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INTRODUCTION

Insomnia is highly prevalent in the general population, with 
prevalence ranging from 10% to 48%. It is likely to become 
chronic if insomnia is not dealt with appropriately or immedi-
ately.1 Individuals with chronic insomnia can be affected by 
adverse health outcomes such as cognitive decline including 
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dementia, cardiovascular diseases,2 metabolic disease,3 de-
pression,4 and suicidal risk.5 As sleep has a crucial function in 
memory restoration,6,7 adequate treatment of insomnia could 
delay or be protective for cognitive decline in the future. 

Up to now, therapeutic options for insomnia are limited to 
medication and cognitive behavioral therapy (CBT). Although 
CBT is the first recommendation for chronic insomnia,8 CBT 
requires some time and cost for face-to-face encountering with 
therapists as well as willingness of patients to participate in 
the treatment. If CBT for insomnia is not sufficiently effective 
or is unavailable, pharmacological intervention can be offered. 
In clinical practice, patients who have suffered from insomnia 
severely usually report considerable anxiety or worry9 and they 
are likely to prefer medications.10 The most widely used medi-
cations for insomnia are benzodiazepines and benzodiaze-
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pine-receptor agonists. However, long-term use of benzodi-
azepines is known to be associated with an elevated risk of 
dependency, development of tolerance, and rebound insom-
nia on discontinuation and a risk of cognitive impairment such 
as visuospatial ability, speed of processing, and verbal learn-
ing.11 Thus, pharmacological guidelines for insomnia from 
American Academy of Sleep Medicine,8 European Sleep Re-
search Society,12 and American College of Physicians13 have 
provided a recommendation that prescriptions should be lim-
ited to four to five weeks or less. Nevertheless, the proportion 
of patients receiving long-term prescription of benzodiaze-
pine is not negligible.14,15 Long-term users can be predicted by 
early age of insomnia onset, more frequent benzodiazepine 
use, and higher state-anxiety.16 A relationship between cogni-
tive decline including dementia and long-term use of benzo-
diazepine has been reported.17 However, it remains controver-
sial due to heterogeneity of studies and unknown mechanism. 
Chronic insomniacs usually worry about their cognitive de-
cline associated with long-time use of benzodiazepines. Com-
plicating issues exist regarding whether insomnia disorder it-
self is associated with cognitive deficits18 or benzodiazepine 
used for treatment of insomnia might change the cognitive 
function.11,17 

As insomnia becomes chronic, the hyper-arousal phenome-
non which represents arousal signs in somatic, cognitive, and 
central nervous system (CNS) in body is usually observed. The 
CNS arousal can be measured by the electroencephalography 
(EEG), and quantitative EEG is an easy to apply and cost-effec-
tive method to estimate temporal resolution of functional brain 
activities by quantifying, as well as has advantages over EEG in 
the dimensional approach to symptomatology of psychiatric 
disorders compared to normal value.19,20 It have been report-
ed that the EEG of patient with insomnia showed increased 
activities of beta or gamma frequency, and/or decreased activ-
ity of theta frequency during sleep period or before sleep on-
set.21-24 However, daytime EEG of chronic insomniacs have 
not been investigated yet although cognitive decline can be 
usually experienced mostly during the daytime. The aim of this 
study was to explore whether long-term exposure of benzodi-
azepine might be associated with cognitive decline in chron-
ic insomnia compared to drug-free insomniacs and healthy 
controls. In addition to neuropsychological performance, day-
time EEG was performed to understand effects of benzodiaz-
epine on brain activity comprehensively. 

