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Sleep disturbance predicts worse cognitive performance in subsequent 
years: A longitudinal population-based cohort study 
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A B S T R A C T   

Background: Poor sleep is a potential modifiable risk factor for later life development cognitive impairment. The 
aim of this study is to examine if subjective measures of sleep duration and sleep disturbance predict future 
cognitive decline in a population-based cohort of 60, 66, 72 and 78-year-olds with a maximal follow up time of 
18 years. 
Methods: This study included participants from the Swedish National Study on Ageing and Care – Blekinge, with 
assessments 2001–2021. A cohort of 60 (n = 478), 66 (n = 623), 72 (n = 662) and 78 (n = 548) year-olds, were 
assessed at baseline and every 6 years until 78 years of age. Longitudinal associations between sleep disturbance 
(sleep scale), self-reported sleep duration and cognitive tests (Mini Mental State Examination and the Clock 
drawing test) were examined together with typical confounders (sex, education level, hypertension, hyperlip-
idemia, smoking status, physical inactivity and depression). 
Results: There was an association between sleep disturbance at age 60 and worse cognitive function at ages 60, 66 
and 72 years in fully adjusted models. The association was attenuated after bootstrap-analysis for the 72-year- 
olds. The items of the sleep scale most predictive of later life cognition regarded nightly awakenings, pain 
and itching and daytime naps. Long sleep was predictive of future worse cognitive function. 
Conclusion: Sleep disturbance was associated with worse future cognitive performance for the 60-year-olds, 
which suggests poor sleep being a risk factor for later life cognitive decline. Questions regarding long sleep, 
waking during the night, pain and itching and daytime naps should be further explored in future research and 
may be targets for intervention.   

1. Introduction 

Cognitive impairment and dementia together are a large and 
growing health problem, which places a large burden on caregivers and 
society. Currently an estimated 57.4 million persons are living with 
dementia, comprising 5% of the world population over age over 60 
(Nichols et al., 2022; Prince et al., 2013). This number is projected to 
reach 152.8 millions by 2050, largely driven by a increases in life ex-
pectancy (Nichols et al., 2022). The most prevalent cognitive disease, 
especially in the elderly is Alzheimer’s disease, where most cases are 
diagnosed after 65 years of age (Flier & Scheltens, 2005). Even though 
there is no current causal treatment, any measure to delay of symp-
tomatic disease will limit prevalence. It is estimated that delaying Alz-
heimer onset by 5 years will limit the prevalence by approximately 50% 
(Zissimopoulos, Crimmins & St.Clair, 2015). 

Dementing diseases are expressed in a spectrum, and it is currently 

being recognized that Alzheimer’s disease have a long pre-clinical phase 
(Jack et al., 2018). Risk factors for the disease must therefore be sought 
long before the clinical presentation of disease, and in this pursuit car-
diovascular risk factors in midlife has shown to be a predictor of later life 
dementia (Kivipelto et al., 2006). Cross sectional studies suggest that 
poor sleep can be a symptom of cognitive disease, but there is also a 
growing number of studies suggesting poor sleep as a risk factor for later 
life development cognitive impairment and in its most aggravated form, 
dementia (Lim, Kowgier, Yu, Buchman & Bennett, 2013; Sindi et al., 
2018). However, longitudinal studies on sleep quality and cognitive 
decline and dementia risk are scarce or with short follow up times, with 
heterogenous age samples or with limited instruments for sleep and 
cognitive assessments (Osorio et al., 2011). In a recent review the as-
sociation of subjective sleep parameters and cognition was mixed, as a 
result more studies, particularly longitudinal was called for (Brewster, 
Varrasse & Rowe, 2015). 
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The aim of this study is to examine if subjective measures of sleep 
disturbance and sleep duration predict future cognitive performance in a 
population-based cohort of 60, 66 and 72-year-olds with a maximal 
follow up time of 18 years. 

2. Methods 

2.1. Design and sample 

This study included participants in the population-based cohort 
study Swedish National Study on Ageing and Care – Blekinge (SNAC-B). 
The study started in 2001. Every 6 years a new cohort was added, giving 
recruitment in the years 2001–2003, 2007–2009 and 2014–2015. Par-
ticipants in this study represent a random sample of the population in 
the ages 60, 66, 72 and 78 years old and lived in a municipal area in the 
southeast of Sweden with a population of approximately 64,000. In total 
478 60-year-olds were recruited. The enrolled subjects were longitudi-
nally followed with reassessment every 6 years up to the age of 78. The 
60-year-olds from the initial cohort recruited 2001–2003 had all 
completed their 18 years follow up by 2021. Data within the SNAC-B 
study consists of an extensive battery of questionaries and medical ex-
aminations. The response rate for the baseline assessment in the study 
was 61%. Written informed consent was obtained from all participants. 
The study was approved by the Ethical Review Board in Lund, Sweden 
(LU 604–00, LU 605–00 and Dnr 2020–04,378). 

