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Abstract

INTRODUCTION: Little is known about the longitudinal association between napping and 

cognitive impairment in older adults.

METHODS: We used wrist actigraphy to measure naps in 2751 community-dwelling older men. 

Cognition was assessed repeatedly over 12 years, and clinically significant cognitive impairment 

was determined by physician diagnosis, Alzheimer’s medication use or a significant cognitive 

decline.

RESULTS: After adjustment for all covariates, men with longer napping duration had greater 

cognitive decline and higher risk of cognitive impairment. Men who napped for ≥120 min/day (vs. 

<30 min/day) were 66% more likely to develop cognitive impairment (OR=1.66, 95%CI: 1.09–

2.54) in 12 years. Further adjustment for nighttime sleep quality did not appreciably alter the 

results. The association between napping and cognitive impairment was more pronounced among 

those with higher sleep efficiency and average sleep duration.

DISCUSSION: Napping might be useful as an early marker of cognitive impairment in the 

elderly, and its cognitive effects may differ by nighttime sleep.
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Introduction

Napping, both intentional and not, is very common in the elderly (1). In recent years, 

growing evidence has suggested a link between napping and a number of adverse health 

outcomes in older adults, including cardiovascular diseases (CVD), diabetes, Parkinson’s 

disease (PD) and mortality (2–6). However, little is known about the effects of napping on 

cognitive health in those without dementia.

While sleep is considered to enhance memory retention and consolidation, especially among 

healthy younger adults (7, 8), it remains controversial whether napping could benefit 

cognition by compensating for poor nighttime sleep, or if napping might be a prodromal or 

risk factor of cognitive impairment in the elderly. A few population-based studies have 

suggested cross-sectional associations between napping and worse cognitive function (9, 

10), or showed increased risk of dementia or cognitive decline associated with reported 

excessive daytime sleepiness (EDS) or daily sleep (11–15). However, self-reported EDS 

only reflects tendency to fall asleep rather than the actual napping/sleep periods. Napping 

measured by self-reported questionnaires is also less reliable and valid than objective 

measures, particularly for older adults (16–18). Subjective reports often fail to provide an 

accurate estimate of napping duration, an attribute that may be strongly linked to cognitive 

function (8). Therefore, it is critical to use objective measures of napping and longitudinal 

study designs in order to fully understand the relationship of napping with health and 

cognitive outcomes, and to clarify whether increased napping is an antecedent risk factor for 

development of cognitive impairment.

No study to date has examined the longitudinal association between objective estimates of 

napping behaviors and cognitive decline or risk of cognitive impairment. Moreover, it is 

unclear if the effects of napping on cognition could differ among those who sleep well 

versus those who sleep poorly at night. Understanding these associations is critical for 

informing sleep recommendations across population groups.

Our goal was to prospectively study the association between actigraphy-assessed napping, 

cognitive decline and risk of developing clinically significant cognitive impairment in a large 

cohort of older men and to explore whether this differs by nighttime sleep quality and 

duration.

Methods

We examined participants enrolled in the Osteoporotic Fractures in Men Study (MrOS) 

(http://mrosdata.sfcc-cpmc.net) (19, 20), a prospective study of community-dwelling men 

aged 65 years or older, enrolled from 2000 to 2002 at six clinical centers in the United 

States: Birmingham, Alabama; Minneapolis, Minnesota; Palo Alto, California; the 
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Monongahela Valley near Pittsburgh, Pennsylvania; Portland, Oregon; and San Diego, 

California. In order to participate, men needed to be able to walk without assistance and 

must not have had a bilateral hip replacement.

The MrOS Sleep Study, an ancillary study of the parent MrOS cohort, recruited 3,135 

participants for a comprehensive sleep assessment between 2003 and 2005. To be included 

in the current analysis, men had to have undergone wrist actigraphy for multiple days at 

baseline (2003–2005) and to have cognitive function measured at baseline and at one or 

more follow-up visits (2005–2006, 2007–2009 or 2014–16) over the subsequent 12 years. 