METHODS

Participants 
As a case-control study, we recruited aged 55 years or older 

with insomnia disorder who were taking medications from 

the sleep clinic at Seoul National University Bundang Hospi-
tal (SNUBH). We collected information related to previous 
history of medication and insomnia symptom through face-
to-face interview by a psychiatrist. Insomnia disorder was di-
agnosed according to Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition by physicians specialized in 
sleep disorders. Chronic insomniacs were defined as those 
who have sleep disturbance and associated daytime symp-
toms that present for at least three months.25 Drug-free insom-
nia patients and age-and sex-matched healthy controls were 
enrolled by advertisement at local newspapers and subway 
stations. Those whose duration of insomnia disorder was more 
than one year were included in the study. None of these par-
ticipants showed other sleep disorders, major psychiatric dis-
orders, dementia, substance use disorders, neurological disor-
ders, or any history of brain injury. This study was approved 
by the Institutional Review Board of SNUBH (B-1509/316-
002). All participants were informed of the purpose and pro-
cedures of the study. They gave written consent before enter-
ing this study. 

Measurements

Sleep and mood-related questionnaires
For evaluating insomnia severity and daytime sleepiness of 

participants, insomnia severity index (ISI)26 and Epworth 
sleepiness scale (ESS)27 were used. Additionally, Beck Depres-
sion Inventory (BDI)-II28 was used because depressive symp-
toms could affect cognitive function. Subjects with BDI-II ≥20 
were excluded from final analysis. 

Neurocognitive function test
We used the Korean version of the Consortium to Establish 

a Registry for Alzheimer’s Disease Assessment Packet Neu-
ropsychological Assessment Battery (CERAD-K-N) to evalu-
ate cognitive function of all subjects.29 The CERAD-K-N con-
sisted of nine neuropsychological tests, including 1) general 
cognitive function: the Mini-Mental State Examination (MMSE), 
2) memory function: the Word List Recall Test, the Word List 
Recognition Test, the Constructional Recall Test, and 3) exec-
utive function: the Categorical Fluency Test, the Construc-
tional Praxis Test, and the Trail Making Test A (TMT-A), and 
Frontal Assessment Battery. Clock Drawing Test for visuospa-
tial abilities and Digit Span Test for attention were addition-
ally administered to subjects. Scores of CERAD-K-N were 
used as Z-scores after adjusting for subjects’ age and educa-
tion. In case of participants who had abnormal cognitive func-
tion, cognitive disorder specialists in the Division of Geriat-
ric Psychiatry clinically evaluated for confirmative diagnosis 
of mild cognitive impairmant (MCI) based on stand criteria 
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for MCI30 by means of a face-to-face standardized diagnostic 
interview.

Quantitative electroencephalography
EEG at waking state was performed at fixed times around 9 am 

or 4 pm and it was set at a time period during which alertness 
was maintained, neither right after mealtime nor being too 
sleepy. Test was recorded in a sitting position for 15 min. For 
the first 7 min, subjects kept their eyes closed. For the next 
minute, subjects opened their eyes. For the last 7 min, subjects 
kept their eyes closed. All subjects were observed by an exam-
iner to check and prevent drowsiness. EEG electrodes were 
placed according to the international 10–20 system at FP1, 
FP2, F3, F4, F7, F8, C3, C4, P3, P4, T3, T4, T5, T6, O1, and 
O2, with an average reference. Recording of EEG started when 
electrical impedance of all electrodes was below 5 kΩ. EEG 
signals were sampled at 1,000 Hz and digitalized. The high 
pass filter was set to be 100 Hz with the low pass filter set to 
be 0.3 Hz. An artifact-free 120-s EEG recording with eyes 
closed (24 epochs of 5-s EEG segments) was selected by visual 
analysis. Artifacts comprised muscle activity, small body 
movements, eyelid movements, and micro-sleep. Spectral anal-
ysis for EEG data was done by the fast Fourier transform. Ab-
solute power values of five bands at each electrode were com-
puted: delta (1.0–4.0 Hz), theta (4.0–8.0 Hz), alpha (8.0–12.0 
Hz), beta (12.0–25.0 Hz), and high beta (25.0–30.0 Hz). Rel-
ative power values were computed as the percentage of abso-
lute power and grouped into five cerebral regions: frontal, cen-
tral, parietal, temporal, and occipital areas. 