2.2. Measurement of sleep 

Sleep duration was assessed by one question “How many hours do 
you sleep each night?”. Short sleep was defined as <6 h and long sleep as 
≥9 h of sleep per night. Sleep disturbance was assessed with a scale 
developed for the Comprehensive Assessment and Referral Evaluation 
interview schedule (Teresi, Golden, Gurland, Wilder & Bennett, 1984). 
The scale consists of 8 dichotomous (yes/no) questions, covering 
symptoms of initial, middle, terminal insomnia, daytime symptoms, 
sleep medication and poor sleep due to pains and itching (see questions 
in Table 5). Previously, poor sleep has been suggested scoring ≥4 points 
on the scale, marking approximately the third quartile of a population 
based sample (Hellström, Hellström, Willman & Fagerström, 2014). In 
addition to this scale a question about frequency of use of sleep medi-
cation was added. 

2.3. Measurement of cognition 

Cognition was assessed with the Mini Mental State Exam (MMSE) 
and the clock drawing test (Folstein, Folstein & McHugh, 1975; Manos, 
1999). The MMSE gives a measure of global cognitive function and is 
often used as part of the evaluation for cognitive decline or dementia. 
The maximum score is 30 points. Most studies report good test-retest 
reliability (r = 0.8 - 0.95) in different populations with retest interval 
of 2 months or less, but in some healthy cohorts the reliability was low, 
probably due to a ceiling effect (Tombaugh & McIntyre, 1992). In 
healthy subjects a practice effect was noticeable after 3 months (Helkala 
et al., 2002). The clock drawing test has been argued to be a good 
addition t.o MMSE as it adds assessments of executive functions and 
visuospatial abilities which is limited in the MMSE (Kato, Narumoto, 
Okamura, Kishikawa & Fukui, 2013; Manos, 1999). The clock drawing 
was corrected in a standardized way giving a score of maximum 10 
points. The test was scored as failed if < 8 points (Manos, 1999). The 
test-retest reliability is between 0.7 and 0.94 (Pinto & Peters, 2009). 

2.4. Other measures 

Other variables known to be predictive of later life dementia was 
included in the analyses: sex, education level (elementary school, high 
school), systolic blood pressure (left arm in seated position, after 5 min 

of resting), smoking status, total cholesterol from blood sample and 
physical inactivity, defined as “light exercise” less than 2–3 times per 
month (light exercise equivalent to walking on roads or in parks or in the 
woods, golf, light gymnastics, short bicycle rides or equivalent). Hy-
percholesterolemia was defined as total cholesterol level > 6.5 and 
hypertension was defined as systolic blood pressure > 140 mmHg 
(Kivipelto et al., 2006). Also, symptoms of depression was assessed using 
one item from the Comprehensive Psychopathological Rating Scale, 
asking about predominant feelings of low mood (Åsberg, Montgomery, 
Perris, Schalling & Sedvall, 1978). 

2.5. Statistics 

The baseline characteristics were reported stratified by age. 
Continuous and interval data were presented as means (standard devi-
ation [SD]), while categorical variables were reported as percentages 
(%). Differences between age groups were assessed with t-tests for in-
terval data and chi-square tests for proportions. Longitudinal associa-
tions between variables of sleep, covariates and the MMSE were assessed 
with linear regression. All regression models were adjusted for sex and 
education level. Models additionally correcting for physical inactivity, 
smoking status, hypercholesterolemia, depression, and hypertension 
was also invoked. Covariates were dummy-coded when categorical (sex, 
education level, smoking status, hypertension, hypercholesteremia, 
depression and physical inactivity). To invoke statistics free from 
parametric assumptions, bootstrapped confidence intervals and signifi-
cance values were checked for all linear regressions. Reported statistics 
are based on 1000 bootstrap samples. Longitudinal associations between 
the sleep scale and clock drawing (binary coded as pass or failed) were 
explored with binary logistic regression. The questions in the sleep scale 
were individually analyzed with independent samples one-tailed t-tests 
for longitudinal associations with the MMSE-score. Missing data were 
handled with listwise deletion in all analyses. The significance level for 
all analyses was set at p < 0.05. All statistical analyses were performed in 
SPSS (Version 28; IBM Corp, Armonk, NY). 

