Sleep quality of benzodiazepine users in nursing homes: a comparative study with non-users. 
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ABSTRACT:
Objectives:
To describe subjective sleep quality among chronic users of benzodiazepines (BZDs) in Belgian nursing homes, to compare it to non-users, and to investigate determinants of bad sleep quality.
Methods:

All mentally competent residents from 10 nursing homes were screened and compiled in a group of chronic BZDs users or in a group of non-users, based on the medication chart. We collected demographic, functional and medication characteristics, and global and specific sleep parameters, using the Pittsburgh Sleep Quality Index (PSQI). Linear regression was used to investigate which parameters were associated with sleep quality.
Results:
Of the 300 residents, 178 (59%) were chronic BZD users and 122 non-users. The two groups did not differ in demographic and functional characteristics (mean age= 85.5 years; range 57-100, 75% women). The users reported significantly more difficulties with falling asleep, more midnight awakenings, were less rested in the morning and had a worse self-perceived sleep quality compared to non-users. Sleep duration and time to fall asleep did not differ.
The self-perceived sleep quality was mainly determined by problems during initiation of sleep. 

After controlling for demographic, medication and functional characteristics, BZD use remained strongly associated with bad sleep (r=0.173, p=0.003), and a study centre effect (differences among nursing homes) was observed (r=0.229, p<0.001).
Conclusion: 
Our findings do not support long-term effectiveness of BZDs; chronic users slept worse than non-users (even more outspoken in users of long-acting BZDs). In future longitudinal comparative studies of sleep quality, unexplained variability needs further assessment with medical, psychological and institutional parameters. 
INTRODUCTION

Sleep problems are more frequent with growing age. In the normal aging process changes in the sleep structure occur, with less restorative deep sleep (i.e. stage III and IV of the non-REM sleep). A fragmented sleep pattern with more midnight awakenings is associated with aging1


[ ADDIN EN.CITE , 2]
. In addition, comorbidities, medication use, psychological distress and sleep-related disorders (e.g. sleep apnoea, restless legs syndrome), all affecting sleep quality, increase with age3


[ ADDIN EN.CITE ]
.
Benzodiazepines (BZDs) and related z-drugs are the most frequent used symptomatic treatment for sleep problems in the older population4[]
 and particularly in the nursing home setting5[]
. In a previously published study, we reported that 50% of the Belgian nursing home population used BZDs and z-drugs chronically6[]
. 
Although BZDs alter the sleep architecture by supressing deep sleep stages, they are initiated because they shorten the time to fall asleep and increase total sleep duration
 ADDIN EN.CITE 
[7, 8]
. Due to their sedating action, the (short-term) adverse effects of BZDs include decreased alertness with risk of falling and anterograde amnesia. After 4 weeks of continuous BZD use, most patients engage in chronic use, while the hypnotic effect decreases due to tolerance9[]
. Interruption of treatment can lead to withdrawal symptoms
 ADDIN EN.CITE 
[10]
, and this is often the reason to continue use. 
Guidelines discourage chronic use because of both physical and psychological dependence and because of the unproven long-term effectiveness
 ADDIN EN.CITE 
[11-13]
. Moreover, it has been hypothesised that long-term use might have a detrimental effect on cognition and a potential acceleration of cognitive impairment14[]
. The high prevalence of chronic BZD users indicates that these guidelines are insufficiently implemented.
Long-term effectiveness is difficult to assess and requires long follow-up data15[]
. Epidemiological studies of the effects of chronic BZD use on sleep quality are scarce. Ohayon et al.
 ADDIN EN.CITE 
[16]
 reported little distinctions in the various dimensions of sleep quality between older drug-taking insomniacs and older non-treated insomniacs. A study among 516 older adults in Berlin
 ADDIN EN.CITE 
[17]
 reported a higher rate of sleep related complaints among persons taking sleep medication. Both studies did not focus on BZD and z-drugs, and did not use a standardised method to evaluate sleep. Polysomnography is the objective tool for examining effectiveness of sleep medication18[]
. However, the patient’s perception of sleep quality remains the determinant of most requests for prescribing hypnotics and is a common criterion by which the general physician and patient judge efficacy
 ADDIN EN.CITE 
[19]
. Therefore a subjective tool such as the Pittsburgh Sleep Quality Index (PSQI)20[]
 has gained widespread acceptance to analyse sleep quality. It has undergone extensive psychometric evaluation and is commonly used in older adults
 ADDIN EN.CITE 
[15, 21-23]
. A Canadian study15[]
 in a large sample of community dwelling older adults (aiming to investigate the association between BZD use and overall sleep quality) used this instrument and found a worse sleep quality among BZD users. However, in this study the BZD use was self-reported, there was no focus on chronic use and other interfering co-medication was not reported. We found no study especially designed to compare sleep parameters in a well-defined group of chronic BZD users and a group of non-users. Therefore, we set out to design a longitudinal study investigating sleep quality with the validated PSQI questionnaire. The aim of our study is to describe the sleep parameters of mentally competent nursing home residents as well as to investigate which sleep parameters are associated with self-perceived sleep quality, and which characteristics influence global sleep quality. More importantly, we compared sleep parameters between chronic BZD users and non-users.
METHODS
In this baseline assessment of a longitudinal cohort study in the Belgian nursing home setting, we investigated the sleep quality in a group of mentally competent chronic BZD users as well as in a group of mentally competent non-users (control group). 
Setting:

