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Relationship of Zolpidem and Cancer Risk:
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Abstract

Objective: To evaluate the relationship between the use of zolpidem and subsequent cancer risk in Taiwanese patients.
Methods: We used data from the National Health Insurance system of Taiwan to investigate whether use of zolpidem
was related to cancer risk. For the study cohort, we identified 14,950 patients who had received a first prescription for
zolpidem from January 1, 1998, through December 31, 2000. For each zolpidem user, we selected randomly 4
comparison patients without a history of using zolpidem who were frequency-matched by sex, age, and year of the
index date. Incidence rates of all cancers and selected site-specific cancers were measured by the end of 2009, and
related hazard ratios (HRs) and 95% confidence intervals (CIs) of the cancer were measured as well.
Results: The risk of developing any cancer was greater in patients using zolpidem than in nonusers (HR, 1.68; 95% CI,
1.55-1.82). The stratified analysis showed that the overall HR for high-dosage zolpidem (�300 mg/y) was 2.38. The
site-specific cancer risk was the highest for oral cancer (HR, 2.36; 95% CI, 1.57-3.56), followed by kidney cancer,
esophageal cancer, breast cancer, liver cancer, lung cancer, and bladder cancer (HR, 1.60; 95% CI, 1.06-2.41). Men
were at higher risk than women.
Conclusion: This population-based study revealed some unexpected findings, suggesting that the use of zolpidem may
be associated with an increased risk of subsequent cancer. Further large-scale and in-depth investigations in this area
are warranted.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(5):430-436
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S leep problems are not uncommon in the gen-
eral population.1 Studies conducted in vari-
ous countries have reported that approxi-

mately 30% of their adult samples report one or
more of the symptoms of insomnia.2 These symp-
toms include difficulty initiating sleep, difficulty
maintaining sleep, waking up too early, and, in cer-
tain cases, nonrestorative or poor quality of sleep.2

An investigation in Canada found that 25.3% of the
total sample was dissatisfied with their sleep, 29.9%
reported insomnia symptoms, and 9.5% met the cri-
teria for insomnia syndrome.3 Similar results have
been reported for Asians.4

Zolpidem (Ambien, Stilnox) is a nonbenzodiaz-
epine hypnotic drug prescribed for the short-term
treatment of insomnia. A single-blind trial pub-
lished in 1991 reported on the nightly use of zolpi-
dem for up to 6 months; the authors concluded that
10 mg/d is an appropriate starting dose and is effec-
tive and safe for the treatment of sleep disturbances
of various origins.5 Generally, because of zolpidem-
induced amnesia for sleep disturbances, this popu-
lar drug is thought to produce a patient’s subjec-
tively better quality of sleep without the evident
adverse effects that usually accompany hypnotics.
The risk of abuse and tolerance is low when zolpi-
dem is used as directed.6-8 Common adverse effects

include nausea or vomiting, amnesia, headache, hal-
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lucinations, and short-term memory loss. A number
of users have reported sleepwalking.9

An early animal study found that rats that were
dministered high doses of zolpidem developed re-
al, thyroidal, and testicular cancers.10 However,

information is scarce on the possible relationship
between the use of zolpidem and the risk of devel-
oping certain types of human cancer, and no firm
conclusions can be drawn from the limited litera-
ture.11,12 Researchers recognize that many adverse
ffects, drug interactions, and effectiveness are dif-
cult to detect before drugs are approved and may
ecome evident only after the drug has been used by
illions of people for a long time. Because zolpidem

emains the market leader,11 a small magnitude of
hazard could have important clinical implications
and would be of interest to the general public and
the medical profession. A large, population-based
study may help clarify this controversy. To that end,
we evaluated the relationship between the use of
zolpidem and subsequent cancer risk in Taiwanese
patients.