Benzodiazepine exposure
As an independent variable, information of benzodiazepine 

exposure before the index date was collected through a med-
ical chart review of SNUBH, retrospectively. Starting age of 
benzodiazepine use and duration of exposure over the follow-
up in SNUBH were obtained. We also calculated total dura-
tion of exposure by including duration of previous exposure 
before coming to SNUBH depending on the participants’ re-
port. Long-term benzodiazepine users were defined as receiv-
ing BDZs for more than 180 days within one year period.31,32 
Defined daily dose (DDD) was defined as the assumed aver-
age maintenance dose per day for a drug used for its main in-
dication in adults according to World Health Organization 
(zolpidem, 10 mg; zolpidem CR, 12.5 mg; alprazolam, 1 mg; 
clonazepam, 8 mg; lorazepam, 2.5 mg; diazepam, 10 mg; clo-
bazam, 20 mg; triazolam, 0.25 mg).33 It is widely used as a dose 
standard unit per day for drug utilization studies.32 We calcu-
lated DDD as the total amount of benzodiazepine exposure 
before the index date as follows: First, the total milligrams for 
each benzodiazepine prescription were calculated by multi-

plying the number of pills. Second, this sum was divided by 
assigned DDD for each benzodiazepine. Third, it was divided 
by the total duration (days) from initial exposure to the index 
date. An individual’s cumulative dose of benzodiazepine was 
calculated by summing up DDD amounts of all benzodiaze-
pine prescriptions during the follow-up period in SNUBH. 

Statistical analysis
Results are reported as means±standard deviations (SDs). 

The Kolmogorov-Smirnov test was used to confirm normality 
of all data. Comparisons of demographic characteristic, sleep 
variables, and mood variables among three groups were per-
formed using the χ2 test or analysis of variance with post hoc. 
Results (Z-scores) of neuropsychological tests were compared 
by multivariable analysis of covariance (ANCOVA) after ad-
justing for confounders including ESS, BDI, and exposure of 
other psychotropics. For estimating statistical power strictly, 
Bonferroni’s correction for multiple comparisons was per-
formed to compare Z-scores. Group–band interaction and 
between group-differences in relative EEG power were as-
sessed by two-way ANCOVA for each cortical region, with 
group as an independent factor and five frequency bands as 
repeated measures. Confounding factors of EEG such as age, 
sex, ESS, and BDI were adjusted. In addition, we performed 
subgroup analysis only for insomnia with benzodiazepine 
group. Spearman correlations were computed to examine the 
relationship between benzodiazepine exposure and the change 
of cognition or EEG. All significance tests were two sided and 
p-value was set at <0.05. SPSS version 22.0 for Windows (IBM 
Corp., Armonk, NY, USA) was used for all analyses.

RESULTS

Figure 1 shows a flow of the present study. Forty patients 
with insomnia disorder who were taking benzodiazepine, 33 
benzodiazepine-free patients with insomnia disorder, and 35 
age and sex-matched controls were enrolled at baseline. After 
excluding 24 subjects whose BDI ≥20 or EEG with artifact, a 
total of 84 participants were included in the final analyses: in-
somniacs using benzodiazepine (n=29), drug-free insomni-
acs (n=27), and age- and sex-matched control (n=28). Ages 
(mean±SD) of the participants were 68.03±8.38, 64.89±6.94, 
and 64.56±6.48 years in insomniacs using benzodiazepine, 
drug-free insomniacs, and controls, respectively. Insomnia 
severity was significantly different among three groups (ISI 
scores of drug-free insomniacs [18.11±5.13] vs. insomniacs 
using benzodiazepine [11.66±7.13] vs. control [4.89±4.98], p< 
0.001). Drug-free insomniacs reported more severe symptoms 
than insomniacs using benzodiazepine (p<0.001). Sex ratio, 
daytime somnolence, and mild cognitive disorder were not 
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significantly different among the three groups. In insomniacs 
using benzodiazepine, mean age at onset of benzodiazepine 
use was 61.9±8.6 years and duration of benzodiazepine expo-
sure was 11.8 (median) years (range, 0.54–30.24 years). The 
DDD was 0.72±0.52 mg (reference is 1) in insomniacs using 
benzodiazepine (Table 1). 