The Belgian long-term residential care structure consists of residential and/or nursing homes for older people, which offer a home replacement with or without nursing care. Governance of nursing homes for older people is either public (community health services) or private (predominantly non-profit) with little difference in quality. The point prevalence of dementia among residents is around 50% with considerable variation among nursing homes24[]
.
Design:

From a convenience sample of 10 nursing homes, all mentally competent residents were identified, screened for inclusion and exclusion criteria and separated in an exposure group of BZD users and a control group, based on analysis of the medication chart. No matching procedure was applied. Both groups were evaluated at baseline (and will be re-evaluated at 3 months and at 1 year). 
Inclusion and exclusion criteria:
We only included mentally competent residents defined as having a Mini Mental State Examination (MMSE)
 ADDIN EN.CITE 
[25]
 score of at least 18. We excluded residents that only used the sedative antidepressants trazodone or mirtazapine or phytotherapy as a sleep medication. We also excluded residents that used BZDs for the indication anxiety. Residents with BZDs or z-drugs administered at bedtime for at least 3 months were allocated to the exposure group. Residents that were free of any hypnotic medication were allocated to the control group.
Data collection:
Demographic data was obtained from the resident’s record and medication data from the medication chart in the period December 2011- January 2012. Cognitive function was scored by the MMSE test. The scores of this robust screening tool range from 0 to 30, with higher scores indicating a better global cognition. Functional characteristics were scored by the KATZ scale26[]
. This instrument is mandatory in the Belgian nursing homes. The first part of this instrument scores six activities of daily living (ADL) from 1 (independent) to 4 (total dependent). The second part scores disorientation in time and place ranging from 1 (no disorientation) to 4 (severe) and was used to confirm mental competence.
Based on the Anatomical Therapeutic and Chemical classification (ATC)27[]
, we selected the classes N05BA (anxiolytics), N05CD (hypnotics) and N05CF (z-drugs) to define the BZD group. The BZDs tetrazepam and clonazepam, both taken by one person, were in this study classified as sleep medication, although they have a different ATC nomenclature. We divided the BZDs and z-drugs according to half-life based on a reference source28[]
: triazolam, lormetazepam, loprazolam, oxazepam, lorazepam, bromazepam, alprazolam, zopliclone and zolpidem were grouped into short-acting drugs (T1/2<24h) and tetrazepam, clonazepam, flurazepam, flunitrazepam, diazepam, prazepam and chorazepate into long-acting drugs (T1/2>=24h). The total number of chronically used medications as well as possible interfering medication such as antidepressants (ATC N06A), antipsychotics (ATC N05A), anti-dementia drugs (ATC N06D), anti-Parkinson (ATC N04) drugs and narcotic pain medication (ATC N02A) were recorded. 
Sleep evaluation:
The Pittsburgh sleep quality index (PSQI)20[]
, a self-rated questionnaire which investigates global sleep quality and sleep disturbances, was used (Dutch translation29[]
). As our sample was a geriatric population, the researchers assisted the resident with the recording and rating of the questionnaire. The seven components of the PSQI are scored from 0 to 3, yielding a total score ranging from 0 to 21, with a higher score indicating worse sleep quality. The component ‘sleep difficulties’ contains nocturia and pain, both defined as waking up in the night more than once a week.
A total PSQI score of more than 5 is a widely used cut-off that indicates poor sleep quality. Because in this study, we wanted to compare sleep quality in a group of BZD users and non-users, we generated a new PSQI score (adjusted PSQI) without the component ‘sleep medication’. The adjusted PSQI can range from 0 to 19 and was the variable of choice when we investigated and compared sleep quality in BZD users and non-users. 
Sample size calculation: 
We calculated a required sample size of at least 99 persons per group to detect a difference of 2 points on the PSQI from 4.5 to 6.5 (SD 5) with a power of 0.80 and significance level of 0.05.
Statistics:

In primary analysis, demographic, functional and medication characteristics were described for the total nursing home population and compared between the BZD users and the non-users, using Chi² for categorical variables and independent t-tests for continuous variables. 
The internal consistency of the total PSQI was 0.66 (Cronbachs α) which was comparable with previous studies
 ADDIN EN.CITE 
[30]
. We analysed the sleep parameters in the total population and in the two parallel groups. All component scores were compared with non-parametric statistics (Mann Whitney U) and the frequencies in each component score were analysed with Chi². Within the BZD group, the different PSQI components were compared between users of long-acting and short-acting BZD with non-parametric statistics (Mann Whitney U).
To find which components of the PSQI were related to the subjective PSQI component ‘self-perceived sleep quality’, we used multiple linear regression with the score on self-perceived sleep quality as the dependent variable. 
Variability of different parameters among the nursing homes was analysed with non-parametric statistics (Kruskal Wallis).
Furthermore, we analysed which demographic, functional and medical characteristics were associated with global sleep quality in a multiple linear regression with the total adjusted PSQI as dependent variable. All statistical analyses were performed using the statistical package SPSS version 20 with p<0.05 as the level of significance. 
Ethical considerations:

This observational cohort study was approved by the Ethics Committee of the University Hospital of Antwerp (registration number B300201112211). Each nursing home received information and gave approval to screen the nursing home population. Each included resident received oral and written information and gave consent.
RESULTS
Recruitment 

