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Purpose: To investigate the prevalence of short- and long-term benzodiazepine and z-drugs 
(BZD) for the treatment of post-stroke subjective sleep disturbance (SSD) and to evaluate the 
risk factors associated with prolonged BZD treatment in this patient body.
Patients and Methods: Between 1st January 2018 and 1st December 2018, we identified 
542 inpatients suffering from acute stroke in Heyuan People’s Hospital. Of these, 290 
inpatients were included in our final analysis. These patients were divided into three groups 
according to the treatment they received: non/occasional BZD (non-BZD), short-term BZD 
(short-term) and prolonged-term BZD (prolonged-term) treatment. We investigated the pre-
valence of each BZD treatment term and identified differences between the groups. 
Univariate logistic regression analysis was used to identify potential predictors for the 
prolonged use of BZD. Multinomial logistic regression analysis was used to assess the 
correlation between the prolonged use of BZD and potential predictors.
Results: The prevalence of cases receiving short and prolonged BZD treatments were 
40.35% and 31.72%, respectively; none of the patients received polysomnography (PSG) 
screening from obstructive sleep apnoea (OSP). Treatment strategies were limited to BZD 
and traditional Chinese medicine; none of the patients received cognitive-behavioral 
treatment (CBT) or other forms of treatment. Logistic regression analysis showed that 
the short-term use was associated with z-drugs (odds ratio [OR]: 2.189, 95% confidence 
interval [CI]: 1.419–3.378), non-communication barriers (OR =0.535, 95% CI: 0.325– 
0.880) and posterior circulation infarct (POCI) (OR =2.199, 95% CI: 1.112–4.349). The 
prolonged-term use was associated with z-drugs (OR =3.012, 95% CI: 1.637–5.542), non- 
communication barriers (OR =0.530, 95% CI: 0.307–0.916), partial anterior circulation 
infarct (PACI) (OR =0.455, 95% CI: 0.250–0.827), and non pain after stroke (OR =0.315, 
95% CI: 0.207–0.480).
Conclusion: The status of BZD abuse for post-stroke SSD is worrying. Additional research 
attention and treatment options are needed for the treatment of post-stroke SSD. In particular, 
the potential combination of stroke and OSP appears to be underestimated and neglected. 
Post-stroke SSD patients should receive more comprehensive assessment and rigid follow-up 
to avoid the prolonged use of BZD. Additional and effective therapeutic strategies (such as 
positive pressure ventilation treatment or CBT) are urgently needed for cause-specific 
intervention.
Keywords: benzodiazepine and z-drugs, BZD, prolonged-use, post-stroke, subjective sleep 
disturbance, SSD, risk factors, obstructive sleep apnea, OSP, China
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Introduction
Stroke, including both ischemic stroke and hemorrhagic 
stroke, is defined as an acute defect in neurological func-
tion caused by cerebrovascular disease and has become 
a substantial burden for global.1,2 As a result of population 
aging, urban expansion, unhealthy lifestyles, and an 
increase in cerebrovascular risk factors, the prevalence of 
stroke is increasing annually in China and now represents 
the third leading cause of death. In 2018, the prevalence of 
stroke in the population of China was 149.49 per 
100,000.3,4

Sleep disorders refer to dissatisfaction with sleep quality, 
sleep timing, or the amount of sleep obtained, thus resulting 
in distress and impairment during the daytime. There are 
a number of specific sleep disorders, including insomnia 
disorders, sleep-related breathing disorders, central disorders 
of hypersomnolence, circadian rhythm sleep-wake disorders, 
sleep-related movement disorders, parasomnias, and other 
sleep disorders.5 Sleep disorders may increase the risk of 
stroke but may also occur as a result of stroke events and 
affect stroke patient recovery.5 Insomnia disorder is a sleep 
disorder that is reported to affect 38.6% of stroke survivors;7 

far higher than in the general population of China (15%).8 

The main treatments for insomnia are CBT, pharmacological 
intervention (predominantly BZD), and other forms of com-
plementary therapy (eg, light therapy, acupuncture, yoga, and 
meditative movement).9 When used for insomnia, CBT can 
include sleep hygiene, relaxation training, stimulus control, 
sleep restriction, and cognitive therapy.9 Although CBT is 
recommended as the first-line treatment for chronic 
insomnia,9 BZD remains as the first choice treatment option 
in developing countries; this is because of the lack of popu-
larization for CBT.10 For insomniacs, current clinical guide-
lines recommend the use of BZD only over the short term use 
(≤4 weeks).9 This is because psychological and physical 
adverse events may arise following the prolonged use of 
BZD.11 However, the prolonged use of BZD is common in 
the United States,12 England,13 France,14 Germany,15 and 
other areas of the world,16 and has led to a serious public 
health problem. This worldwide dilemma is related to a series 
of factors, including demographic factors,14 treatment- 
related factors,17 psychological factors,17 personality- 
related factors,18 and some other factors.19

Until now, the research community has not paid suffi-
cient attention to the prolonged use of BZD in post-stroke 
insomniacs. Furthermore, we know little about the preva-
lence of this form of treatment or potential risk factors. 

