable
Control Group
(N = 19,888)a

Epilepsy Group
(N = 4,972)a

Crude Odds  
Ratio (95% CI)

Adjusted Odds  
Ratio (95% CI)

Sex
Female 8,428 (42.4) 2,107 (42.4) … …
Male 11,460 (57.6) 2,865 (57.6) … …

Age, y
20–39 4,476 (22.5) 1,110 (22.3) … …
40–49 3,224 (16.2) 815 (16.4) … …
50–59 3,303 (16.6) 826 (16.6) … …
60–69 2,817 (14.2) 704 (14.2) … …
≥ 70 6,068 (30.5) 1,517 (30.5) … …
Mean (SD) 56.2 (19.5) 56.5 (19.5) … …

Zolpidem exposureb

No 16,202 (81.5) 3,170 (63.8) 1.0 1.0
Yes 3,686 (18.5) 1,802 (36.2) 2.50 (2.33–2.67)* 1.86 (1.70–2.03)*
Exposure, mean (SD), g/yc

None 16,202 (81.5) 3,170 (63.8) 1.0 1.0
< 1 1,291 (6.5) 506 (10.2) 2.00 (1.80–2.24)* 1.64 (1.44–1.86)*
1–4 704 (3.5) 302 (6.0) 2.19 (1.91–2.52)* 1.70 (1.45–2.01)*
5–20 840 (4.2) 452 (9.1) 2.75 (2.44–3.10)* 1.92 (1.66–2.22)*
> 20 851 (4.3) 542 (10.9) 3.26 (2.90–3.65)* 2.38 (2.06–2.74)*

Comorbidityb

Stroke 1,175 (5.9) 1,525 (30.7) 7.04 (6.48–7.66)* 7.34 (6.64–8.11)*
Head injury 1,189 (6.0) 1,071 (21.5) 4.32 (3.95–4.72)* 3.63 (3.29–4.01)*
Brain tumor 49 (0.2) 129 (2.6) 10.8 (7.75–15.0)* 12.4 (8.71–17.7)*
Sleep disorder 3,859 (19.4) 1,603 (32.2) 1.98 (1.84–2.12)* 1.38 (1.26–1.51)*
Diabetes 2,155 (10.8) 929 (18.7) 1.89 (1.74–2.06)* 1.41 (1.27–1.57)*
Hypertension 7,476 (37.6) 2,615 (52.6) 1.84 1.73–1.96)* 1.57 (1.42–1.73)*
Hyperlipidemia 4,505 (22.7) 1,402 (28.2) 1.34 (1.25–1.44)* 0.93 (0.85–1.01)

aValues shown as n (%) unless otherwise noted.
bModel manually adjusted for age, sex, zolpidem exposure (yes/no), and comorbidities of stroke, head 

injury, brain tumor, sleep disorder, diabetes, hypertension, and hyperlipidemia.
cModel adjusted for age, sex and comorbidities of stroke, head injury, brain tumor, sleep disorder, diabetes, 

hypertension, and hyperlipidemia.
*P < .001.
Symbol: … = not applicable.
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disorder development is crucial for clinicians. The results 
of this population-based study indicated that zolpidem use 
might be related to the increased risk of subsequent epilepsy. 
However, zolpidem exposure did not add risk of developing 
epilepsy in patients with stroke and reduced the risk of 
epilepsy in patients with brain tumors as well as in those 
with brain tumor and head injury (see Table 3). When each 
comorbidity (stroke, head injury, brain tumor) was examined 
with and without zolpidem exposure, there was generally no 
difference in odds ratios. These findings implied that the 
zolpidem itself, in fact, might not be driving the results alone. 
Brain tumor alone even had a much greater odds ratio than 
brain tumor plus zolpidem.

Zolpidem is an imidazopyridine short-acting hypnotic 
drug that binds at the specific benzodiazepine binding site 
of GABA-A receptors.16,17 By interacting with the GABA 
receptor–coupled chloride channel, it enhances inhibitory 
neurotransmission and inhibitory neurotransmitters. 
GABA is also considered to regulate various stages of 
cell proliferation and differentiation in the brain and 
periphery.18,19 Furthermore, zolpidem has been reported to 
promote viral infections, which might indicate suppression 
of the immune function of users.20

Previous studies have revealed that supratherapeutic doses 
of zolpidem (> 150 mg/d) and sudden withdrawal result in 
epileptic seizures.7,8,21,22 Typically, zolpidem is administered 
in a daily dose of 10 mg,9,23,24 and supratherapeutic or 
long-term use should be avoided to prevent drug abuse, 
dependence, and withdrawal symptoms. However, in this 
study, 52.1% of subjects in the epilepsy group and 42.5% 
of the control group were taking zolpidem at more than 
4 g/year, which averaged to more than 10 mg/d and was 
higher than the approved dose for insomnia. This finding 
makes us realize that overuse, dependence, or abuse of 
zolpidem could happen in a medical care system if we do 

not regulate the prescription of zolpidem. In the group that 
discontinued use of zolpidem, higher risk of developing 
epilepsy remained when the quitting time was less than 30 
days, following by quitting time of 31–90 days. Conversely, 
the group that had stopped taking zolpidem more than 90 
days earlier exhibited the lowest risk of developing epilepsy. 
These findings imply that the withdrawal effects of zolpidem 
play a role in epileptogenesis and require considerable time 
to taper the dose when a patient quits the drug, especially 
after having taken more than 4 g of zolpidem per year. In 
the literature, certain benzodiazepines were also reported 
to be associated with hyperexcitability phenomena during 
treatment and following withdrawal. The suppression of the 
locus ceruleus–norepinephrine and hypothalamic-pituitary-
adrenal axes could be followed, on an interdose basis, by a 
significant rebound and activation.25

