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Abstract
Background
Sleep disturbance is a complex health problem in ageing global populations decreasing quality of life among many older people. Geographic, cultural, and ethnic differences in sleep patterns have been documented within and between Western and Asian populations. The aim of this study was to explore sleep problems among Hong Kong seniors by examining the prevalence of poor sleep quality, the relationship between sleep quality and health-related quality of life, and associated factors of good sleepers in different age groups.

Methods
This cross-sectional study used convenience sampling and gathered data during face-to-face interviews. Older community-dwelling individuals (n = 301) were recruited in community centres in 2010. The Pittsburgh Sleep Quality Index and Medical Outcomes Study Short Form-36 were used to measure sleep quality and health-related quality of life. The Medical Outcomes Study Short Form-36 domain scores were compared between good and bad sleepers and between long and short sleepers using Hotelling’s T-Square test. SF-36 domain scores were placed into a logistic regression model that controlled for significant demographic variables (gender, educational level, perceived health).

Results
Most (77.7%) participants were poor sleepers. Participants who had global Pittsburgh Sleep Quality Index scores <5 and slept ≥5.5 h/night had better health-related quality of life. Vitality, emotional role, physical functioning, and bodily pain domain scores were associated factors of good sleepers in different age groups.

Conclusions
This study found a strong negative association between sleep deprivation (poor quality, short duration) and health-related quality of life. Associated factors for good sleep quality in later life differ among age groups in relation to universal age-related changes, and should be addressed by social policies and health-care programmes.
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Background
Within the context of global demographic ageing trends, health-care professionals and multidisciplinary researchers have recently begun to pay closer attention to sleep problems among the elderly. This attention has been the result of our increasing understanding of sleep and its relationship to health problems that lead to greater health-care utilisation. Sleep problems have been studied in Western countries for many decades, due to rapidly ageing European populations. Numerous studies [1, 2] have indicated that up to 50% of European individuals aged 60+ years experience insomnia. In Asia, the ageing populations of Chinese societies (mainland China, Taiwan, and Hong Kong) have prompted research on sleep problems in older populations in the past two decades. Studies in Taiwan and mainland China [3–5] found that 6–38% of elderly individuals experienced insomnia. In Hong Kong, a previous study [6] examined sleep habits and disturbances among 1,034 elderly individuals, finding that 75% of these individuals had occasional or persistent sleep disturbance and 38% had insomnia. More recently, a study examined the prevalence of insomnia in the general population of Hong Kong among 5001 Chinese adults aged ≥18 years. It was found that the prevalence of insomnia was highest in the oldest age group (≥60 years; 41.7%) [7].
The aetiology of sleep disturbance in later life is multifactorial. Apart from the well-described age-related changes that result in poor sleep initiation, maintenance, and increased daytime napping in healthy ageing individuals [8], sleep disturbance in later life can also be associated with medical, psychological, social, demographic, and lifestyle factors [e.g. [6, 9, 10] . Previous studies have consistently associated poor sleep in later life with deprived quality of life (QOL). However, the causal relationships between poor sleep and medical conditions, such as depression, remain poorly defined [11, 12]. Researchers have sought to identify the sociodemographic predictors of poor sleep in later life. Female gender, unmarried status, lower education and income levels, and advancing age were frequently found to be risk factors for poor sleep quality, shorter duration, sleep disturbance, and insomnia among older individuals [e.g. [4, 13]. However, evidence for the extent to which these factors predict poor sleep has been heterogeneous.
Given the geographic, racial, and ethnic differences in sleep patterns and duration between Western and Asian populations, and among Chinese residents of different countries [14–18], sleep problems among older Chinese community-dwellers should be further explored. These differences may be due to the impact of different lifestyle choices on sleep quality, and the results of Western studies may not be generalisable to Asian populations. Rapid modernisation in Asian countries, such as Hong Kong, has also introduced environmental stressors that have further deprived individuals’ sleep quality [19]. Older Chinese individuals traditionally prefer to remain with their families and/or in their home communities, and thus rely on the support of community-care policies. Further research is vital to gain a better understanding of sleep problems in this population, and to guide the implementation of effective health-care programmes and policies that aim to improve sleep quality and QOL.
This paper is part of a study examining the effectiveness of an exercise programme to improve sleep quality among seniors in Hong Kong. The data in this study were extracted from baseline information collected before a 12-week exercise programme. Given the growing number of local and global older populations and increasing heterogeneity of the populations due to the increasing number of individuals over 80 years of age [20, 21], we examined the prevalence of poor sleep quality and its relationship to health-related QOL (HRQOL) in a sample of older Chinese community-dwellers. We also explored the associated factors of good sleepers in different age groups.