3. Results 

Demographics for included subjects stratified by age, regardless of 
time of inclusion time is presented in Table 1. In total 478 60-year-olds 
were recruited. The proportion of missing data for the groups stratified 
by age were in the range of 11–16% for the sleep questionnaire and 

Table 1 
Demographics for study population stratified by age, regardless of inclusion 
date.   

60 years 66 years 72 years 78 years 

N 478 623 662 548 
Sex, (%), M/F 49.4/50.6 48/52 44.3/ 

55.7 
45.3/54.7 

Education, (%), elementary/ 
high school 

21/77.4 29.1/ 
69.4 

37.8/61 46.3/51.2 

Systolic blood pressure, mean 
(SD) 

141.3 
(18.5) 

147 
(20.8) 

150 
(19.4) 

152.4 
(20.6) 

Smoking, (%) 14.6 10.4 9.5 7.3 
Physically inactive1 (%) 8.5 7.4 6.3 16.2 
Hypnotics (%) 11.9 14.4 21 29.5 
Depressive symptoms2, mean 

(SD) 
0.47 
(0.84) 

0.38 
(0.73) 

0.41 
(0.77) 

0.52 
(0.79) 

Sleep time (h), mean (SD) 6.9 (1.2) 7.1 (1.1) 7.0 (1.3) 6.9 (1.3) 
Sleep score3, mean (SD) 2.2 (1.6) 2.1 (1.4) 2.3 (1.6) 2.7 (1.6) 
Poor sleep4 (%) 20.3 16.5 21.6 27.5 
MMSE5, mean (SD) 28.4 (1.6) 28.5 (2) 28.2 

(2.4) 
27.3 (3.1)  

1 Physically inactivity is defined as less than 2 exercise sessions per months. 
2Depressive symptoms question from CPRS. 3Sum of items in the CARE sleep 
scale. 4Sleep score ≥4 p 5Mini Mental State Examination, N represents the 
number of participants included in the study. 
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1–5% for the MMSE. The largest proportion of missing data was from the 
blood cholesterol analysis, ranging from 16% for the 60-year-olds to 
73% for the 72-year-olds. The participants with the longest follow up 
were recruited in 2001–2003, (age 60, n = 191) and had their 18 year 
follow up completed by 2021 (age 78, n = 114). There was a significant 
decrease in proportion of poor sleepers (sleep scale ≥ 4) by age 66 
compared to the other age cohorts (chi-square tests, p<0.001). Females 
scored higher on the sleep scale in all age cohorts (t-tests, p<0.001). 
Hours of sleep did not differ between genders at ages 60 and 66. At ages 
72 and 78 males slept longer hours (t-tests, p<0.001). 

3.1. Longitudinal analyses 

Analyses showed an inverse association between sleep disturbance at 
60 years and the MMSE-score at 60, 66 and 72 years, see Table 2. The 
results remained after additionally adjusting for hypercholesterolemia, 
smoking status, depression, hypertension, and physical inactivity, see 
Table 3. Bootstrap analyses verified statistical significance for the 60 and 
66-year-olds with predictors at 60 years, but the association fell short for 
the 72-year-olds (B (95% Confidence Interval) = − 0.18 (− 0.43 – 0.01) 
and − 0.20 (− 0.45 – 0.03) in fully adjusted analysis). In analysis of sleep 
duration there was an association between long and short sleep and 
poorer cognitive performance for 60-year-olds, see Table 4. Impaired 
cognitive performance at 78 years was predicted by long sleep duration 
at ages 60, 72 and 78 years. Bootstrap analyses verified the association 
for the 60- and 78-year-olds but not for the 72-year-olds. No significant 
associations were found between sleep disturbance and the clock 
drawing test. 

The questions with most consistent longitudinal associations with 
the MMSE were “Do you wake up during the night?” and “Do you have 
difficulty sleeping due to pains or itching?’’. There were also a predic-
tive association for the question “Do you feel tired and sleep more than 
two hours during the day?”, see Table 5. 