When we compared Z-scores of neurocognitive function 
among the three groups (Table 2), insomniacs using benzo-
diazepine showed a decreased executive function than drug-

free insomniacs and controls in alteration of Trail Making Test 
A (insomniacs using benzodiazepine [0.73±0.66] vs. drug-
free insomniacs [1.27±0.38] vs. control [1.09±0.47], p<0.001) 
and categorical fluency (insomniacs using benzodiazepine 
[-0.01± 0.99] vs. drug-free insomniacs [1.26±0.97] vs. control 
[0.77±1.08], p=0.002) than drug-free insomniacs after adjust-
ing for score of BDI, ESS, and exposure to other medications. 
Although we also conducted subgroup analysis with only sub-
jects prescribed benzodiazepines for more than 5 years to ex-

Table 1. Comparison of demographic characteristics, sleep variables, and mood variables among insomniacs using benzodiazepine group, 
drug-free insomniacs, and controls

Insomniacs using 
benzodiazepine (a)

Drug-free 
insomniacs (b)

Controls (c)
F p Post hoc

N=29 N=27 N=28
Age (yr) 68.03±8.38 64.89±6.94 64.56±6.48   1.972    0.146
Sex (female) 19 (65.5) 23 (85.2) 20 (71.4)   2.921    0.232
Epworth sleepiness scale 5.52±3.59   6.74±3.43 7.89±4.92   2.466    0.091
Insomnia severity index 11.66±7.13 18.11±5.13 4.89±4.98 27.718 <0.001 b>a>c
Beck Depression Inventory 9.34±4.88 9.07±4.9 5.96±5.03   4.068    0.021 a>c
Mild cognitive impairment diagnosis   4 (13.8) 2 (7.4) 2 (7.1)   0.938    0.626
Starting age of benzodiazepine use (yr) 61.9±8.6 - - - -
Duration of benzodiazepine exposure (yr) 11.8 (0.54–30.24) - - - -
Defined daily dose* 0.72±0.52 - - - -
Variables are presented as mean±standard deviation, N (%), or median (minimum-maximum). *when defined maximal dose is 1

Neurocognitive function test 
Quantitative EEG 

PSQI, ISI, ESS, and BDI

Chronic insomniacs 
(N=73)

Controls 
(N=35)

Benzodiazepine users 
(N=40)

Non-users 
(N=33)

Insomniacs with 
benzodiazepine (N=29)

Drug-free insomniacs 
(N=27)

Exclusion: BDI ≥20 or EEG with artifact

Controls 
(N=28)

Figure 1. Flow chart of this study. EEG, electroencephalography; PSQI, Pittsburgh Sleep Quality Index; ISI, insomnia severity index; ESS, Ep-
worth sleepiness scale; BDI, Beck Depression Inventory. 
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clude a reverse causation in which cognitive decline usually 
preceded insomnia symptoms as a prodrome, overall results 
were not changed.

Especially in insomniacs using benzodiazepine, we tried to 
examine effects of characteristics in benzodiazepine usage on 
cognitive function (Table 3). Start the use of benzodiazepines 
at an older age was associated with a decrease of executive 
function (Trail Making Test A: rho=-0.468) and a decrease of 
attention/concentration (digit span backward: rho=-0.412) 
with a large effect size. Longer duration of benzodiazepine 
exposure was associated with decreases of executive function 
(frontal assessment battery: rho=-0.444) and global cogni-
tion (MMSE: rho=-0.454). However, DDD and cumulative 
dose of benzodiazepine were not associated with any cogni-
tive function. 

