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behaviours (CSBs), amnesia, etc associated 
with the use of zolpidem are a matter of 
serious concern. Health care professionals 
need to be aware of such adverse events 
and exercise caution while prescribing the 
drug.

Zolpidem, an imidazopyridine, 
was approved by USFDA in 1992 
for the short-term treatment of 

insomnia. It is a rapid and short-acting 
sedative-hypnotic drug, with only minor 
anxiolytic, anticonvulsant, and muscle-
relaxant properties. Being a nonbenzodi-
azepine, it is considered to have a favor-
able side-effect profile, particularly with 
respect to rebound insomnia, amnesia, 
and dependence, compared to benzodiaz-
epines. Hence, it is nowadays widely used 
in clinical practice for the management of 
insomnia.1

Numerous postmarketing studies and 
case reports have shown an association 
of zolpidem with various neuropsychi-
atric adverse events like hallucinations, 
sensory distortions, delirium, parasom-
nias or complex sleep behaviors (CSBs), 
amnesia, etc. A majority of these cases 
comprise CSBs like somnambulism or 
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most common being sleepwalking/
somnambulism and sleep-related eating 
disorder. On causality assessment, around 
88% of cases were found to have a 
probable association with zolpidem.

Limitations: Extraction of data from 
observational studies and spontaneous 
reports, due to nonavailability of any 
randomized controlled trials relevant to the 
study objective.

Conclusion and Implication of Key Findings: 
Zolpidem-induced CSBs, although not very 
common, may develop when the drug is 
used at therapeutic doses for insomnia. 
Doctors need to be alert to monitor such 
adverse effects of zolpidem and exercise 
caution while prescribing it. 

Keywords: Zolpidem, complex sleep 
behaviors, sleepwalking, parasomnias, 
somnambulism, sleep-related eating 
disorder

Key Messages: Zolpidem is a one of the 
widely prescribed drugs for insomnia 
due to its better safety profile compared 
to benzodiazepines. However, various 
neuropsychiatric adverse events like 
hallucinations, sensory distortions, 
delirium, parasomnias or complex sleep 

Zolpidem for insomnia: a Double-edged 
Sword. a Systematic literature Review on 
Zolpidem-induced Complex Sleep behaviors

ABSTRACT
Background: Being a nonbenzodiazepine, 
zolpidem is believed to have a favorable 
side-effect profile and is widely prescribed 
for insomnia. However, in the past few 
years, numerous neuropsychiatric adverse 
reactions, particularly complex sleep 
behaviors (CSBs), have been reported with 
zolpidem.

Objective: To conduct a systematic review 
of zolpidem-associated CSBs.

Data Sources: An electronic search was 
conducted using MEDLINE, Embase, 
PubMed, and Cochrane database of 
systematic reviews to extract relevant 
articles till July 2020.

Study Eligibility Criteria: Any type of 
literature article (case report, case series, 
and observational or interventional study) 
reporting CSBs associated with zolpidem.

Results: In this review, we present 
aggregate summarized data from 148 
patients presenting with zolpidem-induced 
CSBs (79 patients from 23 case reports and 
5 case series; 69 patients out of 1454 taking 
zolpidem [4.7%] from three observational 
clinical studies). Various types of CSBs 
associated with zolpidem were reported, 
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sleepwalking, sleep driving, sleep eating, 
sleep cooking, sleep shopping, sleep sex, 
etc. A literature review published in 2008 
identified ten case reports of nonbenzo-
diazepine receptor agonists induced 
CSBs involving 17 patients. Out of  the 
17 patients, 15 had consumed zolpidem, 
while the other 2 had taken zaleplon 
and zopiclone, respectively.2 The inci-
dence of somnambulism associated with  
zolpidem has been reported as 1% (1 in 96 
patients) and 0.3% (7 in 192) in two post-
marketing studies conducted in 1988 and 
1995, respectively.3,4

CSBs associated with zolpidem have 
been a focus of attention, particularly 
after the USFDA requested a label change 
in 2007. In 2006, substantial media 
coverage was observed on zolpidem- 
associated CSBs in conjunction with 
a class-action lawsuit and the high- 
profile vehicle collision of Congressman 
Patrick Kennedy.5 The death of Heath 
Ledger, a famous Australian actor, falsely 
implicated to be related to zolpidem use, 
intensified the controversy surround-
ing the drug in both the United States 
and Australia. Furthermore, around 
700 reports of impaired driving ability 
and roadside accidents associated with 
zolpidem use were received by USFDA, 
as a result of which the agency recom-
mended addition to the “warnings and 
precautions” section of zolpidem about 
CSBs, including sleep driving.6,7