We excluded 176 men with “significant cognitive impairment” at baseline (Modified Mini-

Mental State Examination (3MS) score <80 or use of medication for dementia). Of the 2959 

men without significant cognitive impairment and with baseline napping and cognition data, 

2751 had at least one additional measure of cognition during follow-up and comprise our 

analytic cohort. All men provided written informed consent and the study was approved by 

the Institutional Review Board at each site.

Measure of napping

Napping was objectively assessed using an actigraph (SleepWatch-O, Ambulatory 

Monitoring, Inc., Ardsley, NY), worn continuously on the nondominant wrist for a minimum 

of 5 consecutive 24-hour periods (mean 5.2±0.9 days). Actigraphy is a reliable non-invasive 

tool for estimating sleep-wake activities (21, 22). It measures movement using a 

piezoelectric bimorph-ceramic cantilevered beam, and generates a voltage each time the 

actigraph is moved; these voltages are gathered continuously and stored in 1-minute epochs. 

The University of California, San Diego (UCSD) scoring algorithm in the ActionW-2 

software (Ambulatory Monitoring, Inc., Ardsley, NY) was used to analyze the actigraphy 

data and differentiate sleep from wake times (23, 24). Participants also completed sleep logs 

for the period they wore the actigraph, and reported information regarding times they got 

into and out of bed, when the actigraph was removed and times they napped; these data were 

used to edit the actigraph records. This standardized scoring protocol has been found to have 

high inter-scorer reliability (25).

We defined napping as periods of inactivity of at least 5 consecutive minutes scored as sleep 

(inactivity) outside of the main sleep interval (26, 27). Daily napping duration was 

calculated by summing up the duration of napping periods throughout the day and averaging 

across all days of recording. Subjective daytime sleepiness was evaluated using the Epworth 

Sleepiness Scale (ESS), a self-administered questionnaire with scores ranging from 0–24. 

EDS was defined as having a ESS score of >10 (28, 29).

Cognitive Assessment

Two tests of cognitive function were administered at the clinic visits by trained staff: Trails 

B and the Modified Mini-Mental State examination (3MS).

Trails B is a timed test of processing speed that measures attention, sequencing, visual 

scanning and executive function. Trails B test requires the participant to continuously scan a 

page to identify numbers and letters in a specified sequence while shifting from number to 
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letter sets (30). The participant is given 300 seconds to complete the test. A lower time for 

completion (in seconds) represents better executive functioning.

The 3MS is a global measurement of cognitive function, with components for orientation, 

concentration, language, praxis, and immediate and delayed memory. The 3MS test is a 

broad sampling of cognitive domains. Scores range from 0 to 100, with higher scores 

representing better cognitive functioning (31). In total, there were three follow-ups of 

cognitive function after the baseline visit: between 2005–2006 (visit 2), 2007–2009 (visit 3) 

and 2014–16 (visit 4). We defined the development of clinically significant cognitive 

impairment during follow-up as follows: report of physician-diagnosed dementia, use of 

dementia medication (verified by clinic staff based on examination of pill bottles), or having 

a change in 3MS scores ≥ 1.5 standard deviation worse than the mean change from baseline 

to any follow-up visit (equal to a decline of 7.32, 9.43 and 13.62 points on 3MS from 

baseline to visit 2, visit 3 and visit 4, respectively). Once an individual met the criteria for 

cognitive impairment at any visit, this was considered as an endpoint in the analysis. For the 

study of change in cognitive function, we used cognitive data collected from all follow-ups.

Other measures

Participants completed exams and questionnaires, which included information on 

demographics, smoking, physical activity, depressive symptoms and medical history. Level 

of physical activity was examined using the Physical Activity Scale for the Elderly (PASE) 

(32), and depressive symptoms were assessed using the Geriatric Depression Scale (GDS) 

(33). Body mass index (BMI; weight in kilograms divided by height in meters squared) was 

also measured. During the clinic visit, participants were also asked to bring in all 

prescription and nonprescription medications used over the past month. Medication use was 

entered into an electronic database, with each matched to its ingredients based on the Iowa 

Drug Information Service Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa 

City, IA) (34). Sleep medication use includes the use of nonbenzodiazepines and 

nonbarbiturate sedative hypnotics.