Method
Design
This cross-sectional study employed a convenience sampling technique.

Participants
Participants met the following eligibility criteria: (a) aged ≥60 years; (b) lived at home, rather than in an institution; (c) fully conscious, without cognitive impairment; (d) understood Cantonese; and (e) were willing to participate in a 12-week exercise programme.
Recruitment was conducted primarily in community centres and at centre-sponsored social activities in central and western Hong Kong. The first author and three trained research assistants recruited potential participants over a 4-month period in 2010. We approached elderly individuals attending social activities or seeking other services in the community centers. Once an individual expressed willingness to participate, his/her eligibility was assessed. Written consent was obtained, and a face-to-face interview was conducted in the community center or in a quiet nearby park location. A total of 318 eligible elderly were approached and 301 of them agreed to take part in the study. The response rate was nearly 97%.

Data collection
Demographic variables
We used a structured questionnaire to record demographic variables, including age, gender, occupation, educational level, marital status, income, and living arrangement. Due to the small sample size, we dichotomised the following measures: perceived health: fair, good, or excellent/bad or very bad; marital status: single, divorced, or widowed/married; educational level: 0–6 years/7+ years; occupational status: full- or part-time/retired or unemployed; living arrangement: living alone/living with others; chronic illness: yes or no and financial status: sufficient/insufficient. Participants were divided into three age groups: 60–69 years, 70–79 years, and 80+ years. In this study, perceived health was defined as the overall health situation of the participants when comparing with individuals of their age. For financial status, the rank of sufficient referred to having adequate financial resources to maintain daily expense, and insufficient referred to not having adequate financial resources to maintain daily expense.

Sleep quality
The measurement of sleep quality includes quantitative (e.g. sleep duration, latency, number of arousals) and subjective (e.g. ‘depth’ or ‘restfulness’ of sleep) aspects [22]. We used the Pittsburgh Sleep Quality Index (PSQI), which has been employed previously to study sleep quality in older populations [4]. The 19-item PSQI includes seven components: subjective quality, latency, duration, efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Each component was scored (0–3) and the seven scores were summed to produce a global PSQI score (0–21); higher scores indicated poorer sleep quality [22].
This study used global PSQI and sleep-duration component scores to measure sleep quality. Poor sleepers were defined by global PSQI scores ≥ 5. Long sleepers were defined by a number of actual sleep hours per night equal to or larger than the median of sleep hours among all participants.

Health-related quality of life (HRQOL)
HRQOL was measured using the Chinese (Hong Kong) version of the Medical Outcomes Study Short Form-36 Survey (SF-36). This 36-item instrument is well-validated [23] and has been used widely in Hong Kong, including in older populations [24]. The SF-36 consists of eight domains: physical functioning (PF), role limitations due to physical health problems (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role limitations due to emotional problems (RE), and mental health (MH). The scores for each domain range from 0 to 100, with higher scores representing better health.


Ethical considerations
Ethical approval for the original exercise study was obtained from the Institutional Review Board of the University of Hong Kong, and all the participants were required to provide written consents.

Data analysis
Statistical analyses were conducted using SPSS software (ver. 18; SPSS Inc., Chicago, IL, USA). Global PSQI scores were used to categorise the 301 subjects as poor (global PSQI ≥ 5) or good (global PSQI < 5) sleepers. The demographic variables of these two groups were compared using chi-squared test and independent sample t-test. To examine the bivariate relationship between domains of quality of life and quality of sleep, the eight SF-36 domain scores were compared between good and poor sleepers and between long and short sleepers using Hotelling’s T-square test. To identify the significant correlates of sleeping quality from the eight SF-36 domains of both age-specific and across age groups, logistic regression using the backward variable-selection method with entrance and removal levels of 0.05 and 0.10 were conducted separately for each age group for the complete sample. Incidentally, the multicollinearity in SF-36 domains (inter-domain correlation ranged from 0.34 to 0.65) had been handled as domains with high correlation would be removed due to large p-value. Only variables that show significant association with good sleepers were included in the backward logistic regression model. To assess the predictive power of the above backward logistic regression models, classification rate, sensitivity, specificity, and area under the receiver operating characteristic curve (AUC) were computed. In this study, AUC lies between 0.5 and 1.0, and a value of 0.7 or above was considered to indicate a good prediction. We considered p < 0.05 to indicate statistical significance in all two-tailed tests. Results were presented as means ± standard deviations (SD).