4. Discussion 

This population-based study with several homogenous age cohorts 
and long follow up time, aimed at exploring the longitudinal associa-
tions between sleep disturbance and cognitive performance measured 
with a sleep scale, self-reported hours of sleep and cognitive tests. Sleep 
disturbance was associated with present and future cognitive impair-
ment for 60-year-olds. Further, exploring individual items of the sleep 
scale, questions regarding waking up during the night, pain and itching 
and daytime napping were most influential. Long hours of sleep were 

associated with poor cognitive performance both cross-sectionally and 
longitudinally, most prominently for the 78-year-olds. 

Both long and short sleep has previously been linked to cognitive 
impairment and future decline (Lo, Groeger, Cheng, Dijk & Chee, 2016; 
Ma et al., 2020; Wu, Sun & Tan, 2018). The cross-sectional association 
for both short and long sleepers could only be demonstrated for the 
60-year-olds in our material. The largest predictive effect of future 
cognitive impairment was seen for the long sleepers, this in line with the 
study by Virta et al., also with long follow up (mean 22.1 years) (Virta 
et al., 2013). The biological mechanism behind this phenomenon is yet 

Table 2 
The longitudinal associations between sleep scale and Mini Mental State Exam 
(MMSE) score.   

MMSE at 60 
years 

MMSE at 66 
years 

MMSE at 72 
years 

MMSE at 78 
years 

Predictors at 
60 years 

¡0.12 
(¡0.22 - 
¡0.03), n ¼
419 

¡0.16 
(¡0.26 – 
¡0.05), n ¼
368 

¡0.18 
(¡0.35 – 
¡0.01) n ¼
276 

NS, n = 87 

Predictors at 
66 years  

− 0.03 (− 1.54 
– 0.09) n =
533 

0.01 (− 0.13 
– 0.15), n =
420 

0 (− 0.23 – 
0.23), n =
206 

Predictors at 
72 years   

− 0.5 (− 0.17 
– 0.06), n =
576 

− 0.04 (− 0.22 
– 0.14), N =
328 

Predictors at 
78 years    

− 0.07 (− 0.22 
– 0.08), N =
438 

Linear regression models. Figures represent coefficients (95% confidence in-
tervals). Models adjusted for education and gender. NS=Non-Significant model. 
n represent the number of participants with all available data used in the 
analyses. 

Table 3 
The longitudinal associations between the sleep scale and the Mini Mental State 
Exam (MMSE) score adjusted for confounders.   

MMSE at 60 
years 

MMSE at 66 
years 

MMSE at 72 
years 

MMSE at 78 
years 

Predictors at 
60 years 

¡0.14 
(¡0.23 - 
¡0.04), n ¼
350 

¡0.15 
(¡0.27 - 
¡0.03), n ¼
311 

¡0.20 
(¡0.37 - 
¡0.02), n ¼
267 

− 0.02 
(− 0.32 – 
0.29), n =
86 

Predictors at 
66 years  

NS, n = 167 NS, n = 145 0.18 (− 1.14 
– 0.50), n =
112 

Predictors at 
72 years   

NS, n = 141 0.06 (− 0.26 
- 0.38), n =
110 

Predictors at 
78 years    

− 0.04 
(− 0.38 – 
0.32), n =
118 

Linear regression models Figures represent coefficients (95% confidence in-
tervals). Models adjusted for education, gender, hypertension, hypercholester-
olemia, smoking status, symptom of depression and physical inactivity. 
NS=Non-Significant model. n represent the number of participants with all 
available data used in the analyses. 

Table 4 
The longitudinal associations between long and short sleep time and Mini 
Mental State Exam (MMSE) score.   

MMSE at 60 
years 

MMSE at 66 
years 

MMSE at 72 
years 

MMSE at 78 
years 

Predictors at 
60 years 
<6 h of 
sleep 
≥9 h of 
sleep 

N ¼ 388 
¡0.51 
(¡0.99 - 
¡0.04) 
¡0.95 
(¡1.70 - 
¡0.2) 

N = 344 
− 0.49 
(− 1.05 – 
0.07) 
− 0.22 
(− 1.14 – 
0.70) 

N = 261 
− 0.69 (− 1.64 
– 0.26) 
0.37 (− 1.23 – 
1.96) 

N = 87 
0.32 (− 1.10 – 
1.76) 
¡3.01 (¡5.0 
- ¡1.03) 

Predictors at 
66 years 
<6 h of 
sleep 
≥9 h of 
sleep  

N = 514 
− 0.54 
(− 1.24 – 
0.16) 
− 0.62 
(− 1.29 – 
0.05) 