We used average nighttime sleep duration and efficiency (SE; the average percentage of time 

asleep while in bed) recorded by actigraphy to represent nighttime duration and sleep 

quality, respectively. In addition, the apnea-hypopnea index (AHI, total number of 

obstructive and central apneas and hypopneas associated with ≥3% oxygen desaturation), 

measured by unattended in-home polysomnography (PSG, Safiro ambulatory EEG system; 

Compumedics, Abbotsford, Australia) following a standardized protocol as described 

previously (35), was used to account for the effects of sleep-disordered breathing (SDB).

Statistical analysis

Participants were first categorized according to their mean daily napping durations: <30min, 

30 to <60min, 60 to <120min, and ≥120min. We compared baseline characteristics of 

participants with ANOVA for normally distributed continuous variables, Kruskal Wallis test 

for skewed variables, and chi-square test for categorical variables. We used mixed-effects 

linear regression cubic splines to examine the association between napping duration and 

change in cognitive function, carefully evaluating linear assumptions. We compared the 

Leng et al. Page 4

Alzheimers Dement. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



overall changes in adjusted mean scores of 3MS and Trails B tests by different napping 

durations. We used multivariable logistic regression to study the association between 

napping duration and risk of developing cognitive impairment, adjusting for age, education, 

BMI, smoking, physical activity, depressive symptoms, medical comorbidities, sleep 

medication use and baseline global cognition. In order to minimize effects of “reverse 

causality” (i.e., modelling napping as an antecedent risk factor for cognitive impairment), we 

introduced a lag time of 2 years, only including cases identified after two years following the 

measurement of napping. To explore the effects of nighttime sleep, we further adjusted for 

nighttime sleep duration, sleep efficiency and SDB (AHI≥15), and stratified the analysis 

according to different categories of these nighttime sleep parameters. Given that this is a 

sample of very old men with relatively short nighttime sleep duration and low sleep 

efficiency, we categorized nighttime sleep duration into <6h, 6–8h and >8h, and divided 

sleep efficiency into ≤70% and >70%, as with previous publications in the same cohort (36, 

37). To explore if the association between napping and subsequent cognitive trajectory 

differs by baseline cognitive status, we further compared the association between 

participants with possible mild cognitive impairment (MCI) (3MS ≤88) and with normal 

cognition at baseline (3MS>88) (38, 39). Finally, to address the limitation of actigraphy in 

differentiating naps from quiet wakefulness, we repeated the analysis using ≥10 instead of 

≥5 consecutive minutes of inactivity to define naps. Results are presented as odds ratios 

(OR) with 95% confidence intervals. All statistical tests were two-sided, and a p-value of 

less than .05 was considered significant. Analyses were performed using Stata, version 14.1 

(Stata Corp LP, College Station, TX).

Results

Overall, the 2751 men (mean age 76.0 years) had a mean napping duration of 40.2 minutes 

(0–411 min). 1409 (51.2%) of the men napped for <30min per day, 736 (26.8%) napped for 

30–59min, 642 (16.6%) napped for 60–119min, and 253 (5.4%) napped for >120 min per 

day. Table 1 shows participants’ baseline characteristics according to their napping duration. 

Men with longer napping duration had higher BMI and higher depressive symptoms, and 

were more likely to have a history of stroke, coronary heart disease, hypertension or 

diabetes, and had worse (but normal) Trails B scores at baseline. Those who napped for 

longer duration also had greater EDS, were more likely to have either short or long sleep 

duration at night but had similar sleep efficiency compared to those with less napping.

Over 12 years of follow-up, the 3MS scores of those who napped for <30 min, 30–59 min, 

60–119 min and ≥120 min declined by 4.2, 5.9, 4.3 and 5.6 points, respectively (p<0.001). 

Trails B scores increased by 59, 71, 74 and 79 seconds for those who napped for <30min, 

30–59min, 60–119min and ≥120min (p=0.02).