Validity and reliability of PSQI
The original English version PSQI was adopted in this study [22]. The first author translated the PSQI instrument from English into Chinese. A professional translator who was blinded to the original English version then performed a back-translation. The conceptual and content equivalence of the translated instrument were rated highly by a professional panel that included one bilingual psychologist and two nurse educators, indicating conceptual and content validity. A pilot test was conducted with 50 seniors to assess the readability and comprehension of the Chinese version of the PSQI. These individuals, who were subsequently included in the main study, had no difficulty understanding and completing the instrument. A 3-week test-retest reliability assessment was conducted with the same sample. Paired t-tests found no significant difference in the global PSQI or component scores of weeks 1 and 3. Pearson’s product–moment correlations demonstrated the stability of the global (r = 0.82; p < 0.001) and component (r = 0.45–0.82; p < 0.001) scores. Cronbach’s alpha coefficients for the seven component scores were 0.773 (week 1) and 0.751 (week 3). The first author and a research assistant conducted the pilot study and test-retest procedure. We did not perform inter-rater reliability as the content of the PSQI was simple and straight forward.


Results
Demographic characteristics
Most of the 301 participants were female and poor sleepers. The mean age of the sample was 76.08 ± 7.59 years (range: 60–96 years), and no significant difference in mean age was found between poor (76.06 ± 7.60 years) and good (76.15 ± 7.60 years) sleepers (difference = 0.09years, p = 0.93) or between long- (75.50 ± 7.49 years) and short-duration (76.82 ± 7.67 years) sleepers (difference = 1.32 years, p = 0.44). Study participants slept an average of 5.51 ± 1.5 h/night (range: 1.5–9.5 h/night). In addition, study participants who had received <7 years of education and/or perceived their health as poor or very poor were more likely to be poor and short-duration sleepers than their counterparts. The demographic characteristics and prevalence of poor sleep quality are shown in Table 1.Table 1
                          Participant demographics by sleeping quality and sleeping duration
                        


	 	All participants(n = 301)
	Good sleepers
	Poor sleepers
	
                               Test statistic/ 
                            
	Long sleepers
	Short sleepers
	
                               Test statistic/ 
                            

	 	 	(n = 67)
	(n = 234)
	
                               P 
                              
                                 a 
                              
                            
	(n = 170)
	(n = 131)
	
                               P 
                              
                                 a 
                              
                            

	
                              Age group
                            
	 	 	 	 	 	 	 
	60–69 years
	58 (19.3%)
	14 (20.9%)
	44 (18.8%)
	χ2(2) = 0.17/
	37 (21.8%)
	21 (16.0%)
	χ2(2) = 1.65/

	70–79 years
	135 (44.9%)
	29 (43.3%)
	106 (45.3%)
	0.92
	75 (44.1%)
	60 (45.8%)
	0.44

	80+ years
	108 (35.9%)
	24 (35.8%)
	84 (35.9%)
	 	58 (34.1%)
	50 (38.2%)
	 
	
                              Gender
                            
	 	 	 	 	 	 	 
	Male
	47 (15.6%)
	17 (25.4%)
	30 (12.8%)
	χ2(1) = 6.23/
	31 (18.2%)
	16 (12.2%)
	χ2(1) = 2.04/

	Female
	254 (84.4%)
	50 (74.6%)
	204 (87.2%)
	0.01
	139 (81.8%)
	204 (87.8%)
	0.15

	
                              Marital status
                            
	 	 	 	 	 	 	 
	Single/divorced/widowed
	197 (65.4%)
	39 (58.2%)
	158 (67.5%)
	χ2(1) = 2.00/
	106 (62.4%)
	91 (69.5%)
	χ2(1) = 1.66/

	Married
	104 (34.6%)
	28 (41.8%)
	76 (32.5%)
	0.16
	64 (37.6%)
	40 (30.5%)
	0.20

	
                              Education level
                            
	 	 	 	 	 	 	 
	0–6 years
	228 (75.7%)
	43 (64.2%)
	185 (79.1%)
	χ2(1) = 6.28/
	119 (70.0%)
	109 (83.2%)
	χ2(1) = 7.02/

	7+ years
	73 (24.3%)
	28 (35.8%)
	49 (20.9%)
	0.01
	51 (30.0%)
	22 (16.8%)
	0.008