Understanding of such information is essential if we are to 
manage these patients effectively. According to the diag-
nostic and statistical manual of mental disorders (DSM- 
5),20 the definitions of insomnia involve the one or more of 
the following essential aspects: (i) difficulty initiating 
sleep, (ii) difficulty maintaining asleep, (iii) early- 
morning awakening and inability to return to sleep; and 
clinically significant distress or impairment in daytime 
functioning; lasting for 3 or more days/week for 3 months, 
despite appropriate opportunity to sleep, and not explained 
by another sleep disorder, such as OSP. Notably, up to 
72% of stroke Transient ischemic attack (TIA) patients 
may suffer from obstructive OSP,21 a specific form of 
sleep-related breathing disorder. OSP refers to the com-
plete or partial obstruction of the airway, thus resulting in 
snoring, disturbed sleep, and daytime sleepiness.22 Due to 
certain objective reasons, we were unable to distinguish 
other sleep disorders, especially OSP, in our cohort of 
patients suffering from insomnia. Furthermore, we set the 
SSD observation length as 1 week rather than 3 months. 
Due to the reasons mentioned above, we used the term 
“subjective sleep disturbance (SSD)” as an alternative for 
“insomnia” in this study.

The aim of this study was to investigate the prevalence 
of prolonged BZD treatment for SSD, and associated 
factors, in adult patients who had suffered from stroke at 
least 3 months previously.

Patients and Methods
Data Sources
We used a medical records database based on the hospital 
information system (HIS) of Heyuan People’s Hospital and 
software provided by the Donghua Co-creation Software 
Co., Ltd., Beijing, China. The HIS is used in our hospital 
to record all inpatient and outpatient information. We used 
the HIS to acquire a range of inpatient information, includ-
ing contact information (telephone and address), demo-
graphic data, patient history, family history, physical 
examination, current history (including the chief complaint, 
the course of disease, and accompanying symptoms), 
laboratory and imaging examination results, scores from 
different scales, medication usage, and diagnoses upon 
admission and discharge. We also acquired a range of 
information relating to outpatient visits, including visit 
time, diagnosis, prescription information, prescribers, and 
the patient’s condition at follow-up. All patients are given 
a unique identifier (ID) in the HIS at their first attendance. 
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This ID is mandatory for all patients in our hospital and is 
an effective way of tracing patient data.

If information was missing in the HIS database, we 
investigated further and acquired the missing information 
by contacting the patients by outpatient appointments or 
telephone/WeChat interviews. Due to some communica-
tion barriers patients (eg, aphasia, dysarthria, audio dis-
ability, visual disability), we provided a written 
communication protocol (for patients with aphasia, dys-
arthria and audio disability) and a sound communication 
protocol for those with visual disabilities. When complet-
ing these investigations, disabled patients were assisted 
by family members and staff associated with the study. 
Once we had obtained informed consent from each 
patient, we created a standardized data collection form 
to retrieve all relevant information. This form was popu-
lated with a range of information from the HIS, including 
sociodemographic data (gender, age) and patient histories 
(BZD treatment, sleep-disturbing agents, traditional 
Chinese medicine, history of drinking tea/coffee/alco-
holic beverages, history of psychotic disorders/chronic 
SSD/pain. We also recorded the type of stroke as either 
total anterior circulation infarct (TACI), partial anterior 
circulation infarct (PACI), lacunar infarct (LACI), and 
posterior circulation infarct (POCI), in accordance with 
the classification put forward by the Oxfordshire 
Community Stroke Project.23 We also used the HIS 
records, and interviews, to acquire data relating to stroke- 
related scale (discharge modified Rankin Scale [mRS] 
score); National Institutes of Health Stroke Scale score 
post-intervention, NIHSS), OSP-related factors24 (eg, 
body mass index [BMI], nocturnal gasping/choking, and 
daytime sleepiness), comorbid diseases (pain after stroke, 
communication barriers, post-stroke psychological dis-
eases), and treatment-related factors (CBT, multiple pre-
scriptions, type of BZD, and the use of traditional 
Chinese medicines). This research was performed 
between 30th July 2020 and 20th October 2020; some 
supplementary research was performed between 10th 
March 2021 and 20th March 2021.

This study was conducted in accordance with the 
Declaration of Helsinki and was approved by the ethics 
committee of Heyuan People’s Hospital (Reference num-
ber: HY2020K17; 29th July 2020). All participants pro-
vided written informed consent. Family members 
provided consent if patients were unable to do so 
themselves.

Patients
This retrospective study included a group of consecutive 
post-stroke patients with SSD who attended Heyuan 
People’s Hospital between 1st January 2018 and 1st 
December 2018. Eligible patients needed to attend regular 
outpatient visits to our clinic (at least once every month) 
and all information needed to be recorded on the HIS 
system.