When we compared quantitative EEG in three groups af-

ter adjusting for age, sex, and scores of BDI and ESS (Figure 2), 
significant group–band interaction (F=3.099, p=0.01) in fron-
tal area and between-group difference (F=3.608, p=0.032) in 
parietal area were found. In post-hoc analyses, a significant dif-
ference between insomniacs using benzodiazepine and drug-
free insomniacs was not found. Instead, insomniacs using 
benzodiazepine showed low relative theta power (insomniacs 
with using benzodiazepine=14.1% vs. control=18.5%, p= 
0.014) and high relative beta power (insomniacs with using 
benzodiazepine=29.3% vs. control=21%, p=0.045) in frontal 
region than controls. Drug-free insomniacs showed low rel-
ative theta power in frontal region (insomniacs=14.8% vs. con-
trol=18.5%, p=0.021) and parietal region (insomniacs=13.4% 
vs. control=17.2%, p=0.039) than controls.

Table 2. Z-scores of neurocognitive performances in chronic insomniacs compared among insomniacs using benzodiazepine group, drug-free 
insomniacs, and controls

Insomniacs using 
benzodiazepine (a)

Drug-free 
insomniacs (b)

Controls (c)
F p Post hoc

N=29 N=27 N=28
Global cognition

Mini-Mental State Examination -0.18±1.01 0.45±0.75 0.24±1.00 2.73    0.072
Attention/concentration

Digit span backward 0.16±1.30 0.61±1.25 0.51±1.13 2.68    0.075
Memory

Word list recognition -0.14±0.89 0.07±0.7 0.12±0.68 0.18    0.833
Word list recall -0.07±0.92 0.29±1.04 0.47±1.02 0.82    0.447
Recall of constructional praxis 0.08±1.03 0.28±0.81 0.35±1.06 1.67    0.195

Executive function
Trail making test digit symbol test A 0.73±0.66 1.27±0.38 1.09±0.47 10.2 <0.001 a<b, a<c
Categorical fluency -0.01±0.99 1.26±0.97 0.77±1.08 4.32    0.002 a<b
Frontal assessment battery 0.28±0.70 0.56±0.69 0.25±0.80 2.34    0.104
Constructional praxis 0.20±0.65 0.36±0.43 0.25±0.69 0.23    0.796

Visuospatial abilities
Clock drawing 0.08±0.85 0.28±0.50 0.33±0.52 1.60    0.209

Data are presented as mean±standard deviation. Multivariable analysis of covariance after adjusting for confounders (including Epworth 
sleepiness scale and Beck Depression Inventory, and exposure of other psychotropics) and Bonferroni’s correction for multiple comparisons 
(p<0.005=0.05/10) were conducted

Table 3. A correlation between characteristics of benzodiazepine use and neurocognitive function in insomniacs using benzodiazepine

Age at onset of use Duration of exposure DDD Cumulative dose
MMSE -0.148 -0.454*   0.271 -0.183
Digit span backward -0.412* 0.245 -0.016   0.065
Trail Making Test A -0.468* 0.221 -0.238 -0.113
Categorical fluency -0.168 -0.175 -0.086 -0.315
Frontal assessment battery 0.227 -0.444*   0.276 -0.265
*p<0.05. Spearman’s correlation was conducted. MMSE, Mini-Mental State Examination; DDD, daily defined dose
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DISCUSSION

Benzodiazepine users with chronic insomnia showed im-

paired executive function without memory decline compared 
to drug-free insomniacs and controls, although they showed 
relatively decreased severity of insomnia symptoms. The EEG 

Figure 2. Comparison of relative electroencephalography spectral power among insomnia with benzodiazepine group, insomnia without ben-
zodiazepine group, and controls. *p<0.05.
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of chronic insomniacs seemed to show a hyper-arousal man-
ifestation regardless of benzodiazepine exposure compared to 
controls, which had low relative theta and high relative beta 
power in fronto-parietal regions.