After excluding 121 cases developed within two years after baseline, we identified 320 

(12%) cases of clinically significant cognitive impairment at follow up, of which 106 (11%) 

napped for <30min, 95 (13%) napped for 30–59min, 78 (13%) napped for 60–119min, and 

41 (18%) napped for ≥120min. Figure 1 shows the multivariable adjusted ORs (95%CI) of 

developing cognitive impairment for different napping groups. After adjustment for age, 

education, BMI, smoking, physical activity, depressive symptoms, history of stroke, 
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coronary heart disease, hypertension, diabetes, sleep medication use and baseline 3MS 

score, longer napping duration was associated with greater risk of developing cognitive 

impairment (p for trend<0.01). Men with a napping duration of ≥120min at baseline were 

66% more likely to develop cognitive impairment compared to those who napped for 

<30min (OR=1.66, 95%CI: 1.09–2.54). Further adjustment for nighttime sleep duration, 

efficiency and hypoxemia did not appreciably alter the results, and the association remained 

statistically significant (p=0.01). EDS was not associated with risk of cognitive impairment 

(OR=0.82, 95% CI: 0.56–1.21).

Figure 2 shows the ORs of cognitive impairment associated with categories of napping 

duration and stratified by nighttime sleep duration and efficiency. There was statistically 

significant interaction by nighttime sleep duration (p=0.04) but not sleep efficiency (p=0.14). 

Napping was only associated with increased risk of cognitive impairment among those with 

higher sleep efficiency (>70%) and average sleep duration (6–8h). Among those who slept 

for 6–8h at night, those who napped for ≥120min were more than twice as likely to develop 

cognitive impairment as compared to those napping for <30min (OR=2.12, 1.16–3.85); 

among those who had higher sleep efficiency, those who napped for ≥120min were almost 

twice as likely to develop cognitive impairment as compared to those napping for <30min 

(OR= 1.83, 1.14–2.94). The association between napping and risk of cognitive impairment 

did not differ significantly by SDB or baseline cognition: ORs (95%CI) associated with 

napping for at least 120min were 1.90 (1.11–3.25) and 1.68 (0.88–3.23) for those with an 

AHI of <15 and ≥15, respectively (p for interaction=0.22); ORs (95%CI) were 2.26 (0.85–

6.00) and 1.61 (1.00–2.61) for those with a baseline 3MS score of ≤88 and >88, respectively 

(p for interaction=0.84). We found similar results when defining a nap as ≥10 consecutive 

minutes of inactivity (data not shown).

Discussion

In this study of 2751 non-demented older men, men with long napping duration had greater 

cognitive decline and higher risk of developing clinically significant cognitive impairment. 

Those who napped for ≥120min had 66% higher risk of developing cognitive impairment in 

12 years, compared to those who napped for less than 30min per day. This association was 

moderated by nighttime sleep characteristics with those having higher sleep efficiency 

(>70%) and intermediate sleep duration (6–8h) having worse outcomes with napping, 

though the interaction effect was not statistically significant for sleep efficiency. Among men 

with low sleep efficiency and short or long sleep duration, napping was not associated with 

increased risk of cognitive impairment.

There have been heated debates over whether napping as a restorative form of sleep could 

help improve cognition, or if it might be associated with cognitive decline or impairment. 

Some of the key considerations include the age and health of the population, as well as the 

length and timing of the naps (8). One recent experimental study showed that a 90-min 

afternoon nap benefits episodic memory retention in young adults but not in older adults 

(40). Several epidemiologic studies have shown that older adults who reported EDS had 

20% to 3 times increase in the risk of cognitive decline or dementia over a follow-up of 18 

months to 10 years (11–13, 41). Findings from the MRC Cognitive Function and Ageing 

Leng et al. Page 6

Alzheimers Dement. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study (CFAS) suggested that reported EDS was associated with more than double the risk of 

incident cognitive impairment in 10 years, whereas reported napping was protective against 

cognitive decline, with those napping for at least 1h per day linked to a 70% reduction in the 

risk of cognitive impairment (42). Such divergent findings could be due to the subjective 

measurement of napping/ EDS. On one hand, it is challenging for older adults and especially 

those who already undergo cognitive difficulties to accurately report the onset or length of 

naps; on the other hand, report of EDS only reflects tendency to fall asleep and could be a 

very different measure to the actual napping behavior. This study found that longer objective 

napping was indeed associated with greater EDS, but the prevalence of EDS did not differ 

by napping duration for those who had at least 30min of objective naps. In addition, we did 

not find an association between EDS and risk of cognitive impairment. Therefore, it is 

critical for epidemiologic studies to employ objective assessments of napping to help 

understand the nature of this behavior.

