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Abstract	  
The purpose of this study is to investigate whether often used hypnotics are safe or not to elderly 
people by evaluating the early morning effects and residual effects on the physical and cognitive 
functions after hypnotic administration.	 
Fourteen healthy elders (3 male, 11 female ; mean age 64 years) took part in the study.  Tri-
azolam 0.125 mg, rilmazafone hydrochloride 1 mg or placebo was orally given to each subject 
before going to bed (11 pm).  Objective evaluations including  1.  Total Sway Path test (opened 
and closed eye)　2.  Functional Reach test　3.  Timed Up and Go test　4.  Simply Discriminatory 
Reaction test　5.  Critical Flicker Fusion test　6.  Short-Term Memory test were done at 10 pm 
(an hour before subjects went to bed), 4 am, 6 am, 10 am and 2 pm. 	   
Among all evaluations for the physical and cognitive functions, main effects between medicines 
were only seen in the Total Sway Path test, which is the indicator for static balance ability.  When 
eyes were opened, trembling was significantly small in the rilmazafon group compared to the pla-
cebo group (p=0.04). 	   
In this study, the hypnotics did not affect physical and cognitive functions for healthy elders.  Fur-
ther studies using an interdisciplinary approach with different professionals such nurses, physical 
therapists, pharmacists and physicians are needed for evaluating the safety use of hypnotics in the 
elderly patients with insomnia. 
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Background

Bone fractures which are caused from accidental falls 

of the aged not only has a negative effect on their QOL, 

but is also a major source of medical expenses in Ja-

pan.  It was reported that Japan’s insomnia incidence 

rate of the aged is 17-21% and that 4-5% of the aged are 

taking hypnotic agents1).  Moreover, the use of hypnot-

ics is said to be the cause of many of the bone fractures 

caused by falls in the aged.  However, there have been 

other reports indicating that the insomnia itself is more 

related to these accidents than the use of hypnotics2-7). 

The hypnotic agents that are frequently used to treat 

insomnia should not disturb movement functions8,9).  

However, they do exert some physical effects.  There-

fore, when elderly people are taking these agents, a bet-

ter understanding of their extent of physical impairment 

would help to prevent the incidence of falls associated 
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with these agents8,9).

Prior to the present study, we examined the effects of 

hypnotics on healthy adults with regard to their physical 

and cognitive functions10,11).  None of the functions were 

significantly changed in healthy adults.

Although there have been some reports of causal rela-

tionships between hypnotic agents and falls in aged pa-

tients, the studies which have examined the physical and 

cognitive functions of the elderly people who have taken 

hypnotics have been limited8,9,12,13).

Allain examined the postural trembling and cognitive 

function of elderly patients after a single dose of sleep-

inducing medicines (zolpidem, zopiclone, lormetazepam 

and placebo) was taken12).  They reported that the half-

life of the hypnotic agent greatly influenced the trem-

bling. 

There have been many reports that elderly people of-

ten fall during the night and in the early morning when 

they wake up to go to the bathroom2-8).

The purpose of the present study was to investigate 

whether often used hypnotics are safe or not for elderly 

people by evaluating the early morning effects and resid-

ual effects on the physical and cognitive functions after 

hypnotic administration.

Methods

Fourteen healthy older subjects (3 male, 11 female ; 

mean age 64 years) took part in this study.  The subjects 

underwent a medical examination before the study.  

They were not taking any prescribed psychotropic agents 

such as hypnotics or antidepressants, and did not have 

any serious diseases.  We also ensured that they did not 

have an alcohol dependency or smoke more than 10 ciga-

rettes per day.  They were told to refrain from consum-

ing alcohol, caffeine and any other medicine on the day 

the study was carried out and the following day. 

To investigate the subjects’ physical and cognitive 

functions the day after administration of hypnotics, the 

study followed a cross-over, double-blind design.  Tri-

azolam at 0.125 mg, rilmazafone hydrochloride at 1 mg, 

or a placebo was given to each subject to take orally be-

fore they went to bed (11 pm).  These two hypnotics are 

often used for elder patients with insomnia in Japan4-6).