Patients were included if they complied to the follow-
ing criteria: (1) an acute stroke event had occurred 7 days 
prior to admission and had been confirmed by magnetic 
resonance imaging (MRI) or computed tomography (CT); 
(2) BZD had not been used regularly within the 6 months 
prior to stroke (regular use was defined as 3 days or more 
per week); (3) aged 18 to 90 years; and (4) long-term 
resident in Heyuan district. In addition, if a patient devel-
oped an auditory or visual disability, it was important that 
each disability appeared separately. Finally, all patients 
needed to meet the diagnostic criteria of SSD (see below).

Patients were excluded if they had a long-term history 
of taking sleep-disturbing agents within the 6 months prior 
to stroke (long-term use was defined as 3 days or more 
each week and for more than 3 consecutive months), 
including antiepileptic agents (eg, carbamazepine, valpro-
ate sodium, phenytoin, ethosuximide, phenobarbital, gaba-
pentin, levetiracetam, and pregabalin), psychotherapeutic 
agents (eg, fluoxetine, paroxetine, olanzapine, risperidone, 
clozapine, escitalopram, sertraline, and haloperidol), hor-
monal agents (eg, prednisone acetate, methylprednisolone, 
and dexamethasone), anti-allergenic drugs (eg, loratadine, 
promethazine, and cetirizine), central stimulants (eg, 
amphetamine, cocaine, caffeine, and theophylline), and 
illegal drugs (eg, cannabis, ketamine, cocaine and ecstasy). 
When combined with clinical situations, it is likely that 
these medicines/illegal drugs may have interfered with 
sleep homeostasis;25 consequently, patients who reported 
the use of such drugs were excluded. We also excluded 
patients if they had a long-term history of taking tradi-
tional Chinese medicine within the 6 months prior to 
stroke (long-term use was defined as 3 days or more day 
per week for more than 3 consecutive months); we 
excluded these patients because Chinese herbal medicine 
may influence sleep homeostasis.26 We also excluded 
patients who had shown a tendency to drink tea, coffee, 
or alcoholic beverages, within the 6 months prior to stroke 
(defined as 3 days or more day per week and for more than 
3 consecutive months and if the amount of tea, coffee, and 
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alcohol, consumed was >500 mL/day, >500 mL/day and 
>24g/day, respectively). We excluded these patients 
because tea, coffee, and alcohol may interfere with sleep 
homeostasis.27,28 We also excluded patients who had 
a history of psychotic disorders prior to stroke (defined 
as disorders related to anxiety, depression, and schizophre-
nia); we excluded these patients because in clinical situa-
tions, these psychotic disorders may influence sleep 
homeostasis.29–31 These four categories of patients were 
also excluded because they could have exerted potential 
confounding effects. In addition, we also excluded patients 
with impaired cognition (defined as a post-intervention 
Mini-Mental State Exam [MMSE] value <24.32 These 
patients were excluded because the accuracy of the retro-
spective information could not be assured. We also 
excluded patients who refused to cooperate and those 
with a history of chronic SSD prior to stroke (defined as 
6 months prior to stroke with symptoms appearing 3 days 
or more each week for more than 3 consecutive months). 
Finally, we excluded patients who had experienced persis-
tent pain within the previous 6 months since the stroke 
event (persistent was defined as the appearance of symp-
toms on 3 or more days per week for more than 3 con-
secutive months).

Definition of SSD
The diagnosis of SSD required that a patient experienced 
at least one of the following conditions: (i) difficulty 
initiating sleep, (ii) difficulty maintaining asleep, (iii) 
early-morning awakening followed by the inability to 
return to sleep, and (iv) clinically significant distress or 
impairment in terms of daytime function, despite having 
an appropriate opportunity to sleep. Furthermore, the con-
dition lasted for 3 or more days for at least 1 week. We 
determined the extent of sleep disturbance by examining 
HIS records and by outpatient appointments, or by tele-
phone/WeChat interviews. These assessments were per-
formed independently by two investigators; the two 
investigators needed to arrive at a consensus by discussion 
if there were any disputes. The duration of SSD was 
calculated from the date of the earliest SSD complaint, 
as recorded in the HIS records. It was important that SSD 
had occurred within 3 months of the stroke event. We 
adhered to these guidelines because there is a strong asso-
ciation between stroke and sleep disturbance, especially 
within the first 3 months of the stroke event, beyond this 
period, it is possible for other factors that are not related to 
stroke to induce insomnia.33 We also followed these 

guidelines because they had been used in previous 
studies,33 thus allowing for comparative analysis.

Definition of BZD
We defined BZD in accordance with the anatomical ther-
apeutic chemical classification system codes (ATC codes) 
put forward by the World Health Organization (WHO).34 

Patients were excluded if they received BZDs for any 
purpose other than insomnia. BZDs were divided into 
two groups: a benzodiazepine group (alprazolam, estazo-
lam, and clonazepam) and a z-drug group (zopiclone, 
zolpidem).