Prior cross-sectional studies have shown that older women who had long objective napping 

were more likely to have poorer cognitive function or to have had a diagnosis of dementia 

(18, 43). To our knowledge, this is the first longitudinal study that demonstrates higher long-

term risk of cognitive impairment and greater cognitive decline associated with longer 

napping durations, measured objectively by 24-h actigraphy, among non-demented older 

men. In order to help assess the direction of the relationship, we excluded cases developed 

within two years following the measurement of napping. After adjustment for demographics, 

comorbidities and baseline cognition, we found a significant increase in the risk of cognitive 

impairment and greater decline in both global cognition and executive function among those 

who had a daily napping duration of at least 2h, which makes up 10% of this population. 

This suggests that excessive napping could be considered as a robust independent early 

marker of future cognitive decline and impairment in elderly persons who do not have signs 

of significant cognitive impairment.

The association between napping and risk of cognitive impairment remained after 

controlling for nighttime sleep duration and disturbances, suggesting an important role of 

napping itself, independent of nighttime sleep. Interestingly, napping was not associated 

with increased risk of cognitive impairment among those with low sleep efficiency or with 

extreme sleep duration, especially short sleep duration. This indicates that the effects of 

napping on cognition are different among those who sleep poorly and those who sleep well 

at night. Napping might help compensate for poor nighttime sleep and thus provide extra 

benefits on cognition among those who sleep poorly at night. Meanwhile, it is unclear why 

napping might be associated with increased risk of cognitive impairment among those who 

sleep well at night. The “long nappers” might be genetically phenotyped as a 

“hypersomnolent” group who are more likely to fall asleep thus having higher sleep 

efficiency and relatively long sleep duration. This group might share common pathways to 

neuropsychiatric conditions. Alternatively, long naps outside the main sleep period might 

have detrimental cognitive effects related to sleep inertia, which is represented by cognitive 

and sensory-motor impairment that occurs immediately after awakening especially from 

deep stages of sleep. Additional studies with information on the frequency of naps and 

duration of each individual nap are needed before conclusions can be made regarding these 

speculations. At the very least, our findings suggest a need for future studies to carefully 
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consider the joint effects of napping and nighttime sleep and their potential interaction in 

order to fully understand the association between sleep and cognitive aging.

The exact biological mechanisms linking napping and cognitive impairment remain to be 

elucidated. Growing evidence suggested an elevated dementia risk associated with circadian 

rhythm disruption, which is often presented as disrupted 24-h sleep wake cycle including 

excessive daytime naps (44). Self-reported napping has been associated with increased risk 

of CVD, diabetes and chronic inflammation (5, 45, 46), all of which could contribute to 

increased risk of dementia via microvascular disease (47–49). While the association between 

reported EDS and cognitive impairment remains controversial, emerging evidence showed 

pathophysiological changes related to self-reported EDS. For example, recent findings from 

the Baltimore Longitudinal Study of Aging suggested that baseline EDS rather than self-

reported napping was associated with greater β-Amyloid deposition 15.7 years later (50). 