METHODS

National Health Insurance Research Database
Details of Taiwan’s National Health Insurance (NHI)
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ZOLPIDEM AND CANCER RISK
Research Database (NHIRD), have been published
previously.13 Briefly, the NHI program began in
March 1995 and incorporated 13 insurance pro-
grams that provided health care to 99% of the Tai-
wanese population. The program contracted with
97% of the hospitals and clinics on the island, and it
provides comprehensive medical services, including
outpatient and inpatient care, dental care, physical
therapy, preventive care, and prescriptions. The Na-
tional Health Research Institute (NHRI) has been
responsible for the administration of the NHIRD.
The NHRI released the claims data of 1 million
patients (approximately 5% of Taiwan’s entire
population), randomly selected from all insurants
registered between 1996 and 2009, for inclusion in
the database. The NHRI reported that no statistically
significant differences were found in the distribu-
tions of age, sex, or health care expenditures be-
tween the subset of the NHIRD and all enrollees.
The diagnoses recorded in the database were coded
using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM). All
data files were linked with scrambled identifications
to secure insured privacy. This study was exempted
from ethical review.

Study Participants and Follow-up
For the study cohort, we identified 15,628 patients
who had received a first prescription for zolpidem
from January 1, 1998, through December 31, 2000.
Patients who had received zolpidem before 1998
were excluded. We used the date on which the zol-
pidem treatment was first commenced as the index
date. We excluded patients with a history of malig-
nant cancer before receiving zolpidem treatment or
those for whom the data on sex or age were missing
(678 patients were excluded for these reasons). For
each of the remaining 14,950 patients taking zolpi-
dem, we randomly selected 4 insured people in the
comparison cohort without zolpidem treatment,
frequency-matched for sex, age (every 5 years), and
year of the index date. The comparison group in-
cluded 59,799 patients. Both cohorts were followed
up until the end of 2009. The mean follow-up du-
rations for the nonzolpidem and zolpidem groups
were 8.93 (SD, 2.72) years and 8.62 (SD, 2.97)
years, respectively (P�.0001). The NHIRD did not
provide death data of insurants. The difference of
follow-up duration is only 0.31 year, but it is statis-
tically significant because of large sample sizes.

Patient comorbidities at baseline were identi-
fied, and we also noted whether they had been pre-
scribed a benzodiazepine dose greater than the me-
dian dose (�5 mg). Comorbidities included diabetes
mellitus (ICD-9-CM code 250), hypertension (ICD-
9-CM code 401-405), hyperlipidemia (ICD-9-CM

code 272), sleep disorder (ICD-9-CM codes 307.4
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and 780.5), sleep apnea syndrome (ICD-9-CM codes
780.51, 780.53, and 780.57), anxiety (ICD-9-CM
codes 300.0, 300.2, 300.3, 300.83, and 309.81), de-
pression (ICD-9-CM codes 296.2, 296.3, 300.4, and
311), alcoholism (ICD-9-CM codes 303 and 305.0),
and obesity (ICD-9-CM code 278.0).

Each study patient was tracked until one of the
following conditions was met: a diagnosis of malig-
nant cancer (ICD-9-CM codes 140-208), follow-up
was censored at the time of loss to follow-up, death,
the patient withdrew from the NHI, or the follow-up
period elapsed (on December 31, 2009).

Statistical Analyses
Demographic factors, including sex, age, and base-
line comorbidities, were compared between the zol-
pidem cohort and the comparison group with the �2

test. Comorbidities and benzodiazepine use were
defined for the period from 1998 to 2009. Multivar-
iate Cox proportional hazards regression analysis
was performed to measure the zolpidem use in as-
sociation with the risk of cancer, controlling for de-
mographic characteristics and comorbidities of dia-
betes, hypertension, hyperlipidemia, sleep disorder,
anxiety, benzodiazepine use, obesity, alcoholism,
and depression. We examined the risk of cancer in

TABLE 1. Baseline Characteristics of the Zolpidem an

Characteristic

Nonzolpidem cohort,
No. (%)

(n�59,799)

Sex

Female 35,595 (59.5)

Male 24,204 (40.5)

Age (y)

�20 1391 (2.3)

20-34 10,149 (17.0)

35-44 11,052 (18.5)

45-54 11,136 (18.6)

55-64 10,012 (16.7)

�65 16,059 (26.9)

Mean (SD) 51.7 (17.5)

Medical history

Diabetes mellitus 8883 (14.9)

Hypertension 22,863 (38.2)

Hyperlipidemia 12,711 (21.3)