Objective evaluations were performed at 10 pm (an 

hour before subjects went to bed), 4 am, 6 am, 10 am and 

2 pm.  Our study consisted of 3 sessions (2 consecutive 

days per session) of testing.  The interval between each 

session was one week to allow for a wash-out of the 

drugs.  The subjects went about their ordinary routines 

during those intervals.

The physiological (1-3) and cognitive (4-6) evaluations 

included 1. Total Sway Path test (opened and closed 

eye), 2. Functional Reach test (FRT), 3. Timed Up and 

Go test (TUG), 4. Simply Discriminatory Reaction test 

(SDR), 5. Critical Flicker Fusion test (CFF), and 6. the 

Short-Term Memory test (STM) as were described pre-

viously10,11,13,14).  In brief, (1) Total Sway Path test is the 

indicator of the maintenance of static balance13,14).  (2) 

FRT is a single item test developed as a quick screen for 

kinetic balance problems in older adults13,14).  (3) TUG is 

presented as a basic test for functional mobility13,14).  

The test measures speed during several functional ma-

noeuvres, which include standing up, walking, turning 

and sitting down.  (4) SDR is a performance test pro-

gram (Human Response Checker), a software by Noru-

Pro Light systemsTM.  The test measured the reaction 

time and the eye-hand coordination skill of the sub-

jects.  Subjects were required immediately to right click 

when a blue circle was lighted and to left click when a 

white circle was lighted10,11).  (5) CFF is conducted by 

binocular determination of critical flicker fusion frequen-

cy.  Subjects were required to discriminate flicker from 

fusion while the frequency of a flickering light alternately 

increased or decreased by 1 Hz.  Threshold frequency 

was taken as the mean of three ascending and three de-

scending scales10,11).  (6) STM : A system for temporari-

ly storing and managing information required to carry out 

complex cognitive tasks such as learning, reasoning, and 

comprehension10,11). 

The study was approved by the Akita University ethics 

committee and all patients gave informed written consent 

prior to the study.  In our statistical analysis, we per-

formed an analysis of covariance, using the treatment and 

time as factors.  The covariance was compared to the 

data obtained at 10 pm (an hour before subjects took the 

hypnotic agent or placebo).  After checking for alternate 

effects, we performed a multiplex comparison using the 
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Bonferroni post-hoc test to determine the significance of 

the differences in the effects of the treatments.  The 

significance level was p<0.05.

Results

During our study, no subjects experiences any serious 

side effects, as determined by physical observations and 

vital sign checks performed before and after the hypnotic 

agents were taken.  Furthermore, safety management 

was ensured by having a physician on standby.

1.  Evaluation of Physical Functions (Table 1)

In the stabilograph test (Total Sway Path test), signifi-

cant differences in the effects between medicines were 

seen both when patients had their eyes open and when 

their eyes were closed (p=0.022, p=0.023, respective-

ly).  When their eyes were open, trembling was signifi-

Table 1.　Evalution of Physical  Functions

Total Sway Path Test Functional Reach  
Test (FRT)

Timed Up and  
Go Test (TUG) 

Open eye (cm) Close eye (cm) cm min

placebo (Mean±SE) 149.1±  9.9 181.1±13.1 288.6±14.3 7.73±0.27

triazolam (Mean±SE) 151.9±11.6  * 177.8±12.5 295.5±10.6 7.78±0.28

rilmazafone (Mean±SE) 137.3±  7.5 161.6±  7.6 305.6±13.6 7.71±0.25

main effect 0.022 0.023 ns ns

Fig. 1 Fig. 2 Fig. 3 Fig. 4

Post-hoc test : Bonferroni
*p<0.05

Fig. 1.　The results of Total Sway Path Test (eyes 
open)
In the stabilograph test when patients had their eyes 
open, significant differences between the agents were 
noted (p=0.022).　Trembling was significantly less 
common in the rilmazafone group compared to the pla-
cebo group (p=0.046).