Taking therapeutic doses of zolpidem was thought to be 
safer than taking benzodiazepines because zolpidem does 
not typically cause drug abuse, dependence, or withdrawal 
symptoms. We also observed a higher risk of developing 
epilepsy even in patients with smaller or moderate exposure 
to zolpidem (hazard ratio [HR]: 1.64 for < 1 g/y, HR: 1.70 
for 1–4 g/y). Table 2 demonstrates that patients who had 
stopped taking zolpidem more than 90 days earlier still 
exhibited an OR of 1.62 for developing epilepsy. These 
findings convinced us that the cumulative effects of long-
term, regular zolpidem treatment might play a role in 
epileptogenesis. A recent study in vitro suggested that 
continuous zolpidem exposure was able to induce adaptive 
changes in GABA-A receptors and to develop tolerance and 
dependence.26 A study in rats suggested that, upon repeated 
treatment, zolpidem produced tolerance to its anticonvulsive 
and sedative effects.27 Meanwhile, with the nighttime use 
of zolpidem for sleep disorders, the daytime interdose stage 
would be out of range of its anticonvulsive effects. According 

Table 3. Odds Ratios of Epilepsy Associated With Zolpidem, Stroke, Head 
Injury, and Brain Tumor and Interaction Term

Variable
Zolpidem 
Exposure Stroke

Head 
Injury

Brain 
Tumor

Controls, 
N

Case 
Group, N

Adjusted 
Odds Ratioa 95% CI

– – – – 16,432 1,722 1.00 …
+ – – – 3,865 917 3.20 2.91–3.51*
– + – – 1,346 724 14.78 13.00–16.80*
– – + – 1,200 452 5.42 4.76–6.17*
– – – + 80 60 29.72 17.80–49.63*
+ + – – 807 431 15.26 13.05–17.85*
+ – + – 515 249 9.33 7.76–11.2*
+ – – + 44 29 20.02 10.64–37.70*
– + + – 282 187 23.86 18.42–30.90*
– + – + 16 12 36.29 11.64–113.15*
– – + + 13 10 32.73 8.92–120.08*
+ + – + 10 6 18.35 5.14–65.59*
+ – + + 11 8 26.30 6.90–100.32*
+ + + – 235 161 29.80 22.37–39.69*
– + + + 3 3 … …
+ + + + 1 1 … …

aModel adjusted for age and sex.
*P < .001.
Symbols: + = yes, – = no, … = not applicable.
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to a review of the relevant literature, the present study is 
the first to provide evidence that patients taking typical 
doses of zolpidem exhibit an increased risk of developing 
epilepsy in adulthood. However, another possibility is that 
the arousal parasomnias for which zolpidem use is indicated 
could be found in a person or family in relation to frontal 
lobe epilepsy even before the diagnosis of epilepsy is made,28 
meaning that the factors which led to the use of zolpidem, 
rather than zolpidem itself, may be the factors contributing 
to the brain instability and epilepsy.29,30

One of the strengths of this study is the highly 
representative, nationwide, population-based design. 
However, the study also has limitations. First, detailed 
information such as smoking habits, alcohol consumption, 
body mass index, socioeconomic status, and family history 
of cancer is not available from the NHIRD, each of which is a 
major risk factor of epilepsy and could plausibly be associated 
with zolpidem. However, because the NHIRD covers nearly 
the entire population of Taiwan and the reimbursement 
policy is universal, it is unlikely that these factors affected the 
prescription of zolpidem. Second, the evidence derived from 
a case-control study is generally of lower quality than that 
from randomized controlled trials because a case-control 
study design is subject to many biases related to adjustment 
for confounding factors. Despite our meticulous study design 
and adequate control of confounding factors, a key limitation 
is that bias might remain if there are unmeasured or unknown 
confounders. Third, we could follow the codes for zolpidem 
prescription by administrative billing in the NHI claims, but 
we were unable to contact the patients directly regarding their 
exact doses of zolpidem or their seizure frequency because 
their identification numbers were anonymous. Therefore, 
the dose-response relationship could not be accounted for, 
ie, whether more severe insomnia would be accompanied 
by more severe epilepsy, thus requiring higher doses of 
zolpidem. Prescriptions for these drugs before 1996 were 
not included in the NHI system and thus were not in our 
analysis, either, which could have caused underestimation 
of the cumulative dosage and might have weakened the 
relevance of the observed association. However, the data on 
the prescription of zolpidem and epilepsy diagnoses were 
highly reliable in the NHIRD, and previous studies showed 
the accuracy and validity of the database.31,32

CONCLUSION
The results of this population-based case-control study 

demonstrated a possible association between the use of 
zolpidem and an increased risk of developing epilepsy, for 
both typical and supratherapeutic doses. These findings 
might stimulate public interest in safety issues regarding 
zolpidem use. Additional large, population-based, unbiased 
studies and randomized controlled trials are necessary before 
any confirmatory conclusion can be drawn.
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