Sleep disorder 7663 (12.8)

Anxiety 4667 (7.8)

Benzodiazepine treated 24,463 (40.9)

Obesity 798 (1.3)

Alcoholism 522 (0.9)
d Nonzolpidem Cohorts

Zolpidem cohort,
No. (%)

(n�14,950) P value

�.99

8899 (59.5)

6051 (40.5)

�.99

348 (2.3)

2537 (17.0)

2763 (18.5)

2784 (18.6)

2503 (16.7)

4015 (26.9)

51.8 (17.4) .32

3413 (22.8) �.001

7952 (53.2) �.001

5110 (34.2) �.001

8929 (59.7) �.001

6004 (40.2) �.001

13,159 (88.0) �.001

473 (3.2) �.001

650 (4.4) �.001
Depression 1471 (2.5) 4763 (31.9) �.001
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general and that of site-specific cancers, including
oral, esophageal, stomach, colorectal, liver, lung,
breast, cervix, prostate, endometrium, bladder, and
kidney cancers. We further stratified zolpidem by
annual dosage taken to estimate the cancer risk as-
sociated with taking zolpidem alone and with both
zolpidem and benzodiazepine. Zolpidem dosage
levels were categorized into none, 1 to 29 mg/y, 30
to 299 mg/y, and more than 300 mg/y. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were cal-
culated in the model. The cancer-free proportions of
the 2 groups were estimated using the Kaplan-Meier
method and compared by using a log-rank test. All
analyses were performed using SAS statistical soft-
ware, version 9.1 (SAS Institute Inc, Cary, NC); the
statistical significance level was set at .05.

RESULTS
Table 1 lists the characteristics of all 74,749 study
participants in both the zolpidem cohort and the
comparison cohort. Of the study participants,
59.5% were women, with a predominance (26.9%)
of elderly patients. Compared with the comparison
patients, zolpidem patients were more likely to have

the Association Between Specific Cancers and Zolpidem

Allb Women

Nonzolpidem
cohort HR (95% CI)

Zolpidem
cohort

Nonzolpidem
cohort

2924 1.68 (1.55-1.82)d 512 1473

94 2.36 (1.57-3.56)d 7 16

46 1.95 (1.07-3.55)e 2 4

207 1.28 (0.92-1.79) 21 87

490 1.04 (0.83-1.32) 63 251

408 1.81 (1.48-2.22)d 62 168

386 1.64 (1.32-2.03)d 49 156

259 1.84 (1.40-2.42)d 99 259

110 1.62 (1.00-2.62) 28 110

160 1.39 (0.99-1.95)

40 1.20 (0.47-3.03) 7 40

110 1.60 (1.06-2.41)e 12 34

76 2.18 (1.41-3.36)d 27 41

538 2.16 (1.81-2.58)d 135 307

eases, Ninth Revision, Clinical Modification codes are as follows: oral
, 151.xx; colorectal cancer, 153.xx and 154.xx; liver cancer, 155.xx
state cancer, 185.xx; bladder cancer, 188.xx; kidney cancer, 189.xx
azepine use, anxiety, hypertension, diabetes mellitus, obesity, alcoh
ine use, anxiety, hypertension, diabetes mellitus, obesity, alcoholism
Mayo Clin Proc.
diabetes (14.9% vs 22.8%; P�.001), hypertension
(38.2% vs 53.2%; P�.001), hyperlipidemia (21.3%
vs 34.2%; P�.001), sleep disorder (12.8% vs
59.7%; P�.001), anxiety (7.80% vs 40.2%;
P�.001), obesity (1.33% vs 3.16%; P�.001), al-
coholism (0.87% vs 4.35%; P�.001), depression
(2.46% vs 31.9%; P�.001), and benzodiazepine
prescriptions (40.9% vs 88.0%; P�.001) (Table 1).

Table 2 presents the adjusted HRs of overall
cancer risk and site-specific cancer risk associated
with zolpidem use for each sex. The HR of overall
cancer for patients using zolpidem was 1.68 (95%
CI, 1.55-1.82), compared with patients not using
zolpidem. A Kaplan-Meier analysis showed that the
cancer-free rate was significantly lower in the zolpi-
dem cohort than in the nonzolpidem cohort (log-
rank P�.0001; Figure).