The Mayo Clinical Study of Aging found both a longitudinal association between EDS and 

β-Amyloid accumulation (51) and a cross-sectional association between EDS and global 

cortical thinning (52), which is known to be key brain structural changes that predicts future 

cognitive decline and impairment (53, 54). Another study found a cross-sectional correlation 

between frequent actigraphy measured napping and β-Amyloid deposition in cognitively 

normal adults, suggesting the presence of napping in the preclinical stage of Alzheimer 

disease (55). Future longitudinal studies that examine the association between objectively 

measured napping and subsequent pathophysiological change in healthy older adults are 

required to help clarify the nature of the relationship between objective napping and 

dementia risk. Strengths of this study include a relatively large sample with long follow-up, 

objective measures of napping and sleep. Unlike previous studies that included only self-

reported sleepiness or naps, the current study design has given us a unique opportunity to 

report for the first time that it is the objective daily napping duration rather than the 

perceived daytime sleepiness that precedes cognitive decline or impairment in the future. 

There are also a few limitations. First, this study involves older men who were mostly white, 

and thus our findings may not be generalizable to women, younger populations or other 

ethnicities. We defined daily napping duration as the accumulated time of extreme inactivity 

(≥5 consecutive minutes of inactivity by actigraphy) throughout the day and did not use 

neurophysiological measurement of sleep. Given the sedentary lifestyle of many older adults 

and especially parkinsonism in some individuals, some of the periods we refer to as naps 

may represent quiet wakefulness. Since there is no gold standard definition of objective naps 

in the field, we used the same approach as in our previous similar studies in both older men 

and older women (6, 18) to address this problem. While this approach does not eliminate the 

problem of misclassification, it is more accurate than subjective measures and is also more 

feasible than PSG as a measure of 24-h sleep-wake patterns. To account for the possibility 

that some of the naps are quiet wakefulness, especially for those with parkinsonism, we 

performed sensitivity analysis using a stricter definition of naps and found similar results. 

The current study focused on cumulative daily napping duration as the primary exposure 

variable. Future studies are needed to determine whether different frequency of naps or 

individual nap duration might influence cognitive trajectory differently, i.e. if “frequent 

dozing-off” might have different effects compared to “a prolonged extended nap”. Second, 

as with most large population-based cohort studies, we did not have clinical dementia 
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adjudication or information on subtypes of dementia. In order to establish a clinically 

relevant outcome measure, we defined clinically significant cognitive impairment using a 

prespecified algorithm incorporating hospitalization records, medication use and 

neurocognitive test scores, which is similar to the approach used by previous studies (56–

58). As such, we did not have the exact dates when cognitive impairment was developed. . 

As with previous study (59), we excluded participants with significant cognitive impairment 

at baseline based on a 3MS score of less than 80 or use of dementia medication. It is 

possible that some patients with MCI are still included in the study sample and might have 

different napping patterns and cognitive trajectory compared to those with normal cognition. 

To address this problem, we further stratified the sample by presence of possible MCI based 

on baseline 3MS scores and found similar association between groups. Finally, in secondary 

analysis we used nighttime sleep duration of 6–8h and sleep efficiency of >70% to indicate 

average sleep duration and higher sleep efficiency. These cut-offs reflect the distribution of 

sleep quality in this population but might not be applied to a younger population who 

generally sleep well. Besides, the number of people who had long nighttime sleep in our 

cohort is small. Larger studies are needed to further explore the interaction effects of 

napping and nighttime sleep on future risk of dementia.

Conclusions

Among community-dwelling older men without significant cognitive impairment, 

objectively measured long napping was associated with higher risk of developing clinically 

significant cognitive impairment and greater decline in both global cognition and executive 

function over 12 years. Excessive napping could be useful as an early sign or risk factor of 

cognitive decline or clinically significant cognitive impairment in the elderly. Our study also 

showed for the first time that the cognitive effects of napping in older adults might differ 

according to their nighttime sleep. Excessive napping among those who have higher sleep 

efficiency and intermediate sleep duration could contribute to, or could be an early indicator 

of significant cognitive impairment. Clinicians should pay close attention to the 24-h sleep-

wake cycles in the elderly. Future studies are needed to examine the underlying mechanisms 

of these associations. This might provide insights into the early detection of dementia, and 

open up new opportunities for prevention of dementia through better management of 24-h 

sleep-wake cycles.
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Highlights

• Older men with long daily naps had greater risk of cognitive impairment in 12 

years.