	
                              Occupational status
                            
	 	 	 	 	 	 	 
	Full-/part-time
	7 (2.2%)
	2 (2.9%)
	5 (2%)
	χ2(1) = 0.17/
	3 (1.8%)
	4 (3.1%)
	χ2(1) = 0.54/

	Retired/unemployed
	294 (97.7%)
	65 (97.0%)
	229 (97.9%)
	0.69
	167 (98.2%)
	127 (96.9%)
	0.46

	
                              Living arrangement
                            
	 	 	 	 	 	 	 
	Live alone
	112 (37.2%)
	20 (29.9%)
	92 (39.3%)
	χ2(1) = 2.00/
	59 (34.7%)
	53 (40.5%)
	χ2(1) = 1.05/

	Live with others
	189 (62.8%)
	47 (70.1%)
	142 (60.7%)
	0.16
	111 (65.3%)
	78 (59.5%)
	0.31

	
                              Financial status
                            
	 	 	 	 	 	 	 
	Sufficient
	274 (91.0%)
	64 (95.4%)
	210 (89.7%)
	χ2(1) = 2.13/
	159 (93.5%)
	115 (87.8%)
	χ2(1) = 2.99/

	Insufficient
	27 (9.0%)
	3 (4.5%)
	24 (10.3%)
	0.14
	11 (6.5%)
	16 (12.2%)
	0.08

	
                              Perceived health
                            
	 	 	 	 	 	 	 
	Fair, good, or excellent
	230 (76.4%)71 (23.6%)
	60 (89.6%)7 (10.4%)
	170 (72.6%)64 (27.4%)
	χ2(1) = 8.26/ 0.004
	140 (82.4%)30 (17.6%)
	90 (68.7%)41 (23.6%)
	χ2(1) = 7.65/ 0.006

	Poor or very poor
	71 (23.6%)
	7 (10.4%)
	64 (27.4%)
	0.004
	30 (17.6%)
	41 (23.6%)
	0.006

	
                              Chronic illness
                            
	 	 	 	 	 	 	 
	Yes
	237 (78.7%)
	50 (74.6%)
	187 (79.9%)
	χ2(1) = 0.87/
	132 (77.6%)
	105 (80.2%)
	χ2(1) = 0.28/

	No
	64 (21.3%)
	17 (25.4%)
	47 (20.1%)
	0.35
	38 (22.4%)
	26 (19.8%)
	0.60

	
                              Global PSQI score
                            
	 	 	 	 	5.0 (3.25)
	11.0 (4.0)
	Z = 12.78/ ≤ 0.001

	Median (IQR)
	7.0 (5.5)
	 	 	 	 	 	 
	Range
	0-20
	 	 	 	 	 	 
	
                              Sleep duration (hours per day)
                            
	 	 	 	 	 	 	 
	Median (IQR)
	5.5 (1.0)
	7.0 (1.0)
	5.0 (2.0)
	Z = 9.39/ < 0.001
	 	 	 
	Range
	1.5-9.5
	 	 	 	 	 	 

PSQI: Pittsburg Sleep Quality Index.
a Differences between good sleepers and poor sleepers.
Good sleeper: global PSQI score < 5. Poor sleeper: global PSQI score ≥5.
Long sleeper: sleep duration  ≥  5.5 hours per day. Short sleeper: sleep duration <5.5 hours per day.




Sleep quality and health-related quality of life
Among the 301 participants, poor sleepers had significantly lower scores in all SF-36 domains (F8,293 = 1494.3, p < 0.001), with the largest difference in the BP domain (79.21 vs 60.76, p < 0.001) and the smallest difference in the PF domain (81.57 vs 74.29, p < 0.01). Domain rank orders were similar for good and poor sleepers, with the highest scores in the SF domain and lowest scores in the GH domain (Table 2).Table 2
                          Comparison of the SF-36 derived Health-related Quality of Life domain scores of good and poor sleepers, and comparison among long sleepers (sleep duration ≥5.5 hours per day) and short sleepers (sleep duration <5.5 hours per day)
                        


	 	All participants
	Good sleepers
	Poor sleepers
	Long sleepers
	Short sleepers

	 	( n  = 301)
	( n  = 67)
	 n  = 234)
	( n  = 170)
	( n  = 131)

	Physical Functioning
	75.91 (17.62)
	81.57** (15.13)
	74.29 (17.97)
	78.65** (15.86)
	72.37 (19.16)

	Role-Physical
	78.76 (22.54)
	84.98** (19.37)
	76.97 (23.10)
	81.98** (20.46)
	74.57 (24.43)