The specific analyses by cancer type showed
that patients using zolpidem were at the highest risk
of developing oral cancer (HR, 2.36; 95% CI, 1.57-
3.56), followed by kidney cancer (HR, 2.18; 95%
CI, 1.41-3.36), and esophageal cancer (HR, 1.95;
95% CI, 1.07-3.55) (Table 2). The stratified analy-
ses by sex are also given in Table 2.

e: Results of Cox Proportional Hazards Regression

Menc

R (95% CI)
Zolpidem

cohort
Nonzolpidem

cohort HR (95% CI)

7 (1.49-1.87)d 535 1451 1.70 (1.52-1.91)d

9 (0.70-5.07) 40 78 2.48 (1.58-3.89)d

1 (0.35-12.7) 19 42 1.91 (1.02-3.61)e

2 (0.71-2.09) 32 120 1.32 (0.86-2.03)

3 (0.83-1.53) 46 239 0.96 (0.67-1.37)

2 (1.03-1.96)e 115 240 2.12 (1.64-2.75)d

1 (0.91-1.89) 93 230 1.85 (1.40-2.45)d

4 (1.40-2.42)d

2 (1.00-2.62)

59 160 1.39 (0.99-1.95)

0 (0.47-3.03)

6 (0.79-3.50) 28 76 1.54 (0.94-2.52)

4 (1.47-4.40)d 12 35 1.68 (0.81-3.49)

1 (1.83-2.91)d 91 231 1.98 (1.50-2.62)d

r, 140.xx, 141.xx, 143.xx-146.xx, and 148.xx-149.xx; esophagus
cancer, 162.xx; breast cancer, 174.xx; cervical cancer, 180.xx;
confidence interval; HR � hazard ratio.

, and depression.
depression.
TABLE 2. HRs (95% CIs) for Us
Analysisa

Variable

c

Zolpidem
cohort H

Overall 1047 1.6

Oral cancer 47 1.8

Esophagus cancer 21 2.1

Stomach cancer 53 1.2

Colorectal cancer 109 1.1

Liver cancer 177 1.4

Lung cancer 142 1.3

Breast cancerf 99 1.8

Cervical cancerf 28 1.6

Prostate cancerg 59

Endometrial cancerf 7 1.2

Bladder cancer 40 1.6

Kidney cancer 39 2.5

Other cancers 226 2.3

a International Classification of Dis cance
cancer, 151.xx; stomach cancer ; lung
endometrial cancer, 182.xx; pro . CI �
b Adjusted for sex, age, benzodi olism
c Adjusted for age, benzodiazep , and
d P�.001.
e P�.05.
f For women.
g
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ZOLPIDEM AND CANCER RISK
The interactions between zolpidem use and
other risk factors in Cox proportional hazards re-
gression after controlling for age and sex by each risk
factor are presented in Table 3. Compared with the
nonzolpidem, nonbenzodiazepine cohort, the zol-
pidem cohort (both with and without benzodiaz-
epine use) had an increased HR for cancer; the risk
was highest for patients using both zolpidem and
benzodiazepine (HR, 1.73; 95% CI, 1.59-1.88) (Ta-
ble 3). When accounting for the interactions be-
tween zolpidem and other risk factors, the zolpidem
cohort had a significantly higher HR (P�.01) for
cancer than the nonzolpidem cohort for all the risk
factors except obesity (P�.18) (Table 3).

The interaction among different dosage levels of
zolpidem and combined use of benzodiazepine was
examined. Table 4 indicates that, compared with the
subgroup without benzodiazepine combined use,
the HRs of cancer increased with zolpidem dosage
(HR, 3.15; 95% CI, 2.25-4.41; for 30-299 mg/y; HR,
6.24; 95% CI, 4.13-9.43; for �300 mg/y) but de-
creased to 2.64-fold (95% CI, 2.34-2.99) and 3.30-
fold (95% CI, 2.91-3.75) risks for 30 to 299 mg/y
and 300 mg/y or more, respectively, when with
combined benzodiazepine use.