Ten nursing homes with a total of 1152 beds (located in two Flemish regions of Belgium, Antwerp and Ghent) agreed to participate. Inclusion criteria were met by 410 residents. Sixty three residents were excluded based on analysis of the medication chart. We asked 347 eligible residents to participate and 47 refused. Of the 300 enrolled residents, 178 (59%) used a BZD/z-drug and were included in the BZD group and 122 non-users in the control group (figure 1). 
Demographic and functional characteristics of the total population 
The mean age of the total population was 85.5 years (range 57-100) and the average time of institutionalisation was 40 months. Three quarters were female. Schooling age was not higher than 14 years in 59% of the residents. The mean MMSE score was 25.6 (range 18-30), and the mean ADL score was 12.1 (range 6-24), with mainly difficulties with washing and clothing. The average number of chronic medications was 8.1 (range 0-18) (table 1).
In the BZD group, 44% used a hypnotic (ATC N05CD), 40% used an anxiolytic (ATC N05BA) and 25% a z-drug (ATC N05CF). Dual BZD use was seen in 13% (n=23). Most often (34%) lormetazepam was used. Zolpidem and lorazepam were each used by 25% of the users. Based on the half-life, 90% used a short-acting and 12% a long-acting benzodiazepine (2% overlap due to dual use).
Sleep characteristics of the total population 
The mean adjusted PSQI score (without the medication component) of the 300 residents was 4.9 (SD 2.4). This score was mainly influenced by the component sleep latency (r=0.705, p<0.001) and the self-perceived sleep quality (r=0.703, p<0.001). Additionally, the components daytime dysfunction, sleep disturbance, efficiency and duration had a significant correlation with the total PSQI of 0.566, 0.450, 0.286, and 0.231, respectively. 
The number of bad sleepers (adjusted PSQI more than 5) was 36%. The mean hours of night-time sleep was 8h57min (3h25 to 13h15). The mean number of minutes before a resident fell asleep was 27 minutes (1min. to 210min.). Mean scores of the different PSQI components are shown in table 2. Nocturia occurred in more than 70% of the nursing home residents and was the most frequent night-time disturbance. Awakenings due to pain were present in 24%, of which 46% had a prescription for a narcotic analgesic.
The mean score of the component ‘self-perceived sleep quality’ was 0.98 (SD 0.84). We investigated which components of the PSQI were associated with self-perceived bad sleep quality (table 3) and in univariate analysis; we found that all sleep parameters were associated. In multivariate analysis, sleep latency had the highest correlation (r=0.349), followed by pain (r= 0.161), the feeling of not being rested in the morning (r=0.146) and midnight awakenings (r=0.134). 
Factors associated with bad sleep

With this analysis, we wanted to investigate several demographic, functional and medication characteristics associated with sleep quality (table 4). Univariate analysis showed there was no correlation between adjusted PSQI and the use of psychotropic drugs other than BZDs. Gender, MMSE score, functional status, education level and length of stay were also not associated. Multivariate analysis showed that the adjusted PSQI had the highest association with BZD use (r= 0.173). Age and the number of chronic medications were also associated (table 4). Although the variance explained of our model remained small, it did increase from 8% to 13% when we included ‘study centre’ in the model.
Variability among nursing homes.

We saw considerable variation in the adjusted PSQI score in the ten nursing homes ranging between 3.1 and 5.2 (p=0.018). The percentage of BZD users per nursing home ranged from 41% to 69% while the prevalence of bad sleepers (adjusted PSQI >5) ranged from 19% to 50%. There was a negative correlation between these two parameters, but it was not significant (r=-0.231, p=0.522) (Figure 2).
Comparison between benzodiazepine users and non-users 
The BZD users and the non-users did not differ in terms of demographic and functional characteristics. The average number of chronic medications differed in the two groups; 9.2 chronic medications in the BZD group, and 6.6 in the control group. The use of other psychotropic drugs differed between users and non-users (62% vs. 40%), more specifically the use of antidepressants and narcotic analgesics, 45% versus 24% and 23% versus 7% respectively (table 1).
We looked at the differences in the mean scores of PSQI components (table 2) and also at the frequency distribution of the scores in percentages (figure 3). The total adjusted PSQI score differed between the two groups; 5.4 in the BZD group and 4.3 in the control group (p<0.001). 
In the BZD group, 8% perceived their sleep quality very bad and 20% rather bad. This was two times as much as in the control group (2% and 11% respectively). Almost 30% of the BZD users had frequent difficulties with falling asleep compared to 22% in the control group. Midnight or early morning awakenings were frequent in 60% of the users compared to 40%. Sleep disturbance due to pain was frequent in 19% of the users compared to 7%. The feeling of not being well rested in the morning was present in 8% of the users compared to 2% of the non-users. All these differences were statistically significant (table 2). Nocturia, the mean hours of night-time sleep, the minutes before falling asleep and the feeling of sleepiness during the day did not differ significantly between users and non-users.
Within the BZD group, a separate analysis comparing users of long-acting (n=17) versus short-acting benzodiazepines (n=156) showed a worse adjusted PSQI score (6.5 vs. 5.3, p=0.012), although there were no differences in sleep duration and time to fall asleep. Users of long-acting benzodiazepines had more difficulties with falling asleep than users of short-acting (mean score 2.2 vs. 1.4 p=0.013) and perceived a worse subjective sleep quality (1.6 vs. 1.1 p=0.02). Other sleep parameters, such as midnight awakenings, not feeling rested in the morning and daytime sleepiness did not differ.
DISCUSSION
This study was the first study especially designed to investigate sleep quality among chronic BZD users in the nursing home setting and compare it to a well-defined control group using an adequate tool that reports several aspects of sleep quality. 
The main finding of our study is that chronic users of BZDs had a worse sleep quality than non-users, though they do not differ in terms of demographic and functional characteristics. More specifically, chronic users reported more difficulties with falling asleep, reported a higher frequency of midnight awakenings, and a higher frequency of not being well rested in the morning. Additionally, we found that the sleep quality differed considerably between the participating nursing homes. 
Sleep characteristics of the total population
Nursing home residents in our study needed half an hour (27min) to fall asleep and had a long but disturbed night-time sleep (9 hours). Midnight toilet awakenings occurred in 70% and were the most common sleep disturbance in our study, as well as in other studies
 ADDIN EN.CITE 
[31, 32]
. Surprisingly, the self-perceived sleep quality of nursing home residents was not determined by nocturia, but was predominantly determined by difficulties falling asleep and pain. As pain can provoke sleep problems
 ADDIN EN.CITE 
[33]
, underlying causes should be addressed and could reduce the prescribing of sleep medication. In future research, the concomitant use of a pain assessment scale could help clarifying sleep problems. 
Characteristics associated with bad sleep