In January 2013, the USFDA released 
a safety announcement regarding the 
risk of next-morning cognitive impair-
ment and residual daytime effects with 
zolpidem. The risk was higher with 
extended-release (ER) forms of the drug 
and in females. Later, in May 2013, 
another recommendation was added to 
the drug label to avoid driving or other 
activities requiring mental alertness the 
day after taking the drug’s ER form.8 In 
April 2019, based on accumulating data 
in FDA adverse event reporting system 
database and medical literature, USFDA 
added a boxed warning with zolpidem 
regarding the risk of serious injuries and 
deaths from CSBs, even at the lowest rec-
ommended dose and after just one dose.9

In light of the accumulating data, it 
was thought prudent to conduct a sys-
tematic review on the safety of zolpidem 
with respect to CSBs when used thera-
peutically for approved indications in 
adult patients.

Materials and Methods

Search Strategy and Study 
Selection
A systematic literature search was 
conducted using MEDLINE, Embase, 
PubMed, and Cochrane database of 
systematic reviews, using keywords 
“zolpidem,” “complex sleep behaviors,” 
“nightmares,” “parasomnias,” “sleep 
eating,” “sleep talking,” “sleep walking,” 
“somnambulism,” “sleep terror,” and 
“sleep driving,” to extract all types of 
relevant articles until July 2020. All the 
searches used Boolean operators. Two 
investigators conducted the searches 
independently, which were later com-
piled. A manual search was also carried 
out by going through the reference lists 
of retrieved articles.

Criteria for Study Inclusion
Publications on zolpidem-associated 
CSBs, namely nightmares, parasomnias, 
sleep eating, sleep talking, sleepwalk-
ing/somnambulism, sleep terror, etc., 
were included in the present review. 
Publications of any type, including case 
reports, case series, conference abstracts, 
reviews, observational studies, and 
clinical trials relevant to the objective 
of the current review, that is zolpidem- 
associated CSBs, were included. Arti-
cles in languages other than English 
were also included, provided relevant 
information could be extracted from the 
abstract if available in English.

Data Extraction
Data extraction forms were filled to 
gather information on patient details, 
the indication for zolpidem use, dose 
and duration of intake of zolpidem, sleep 
behavior experienced, the outcome of 
the event, and any other relevant points.

Quality Assessment
The quality of case reports was assessed 
using the case report (CARE) guidelines 
and 13-item checklist.10,11 Each item was 
assigned a weighted score as 1, 0.5, or 
0 for every Yes, Partly, or No recorded 
response, respectively, and a total score 
was calculated. Based on percent of the 
maximal total score, the quality of case 
reports was classified as excellent (90%–
100% score), good (70%–89%), average 
(50%–69%), or poor (≤49%).12

The case series were assessed for 
quality using Joanna Briggs Institute 
(JBI) tool having ten criteria.13

Newcastle Ottawa Scale was used 
to assess the quality of observational 
studies.14,15 In this, quality of studies is 
assessed in the following three domains: 
(a) “selection,” that is representativeness 
of the exposed cohort, selection  
of nonexposed cohort, ascertainment 
of exposure, absence of outcome of 
interest at the start of the study; (b) 
“comparability,” namely comparability of 
cohorts based on the design or analysis; 
and (c) “outcome,” namely method of 
outcome assessment, follow-up long 
enough for the outcome to occur, and the 
adequacy of the follow-up of cohorts. A 
star system is used to assess study quality. 
Each criterion in selection and outcome 
domains is allotted 1 star, whereas 2 stars 
are assigned for comparability, making a 
total maximum score of 9. Depending on 
the overall quality score thus obtained, a 
study can be categorized as of good/fair/
poor quality.

Study Outcome
The primary outcome was to evaluate 
the safety and causality of therapeuti-
cally used zolpidem with respect to CSBs 
in adult patients.

Causality Assessment
The causality of zolpidem with CSBs was 
ascertained using the WHO causality 
assessment scale.16

Data Analysis
Data collected were entered in Microsoft 
Excel and analyzed using descriptive sta-
tistics. No specific hypothesis was tested.