DISCUSSION
The results of this population-based cohort study
demonstrate significant associations between the
use of zolpidem and the increased risk for overall
cancer, as well as oral, liver, lung, breast, esopha-
geal, bladder, and kidney cancers. These unex-
pected findings may arouse public interest regard-

1.00

Nonzolpidem
Zolpidem

0.95

0.90

0.85

0.80

0 2 4 6 8 10 12
Time (y)

Pr
ob

ab
ili

ty

Log-rank P<.0001

FIGURE. Kaplan-Meier model for estimating
the cancer-free proportions of patients treated
with or without zolpidem (log-rank P�.001).
ing safety issues in zolpidem use. o
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According to the Taiwan Cancer Registry, since
1982 cancer has been the leading cause of death
among the general population in Taiwan. The age-
adjusted incidence rate has increased steadily, and
in 2007 it reached 270 new cases per 100,000 peo-
ple.14 However, data from Surveillance Epidemiol-
ogy and End Results indicate a different trend, with
overall cancer incidence rates reportedly decreasing
by 0.7% per year between 1999 and 2006 for all
racial and ethnic groups combined.15 Because this
ssue continues to be a challenge for public health in
aiwan, it has gained the attention of the govern-
ent; the result has been more population-based

nvestigations regarding cancer preventive epidemi-

TABLE 3. Hazard Ratios (95% Confidence Intervals) fo
Associated With Zolpidem Use, Accounting for the Int
Zolpidem and Other Risk Factorsa

Risk factor Nonzolpidem cohort Zo

Benzodiazepine treated

No 1.00 (Reference) 1.7

Yes 1.26 (1.17-1.36)c 1.7

Sleep disorder

No 1.00 (Reference) 1.9

Yes 0.69 (0.62-0.78)c 1.2

Anxiety

No 1.00 (Reference) 1.8

Yes 0.71 (0.61-0.81)c 1.0

Diabetes mellitus

No 1.00 (Reference) 1.5

Yes 0.94 (0.85-1.03) 1.3

Hypertension

No 1.00 (Reference) 1.8

Yes 0.77 (0.72-0.84)c 1.1

Hyperlipidemia

No 1.00 (Reference) 1.6

Yes 0.70 (0.64-0.76)c 1.0

Obesity

No 1.00 (Reference) 1.5

Yes 0.67 (0.44-1.03) 1.0

Alcoholism

No 1.00 (Reference) 1.5

Yes 1.21 (0.83-1.77) 2.7

Depression

No 1.00 (Reference) 1.6

Yes 0.68 (0.53-0.88)d 1.2

a Adjusted for sex and age.
b Compared with the nonzolpidem group.
c P�.001.
d P�.05.
r Overall Cancer Risk
eractions Between

lpidem cohort P valueb

2 (1.39-2.13)c �.001

3 (1.59-1.88)c �.001

6 (1.78-2.16)c �.001

0 (1.10-1.32)c �.001

0 (1.66-1.96)c �.001

6 (0.95-1.19) �.001

8 (1.46-1.72)c �.001

3 (1.17-1.51)c �.001

5 (1.65-2.07)c �.001

5 (1.05-1.26)d �.001

5 (1.51-1.79)c �.001

7 (0.95-1.20) �.001

4 (1.43-1.65)c �.001

3 (0.65-1.64) .18

0 (1.40-1.61)c �.001

0 (2.04-3.57)c .002

4 (1.51-1.77)c �.001

4 (1.10-1.41)c �.001
logy. The NHI program provides adequate data for
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such studies because of its comprehensive health
coverage. The NHIRD contains ambulatory service
records, hospital service records, and prescription
claim data. It allows researchers to select specific
study groups and matched comparison groups, with
ensured representation of the underlying popula-
tion groups. We recently used NHIRD data to eval-
uate the risk of malignant tumors in patients with
end-stage renal disease and found some positive
risk. A report on this study has been previously pub-
lished.16 The current study used a similar design to
determine whether zolpidem use relates to the risk
of cancer.

To the best of our knowledge, the current study
was the first population-based study of zolpidem
users in Taiwan (N�14,950 patients). To create a
comparison group, we randomly matched each zol-
pidem user with 4 people from the general popula-
tion who did not use zolpidem.