• Napping is more relevant to cognitive impairment in those with better 

nocturnal sleep.

• Objective naps might be useful as an early marker of clinically significant 

cognitive impairment in the elderly.
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Research in context

Systematic review:

The authors conducted a comprehensive search of studies on napping using PubMed. The 

effects of napping are controversial with some evidence suggesting of beneficial effects 

and other suggesting associations with indicators of ill health. No study has focused on 

the longitudinal association between objective napping and cognitive decline or 

impairment, and it is unclear if the cognitive effects of napping differ by nocturnal sleep.

Interpretation:

We showed for the first time that objectively measured long napping was associated with 

higher long-term risk of developing clinically significant cognitive impairment, and that 

the cognitive effects of napping differ by nighttime sleep quality. These novel findings 

contribute to the heated debate over the effects of napping on cognition in the elderly.

Future directions:

Excessive napping might be useful as an early sign of cognitive decline or cognitive 

impairment in the elderly. Future longitudinal studies with objective estimates should 

consider both nighttime and daytime sleep and their interactions in relation to cognitive 

impairment, and the underlying mechanisms need to be elucidated.
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Figure 1. Multivariable*-adjusted ORs (95%CI) of cognitive impairment by napping duration
*Adjusted for age, education, BMI, smoking, physical activity, depressive symptoms, history 

of stroke, coronary heart disease, hypertension, diabetes, sleep medication use and baseline 

3MS score. N for each napping duration group of <30min, 30–59min, 60–119min and 

≥120min was 1061, 795, 642 and 253, respectively.
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Figure 2. >Multivariable*-adjusted ORs (95%CI) of cognitive impairment associated with 
napping duration, stratified by A) nighttime sleep duration and B) sleep efficiency
*Adjusted for age, education, BMI, smoking, physical activity, depressive symptoms, history 

of stroke, coronary heart disease, hypertension, diabetes, sleep medication use and baseline 

3MS score.
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Table 1.

Baseline characteristics by napping duration in 2751 older men

Characteristics Napping duration P value

mean±SD or N (%) <30min 30~59min 60~119min ≥120min

(N=1061) (N=795) (N=642) (N=253)

Age 75.3±5.1 76.1±5.1 76.6±5.6 77.5±5.7 0.01

Body Mass Index 26.8±3.5 27.3±3.9 27.4±3.9 28.3±4.2 <0.01

Physical Activity Scale for the Elderly score 156.4±69.3 149.0±69.9 144.1±72.2 123.6±69.5 0.70

Geriatric Depression Scale score 1.3±1.7 1.8±2.2 1.8±2.1 2.3±2.4 <0.01

Current smoking 13 (1.2) 19 (2.4) 17 (2.7) 7 (2.8) 0.12

Stroke history 27 (2.5) 27 (3.4) 26 (4.1) 20 (7.9) <0.01

Coronary heart disease 137 (12.9) 148 (18.6) 120 (18.7) 53 (21.0) <0.01

Hypertension 475 (44.8) 393 (49.4) 328 (51.1) 159 (62.9) <0.01

Diabetes 112 (10.6) 105 (13.2) 91 (14.2) 51 (20.2) <0.01

Sleep medication use 133 (12.5) 94 (11.8) 61 (9.5) 37 (14.7) 0.12

Modified Mini-Mental State score 94.1±4.3 93.7±4.3 93.3±4.6 92.9±4.8 0.05

Trails B score 110.0±46.0 118.3±51.1 121.7±51.7 128.6±57.4 <0.01

Excessive daytime sleepiness 85 (8.0) 119 (15.0) 91 (14.2) 42 (16.6) <0.01

Nighttime sleep duration <0.01

<6h 296 (27.9) 249 (31.3) 211 (32.9) 104 (41.1)

6–8h 701 (66.1) 500 (62.9) 376 (58.6) 128 (50.6)

>8h 64 (6.0) 46 (5.8) 55 (8.6) 21 (8.3)

Lower sleep efficiency (≤70%) 193 (18.2) 153 (19.3) 102 (15.9) 44 (17.4) 0.42
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