Definitions for BZD Treatment Periods
The included patients were divided into three groups: non- 
BZD, short-term, and prolonged term. We defined non- 
BZD and short-term as < 7 days and 7–28 days within the 
study period, respectively. The prolonged term group was 
further sub-divided into medium-term (4 weeks–3 months) 
and long-term (>3months) within the study period. To be 
included in the prolonged term group, patients needed to 
be taking medicine at least 3 days each week; otherwise, 
they were assigned into the short-term use group. The 
duration of BZD treatment was calculated from the date 
of the earliest administration of BZD for the treatment of 
SSD (as determined by HIS records) and were traced to 
follow-up using the outpatients prescription records on 
HIS). The observation period for BZD treatment was 12 
months. If the BZD prescription records were intermittent 
or had been terminated, we confirmed the reasons for such 
changes by outpatient appointments or telephone/WeChat 
interviews. We needed to ascertain whether these patients 
discontinued BZD on their own initiative or had received 
instruction from other sources. In these cases, we super-
imposed detailed information relating to the use of BZDs 
from records.

Observation Factors
We evaluated 15 observation factors, including gender, 
age, pain after stroke (this pain needed to be new-onset 
after stroke, and feature musculoskeletal pain, neuropathic 
pain, shoulder pain, stroke-related headache, and spasti-
city-related pain), stroke type (TACI, PACI, LACI, and 
POCI), discharge mRS, post-intervention NIHSS, commu-
nication barriers (including aphasia, dysarthria, auditory 
disability, and visual disability; defined as a score of 
“moderate” and above on our in-house Self-assessment 
Rating Scale shown in Figure 1). We also evaluated 
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multiple prescriptions (defined as the use of ≥2 different 
BZD medicines during the follow-up period), post-stroke 
psychological disease (including anxiety disorders and/or 
depression disorders; anxiety disorders were defined by 
a score on the Self-rating Anxiety Scale ≥4535 while 
depression disorder was defined as a score on the Self- 
Rating Depression Scale ≥5036), BMI (classified into 3 
categories: ≥30 kg/m2, 25–30 kg/m2 and <25 kg/m2), noc-
turnal gasping/choking (occurring at least 3 nights a week, 
as noted by self-reporting), daytime sleepiness (daytime 
sleepiness was defined as a score on the Epworth sleepi-
ness scale >6).37 We also evaluate the type of treatment: 

CBT, type of BZD (benzodiazepines or z-drugs), and 
traditional Chinese medicine (including Chinese patent 
medicine and Chinese herbal medicine).

We selected these observation factors based on pre-
vious literature related to the prolonged use of BZD in 
other populations, post-stroke insomnia,15,17–19,38 and our 
own clinical practice.

Statistical Analysis
All statistical analysis was performed with SAS version 9.4 
Windows (SAS Institute, Inc., Cary, NC, USA). Comparisons 
between groups were performed using the rank-sum test 

Figure 1 Self-assessment rating scale for communication barriers. 
Note: Patients were asked to score their degree of communication barriers according to their subjective feelings. Patients with visual impairments received a verbal 
description of this scale. 
Abbreviation: CB, communication barriers.

Table 1 Assignment of Factor-Specific Variables

Variables Name Assignment

Dependent variable Term 1 = non/occasional use; 2 = short-term; 3 = prolonged term

Independent variables

Gender 0 = male; 1 = female

Age (year) 1 = 18–49; 2 = 50–69; 3 = 70–90

Pains after stroke 0 = yes; 1 = no

Stroke type 0 = TACI; 1 = PACI; 2 = LACI; 3 = POCI

Discharge mRS 0 = 0–2; 1 = 2–3; 2 = 4–5

Post-intervention NIHSS 0 = 0–4; 1 = 5–15; 2 = 16–42

Communication barriers 0 = yes; 1 = no

Multiple prescriptions 0 = yes; 1 = no

Psychological diseases post-stroke 0 = yes; 1 = no

BMI ( kg/m2) 0 = ≥ 30; 1 = 25 ~ 30; 2 <25 

Nocturnal gasping/choking 0 = yes; 1 = no

Daytime sleepiness 0 = yes; 1 = no

BZD type 0= Benzodiazepines; 1= z-drugs

Abbreviations: TACI, total anterior circulation infarcts; PACI, partial anterior circulation infarcts; LACI, lacunar infarcts; POCI, posterior circulation infarcts; mRS, modified 
Rankin Scale score; NIHSS, National Institutes of Health Stroke Scale score; BMI, body mass index; BZD, benzodiazepine and z-drugs.
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because of groupings. Ordered logistic regression was used to 
analyze factors associated with the short and prolonged use of 
BZD in post-stroke SSD patients. Three groups (non BZD, 
short-term and prolonged term) were used as dependent vari-
ables, with the “non BZD” group acting as the reference group. 
A total of 13 observation factors (gender, age, pain after stroke, 

stroke type, discharge mRS, post-intervention NIHSS, com-
munication barriers, multiple prescriptions, post-stroke psy-
chological diseases, BMI, nocturnal gasping/choking, 
daytime sleepiness, and BZD type) were used as dependent 
variables. Categorical variables were included in the form of 
dummy variables (see Table 1). If collinearity between 