Results

Study Selection
During the initial search, 272 hits were 
obtained using various keywords. Out 
of 74 articles considered to be potentially 
eligible, 31 were included in this system-
atic review (Figure 1). Of these, there 
were 23 case reports,17–39 five case series,40–

44 and three observational studies.45–47

Study Characteristics
Table 1 depicts the characteristics of 
various literature articles reporting zolp-
idem-associated CSBs.
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Quality of Included Studies
Quality assessment was done for 22 case 
reports and three case series (full-text arti-
cles published in non-English languages 
in 1 case report17 and 2 case series39,41). The 
overall quality of case reports was rated 
as good (59%) or average (41%). None of 
the reports fell in excellent or poor cate-
gory. The adherence of the reports to the 
individual items of the CARE checklist is 
depicted in Figure 2; all reports showed 
adherence to patient information, clin-
ical findings, timeline, therapeutic 
intervention, and discussion; however, 
none exhibited adherence for two sub-
items, namely patient perspective and 
informed consent. All but one (appropri-
ate statistical analysis) quality criteria 
on the JBIs tool were adhered to in most 
case series (Figure 3).

Among observational studies, all the 
three studies had scores >6 on the New-
castle Ottawa Scale and were, therefore, 
categorized as of good quality.

FiguRe 1.

Flowchart Depicting the Study Selection Process

Table 1.

Characteristics of literature articles included in the Systematic Review

S. No. Article ID

Patient Char-
acteristics Indication of 

Zolpidem
Dose, Duration 
of Intake

Sleep Behavior Expe-
rienced

Causality Assessment with Zolpidem/Any Addition-
al Remarks

Case reports 

1. Usumoto 
et al.17

60/M Insomnia (post 
herpetic neu-
ralgia)

Data not avail-
able (article 
in Japanese, 
information 
extracted 
from abstract 
in English 
language).

Abnormal behavior 
(removed epidur-
al catheter, sleep 
driving, found dead 
in a narrow storage 
water tank 10 km from 
hospital)

Possible/death as a result of drowning 
in water tank; thought to have experi-
enced sleep driving to reach the place 
where found dead.

Not as-
sessable 
due to in-
sufficient 
informa-
tion

2. Inagaki et 
al.18

15/F Insomnia 5 mg/d; 2 
weeks

Sleep walking Probable/reaction attributed to be due 
to interaction between Z and concur-
rently administered fluvoxamine 

Good

3. Nzwalo et 
al.19

53/F Situational 
insomnia due to 
husband’s ob-
structive sleep 
apnea (OSA).

10 mg /d; 5 
years

Sleep eating, drinking, 
cooking 

Probable Good

4. Singh et 
al.20

46/M Patient took the 
drug without 
prescription

10 mg daily; 
few days 

Sleep walking Probable Good

5. Park et 
al.21

71/M Insomnia with 
coexisting 
OSA and RLS 
(restless legs 
syndrome)

– Sleep-related eating 
disorder (SRED)

Probable Good

6. Sharma et 
al.22

19/M Insomnia 10 mg at 
bedtime on as 
needed basis; 
few days

Somnambulism (sleep 
walking)

Probable Average

(Table 1 continued)
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S. No. Article ID

Patient Char-
acteristics Indication of 

Zolpidem
Dose, Duration 
of Intake

Sleep Behavior Expe-
rienced

Causality Assessment with Zolpidem/Any Addition-
al Remarks

7. Sattar et 
al.23

47/M Bipolar disorder 5 mg daily Somnambulism 
(condition appeared 
within 2 days of 
starting adjunctive 
valproic acid)

Unlikely/Patient did not experience 
somnambulism while on zolpidem 
monotherapy; both dechallenge and 
rechallenge were positive with valproic 
acid; case described as a probable 
interaction between zolpidem and val-
proic acid leading to somnambulism

Good

8. Mendel-
son24

20/M Participant in a 
study on sed-
atives induced 
alterations in 
sleep perception 
and wakefulness

10 mg; single 
dose

Sleep walking Possible Average

9. Hoque et 
al.25

51/F Insomnia 10 mg daily; 
few weeks

Sleep related eating, 
sleepwalking, and 
sleep talking

Probable Good

 10. Yang et 
al.26

55/M Insomnia 10 mg daily; 3 
Days

Sleep walking Probable Good

11. Dang et 
al.27

45/M Insomnia 10 mg daily; 10 
days

Sleep related eating 
disorder

Probable Good

12. Doane et 
al.28

48/M Insomnia 10 mg 2–3 
times/week; 2 
years

Sleep driving Certain/history of similar episode 
1 year back after taking 30 mg of 
zolpidem