N = 408 
0.10 (− 0.74 - 
0.94) 
¡0.83 
(¡1.65 - 
¡0.01) 

N = 209 
− 0.62 (− 1.72 
– 0.49) 
0.98 (− 0.44 – 
2.40) 

Predictors at 
72 years 
<6 h of 
sleep 
≥9 h of 
sleep   

N = 545 
0.17 (− 0.40 – 
0.74) 
¡1.34 
(¡2.05 - 
¡0.63) 

N = 310 
− 0.43 (− 1.30 
– 0.44) 
¡1.61 
(¡2.90 - 
¡0.32) 

Predictors at 
78 years 
<6 h of 
sleep 
≥9 h of 
sleep    

N = 427 
− 0.41 (− 1.20 
- 0.38) 
¡1.78 
(¡2.70 - 
¡0.86) 

Linear regression models. Figures represent coefficients (95% confidence in-
tervals). Models adjusted for education and gender. N represent the number of 
participants with all available data used in the analyses. NS=Non-Significant 
model. 
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to be found. 
In the cross-sectional analysis we found an association between sleep 

disturbance and cognition only for the 60-year-olds. Consistent with this 
several studies have found no association for older cohorts e.g., Black-
well et al. (mean age 76.4, n = 3132), Keage et al. (median age 75, n =
2041), Gamaldo et al. (mean age 72.7, n = 174) and Zimmerman et al. 
(mean age 79.7, n = 549). Though notably Kyle et all found no associ-
ation in a large slightly younger population, after adjustment for con-
founders (mean age 57.4, n = 477,529). Other studies have found 
associations (Chang-Quan, Bi-Rong & Yan, 2012; Ling et al., 2016; 
Nebes, Buysse, Halligan, Houck & Monk, 2009). It is not evident why 
there is such mixed findings in the literature but differences in both 
cognitive and sleep assessment methods may explain part of the in-
consistencies (Wardle-Pinkston, Slavish & Taylor, 2019). There may also 
be an age effect, where we found that age 60 may be a particularly 
sensitive age for sleep and cognition. At more advanced age there may 
be more factors affecting cognition, giving more variability in data and 
less power to detect an effect from one factor. Finally, we found less 
subjects with sleep disturbance at age 66 than at age 60, which we hy-
pothesize is a retirement effect. 

In the longitudinal analysis we found an association between sleep 
and future cognitive impairment at 6 and 12 years follow up for the 60- 
year-olds, but no association for the 18 years follow up. The boot-
strapped analysis, did not confirm an association for the 12 years follow 
up. The lack of association for the long follow up can be due to relatively 
few subjects with the longest follow up (n = 267 for the 12 years follow 
up and n = 87 in 18 years follow up). It may also be due to survivorship 
bias. Sleep disturbance did not predict future cognitive decline for the 
66- and 72-year-olds. Previous studies have been mixed. One pattern 
that can be observed is that studies that do not show an association have 
short follow up time e.g. the study by Tworoger et al. (2 year follow up) 
and Foley et al. (3 year follow up) (Foley et al., 2001; Tworoger, Lee, 
Schernhammer & Grodstein, 2006), or include older subjects at baseline 
Keage et al. (median age 75 at baseline) (Keage et al., 2012). In contrast 
the study by Virta et al. (mean age 52.3 at baseline assessment and mean 
follow up time 22.1 years) showed an association. In a recent 
multi-center study both late life and midlife insomnia were associated 
with poorer later life cognitive function, though the latter was attenu-
ated after adjusting for confounders (Sindi et al., 2018). Notably a short 
form of MMSE was utilized in this study, which may limit power. We did 
not find any associations for the clock drawing test which we 

hypothesize has to do with the binary outcome, with limited capacity to 
detect nuances in cognitive function. 

In analysis of individual questions in the sleep-scale the most 
consistent predictors of future cognitive decline were questions 
regarding pain and itching and the question about waking up during the 
night. Waking up during the night is most related to insomnia i.e., 
“middle insomnia”. The relation between midlife insomnia and later life 
cognitive function was described in the previously mentioned multi- 
center study (Sindi et al., 2018). The relation between pain and itch-
ing and cognitive impairment is complex. Pain and itching seems largely 
neglected in the literature on sleep and cognition with few exceptions 
(Sampaio, Sewo Sampaio, Yamada, Tsuboyama & Arai, 2014). Evidence 
point to a bidirectional relationship between sleep and pain (Smith & 
Haythornthwaite, 2004). The issue might also be related to morbidity, 
medications, depression and cognitive cost in so called pain-related 
cognitive impairment (Moriarty, McGuire & Finn, 2011). We propose 
that future research should further explore the topic pain and itching in 
relation to sleep and cognition. This may also be a target for interven-
tion. We also found an effect of daytime napping. Napping may be a 
marker of poor quality of sleep and/or an underlying sleep disorder, e.g., 
sleep apnea, which was not controlled for in our analysis. 