We investigated which demographic, functional and medical characteristics were associated with worsening sleep quality. Except for a weak association with age, we found no specific associations with demographic and functional characteristics such as gender, education, and ADL score. Similar to other studies
 ADDIN EN.CITE 
[34]
, we found that the more intense the polypharmacy (even when the use of psychotropic drugs was excluded), the worse the sleep quality. Multiple pathologies and the associated medication use can influence the sleep quality
 ADDIN EN.CITE 
[35]
. 
The variance of our model was small, although it increased from 8% to 13% when we introduced the ‘study centre’ effect. A large part remains unexplained, therefore institutional characteristics such as the type of ward and night-time policy
 ADDIN EN.CITE 
[31, 36]
 should be included in future research of sleep quality. Also more psychometric properties of the older adults such as depressive symptoms should be investigated. 
Sleep characteristics compared between benzodiazepine users and non-users
Although the main reason to initiate BZDs is to shorten time before falling asleep
 ADDIN EN.CITE 
[7, 8]
, chronic users in our study reported more difficulties with falling asleep. Surprisingly, the self-reported more objective sleep parameters such as time before falling asleep and hours of sleep did not differ between the two groups. Pseudo insomnia (a misperception of sleep where sleep latency is overestimated) has been described in the literature
 ADDIN EN.CITE 
[37]
 and could be the reason why residents using sleep medication perceive subjective sleep complaints more intensely. 
The feeling of being tired in the morning was more present among chronic BZD users. This confirms the risk of the hangover effect
 ADDIN EN.CITE 
[38]
. Long-acting BZDs are said to have more daytime residual effects
 ADDIN EN.CITE 
[39]
. In our study, when a long-acting BZD was used, overall, differences were accentuated, but not daytime dysfunction.
It is known that BZDs change sleep architecture at the expense of the deep, restorative stages of sleep, so our finding that chronic users reported more midnight awakenings is logical. Another explanation could be that the BZD user had a less restorative and more fractionated sleep as a consequence of aging, and had no persistent improvement with the drug.