Fig. 2.　The results of Total Sway Path Test (eyes 
closed)
When the patients’ eyes were closed, significantly dif-
ferent effects between the treatments were seen 
(p=0.023).　However no significant difference was 
seen between the rilmazafone group and the placebo 
group (p=0.073).
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cantly less common in the rilmazafone group (137.3+/–

7.5) compared to the placebo group (149.1+/–9.9) 

(p=0.04) (Fig. 1).  However, when the subjects had their 

eyes closed, no significant difference was seen between 

the rilmazafone group (161.6+/–7.6) and the placebo 

group (181.1+/–13.1) (p=0.073) (Fig. 2). 

In FRT and TUG, no significant differences were seen 

between the three groups (Figs. 3 and 4). 

2.  Evaluation of Cognitive Functions (Table 2)

In SDR, significantly different effects between medi-

cines were seen with regard to the percentage of correct 

answers (p=0.031).  However, there were no significant 

differences between the triazolam group (95.6+/–0.9) 

and the placebo group (92.7+/–1.6) (p=0.079) nor be-

tween the rilmazafone group (95.4+/–1.1) and the place-

bo group (p=0.168) (Fig. 5).

Significant differences were also seen for the different 

treatments in the reaction times (p=0.043).  However, 

no significant differences were seen between the triazol-

am group (0.51+/–0.02) and the placebo group (0.51+/–

0.01) (p=0.103) nor the rilmazafone group (0.53+/–0.02) 

and the placebo group (p=0.152) (Fig. 6).  No significant 

differences were seen in CFF (Fig. 7) and STM (Fig. 8) 

between the different groups.

Fig. 3.　The outcomes of Functional Reach Test (FRT)
In FRT, no significant differences were seen between 
the three groups.

Fig. 4.　The results of Timed Up and Go Test (TUG)
In TUG, no significant differences were seen between 
the three groups.

Table 2.　Evalution of Cognitive Functions

Simply Discriminatory Reaction Test (SDR) Critical Flicker 
Fusion Test (CFF)

Short-Term Memory 
Test (STM) 

Rate of  correction (%) Reaction time (sec) Hz Rate of  correction (%)

placebo (Mean±SE) 92.7±1.6 0.51±0.01 32.4±0.54 32.2±5.2

triazolam (Mean±SE) 95.6±0.9 0.51±0.02 33.0±0.60 37.9±5.8

rilmazafone (Mean±SE) 95.4±1.1 0.53±0.02 32.7±0.64 36.3±5.5

main effect 0.031 0.043 ns ns

Fig. 5 Fig. 6 Fig. 7 Fig. 8

Post-hoc test : Bonferroni 
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Fig. 5.　The rate of correction in Simply Discrimina-
tory Reaction Test (SDR) 
For SDR, significantly different effects were seen in 
the percentage of correct answers for the different 
groups (p=0.031).　However, no significant differ-
ences were seen between the triazolam group and the 
placebo group (p=0.079) nor between the rilmazafone 
group and the placebo group (p=0.168)

Fig. 6.　The patient reaction times in Simply Discrimi-
natory Reaction Test (SDR)
During SDR, significantly different effects between 
medicines were also seen in the reaction time 
(p=0.043).　However, no significant differences were 
seen between the triazolam group and the placebo 
group (p=0.103) nor between the rilmazafone group 
and the placebo group (p=0.152).

Fig. 7.　The results of Critical Flicker Fusion Test 
(CFF)
No significant differences between treatments were 
seen in CFF.

Fig. 8.　The rate of correction in Short-Term Memory 
Test (STM)
No significant differences between treatments were 
seen for the rate of correction in ST.
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Discussion

It has been reported that elderly people frequently fall 

when going to bathroom in the early mornings2-5).  When 

going to the bathroom, many physical functions and situ-

ational assessments are needed, such as waking up, 

standing up from the bed, changing directions and walk-

ing6-8).  Especially for elderly patients who take hypnotic 

agents, it is thought that the maintenance of static and ki-

netic balance, decreased muscular strength and cognitive 

function affect the risk of falling9,13).