As is the case with benzodiazepine use, the
probability of a patient using zolpidem increased
with age, female sex, and concomitant use of other
psychotropics17,18; our results confirmed this pat-
tern. Kripke11,19,20 has extensively studied the asso-
ciation between hypnotics and cancer risk, and his
published work addresses this issue. On the basis of
epidemiological data and laboratory studies, Kripke
suggests that new hypnotics may increase cancer
risk.

Zolpidem use appeared to promote viral in-
fections, which may have indicated suppression
of the immune function. Either immunosuppres-
sion or viral infections might increase cancer de-
velopment.11,20 Cancers known to be related to
viral infections include oral, liver, and cervical
cancers.21-23 Our results demonstrate that zolpi-
dem users have a significantly higher rate of sub-
sequent oral and liver cancer development but not
cervical cancer. One possible reason to explain
this finding is the effect of national cancer screen-

Hazards Regression Analysis Measured HRs (95% CIs)
Using Both Zolpidem and Benzodiazepinea

Overall Zolpidem only

ts/
nts HR (95% CI)

No. of events/
No. of patients HR (95%

0 1.00 (Reference) 1316/35,336 1.00 (Refe

0.99 (0.85-1.15) 32/1211 0.92 (0.65

1.90 (1.70-2.13)b 35/419 3.15 (2.25

2.38 (2.12-2.67)b 23/161 6.24 (4.13

hazard ratio.
ing. Cervical, oral, breast, prostate, and colorectal c

Mayo Clin Proc.
cancers are the main targets of Taiwan’s free can-
cer screening program. We assumed that zolpi-
dem users visit physicians relatively frequently
and would be screened for cancer whenever nec-
essary. Regarding the carcinogenesis of cervical
cancer, cervical intraepithelial neoplasia (CIN)
and carcinoma in situ (CIS) lesions are known to
precede the development of invasive cancer. Fre-
quent Papanicolaou smear examinations would
detect cervical CIS, CIN, and dysplasia, enabling
the patient to receive treatment before the disease
progresses into invasive cancer. We did not in-
clude CIN and CIS as end points for cervical can-
cer, and this omission may have decreased the
number of cases of invasive cervical cancer that
we extracted from the database.

The cancer screening effect also partially applies
for oral and breast cancers, which showed significantly
higher rates in zolpidem users. More cancers can be
detected if more frequent cancer screening is con-
ducted among users of zolpidem. Prostate and colorec-
tal cancers, however, did not show any significant dif-
ference between zolpidem users and nonusers.

Zolpidem can reduce the arousal response to
nocturnal acid exposure and can also increase the
duration of each esophageal acid reflux event. Pa-
tients with gastroesophageal reflux disease who take
zolpidem thus experience significantly higher esoph-
ageal exposure to gastric acid, which increases the
likelihood of developing esophageal cancer.12 Our

ata support this theory, and analysis revealed a sig-
ificantly higher rate of esophageal cancer among
olpidem users. Other cancers that had significantly
igher rates in zolpidem users than nonusers were

ung, bladder, and kidney cancers. To date, we do
ot have any biological hypotheses to explain these
ssociations.

Zolpidem users may also take benzodiazepine;
hus, benzodiazepine may also be associated with
ancer risk. In addition, sleep disorder may be asso-

ncers by Zolpidem Dosage in Association With

Zolpidem and benzodiazepine

P value
No. of events/
No. of patients HR (95% CI)

e) 1608/24,464 1.47 (1.36-1.59)b �.001

) 156/3367 1.45 (1.23-1.72)b .04

)b 378/4962 2.64 (2.34-2.99)b .50

)b 423/4829 3.30 (2.91-3.75)b .049
TABLE 4. Cox Proportional of Ca
Using Zolpidem Alone and

Zolpidem,
mg/y

No. of even
No. of patie CI)

0 2924/59,80 renc

1-29 188/4578 -1.31

30-299 413/5381 -4.41

�300 446/4990 -9.43

a CI � confidence interval; HR �
b

iated with cancer risk. We wanted to investigate

� May 2012;87(5):430-436 � doi:10.1016/j.mayocp.2012.02.012
www.mayoclinicproceedings.org