Figure 2 Flow chart for recruiting participants. 
Abbreviation: BZD, benzodiazepine and z-drugs.
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independent variables, then these variables were selectivity 
removed or used in ordered logistic regression. The fitting of 
an ordered logistic regression model involved the Stepwise 
test; entry and exit, with regards to regression model probabil-
ity, were set to 0.1 and 0.15, respectively (SLENTRY=0.1, 
SLSTAY=0.15). Model fitness was assessed by the Hosmer 
and Lemeshow test. Unless stated otherwise, P <0.05 was 
considered to be statistically significant.

Results
Demographic and Clinical Characteristics
The protocol used to collect data during this study is shown 
in Figures 2 and 3. We included a total of 290 post-stroke 
patients with SSD in our final analysis. Demographic and 
clinical characteristics are given in Table 2.

Treatment Durations for the 
Administration of BZD
We identified 81 SSD patients with non/occasional BZD use, 
117 SSD patients who received BZD over the short-term, and 
92 SSD patients who received BZD over prolonged periods 
of time. When considering the patients who received BZD 
over a prolonged period, 57 and 35 were classified as med-
ium- and long-term, respectively (Table 3).

Differences Between Groups
When considering the 15 observation factors, we found six 
factors that showed significant differences between groups: 
pain after stroke (P<0.0001), stroke-type (P =0.0006), post- 

intervention NIHSS (P=0.0050), discharge-mRS 
(P<0.0001), communication barriers (P=0.0044), and BZD 
type (P<0.0001). The specific details of these comparisons 
between groups are shown in Table 4.

Predictors for the Short- and 
Prolonged-Term Use of BZD
Logistic regression indicated that short-term use was asso-
ciated with z-drugs (OR: 2.189, 95% CI: 1.419–3.378), non- 
communication barriers (OR =0.535, 95% CI: 0.325–0.880) 
and posterior circulation infarct (POCI) (OR =2.199, 95% CI: 
1.112–4.349). The prolonged-term use was associated with 
z-drugs (OR =3.012, 95% CI: 1.637–5.542), non- 
communication barriers (OR =0.530, 95% CI: 0.307–0.916), 
partial anterior circulation infarct (PACI) (OR =0.455, 95% 
CI: 0.250–0.827), and non pain after stroke (OR =0.315, 95% 
CI: 0.207–0.480). For further details, please refer to Table 5.

Discussion
In this study, we investigated the current state of BZD use 
in the treatment of post-stroke patients with SSD from 
a single center in China. We observed the widespread 
prevalence of BZD use in the post-stroke SSD population; 
40.34 and 31.73% of patients received BZD over short and 
prolonged terms, respectively. Regression analyses sug-
gested that the use of BZD over short and prolonged 
terms were associated with some specific factors. In com-
parison with existing literature, our present analysis fea-
tured four novel aspects. First, previous studies relating to 

Figure 3 Participant flowchart. 
Abbreviations: SSD, subjective sleep disturbance; BZD, benzodiazepine and z-drugs.
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the prolonged use of BZD focused mainly on the general 
population14 or other specific populations, such as older 
age groups.18 None of the previous studies attempted to 
investigate the use of BDZ in the post-stroke SSD popula-
tion. A high prevalence of post-stroke sleep disturbance 
has been reported in the literature. Because BZD is the 
primary form of therapy for sleep disturbance, it follows 
that we needed to investigate the current status of BZD use 
in this group of patients. When affected by stroke, this 
population are more vulnerable than the general popula-
tion. There is a clear need to identify the risk factors that 
can avoid the use of BZD over long periods of time. 
Research has shown that there is a bidirectional relation-
ship between stroke and post-stroke sleep disturbance. 
Sleep disturbance increases the risk of stroke recurrence; 
however, stroke can also interfere with normal sleep 
mechanisms.6 Therefore, the appropriate management of 
post-stroke sleep disturbance is of great significance for 
post-stroke rehabilitation. Second, most previous studies 
relating to the misuse of BZD involved developed coun-
tries; data relating from developing countries have yet to 
be published. China is the largest developing country and 
has the highest numbers of stroke patients in the world.2 

Because our study focused on stroke patients in China, our 
findings provide valuable information relating to the mis-
use of BZD in developing countries. Third, previous stu-
dies relating to the prolonged use of BZD focused on 
a series of risk factors, including demographic factors, 
treatment-related factors, psychological factors, and per-
sonality-related factors. However, these previous studies 
failed to consider OSP. Given that 72% of stroke and TIA 
patients suffer from OSP,21 we consider that it was vital 
that we incorporated OSP-related factors in our present 
analysis. For objective reasons, we were unable to adopt 

Table 2 Demographic and Clinical Characteristics of the Post- 
Stroke SSD Patients