In this study, of all the physical functions evaluated, 

significantly different effects between agents (rilmazafone 

vs placebo), were only seen in the Total Sway Path test 

which is the indicator of static balancing ability14).  The 

season why the rilmazafone show better results is un-

known.  No significant differences between medicines 

were seen in the indicators of kinetic balancing ability 

(FRT, TUG).  This is thought to be due to the fact that, 

although static balance is directly affected by hypnotics, 

kinetic balance is more affected by the initial physical 

abilities of the individual subjects.

In the evaluation of cognitive function, significantly dif-

ferent effects between treatments were seen in SDR 

(p=0.031).  Although triazolam showed a better per-

centage of correct answers compared with the placebo 

(p=0.079), no significant differences were seen between 

the other treatments.  No significant differences be-

tween the agents were seen for the other indicators (CFF 

and STM).  Although the hypnotic agents decreased 

CFF within several hours after their oral administra-

tion15,16), in the current study, we did not observe any ef-

fects on CFF.  Together with the results of STM, these 

hypnotic agents did not appear to have any significant ef-

fects on the cognitive functions of the subjects.

It is important to evaluate the conditions when elderly 

subjects wake up and go to the bathroom during a night 

for preventing accidental falls2-5).  Especially for elderly 

people who take hypnotics, it is thought that the mainte-

nance of static and kinetic balance, lower muscular 

strength and cognitive function affect the risk of fall-

ing9,13).  However, it was also reported that insomnia it-

self was correlated with the risk of falling, rather than the 

effects of hypnotics17).  In our current study, the hypnotic 

agents did not significantly affect the physical and cogni-

tive functions of healthy elderly subjects.  Further stud-

ies are needed to evaluate the safety of hypnotics in pa-

tients with insomnia.

On the other hand, the cultivation of risk management 

strategies for medical staff members are also needed to 

evaluate the circumstances associated with falls18).  Us-

ing an interdisciplinary approach with different profes-

sionals such as nurses, physical therapists, pharmacists 

and physicians is necessary.

References

   1)	 Doi, Y., Minowa, M., Okawa, M. and Uchiyama, M. 

(2000)　Prevalence of sleep disturbance and hyp-

notic medication use in relation to sociodemographic 

factors in the general Japanese adult population.　J. 

Epidemiol., 10, 79-86.

  2)	 Landi, F., Onder, G., Cesari, M., Barillaro, C., Russo, 

A. and Bernabei, R. (2005)　Silver Network Home 

Care Study Group. Psychotropic medications and 

risk for falls among community-dwelling frail older 

people : an observational study.　J. Gerontol. A. Biol. 

Sci. Med. Sci., 60, 622-626.

  3)	 Kubo, J., Yamada, S.,Tamai, Y., Saitou, S., Saitou, K., 

Obara, S., Tamura, T., Tanaka, S. and Sakuma, T. 

(2007)　Association with the falls and medications in 

hour hospital.　J. Jpn. Assoc. Rural. Med., 39, 31-34.

  4)	 Tanabe, T., Ikegawa, K., Hasebe, T., Kitamura, M., 

Okumura, E. and Kawamura, A. (2007)　Situation 

and factors related to fall in a geriatric hospital (No. 

6) —Is intuition of nurses reliable as a predictive fac-

tor of falls ?—.　Kochi-city Med. Assoc. Med. J., 12, 

121-126.

  5)	 Hara, E., Ohtaka, Y., Morita, M., Nishiwaki, Y., 

Usawa, M. and Satou, A. (2007)　The actual situa-

tion and a fall career of the sleep inducing drug tak-

ing medicine in the elderly person resident in an 

area.　Osteoprosis Jpn., 15, 333-334. 