The main outcome of this study was the significant relation-
ship between a long-term use of benzodiazepines and a de-
cline of executive function. Our result seems to be in line with 
previous findings regarding cognitive function which is affect-
ed by long-term benzodiazepine use (e.g., decreased visuospa-
tial ability, speed of processing, verbal learning, and prospec-
tive/retrospective memory).11,17 In previous systemic reviews, 
long-term cognitive impacts of benzodiazepine in all-aged 
adults were associated with impairments in processing speed, 
divided attention, visuoconstruction, working memory, re-
cent memory, and expressive language.34 Another systemic 
review on the elderly population has reported that the process 
speed (examined by digital symbol test) is significantly im-
paired, while global cognition (examined by MMSE), memo-
ry (examined by auditory verbal test), and executive function 
(examined by Stroop color and word test) are not significant 
or show high heterogeneity throughout selected studies in 
benzodiazepine users than in controls.35 These relatively dif-
ferent interpretations or inconsistency can be caused by dif-
ferent types of cognitive measurement when selecting tests by 
investigators in different studies. For example, Mura et al.36 
have used TMT-A and -B tests for evaluating processing speed 
while others selected a digit symbol test37 or a block design for 
the same purpose.38 Also, one cognitive test does not always re-
flect one cognitive function, but involves or needs several cog-
nitive functions at the same time. For example, the categorical 
verbal fluency test which consists of the production of words 
in a limited amount of time starting within a semantic cate-
gory needs processing speed as fast as possible. It requires 
retrieval of the content of semantic memory, in which concepts 
and words are hierarchically organized by the executive func-
tion.39 Executive function is defined as a supervisory capacity 
in the overall hierarchy of brain processing and encompasses 
skills necessary for purposeful, goal-directed behaviors.40 It is 
often associated with prefrontal cortical areas. It characteris-
tically includes processes such as goal formation, planning, 
initiation, preservation and alteration of goal-directed behav-
ior, problem solving, response inhibition, and cognitive flexi-
bility.41 Therefore, low scores of TMT-A and categorical flu-
ency of subjects in this study might indicate that long-term 
use of benzodiazepine is associated with a decline of execu-
tive function as a superordinate concept of cognition.

However, the decrease of executive function was not pro-
portional to daily dose or cumulative dose of benzodiazepine 
in this study. Rather, it was associated with duration of ben-
zodiazepine exposure and age at starting medication. Long-

duration of benzodiazepine exposure also means long-dura-
tion of suffering from insomnia without remission. Indeed, a 
remission rate of chronic insomnia was less than a half in spite 
of receiving benzodiazepine treatment and sleep disturbance 
remained and became chronic.42 Sleep disturbance for long 
period could cause cognitive problems including memory and 
frontal lobe function.18 An activation of the glymphatic sys-
tem during sleep is associated with a brain clearance system 
that removes potentially toxic biomolecules such as beta-am-
yloid protein.43 Brain damage caused by decreased peripheral 
brain-derived neurotrophic factor44,45 has been suggested as 
a mechanism of cognitive decline or pathogenesis of neuro-
degenerative diseases. If the duration of suffering insomnia in 
drug-free insomniacs is much shorter than that of insomniacs 
using benzodiazepine, the gap of cognitive function between 
them would become relatively big. Speculation of a relative 
short duration in drug-free insomniacs not enough to change 
one’s cognitive function might be an explanation about the no-
difference in cognitive function between drug-free insomni-
acs and controls. 

In addition, decreased executive function was associated 
with starting benzodiazepine use at an old age. Sleep distur-
bances including frequent early awakening and decreased 
sleep quality commonly happen in elderly people and a prev-
alence of insomnia symptoms generally increases with age.1 
Their poor sleep parameters such as lower sleep efficiency, 
greater wake after sleep onset, and circadian fragmentation of 
sleep are potentially correlated with worsening executive func-
tion.46 Elderly people are more susceptible to cognitive impair-
ment caused by benzodiazepine than younger people due to 
their decreased overall brain capacity and increased pre-de-
mentic lesions in the brain.47 Benzodiazepine drugs may have 
more adverse effects in elderly than in adults because of de-
creasing drug metabolism and changing pharmacokinetics 
with advancing years.48 For these reasons, FDA recommends 
to start zolpidem in the elderly at half the dose used for adults. 
When starting to take benzodiazepine at a late age, it might 
be important to note the decrease of cognitive function in the 
future. 