Furthermore in our study, awakenings due to pain were more frequent among chronic BZD users which additionally could  influence the overall rate of awakenings. 
Strengths and limitations
The strength of our study, compared to other studies examining the differences in sleep quality between sleep medication users
 ADDIN EN.CITE 
[15-17]
, is that we focused on BZDs, paid attention to co-medication, used a validated questionnaire and reported the different aspects of sleep quality. Furthermore, we enhanced data accuracy by only including mentally competent residents and we had a participation rate of 87%. This allowed us to confirm results from other studies, but in a more specific setting.
There are several limitations related to our study design. We used a convenience sample of nursing homes. However, the respondent’s characteristics were comparable to the Belgian nursing home population (age-gender-chronic drug intake)24[]
. 
Our finding that sleep quality was worse in chronic BDZ users does not support the hypothesis of the long-term effectiveness of BZDs, but cannot disprove it either. In order to make conclusions with regard to long-term effectiveness and development of tolerance, longitudinal studies with incident users and baseline sleep parameters are necessary. Unfortunately, we don’t have this information given the cross-sectional character of this study. Further follow-up for this study (after 3 months and 1 year) will provide evidence regarding differences in temporal evolution of sleep quality between BZD users and non-users. 

Another limitation was that we used proxies for clinical data. Unfortunately, we had no information on specific sleep disorders and on specific medication other than psychotropics or narcotics that could influence sleep quality (i.e. beta blocker, thyroid medication)
 ADDIN EN.CITE 
[3]
. Furthermore, we did not collect information on fall incidents or fractures. We did not gather information about the length of BZD use, beyond the minimum requirement of 3 months and we did not record dosages.
The use of a subjective tool to evaluate the effectiveness of hypnotics, such as the PSQI is both a limitation as strength. Self-reported time in and out of bed can be inaccurate, though there is a good correlation between self-reported sleep measurements and objective measurements such as actigraphy41[]
 and polysomnography23[]
. Another limitation of the PSQI in this particular study was the presence of the medication component. As in other studies
 ADDIN EN.CITE 
[15, 42]
, we excluded this component in analysis, leading to a lower total score and an underestimation of the percentage bad sleepers. 

Conclusion

Our findings do not support long-term effectiveness of BZDs; chronic users slept worse than non-users (even more outspoken in users of long-acting BZDs). In future longitudinal comparative studies of sleep quality, unexplained variability needs further assessment with medical, psychological and institutional parameters. 
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TABLE 1: Description of demographic, functional and medication characteristics in total population and compared between chronic benzodiazepine users and non-users.

	 
	total population 
	BZD group
	CONTROL group
	

	 
	N=300
	N=178
	N=122
	p value** 

	Demographic characteristics
	
	
	
	

	age (mean-range)
	85.5  (57-100)
	85.4 (57-100)
	85.7 (65-99)
	0.767

	gender (%female)
	74.7
	75.3
	73.8
	0.768

	length of stay in months (mean-range)
	39.7 (0-223)
	39.7(1-191)
	39.6 (0-223)
	0.985

	education level
	
	
	
	

	elementary (%)
	14.7
	17.4
	10.7
	0.342

	high school till 14y (%)
	44.7
	42.1
	48.4
	

	high school till 18y (%)
	33.0
	32.0
	34.4
	

	higher (%)
	7.7
	8.4
	6.5
	

	Functional characteristics (mean-range)
	
	
	
	

	self-dependency score (ADL) (6-24)
	12.1 (6-24)
	12.3 (6-24)
	11.8 (6-22)
	0.382

	disorientation score  (2-6)
	2.6 (2-6)
	2.5 (2-6)
	2.7 (2-6)
	0.073

	MMSE score (0-30)
	25.6 (18-30)
	25.4 (18-30)
	25.7 (18-30)
	0.407

	Medication
	
	
	
	

	chronic medications (mean-range) 
	8.1 (0-18)
	9.2 (1-18)
	6.6 (0-17)
	<0.001

	use of Sleep medication (%)
	59.3
	100.0
	
	

	ATC class 
	
	
	
	

	hypnotic* (%)
	
	43.8*
	
	

	anxiolytic* (%)
	
	39.9*
	
	

	z drug*  (%)
	
	25.3*
	
	

	duration of action
	
	
	
	

	long-acting (%)
	
	12.4*
	
	

	short-acting (%)
	