Items Classification Case 
Number

Percentage 
(%)

Gender Male 145 50.00
Female 145 50.00

Age (years) 18–49 13 4.48
50–69 139 47.93

70–90 136 46.89

Pains after stroke Yes 104 35.86
No 186 64.13

Stroke type TACI 33 11.37
PACI 119 26.55

LACI 77 21.03

POCI 61 57.58

Discharge mRS 0–2 167 31.03
2–3 90 11.37
4–5 33 44.82

Post-intervention 
NIHSS

0–4 130 41.37
5–15 120 13.79

16–42 40 19.31

Communication 

barriers

Yes 56 80.69
No 234 13.10

Multiple 

prescriptions

Yes 38 86.89
No 252 11.72

Psychological 

diseases post- 
stroke

Yes 34 88.27
No 256 4.50

BMI (kg/m2) ≥ 30 13 12.76
25 ~ 30 37 82.76

<25 240 12.41

Nocturnal gasping/ 

choking

Yes 36 87.58
No 254 22.06

Daytime sleepiness Yes 64 77.09
No 226 22.06

Receive CBT Yes 0 0
No 100 100

BZD type Benzodiazepines 40 13.79
z-drugs 250 86.20

Chinese traditional 
medicine use

Yes 290 100
No 0 0

Total 290 100%

Abbreviations: SSD, subject sleep disturbance; TACI, total anterior circulation 
infarcts; PACI, partial anterior circulation infarcts; LACI, lacunar infarcts; POCI, 
posterior circulation infarcts; mRS, modified Rankin Scale score; NIHSS, National 
Institutes of Health Stroke Scale score; BMI, body mass index; CBT, cognitive- 
behavioral treatment; BZD, benzodiazepine and z-drugs.

Table 3 Different Treatment Terms for BZD

Use Term Number of 
Cases

Percentage 
(%)

Non/occasional 81 27.93

Short-term 117 40.34

Prolonged 

term

Medium- 

term

57 19.66

Long-term 35 12.07

Total 290 100%

Abbreviation: BZD, benzodiazepine and z-drugs.
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the gold standard PSG for the OSP diagnosis, and only use 
the factor related to OSP as a substitute. Therefore, 
although no correlation with OSP-related factor and short- 
term/prolong term use was derived, in view of the impor-
tance of OSP, it is very necessary to use PSG indicator to 
analyze the correlation between OSP and prolong term use 
more accurately in the future.Finally, previous studies 
tended to simply divide their patient body into long-term 

and non-long-term groups; in the present study, we 
grouped the durations of BZD treatments into non/occa-
sional, short-term, and prolonged term. Previous research 
showed that the use of BDZ over the short-term was 
related to poor outcomes after stroke.39 Our new grouping 
strategy is more reasonable and is likely to provide more 
information relating to the prevention and control of 
stroke.

Table 4 Differences Between Groups (n, %)

Variables Class No/Occasional Short-Term Prolonged Statistics P (#)

Gender Male 41(50.62) 60(51.28) 44(47.83) 0.15 0.6997
Female 40(49.38) 57(48.72) 48(52.17)

Age (year) 18–49 1(1.23) 7(6.03) 5(5.49) 2.02 0.3641
50–69 37(45.68) 58(50.00) 44(48.35)

70–90 43(53.09) 51(43.97) 42(46.15)

BMI (kg/m2) 30~ 3(3.70) 4(3.42) 6(6.52) 1.09 0.5811
25~ 30 12(14.81) 14(11.97) 11(11.96)

<25 66(81.48) 99(84.62) 75(81.52)

Pains after stroke Yes 13(16.05) 33(28.21) 58(63.04) 42.74 <0.0001
No 68(83.95) 84(71.79) 34(36.96)

Stroke-type TACI 6(7.41) 5(4.27) 22(23.91) 17.30 0.0006
PACI 37(45.68) 55(47.01) 27(29.35)
LACI 27(33.33) 28(23.93) 22(23.91)

POCI 11(13.58) 29(24.79) 21(22.83)

Post-intervention NIHSS 0–4 43(53.09) 60(51.28) 27(29.35) 10.59 0.0050
5–15 28(34.57) 42(35.90) 50(54.35)
16–42 10(12.35) 15(12.82) 15(16.30)

Discharge-mRS 0–2 63(77.78) 68(58.12) 36(39.13) 26.26 <0.0001
2–3 13(16.05) 36(30.77) 41(44.57)

4–5 5(6.17) 13(11.11) 15(16.30)

Communication barriers Yes 7(8.64) 25(21.37) 24(26.09) 8.12 0.0044
No 74(91.36) 92(78.63) 68(73.91)

Multiple prescriptions Yes 8(9.88) 14(11.97) 16(17.39) 2.20 0.1379
No 73(90.12) 103(88.03) 76(82.61)

Psychological diseases post-stroke Yes 8(9.88) 13(11.11) 13(14.13) 0.77 0.3787
No 73(90.12) 104(88.89) 79(85.87)