Average

13. Gibson et 
al.29

49/M Insomnia Dose (?); few 
Weeks

Self-inflicted gunshot 
wound related to CSBs

Possible/previous history of multiple 
episodes of sleep walking and sleep 
eating; no information on manage-
ment

Average

14. Najjar30 46/F Depression and 
insomnia

6.25 mg 
controlled-re-
lease; 1 year

Multiple episodes of 
SRED after 3 weeks of 
drug intake

Probable Good

15. Kim et al.31 57/F Insomnia 10 mg daily; 6 
months

Compulsive evening 
eating behavior/SRED

Probable/concomitant intake of 
diazepam, lorazepam, quetiapine and 
escitalopram

Good

16. Lange32 13/F Insomnia 10 mg daily; 
1 day

Sleep walking Possible/childhood and family history 
of sleep walking

Average

17. Sansone33 51/F Insomnia 10 mg daily; 2 
months

Somnambulism, sleep 
eating

Probable Average

18. Siddiqui34 44/F Insomnia 10 mg daily 
for 4 years; 
15 mg daily 
at the time of 
presentation

Sleep walking asso-
ciated with writing 
mails

Probable/resolution of symptoms after 
dose reduction to 10 mg daily

Average

19. Yun35 45/M Insomnia and 
restless legs 
syndrome

10 mg twice a 
week for few 
weeks

SRED Probable Average

20. Paulke et 
al.36

2 patients; 
(31/M, 43/F)

Self-adminis-
tration

10 mg tablet 
single dose

Somnambulism, 
involuntary self-intox-
ication, sleep driving 
and amnesia

Possible/both patients suffered 
from psychiatric disorders and one 
patient had depression; possibility of 
increased risk of CSBs due to concomi-
tant illnesses

Good

21. Tsai et 
al.37

3 patients 
(all females); 
age: 34–50 
years

Insomnia 10–15 mg daily Compulsive behavior 
(cleaning, uncontrolled 
eating) with antero-
grade amnesia

Probable in all patients. Good

22. Chiang et 
al.38

2 patients; 
70–75 years 
old females

Sleep mainte-
nance difficulty

12.5 mg zolp-
idem ER

SRED Probable/complete recovery after 
switching to IR formulation of zolp-
idem

Good

(Table 1 continued)

(Table 1 continued)
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S. No. Article ID

Patient Char-
acteristics Indication of 

Zolpidem
Dose, Duration 
of Intake

Sleep Behavior Expe-
rienced

Causality Assessment with Zolpidem/Any Addition-
al Remarks

23. Paradis et 
al.39

2 patients; 
45/M, 62/F

Insomnia > 10 mg daily Noncharacteristic, 
complex acts of vio-
lence associated with 
total amnesia, both 
patients killed their 
spouses.

Possible/No history of aggression 
prior to killing; concomitant intake of 
paroxetine in both cases.

Average

Case series 

S. No. Article ID Patient Char-
acteristics

Indication of 
Zolpidem

Dose, Duration 
of Intake

Sleep Behavior Expe-
rienced

Causality Assessment with Zolpidem/Any Addition-
al Remarks

24. Valiensi et 
al.40

8 patients (6 
F, 2M); 32– 72 
years old

Sleeping disor-
ders

10 mg daily (7 
patients); 12.5 
mg daily (1 
patient)

Sleep related eating 
disorder; symptom 
onset at mean 39.8 
days after starting the 
medication; 1–8 noc-
turnal eating episodes 
per night

  Probable (Article in Spanish; information extracted 
from abstract in English language)

25. Pérez-Díaz 
et al.41

5 patients 
(1M, 4F) Age: 
27–79 years

Insomnia Data not 
available

Sleep walking 
(telephoning, house 
cleaning, feeding the 
dog or waxing their 
legs); Inappropriate 
feeding behavior with 
excessive food intake 
during the night and 
weight gain in all

Probable (Article in Spanish; information extracted 
from abstract in English language)