  6)	 Sagara, H., Nawa, H., Utsu, Y., Miyake, S., Araki, H., 

Sendo, T. and Gomita, Y. (2007)　Relationship 

between Nocturnal Dysuria and Occurrence Time of 

Fall Due to the Use of Hypnotic Drugs.　J. Jpn. Soc. 

Hospi. Pharmacists, 43, 375-378.

  7)	 Hiramatsu, T., Izumi, K. and Shogenji, M. (2006)　
Prevention of Falls in the Institutionalixed Elderly : 

(26)

Akita University



― 69―― 68―

秋　田　医　学

Fall Related to Excretion and Fall Person’s Chara

cteristi.　J. Jpn. Acad. Gerontol. Nurs., 11, 47-52.

  8)	 Frey, D.J., Ortega, J.D., Wiseman, C., Farley, C.T. and 

Wright, K.P. Jr. (2011)　Influence of zolpidem and 

sleep inertia on balance and cognition during night-

time awakening : a randomized placebo-controlled 

trial.　J. Am. Geriatr. Soc., 59, 73-81.

  9)	 van der Velde, N., Stricker, B.H., Pols, H.A. and van 

der Cammen, T.J. (2007)　Withdrawal of fall-risk-

increasing drugs in older persons : effect on mobility 

test outcomes.　Drugs Aging, 24, 691-699.

10)	 Ito, S.U., Kanbayashi, T., Takemura, T., Kondo, H., 

Inomata, S., Szilagyi, G., Shimizu, T. and Nishino, S. 

(2007)　Acute effects of zolpidem on daytime alert-

ness, psychomotor and physical performance.　Neu-

rosci. Res., 59, 309-313.

11)	 Ito, W., Shimizu, K., Ito, S.U., Wakasa, M., Narita, E., 

Suda, H., Kikuchi, Y., Tsutsui, K., Kanbayashi, T. and 

Shimizu, T. (2010)　The evalution of physical and 

cognitive functions, arousal levels and moods in 

healthy university students after zaleplon admini

stration.　SLEEP, 33, A309-310.

12)	 Allain, H., Bentué-Ferrer, D., Tarral, A. and Gandon, 

J.M. (2003)　Effects on postural oscillation and 

memory functions of a single dose of zolpidem 5 mg, 

zopiclone 3.75 mg and lormetazepam 1 mg in elderly 

healthy subjects.　A randomized, cross-over, dou-

ble-blind study versus placebo.　Eur. J. Clin. Phar-

macol., 59, 179-188.

13)	 van der Velde, N., Stricker, B.H., Pols, H.A. and van 

der Cammen, T.J. (2007)　Risk of falls after with-

drawal of fall-risk-increasing drugs : a prospective 

cohort study.　Br. J. Clin. Pharmacol., 63, 232-237.

14)	 Demura, S. and Yamada, T. (2007)　Simple and easy 

assessment of falling risk in the elderly by functional 

reach test using elastic stick.　Tohoku J. Exp. Med., 

213, 105-111. 

15)	 Smith, J.M. and Misiak, H. (1976)　Critical flicker 

frequency (CFF) and psychotropic drugs in normal 

human subjects-A review.　Psychopharmacol., 47, 

175-182.

16)	 Hindmarch, I. (1982)　Critical flicker fusion fre-

quency (CFF) : the effects of psychotropic com

pounds.　Pharmacopsychiatry, 15, 44-48. 

17)	 Avidan, A.Y., Fries, B.E., James, M.L., Szafara, K.L., 

Wright, G.T. and Chervin, R.D. (2005)　Insomnia 

and hypnotic use, recorded in the minimum data set, 

as predictors of falls and hip fractures in Michigan 

nursing homes.　J. Am. Geriatr. Soc., 53, 955-962.

18)	 Matsuda, E. (2010)　The present dilemma of in-

patient’s falling over in an acute hospital and mea-

sures to improve/solve the problem This report is 

compiled as a consequence of investigations review-

ing the actual circumstance surrounding incidents of 

inpatients falling over in the hospital.　Tokushima 

Red Cross Hosp. Med. J., 15, 139-143.

(27)

Akita University