	Bodily Pain
	64.86 (28.45)
	79.21*** (22.90)
	60.76 (28.59)
	71.54*** (25.50)
	56.20 (29.80)

	General Health
	50.24 (19.77)
	58.27*** (19.04)
	47.94 (19.40)
	53.53** (18.68)
	45.97 (20.38)

	Vitality
	61.09 (23.37)
	72.57*** (18.49)
	57.80 (23.61)
	65.91** (21.23)
	54.82 (24.58)

	Social Functioning
	88.08 (22.33)
	94.96** (12.51)
	86.11 (24.09)
	91.25* (17.98)
	83.97 (26.46)

	Role-Emotional
	83.31 (20.47)
	89.55** (16.50)
	81.52 (21.17)
	85.39* (20.12)
	80.60 (20.68)

	Mental Health
	74.25 (18.93)
	83.36*** (13.91)
	71.65 (19.39)
	78.12*** (16.32)
	69.24 (20.88)


Data are presented as mean (standard deviation).
*/**/*** Difference between good and poor sleeper significant at the 5%, 1%, and 0.1% level respectively (Hotelling’s T-square test on transformed value that maximizes multivariate normality).
Good sleeper: global PSQI score < 5. Poor sleeper: global PSQI score ≥5.




Sleep duration and health-related quality of life
Among the 301 participants, long-duration sleepers (≥5.5 h/night) had higher scores than short-duration sleepers (<5.5 h/night) for all SF-36 domains (F8,293 = 2003.9, p < 0.001), with the largest difference in the BP domain (71.54 vs 56.20, p < 0.001) and the smallest difference in the RE domain (85.39 vs 80.60, p < 0.05). Domain rank orders were again similar for long and short sleepers, with the highest scores in the SF domain and lowest scores in the GH domain (Table 2).

Correlates of good sleepers by age group
The incidence of good sleepers (predictive probability value > 0.3) was low (<30%). The logistic regression model including all participants showed that BP [odds ratio (OR) for 1-point increase: 1.019, 95% confidence interval (CI): 1.007–1.032, p = 0.002] and VT (OR for 1-point increase: 1.025, 95% CI: 1.009–1.041, p = 0.003) were significant correlates of good sleepers. A 10-point increase of BP and VT were both associated with 1.26 times the odds of being good sleepers. In age-group analyses, we found that VT (OR for 1-point increase: 1.041, 95% CI: 1.004–1.099, p = 0.034) and RE (OR for 1-point increase: 1.046, 95% CI: 0.995–1.099, p = 0.073) were correlates of good sleepers among participants aged 60–69 years. Among those aged 70–79 years, PF (OR for 1-point increase: 1.046, 95% CI: 1.000–1.097, p = 0.029) and VT (OR for 1-point increase: 1.037, 95% CI: 1.007–1.067, p = 0.033) were correlates of good sleepers, and BP (OR for 1-point increase: 1.033, 95% CI: 1.012–1.054, p = 0.002) was the only correlate of good sleepers among participants aged 80+ years (Table 3).Table 3
                          Backward logistic regression models for prediction of good sleepers divided by age group, and their performance of prediction
                        


	 	All participants
	Age 60-69
	Age 70-79
	Age 80+

	 	(  n  = 301)
	(  n  = 58)
	(  n  = 135)
	(  n  = 108)

	Constant (Odds ratio)
	0.015
	0.0002
	0.0008
	0.029

	Dependent variable
	Bodily Pain
	Vitality
	Physical Functioning
	Bodily Pain

	(Odds ratio, 95% confidence interval)
	(1.019** (1.007, 1.032))
	(1.051* (1.004, 1.099))
	(1.046* (1.000, 1.097))
	(1.033** (1.012, 1.054))

	 	Vitality
	Role-Emotional
	Vitality
	 
	 	(1.025** (1.009, 1.041))
	(1..046 (0.995, 1.099))
	(1.037* (1.007, 1.067))
	 
	Classification rate
	0.71
	0.74
	0.73
	0.69

	Sensitivity
	0.51
	0.64
	0.48
	0.54

	Specificity
	0.77
	0.77
	0.79
	0.74

	AUC
	0.72###
	0.79##
	0.77###
	0.72##


Variables that show significant association with good sleepers were included in the backward logistic regression model.
The dependent variables were sorted according to ascending level of significance.
AUC: area under the receiver operating characteristic curve (≥0.7: good prediction).
*/**/*** significant at the 5%, 1%, and 0.1% level respectively.
#/##/### significantly different from 0.5 at the 5%, 1%, and 0.1% level respectively.
Dependent variable: good sleeper = 1; poor sleeper = 0.