26. Morgen-
thaler et 
al.42

5 patients 
(3M, 2F); 
Age:54–67 
years

Insomnia Data not 
available

Amnestic nocturnal 
eating episodes

Probable

27. Poceta43 8 clinical 
patients (4M, 
4F); 28–65 
years old
6 legal cases 
(4M, 2F); 
33–54 years 
old

Insomnia 
(3), daytime 
ingestion for 
headache (1); 
accidental day-
time ingestion 
(4) Insomnia (6 
legal cases)

5–20 mg daily
10–31.25 mg 
daily

Automatism, 
confusion, amnesia, 
inebriation, sleep 
driving, sleep walking, 
sleep Eating

Probable in all cases

28. Schenck 
et al.44

19 patients 
(3M, 16 F) 
Age: 17–78 
years

Persistent 
insomnia

10–20 mg daily Amnestic sleep re-
lated eating disorder 
(SRED)

Probable in all patients/concomitant intake of 
antidepressants and other drugs for psychiatric or 
medical disorders in most patients; family history 
of zolpidem induced SRED in 1 patient; history of 
“nocturnal eating syndrome” in 1 patient.

Observational studies 

29. Chen et 
al.45 (Case 
control 
Study)

40 patients 
(37 on zolp-
idem, 3 on 
zopiclone) (17 
M, 23 F); Age: 
4.2±13.86 
ears

Insomnia Average dose: 
10 mg/day

Antegrade amnesia 
(20), eating (11), 
somnambulism (4), 
excitement/talkative-
ness (2), others like 
dizziness (3)

Patients reporting CSBs were younger compared to 
those not having CSBs (34.2 versus 39.3 years)

30. Hwang et 
al.46 (ret-
rospective 
cross-sec-
tional 
pilot 
study)

19 patients Insomnia – Somnambulism with 
object manipulation, 
sleep-related eating, 
and other amnestic 
sleep-related behav-
iors

Patients with CSBs as compared to those without 
CSBs were significantly more likely to be younger, 
females, taking a higher dose of zolpidem (> 10 
mg/d) and not going to sleep immediately after 
taking zolpidem

31. Tsai et 
al.47 (retro-
spective 
survey)

13 pa-
tients (6M, 
7F); Age: 
42.5±17.1 
years

Insomnia Average dose: 
10 mg/day

Watching television 
(3), using telephone 
(5), sleep walking (1), 
mixed behaviors (4)

Patients with CSBs had intake of lower doses of 
zolpidem compared to those without CSBs.

CARE: case report, SRED: sleep related eating disorder, ER: extended release, CSBs: complex sleep behaviors.

(Table 1 continued)
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FiguRe 2.

Percentage adherence to individual Subitems of CaRe Checklist 
among the included Case Reports

FiguRe 3.

adherence to Various Criteria of Jbis Tool among the included 
Case Series

Table 2.

Types of Complex Sleep behaviors Reported with Zolpidem in 
literature

Type of CSB Reference No. of Literature Article

Sleep driving 15, 26, 34, 41

Sleep walking/somnambulism 16, 18, 20–24, 30–32, 34, 39, 41, 43–45

Sleep eating/drinking, SRED 17, 19, 23, 25, 28, 29, 31, 33, 36, 38, 40–44

Sleep cooking 17

Sleep talking 23, 43, 39

Compulsive behavior 35

CSB related self-injury 15, 27, 34

Violent acts 37

Mixed behaviors 39, 41, 43, 45

CSBs: complex sleep behaviors, SRED: sleep-related eating disorder.

Study Outcomes
Table 2 enlists various types of CSBs 
reported with zolpidem in the literature.

Case Reports and Case Series. Out of a 
total of 79 cases, 49 (61%) were females. 
The majority of the cases occurred in 
the age group of 36–64 years, with a rel-
atively lesser incidence in the extremes 
of age. The most common types of 
CSBs reported were sleep-related eating 
disorder (SRED) and somnambulism/
sleepwalking.

Observational Studies. In a case-control 
study, Chen et al. reported an incidence 
of 3.27% (37/1132 patients) of CSBs with 
zolpidem in nonpsychotic patients. No 
significant association with older age or 
sex was observed; the incidence of CSBs 
was, in fact, higher in younger patients.45 
Hwang et al. reported 28.3% incidence of 
CSBs with zolpidem (19/67 patients), with 
the more affected groups being younger 
patients, females, patients taking a 
higher dose of zolpidem, and patients 
not sleeping immediately after the 
drug intake. A higher dose of zolpidem 
(>10 mg/day) was concluded as a key risk 
predictor for CSBs.46 Tsai et al. reported 
a 5.1% incidence (13 out of 255 patients) 
of CSBs associated with zolpidem use in 
Taiwanese patients. No significant asso-
ciation was observed with age, gender, 
or concomitant diseases.47 Combining 
the data from the three observational 
studies, we obtained a 4.7% (69/1454) 
incidence of zolpidem-associated CSBs.