ZOLPIDEM AND CANCER RISK
whether the relationship between zolpidem use and
cancer risk may actually arise from an interaction
between zolpidem and other risk factors. Table 3
clarifies this concern and shows that zolpidem inde-
pendently increases the overall cancer risk. The dose
level of zolpidem also plays an important role. As
indicated in Table 4, higher doses of zolpidem were
associated with greater cancer risk, especially for pa-
tients who took zolpidem without taking benzodi-
azepine. Table 4 indicates that the group receiving
benzodiazepine plus zolpidem had a lower HR than
the group receiving zolpidem alone at higher zolpi-
dem dosages (30-299 and �300 mg/y but not for
the lower zolpidem dosage [1-39 mg/y]). Therefore,
the data in Table 4 should be considered cautiously
because the zolpidem-only groups are too small and
their HRs are implausible. In addition, complex
drug interaction is a possible explanation.

Some readers may suspect reverse causality,
which would imply that patients who are already at
risk for cancer may have a greater tendency to start
using zolpidem than those not at risk for cancer. To
clarify this concern, we used the Kaplan-Meier method
without adjusting for sex, age, and comorbidity to eval-
uate it. There was no time lag between the 2 groups
(zolpidem vs nonzolpidem). We found that the can-
cer-free proportion of patients treated with and with-
out zolpidem differed significantly over time (Figure).
This finding indicates that cancer risk increases in con-
junction with the length of time of zolpidem use; thus,
reverse causality seems unlikely.

The current study had some limitations that
need to be addressed. First, information on smoking
habit, alcohol consumption, body mass index, and
family history of cancer was unavailable from the
NHIRD. All of these are risk factors for multiple
cancers and could plausibly also be associated with
zolpidem use. The current study cannot control
these possible confounders. However, we have in-
cluded obesity and alcoholism as risk factors in the
models and adjusted for them in the analyses. Sec-
ond, the organ-specific pattern of cancer occurrence
does not appear to correspond to any biological hy-
pothesis of zolpidem action. We think it likely that
our findings in part reflect a healthy nonuser effect
(ie, those with healthier lifestyles and behaviors may
be less likely to require zolpidem treatment or may
be more likely to address such problems with non-
pharmacological approaches). Third, evidence de-
rived from any cohort study is generally less than
that from randomized trials because a cohort study
design is subject to many biases related to con-
founding adjustment. Despite our meticulous study
design with adequate control of confounding fac-
tors, a key limitation is that bias could still remain if
there are unmeasured or unknown confounders.

Fourth, the diagnoses in NHI claims primarily serve
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the purpose of administrative billing and do not un-
dergo verification for scientific purposes. We were
unable to contact the patients directly regarding
their use of zolpidem because of the anonymity of
the identification numbers. In addition, prescrip-
tions issued before 1996 for the drugs under study
were not reflected in our analysis. This omission
could have underestimated the cumulative dosage
and may have weakened the observed association.
Fifth, comorbidities were detected between 1998
and 2009. Because the comorbidities do not neces-
sarily precede the use of zolpidem or benzodiaz-
epine, they may be caused by zolpidem and benzo-
diazepine. This raises a question of whether control
for comorbidities incident after zolpidem use is
commenced may produce overcontrol and thus un-
derestimation of causal associations. Overcontrol
may be a conservative statistical choice. Finally, it is
difficult to explain why the HR appears lower when
any additional risk factor, except for alcoholism and
benzodiazepine, is combined with the risk of zolpi-
dem. Some undetermined mechanisms or intrinsic
limitation of this study may lead to the results.
Apart from these potential problems, the data on
zolpidem prescription and cancer diagnosis were
highly reliable.

CONCLUSION
This population-based, retrospective cohort study
found that the use of zolpidem is significantly asso-
ciated with an increased risk for overall cancer, as
well as some individual cancers. The general popu-
lation may be surprised by these unexpected find-
ings, the reasons for which remain unclear. Our
findings would require confirmation by further
large, population-based, unbiased studies before
any firm conclusions can be drawn.
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