It is established that cognitive decline and dementia and poor sleep 
quality are correlated in e.g. Alzheimer’s disease where an association 
between amyloid plaque burden and sleep disturbances has been 
demonstrated (Winer et al., 2019), for Lewy body dementia where 
REM-sleep disorder is part of the diagnostic criteria and vascular de-
mentia is associated with sleep apnea (Culebras & Anwar, 2018). The 
hypothesis that poor sleep is also a risk factor for future cognitive 
impairment and dementia is gaining traction (Lim et al., 2013). We 
interpret our findings in line with this hypothesis, where sleep distur-
bances were associated with future cognitive impairment for the 
60-year-olds but not cross-sectionally for the higher age cohorts. A po-
tential biological mechanism might be related to disturbances in the 
glymphatic system (Buccellato, D’Anca, Serpente, Arighi & Galimberti, 
2022). Recently it was demonstrated glymphatic clearance was 80–90% 
more effective during slow wave (deep) sleep than during wakefulness 
(Reddy & van der Werf, 2020), and low sleep efficiency and less amount 
of slow wave sleep predicted longitudinal accumulation of amyloid Beta 
in the brain (Winer et al., 2020). Poor sleep may turn out to be a 
modifiable lifestyle risk factor in the prevention of future cognitive 
decline and dementia. 

The major strength of the study is the population-based design with 
long follow up and adjustment for several important confounders. The 
unique design with several homogenous age-cohorts give power to 
detect age related phenomena. Limitations of the study is the low 
number of subjects with the longest follow up, giving low power to 
detect effects for this cohort. Another limitation is that period effects 
were not addressed, where different age cohorts are differently affected 
by expositions such as air pollution and the covid-19 pandemic. The 
study sample size was not regarded sufficient to study any interaction 
effects between included variables. We cannot exclude sample selection 
bias affecting the results, as both exposition (sleep disturbance) and 
outcome (cognitive variables) may influence response rate. The reliance 
on self-reported sleep metrics may give unreliable results, especially in 
the older and more cognitively impaired subjects (Hita-Yañez, Atienza & 
Cantero, 2013; O’Donnell et al., 2009). The cognitive assessment, with 
MMSE and Clock test has limited sensitivity in a population-based 
sample which limit the power to detect cognitive effects. The develop-
ment of accessible sleep-tracking devices, but also sensitive computer-
ized methods of cognitive assessment hold merit for future cohort 
studies (Behrens, Berglund & Anderberg, 2022). 

5. Conclusions 

Sleep disturbance was associated with worse future cognitive per-
formance for the 60-year-olds, which suggests poor sleep being a risk 

Table 5 
The longitudinal associations between questions in the sleep scale and the Mini 
Mental State Exam (MMSE).  

Questions at baseline (60 
years) 

MMSE at 
60 years 

MMSE at 
66 years 

MMSE at 
72 years 

MMSE at 
78 years 

Do you have trouble falling 
asleep?     

Are you taking or are you 
dependent on medication 
to be able to fall asleep?     

Do you wake up during the 
night? 

P<0.05 P<0.05 tr  

Difficulty sleeping due to 
stress or mood? 

P<0.05    

Do you have difficulty 
sleeping due to pains or 
itching? 

P<0.05 P<0.05 tr  

Are you unable to fall back 
asleep if you wake up 
during the night?     

Do you wake up early? P<0.05 tr   
Do you feel tired and sleep 

more than two hours 
during the day? 

tr P<0.05  tr 

Note. Table 5. One-tailed t-tests. Blanc squares represent non-significant tests. 
Tr=Trend (p<0.1). 
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factor for later life cognitive decline. The association was not found for 
the older age cohorts which suggest that the relative impact of poor 
sleep on cognition may be less at more advanced age. Questions 
regarding long sleep, waking during the night, pain and itching and 
daytime naps should be further explored in future research and may be 
targets for intervention. 
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