Causality Assessment
Among the included case reports and 
case series, the causality association of 
zolpidem with CSBs was ascertained as 
mainly probable (69/79, 88%) and possi-
ble (8, 10%). Very few reports had certain 
(1, 1%) and unlikely (1, 1%) causal associa-
tion with zolpidem intake.

Discussion
Various types of CSBs have been reported 
with zolpidem. Major variables identi-
fied as risk factors for zolpidem-induced 
CSBs are female sex, advanced age, and 
>10 mg daily dose.48

A higher incidence of CSBs in females 
was reported in case reports (more than 
60%) and a cross-sectional study.46 One 
possible explanation is the slower elim-
ination of the drug in females, based on 
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termination of the serotonin-dependent 
behavior. Hence, the time window for 
CSBs comprises the delay between the 
GABAA receptors’ desensitization and the 
compensatory decrease in the serotonin 
levels. Factors like individual variability 
in receptor desensitization, serotonin 
autoregulatory mechanism, and drug 
pharmacokinetics may determine the 
risk of developing CSBs. For example, 
if the concentration of a hypno-sedative 
drug is very low during the time window 
for CSBs, there is an increased seroto-
nergic activity due to persistent receptor 
desensitization, leading to CSBs. On 
the other hand, higher drug concentra-
tion during this period may surpass the 
receptor desensitization and suppress 
serotonergic neurons, preventing CSBs. 
Hence, the ER formulation of zolpidem, 
producing a higher drug concentration 
during the 3–6 hours postadministra-
tion period, is assumed to be associated 
with a lower incidence of CSBs.56 In 
our literature search, we observed only 
four cases of CSBs associated with the 
ER formulation of zolpidem. Chiang 
et al.38 reported SRED associated with 
ER preparations of zolpidem in two 
elderly females. Both the patients had 
been taking the immediate-release (IR) 
form of the drug (10 mg daily) for a  
few years; due to inadequate sleep  
maintenance, they were shifted to the ER 
form of zolpidem (12.5 mg daily), after 
which they developed amnestic SRED. 
In both patients, the condition totally 
resolved after switching back to the IR 
form of the drug. A possible explana-
tion for such behavior, as given by the 
authors, is the higher peak blood levels 
and greater blood levels achieved later 
in the night with the ER formulation. 
This, however, contradicts the hypothe-
sis explained by the serotonergic model. 
The evidence for an association of zolp-
idem-induced CSBs with the formulation 
of the drug, hence, needs to be substanti-
ated by a systematic comparison between 
ER and IR forms of the drug.

Limitations
A major limitation of our review is the 
extraction of data from observational 
studies and spontaneous reports, due to 
the nonavailability of any randomized 
controlled trials relevant to the study 
objective. Due to the lack of any data 
on the number of patients exposed, the 

which USFDA has recommended a 50% 
dose reduction in females. Chen et al., 
however, did not observe a similar pattern 
of occurrence of CSBs.45 In another study, 
Greenblatt et al. concluded that the 
lesser dose recommendation in women 
needs scientific evidence and may, in 
fact, lead to underdosing and inadequate 
treatment of insomnia in women.49

This review found very few cases of 
CSBs reported in the elderly. Hence, there 
is a lack of evidence on advanced age as a 
risk factor for zolpidem-induced CSBs.

Dose relatedness of zolpidem-asso-
ciated CSBs has been hypothesized. 
At low doses, zolpidem exhibits selec-
tive binding to a1subunit of GABAA 
receptor, which is responsible for its 
hypno-sedative and amnesic proper-
ties. At higher doses (>10 mg), the drug 
displays additional binding to a2, a3, 
and a5 subunits (like benzodiazepines), 
leading to pharmacological effects and 
complex behaviors as noted with benzo-
diazepines.45,50 Chen et al. reported that 
a higher dose of zolpidem (>10 mg daily) 
was associated with CSBs in only adult 
patients (20–55 years) and not in older 
adults (≥65 years); alcohol consumption 
was also observed as a risk factor.51 Nev-
ertheless, there is an imminent demand 
for evidence-based medicine to ascertain 
the association of such neuropsychiatric 
adverse events with dose and blood con-
centration levels of zolpidem.