Nocturnal gasping/choking Yes 9(11.11) 11(9.40) 16(17.39) 1.74 0.1871
No 72(88.89) 106(90.60) 76(82.61)

Daytime sleepiness Yes 12(14.81) 28(23.93) 24(26.09) 3.03 0.0816
No 69(85.19) 89(76.07) 68(73.91)

BZD type Benzodiazepines 24(29.63) 11(9.40) 5(5.43) 20.13 <0.0001
z-drugs 57(70.37) 106(90.60) 87(94.57)

Note: #Represents rank sum test. 
Abbreviations: TACI, total anterior circulation infarcts; PACI, partial anterior circulation infarcts; lacunar infarcts, LACI; POCI, posterior circulation infarcts; mRS, modified 
Rankin Scale score; NIHSS, National Institutes of Health Stroke Scale score; BMI, body mass index; CBT, cognitive-behavioral treatment; BZD, benzodiazepine and z-drugs.
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There are some similarities and differences worth not-
ing between our findings and previous studies. Consistent 
with previous studies relating to the long-term use of BZD 
in the general population,17,40 we found that pains after 
stroke was significantly associated with the prolonged use 
of BZD in post-stroke SSD; The reason may be that pain 
causes the patient to be in an uncomfortable state, unable 
to maintain a calm state, and then interferes with sleep; 
and the specific mechanism underlying this association is 
not entirely clear and requires further research. Unlike 
previous studies based on the prolonged use of BZD in 
the general population,14,18 some putative factors (eg, 
gender, post-intervention NIHSS and multiple prescrip-
tions) were not significantly associated with the prolonged 
use of BZD in post-stroke SSD patients. These differences 
may be attributable to differential pathogenesis and 
a range of other factors, including sample size, confound-
ing factors, and grouping criteria. Further research is now 
needed to determine the specific mechanism involved. 
NIHSS and mRS are the two most common assessment 
tools for stroke and are considered to be strongly asso-
ciated with the prognosis of patients suffering from 
stroke.41,42 In the present study, we showed that commu-
nication barriers rather than NIHSS/mRS was associated 
with the prolonged use of BZD post-stroke SSD patients. 
Patient with communication barriers find it difficult to 
express themselves or receive external information; this 
may lead to adverse events such as psychological diseases 
and sleep disturbance. This finding highlights the need for 
clinicians to pay more attention to communication barriers 
after stroke. On stroke type, PACI rather than LACI was 
the prevented factors associate with prolonged use of BZD 
in post-stroke SSD patients.The reason may be that most 
PACI patients had relatively mild symptoms and better 
prognosis. But for LACI, the area of that is small but 
may locate in the key parts such as medulla oblongata, 
pons and posterior limb of internal capsule, thus affecting 
critical neurological function.

Our study also identified some other aspects that 
should be addressed further; these factors are widespread 
but often overlooked. In particular, post-stroke patients 
experiencing sleep disturbance were not assessed in 
a way that could secondary factors, such as OSP. Despite 
the severity and high prevalence of OSP comorbidity in 
stroke patients,21 both the American Heart Association and 
the Chinese Medical Association recommend screening 
patients with OSP for stroke prevention;43,44 our present 
data showed that OSP was severely underestimated. None 

of our patients received PSG screening for OSP and only 
a very small number received 24-hour ECG primary 
screening for OSP. The ‘Report on Stroke Prevention and 
Treatment in China (2019),2 representing the latest and 
largest national survey of stroke in China, characterized 
a host of important risk factors, including smoking, obe-
sity, and alcohol intake. However, this survey failed to 
mention OSP status but placed OSP on the list of risk 
factors. This unsatisfactory situation suggests that lack of 
attention to OSP screening represents a serious national 
issue in China.

Second, the strategy for post-stroke SSD patients was 
over simplistic and did not consider individualized therapies. 
There are several aspects to this problem. Firstly, the missed 
diagnosis of OSP leads to a large number of potential OSP 
patients losing the opportunity of receiving treatment invol-
ving positive pressure ventilation. Secondly, none of the 
SSD patients were given CBT; CBT is difficult to provide 
for the general population of China due to inefficiencies in 
the health-care system, medical staff shortages, and cultural 
differences.45 This problem could be exacerbated in post- 
stroke patients with insomnia due to impaired communica-
tion. Thirdly, post-stroke psychological diseases and pain are 
strongly associated with sleep disturbance,40,46 but they 
were considered or processed appropriately.

Third, our study showed that z-drugs were prescribed 
on a much larger scale than traditional benzodiazepine. 
These z-drugs were initially perceived to be much safer 
than traditional benzodiazepine but associated with the 
same risks for dependence and withdrawal.47 In the pre-
sent study, we also found that z-drugs are a risk factor 
for both short-term and prolonged use. The consequences 
associated with the prolonged use of z-drugs on such 
a large scale should be investigated more explicitly, 
including the identification of specific adverse outcomes. 
Finally, we found that both patients and physicians 
placed high value on traditional Chinese medicine; this 
form of medicine was widely used. However, we failed 
to identify any significant differences between treatment 
groups. This preference could be linked to the unique 
oriental culture; value-based decisions are not always 
correct. Further rigorous evidence is now needed to 
confirm the effects of traditional Chinese medicine for 
the treatment of patients with SSD.