	90.4*
	
	

	use of Psychotropics (%)
	53.3
	62.4
	40.2
	<0.001

	antidepressant (%) 
	36.3
	44.9
	23.8
	<0.001

	antipsychotic (%)
	13.0
	15.7
	9.0
	0.089

	anti-dementia  (%)
	4.7
	3.4
	6.6
	0.199

	anti-Parkinson (%)
	6.0
	5.6
	6.6
	0.736

	narcotic analgesic (%)
	16.7
	23.0
	7.4
	<0.001

	* sum of percentages >100% due to duplicate use
	
	
	

	** p value: continuous variables with independent t-test and dichotomous variables with Chi²

	
	
	
	
	

	ADL: Activities of Daily Living
	
	
	
	

	MMSE: Mini Mental State Examination
	
	
	

	ATC: Anatomical Therapeutic Chemical Classification/ hypnotic= N05CD, z drug= N05CF; anxiolytic= N05BA


TABLE 2: Sleep characteristics compared between benzodiazepine users and non-users. 

	COMPONENTS of PSQI*
	total population 
	BZD group
	CONTROL group
	 

	 
	N=300
	N=178
	N=122
	p value**

	
	
	
	
	

	Sleep duration (0-3)
	0.14
	0.17
	0.10
	0.334

	hours of sleep (mean-range)
	8h57 (3h25-13h15)
	8h56 (3h25-13h15)
	8h58 (5h10-11h55)
	0.818

	Sleep latency (0-3)
	1.31
	1.40
	1.19
	0.072

	minutes before falling asleep (mean-range)
	27min (1-210)
	28 min (1-210)
	25 min (1-150)
	0.414

	Sleep disturbance (0-3)
	1.13
	1.21
	1.02
	0.002

	midnight awakenings (0-3)
	1.94
	2.12
	1.68
	0.001

	difficulties falling asleep (0-3)
	1.36
	1.47
	1.20
	0.050

	midnight toilet awakenings (0-3)
	2.07
	2.08
	2.07
	0.804

	awakenings pain (0-3)
	0.69
	0.82
	0.50
	0.013

	Daytime dysfunction (0-3)
	1.33
	1.44
	1.16
	0.015

	daytime sleepiness (0-3)
	1.55
	1.60
	1.48
	0.388

	well rested (0-3)
	0.68
	0.82
	0.48
	0.002

	Sleep efficiency (0-3)
	0.06
	0.07
	0.03
	0.335

	self-perceived sleep quality(0-3)
	0.98
	1.12
	0.78
	0.001

	 
	
	
	
	

	total adjusted PSQI  (0-19)
	4.9 (0-12)
	5.4 (1-12)
	4.3 (0-11)
	<0.001

	% bad sleepers (adjusted PSQI >5)
	36.0
	42.1
	27.0
	0.007

	total PSQI (0-21)
	6.7 (0-17)
	8.2 (1-17)
	4.6 (0-11)
	<0.001

	 
	
	
	
	

	* six components of the adjusted PSQI ; expressed as mean score,  with higher scores indicating worse outcome

	‘Sleep duration’ is categorised into more than 7 hours of sleep (score 0), between 6 and 7 hours (score 1), between 5 and 6 hours (score 2) and less than 5 hours (score 3). 'Sleep latency' consists out of 2 items; ‘difficulties falling asleep’ and 'minutes before falling asleep' categorised as less than 15minutes (score 0), between 16 and 30minutes (score 1), between 31 and 60minutes (score 2), and more than 60minutes (score 3). The components ‘sleep disturbances’, ‘daytime dysfunction’ and ‘sleep medication’ are scored from 0 to 3 (coded as not during the past month to three or more times a week). ‘Sleep efficiency’, composed as the ratio hours slept/hours spent in bed is divided into 85% or more (score 0) , between 75% and 84% (score 1), between 65% and 74% (score 2), and less than 65% (score 3). The subjective component ‘self-perceived sleep quality’ is also scored from 0 to 3, meaning very good, fairly good, fairly bad and very bad respectively.