We found no significant difference in EEG between insom-
nia patients who took benzodiazepine for a long time and 
those who did not take drugs. Both groups showed a hyper-
araousal pattern of EEG compared to the control group. At-
tenuation of theta and enhancement of beta power can be 
electrophysiological correlates of sleep state misperception 
in insomnia such as tendency of patients to overestimate sleep 
latency or underestimate total sleep time relative to polysom-
nographic measures.49,50 Beta and gamma activities are in-
creased after total sleep deprivation but decreased in the morn-
ing after sleep as a restoring effect of sleep. Less theta power in 
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insomniacs suggests a decrease in homeostatic sleep propensi-
ty.22 Regarding the long-term effect of benzodiazepines on 
EEG of brain, benzodiazepine such as lorazepam generally 
increases beta band but decreases alpha band.51 More relative 
beta activity and less relative delta/theta activity compared to 
controls have been found in benzodiazepine abusers during 
night time polysomnography.52,53 Taken together, the hyper-
arousal phenomenon of the fronto-parietal area in this study 
might be induced by both long-term of non-restoring sleep 
(decreasing theta/increasing beta) and long-term of use of ben-
zodiazepine (increasing beta). 

This study has several limitations. First, it is difficult to gen-
eralize our results due to a relatively small sample size. Sec-
ond, the information about total duration of insomnia among 
drug-free insomniacs was not collected. As total duration of 
insomnia could affect cognitive decline, we could not control 
the effect of insomnia duration on cognitive function. In ad-
dition, previous history of benzodiazepine use before starting 
medication at SNUBH was not included in analyses. Howev-
er, it might be negligible because previous exposure of benzo-
diazepine was relatively short. Third, no information of objec-
tive or actual sleep time per night in all insomnia patients could 
limit the interpretation. The absolute sleep time may be more 
important to influence the decline of memory than subjective 
dissatisfaction of sleep.45,54 Forth, there might be a selection 
bias among study participants. For example, people who re-
mained under the benzodiazepine treatment were only those 
who tolerated the treatment well while people who complained 
any side effects of benzodiazepine might have drop-outed the 
follow-up. To examine and compare effect of benzodiazepines 
on cognitive function independently of insomnia which also 
affects cognition, future studies are needed to investigate and 
try to match several conditions such as age, severity of insom-
nia, duration of insomnia, and objective sleep time of study 
participants. The strength of this study was that the effort to 
adjust various variables such as depression, daytime sleepiness, 
and drug use history and reduce possibility of reverse causa-
tion might have contributed to increased validity of this study. 

We found that executive functions of patients with insom-
nia after a long-term use of benzodiazepine were decreased. 
Long duration of insomnia and long-term use of benzodiaze-
pine seemed to be causes of the decreased executive function. 
What we did not know before this study was that patients hav-
ing insomnia symptoms could maintain the CNS arousal dur-
ing the daytime regardless of taking benzodiazepine as long 
as the patient has insomnia. Novel treatment of insomnia such 
as cognitive behavioral therapy for insomnia, biofeedback, re-
petitive transcranial magnetic stimulation, light therapy, and 
exercise could be alternative options in addition to pharma-
cological intervention.55 Nevertheless, benzodiazepine could 

still be one of effective and fast methods to treat severe in-
somnia. Thus, clinicians should take into consideration ad-
vantages and disadvantages of using benzodiazepines for in-
somnia treatment. When using benzodiazepines, shortening 
the prescription period of benzodiazepine considering pa-
tients’ age may help minimize one’s executive dysfunction.
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