The predictive power for all four logistic regression models was good, with classification rates ranging from 0.69 to 0.74 and AUC ranging from 0.72 to 0.79. The four models showed two- to three-fold greater sensitivity (range: 0.48 to 0.64; Table 3) than the random prediction of good sleepers (sensitivity: 0.22).


Discussion
This study was limited by the over-representation of women and under-representation of men in the sample, likely due to our recruitment of participants at community centres (used more commonly by women). However, the results of this study can be applied in other Chinese cities with increasing numbers of older women, such as Shanghai with similar socio-economic contexts to that of Hong Kong [25, 26].
The prevalence of poor sleep quality (78%) among Chinese seniors in our sample was similar to that found in a previous Hong Kong study [6], which used a more representative sample comprised of nearly equal numbers of older men and women. However, the prevalence of sleep problems in our sample was higher than found in many Western studies [e.g. [10]. This discrepancy may be due to the use of different sleep measurements, prohibiting direct comparison. The high proportion of poor sleepers may also reflect the demographic composition of our sample (84% women); more women than men have been found to experience sleep disturbances [27], whereas male gender has been associated positively with good sleep quality [13]. The prevalence of low educational levels and poor perceived health in our sample also increased the risk of poor sleep quality [3, 4]. With respect to this, the effects of lifestyle factors on sleep problems among Hong Kong seniors require further investigation. In addition, the average sleep duration of our participants was lower than found previously among older adults in mainland China (7.5 h/night; [1]) and Spain (women: 7.9 h/night, men: 8.2 h/night; [28]) which is likely due to lifestyle differences among these populations and/or differences in the measurement of sleep duration.
In our sample, the HRQOL of poor and good sleepers, and that of long- and short-duration sleepers, differed significantly in all SF-36 domains (Tables 2). Because these groups did not differ in age, this difference did not reflect the age-related progression of physical frailty; it was more likely due to the negative impacts of poor sleep quality on physical and psychosocial aspects of QOL, such as pain [29]. Our literature review found that numerous studies had explored the relationship between sleep problems and HRQOL while the results were inconsistency. For instance, one population-based cohort study in Spain [28] found a similar relationship between short sleep duration and low HRQOL, another community-based study in Spain [30] found no such relationship. Such conflicting results also suggest that further research is necessary to clarify the relationship between sleep duration and QOL.
After controlling for demographic variables, we identified associated factors of good sleepers in different age groups. BP in advanced age has been identified as an independent risk factor for insomnia in Chinese and Western populations [e.g. [31], and lesser BP was associated factor of good sleepers in our 80 + −year age group. This result may reflect the greater frequency in advanced age of chronic medical conditions accompanied by severe BP (e.g. lower-back pain, osteoarthritis). Individuals of advanced age are also more likely to accept a reduction in energy due to physical frailty [32], which may have reduced the impact of VT on sleep quality. In contrast, the association of better VT, PF, and RE scores with good sleep quality in younger participants (60–79 years old) was likely due to a significant increase in physical problems and loss of social roles after retirement. These findings reflect the influence of universal, age-related, physical and psychosocial changes on sleep quality, and can facilitate the development of customised interventions for seniors of different ages in many cultures. For instance, social policies that support active ageing after retirement, such as the engagement of volunteers in research and community activities, can reduce social exclusion, increase vitality, and delay functional disabilities. Health-care interventions that promote culturally appropriate exercise programmes (e.g. tai chi, yoga) have been proven to improve VT and chronic BP and should be promoted among seniors of advanced age [33]. One of the potential limitations of the cross-sectional nature of this study is that the directions of the relationship between variables are unclear. Therefore, we cannot prove quality of life predicts sleep quality while we can only demonstrate there is a relationship between quality of life and sleep quality. Well-designed prospective studies to examine these effects are encouraged in the future.

Conclusions
This study examined relationships between sleep quality and HRQOL among healthy Chinese seniors. Although this study was limited by the over-representation of women and under-representation of men and the cross-sectional design, our results provide strong evidence that sleep problems, including poor subjective quality and short duration, are negatively associated with HRQOL. The relationship we found between sleep duration and QOL is inconsistent with the findings of some previous studies. The associated factors of good sleepers differed in older and younger seniors; these differences reflect universal age-related progression rather than a culturally specific phenomenon, and can be used to enhance social policies and health-promotion programmes for older individuals in different cultures.
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