Some role of drug interactions has 
also been implicated in increasing 
the risk of CSBs with zolpidem. Since 
zolpidem is mainly metabolized by 
CYP3A4, concomitant administration 
of CYP3A4 inhibitors may increase the 
risk of CSBs with zolpidem.48 Paradis 
et al. reported two cases of zolpidem- 
associated homicide.39 Both the patients 
were concomitantly taking paroxetine, 
and it was hypothesized that, being 
highly protein-bound, SSRIs like par-
oxetine might cause displacement 
reactions and elevate blood levels of free 
zolpidem. Apart from pharmacokinetic 
interactions, pharmacodynamic drug 
interactions (concomitant administra-
tion of two or more GABAergic agents) 
may also increase the risk of CSBs with 
zolpidem. Sattar et al. reported som-
nambulism in a 47-year-old male taking 
valproate and zolpidem.23 Valproic acid 
has agonistic activity at GABAA recep-
tor, and the additive GABAergic effect of 

zolpidem and valproate was postulated 
to be the cause of somnambulism. Val-
proate, in addition, has pharmacokinetic 
interaction with zolpidem by virtue of its 
CYP-inhibiting property.

The pathophysiology of zolpidem- 
induced CSBs remains unclear. A pos-
tulated hypothesis is that after taking 
zolpidem, a patient may inadvertently 
or intentionally remain awake and 
experience disinhibited behaviors or hal-
lucinations, with associated amnesia.5  

Another possible explanation is that 
there is a partial arousal from sleep under 
the influence of the drug, during which 
the nocturnal event occurs, with no 
subsequent recall due to the associated 
amnesia.25 A mechanism hypothesized 
for zolpidem-induced somnambulism 
is the suppression of REM sleep52 and 
increased duration of slow-wave sleep, 
serving as a predisposing factor for 
somnambulism.53 It has been suggested 
that zolpidem produces a physiologic 
state during slow-wave sleep that man-
ifests clinically as somnambulism.22 An 
increased susceptibility for zolpidem-in-
duced somnambulism has also been 
suggested in subjects with a history of 
sleepwalking during childhood.24 There 
is also the “theory of cerebral pattern 
generators (CPGs),” which are postulated 
to be neuronal collections in the central 
nervous system and have a role in con-
trolling innate motor behaviors like 
walking, driving, eating, etc. It is hypoth-
esized that diffuse binding of zolpidem 
in the cortex releases CPGs, leading to 
disorders of arousal such as sleepwalk-
ing, SRED, and sleep driving.54,55

A “serotonergic model” for hyp-
no-sedative-induced CSBs has also been 
proposed.56 According to this, increased 
activity of serotonergic neurons in the 
dorsal raphe nuclei is associated with 
short periods of microarousals during 
slow-wave sleep. The binding of hyp-
no-sedatives to GABAA causes an initial 
activation of the receptors, followed 
by their desensitization. As a result of 
the desensitization, the spontaneously 
firing serotonergic neurons display a 
postinhibitory rebound phenomenon, 
causing a transient increase in seroto-
nergic activity, which in turn manifests 
as an overt behavioral reaction. Later, 
autoregulatory mechanisms lead to a 
compensatory decrease in the serotonin 
release, which is responsible for the  
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exact incidence of zolpidem-associated 
CSBs could not be commented upon. 
Also, there is a paucity of clinical infor-
mation on concomitant disorders, such as 
epilepsy, restless legs syndrome, depres-
sion, and dementia, which may also be 
associated with such neuropsychiatric 
adverse events. Information on concur-
rent consumption of alcohol and other 
recreational or illicit substances, too, is 
especially crucial because of their poten-
tial interference with sleep architecture.

Conclusion
The presence of a clear causal associa-
tion of zolpidem with CSBs, when used 
therapeutically, demands the need for 
physicians and healthcare professionals 
to be vigilant while prescribing this drug. 
Certain risk factors, including female sex, 
advanced age, a higher dose of the drug, 
and the possibility of drug interactions, 
need to be duly considered to reduce 
the incidence of such adverse behaviors. 
Also, well-designed prospective random-
ized clinical trials need to be planned to 
provide quality evidence in this direction.
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