This study has some limitations that need to be con-
sidered. First, there was only a small number of patients 
that were treated with BZD for a prolonged period. 
A larger sample size is vital if we are to validate our 
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findings in future. Second, we failed to acquire some vital 
information, particularly PSG results. Consequently, we 
used the term “SSD” in the present study rather than 
“insomnia”. The definitions of SSD are overly general 
and lack precise definitions. It is important to identify 
cases of OSA from the population of stroke patients and 
precisely define “insomnia”; this would make analysis 
more robust in future. Third, because the diagnosis of 
post-stroke SSD was based on medical records, we need 
to consider that some patients may not have reported their 
insomnia symptoms to a physician, thus leading to mis-
diagnosis. Such events could have affected our results. In 
addition, we used non-diagnostic tools (clinical symptoms) 
instead of clinical diagnostic tools (eg, the Pittsburgh 
Sleep Quality Index or the Athens Insomnia Scale) to 
define post-stroke SSD. Existing literature shows that the 
use of different assessment tools can lead to differences in 
the identification of sleep disturbance.33 This may have 
affected our results. Finally, our findings were based on 
a single-center and a retrospective study. Future work 
should involve a prospective design involving several dif-
ferent centers.

Conclusion
In this study, we investigated the current state of BZD 
treatment in a Chinese population of post-stroke patients 
with SSD and evaluated the factors that are related to 
the prolonged use of this form of treatment. Our find-
ings will help clinicians to identify groups that will 
require the prolonged use of BZD earlier. We found 
that the prolonged use of BZD is common in post- 
stroke patients with SSD. This was a worrying discov-
ery and requires further research attention. Furthermore, 
there is a clear need to perform further studies to clarify 
the role of OSP in the prolonged use of BZD in post- 
stroke patients.

Acknowledgments
This study was supported by the Heyuan City 
Government under Science and Technology Plan 
Project of Heyuan City (Reference: 200707171500645) 
and the Innovation Research Team Project of the 
Natural Science Foundation of Hainan (Reference: 
2018CXTD348).

Table 5 Predictors for BZD Short-Term and Prolong-Term Use

95%CL

Variables Class Response Estimate StdErr WaldChiSq P OR OR_Low OR_Up

Intercept 2 0.768 0.372 4.257 0.039 2.155 1.039 4.468

Intercept 3 0.734 0.401 3.348 0.067 2.083 0.949 4.573
Pains after stroke 1 2 −0.289 0.196 2.188 0.139 0.749 0.510 1.099

Pains after stroke 1 3 −1.156 0.215 28.977 <0.001 0.315 0.207 0.480

Stroke-type 1 2 0.122 0.269 0.206 0.650 1.130 0.667 1.912
Stroke-type 1 3 −0.788 0.305 6.665 0.010 0.455 0.250 0.827

Stroke-type 2 2 −0.413 0.315 1.715 0.190 0.662 0.357 1.227

Stroke-type 2 3 −0.334 0.357 0.876 0.349 0.716 0.355 1.442
Stroke-type 3 2 0.788 0.348 5.129 0.024 2.199 1.112 4.349

Stroke-type 3 3 0.229 0.386 0.352 0.553 1.257 0.590 2.678

Post-intervention NIHSS 1 2 0.119 0.294 0.164 0.686 1.126 0.633 2.005
Post-intervention NIHSS 1 3 0.514 0.321 2.558 0.110 1.672 0.891 3.139

Post-intervention NIHSS 2 2 −0.755 0.454 2.766 0.096 0.470 0.193 1.144

Post-intervention NIHSS 2 3 −0.704 0.491 2.056 0.152 0.495 0.189 1.295
Discharge-mRS 1 2 0.409 0.358 1.302 0.254 1.505 0.746 3.036

Discharge-mRS 1 3 0.538 0.378 2.029 0.154 1.713 0.817 3.592

Discharge-mRS 2 2 0.736 0.542 1.843 0.175 2.087 0.721 6.036
Discharge-mRS 2 3 0.993 0.568 3.054 0.081 2.700 0.886 8.223

Communication barriers 1 2 −0.626 0.254 6.073 0.014 0.535 0.325 0.880

Communication barriers 1 3 −0.635 0.279 5.167 0.023 0.530 0.307 0.916
BZD type 1 2 0.784 0.221 12.535 <0.001 2.189 1.419 3.378

BZD type 1 3 1.102 0.311 12.553 <0.001 3.012 1.637 5.542

Abbreviations: mRS, modified Rankin Scale score; NIHSS, National Institutes of Health Stroke Scale score; BMI, body mass index; BZD, benzodiazepine and z-drug.
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