	** scores with Mann Whitney U test, continuous variables with independent t-test and percentage with Chi²

	PSQI= Pittsburgh Sleep Quality Index / adjusted PSQI= PSQI without the medication component
	


TABLE 3: Sleep parameters (derived from the Pittsburgh Sleep Quality Index) associated with the component self-perceived sleep quality: Univariate and multivariate analysis.

	 
	Self-Perceived sleep quality (range 0-3)

	COMPONENTS of PSQI
	UNIVARIATE
	MULTIVARIATE*
	

	
	r
	p value**
	B
	ß
	p-value

	Sleep duration (0-3)
	0.152
	0.009
	0.258
	0.141
	0.004

	hours of sleep (mean-range)
	-0.137
	0.018
	
	
	

	Sleep latency (0-3)
	0.411
	<0.001
	0.264
	0.349
	<0.001

	minutes before falling asleep
	0.528
	<0.001
	
	
	

	Sleep disturbance (0-3)
	0.240
	<0.001
	
	
	

	midnight awakenings (0-3)
	0.233
	0.001
	0.089
	0.134
	0.008

	difficulties falling asleep (0-3)
	0.439
	0.001
	
	
	

	midnight toilet awakenings (0-3)
	0.149
	0.010
	
	
	

	awakenings pain (0-3)
	0.259
	<0.001
	0.120
	0.161
	0.002

	Daytime dysfunction (0-3)
	0.196
	0.001
	
	
	

	daytime sleepiness (0-3)
	0.125
	0.031
	
	
	

	well rested (0-3)
	0.240
	<0.001
	0.133
	0.146
	0.004

	Sleep efficiency (0-3)
	0.198
	0.001
	
	
	

	Sleep medication (0-3)
	0.223
	<0.001
	0.066
	0.115
	0.023

	
	
	
	
	
	

	*multivariate linear regression (r²=0.32)
	
	
	
	
	

	**non parametric statistics (spearman rank)
	
	
	
	
	


TABLE 4: Demographic, functional and medication characteristics associated with bad sleep (according to the total adjusted Pittsburgh Sleep Quality Index score). 

	 
	 total adjusted PSQI (range 0-19)
	 
	 
	 

	 
	UNIVARIATE*
	MULTIVARIATE**
	 
	 

	Factors/Characteristics 
	r
	p-value
	B
	ß
	p-value
	R²

	benzodiazepine use
	0.230
	<0.001
	0.850
	0.173
	0.003
	0.053

	number of chronic medications
	0.185
	0.001
	0.077
	0.126
	0.030
	0.067

	age
	0.130
	0.025
	0.048
	0.144
	0.008
	0.083

	disorientation 
	-0.107
	0.066
	
	
	
	

	narcotic use
	0.097
	0.094
	
	
	
	

	antipsychotic use
	0.073
	0.210
	
	
	
	

	MMSE score
	0.073
	0.208
	
	
	
	

	education
	-0.065
	0.262
	
	
	
	

	antidepressant use
	-0.021
	0.719
	
	
	
	

	gender (female)
	0.012
	0.839
	
	
	
	

	length of stay
	-0.012
	0.838
	
	
	
	

	ADL
	-0.011
	0.846
	
	
	
	

	anti-Parkinson drugs
	-0.030
	0.601
	
	
	
	

	anti-dementia drugs
	-0.061
	0.289
	
	
	
	

	study centre effect (nursing home)
	0.234
	<0.001
	0.205
	0.229
	<0.001
	0.134

	* Pearson correlation
	
	
	
	

	**multivariate linear regression: cumulative R² shown
	
	
	
	

	MMSE: Mini Mental State Examination
	
	
	
	
	

	ADL: Activities of Daily Living
	
	
	
	
	


FIGURE 1: Flowchart of prospective cohort study
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FIGURE 2: Percentages of chronic benzodiazepine use and bad sleepers per nursing home.
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FIGURE 3: Frequency distribution of the scores of the Pittsburgh Sleep Quality Index for chronic benzodiazepine users and non-users per component (score range: 0-3).
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