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Abstract

Background: Despite the widespread belief that napping is common among older adults, little is known about the correlates of napping. We
examined the prevalence and correlates of self-reported and objectively measured napping among very old women.

Methods: We studied 2,675 community-dwelling women (mean age 84.5 = 3.7 years; range 79-96). Self-reported napping was defined as a
report of regular napping for >1 hour per day. Individual objective naps were defined as 25 consecutive minutes of inactivity as measured by
actigraphy and women were characterized as “objective nappers” if they had at least 60 minutes of naps per day.

Results: Seven percent of the women only had self-reported napping, 29% only had objective napping, and 14% met the criteria for both.
Multinomial logistic regression showed that the independent correlates of “both subjective and objective napping” were age (per 5 year
odds ratio [OR] = 1.59; 95% CI: 1.31-1.93), depressive symptoms (per SD of score, OR = 1.53; 1.32-1.77), obesity (OR =1.93; 1.42-2.61),
current smoking (OR = 3.37; 1.56-7.30), heavier alcohol drinking (OR = 0.49; 0.34-0.71), history of stroke (OR = 1.56; 1.08-2.26), diabetes
(OR = 2.40; 1.61-3.57), dementia (OR = 3.31; 1.27-8.62), and Parkinson’s disease (OR = 7.43; 1.87-29.50). Besides, having objective
napping alone was associated with age and diabetes, whereas subjective napping was associated with stroke and myocardial infarction. These
associations were independent of nighttime sleep duration and fragmentation.

Conclusions: Daytime napping is very common in women living in their ninth decade and both subjective and objective napping were
significantly related to age and comorbidities. Future studies are needed to better understand napping and its health implications.
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Sleep duration and disturbances tend to increase in later life, particu-
larly as a result of chronic health problems or other aging-related
lifestyle factors (1,2). One common sleep complaint in older adults
is daytime napping and the report of regular napping is believed
to be associated with a number of factors, such as chronic pain,
depression, medication use, and increased daytime sleepiness (3).
Although napping was traditionally viewed as a form of recovery
sleep to improve performance and alertness (4,5), more recent stud-
ies have suggested that self-reported napping might be a risk factor,
prodromal symptom, or result of adverse health outcomes, includ-
ing mortality, cardiovascular diseases, diabetes, and Parkinson’s dis-
ease (PD) (6-9). Although it is unclear whether napping is beneficial

or harmful, it is possible that napping might be a result of specific,
ongoing chronic diseases processes. However, little is known about
the correlates of napping in older adults.

Surprisingly, napping is not well defined in the elderly popula-
tion and epidemiological studies have rarely examined how fre-
quently napping occurs. Previous studies have mostly focused on
self-reported napping (7), despite concerns over the meaning of
self-reported napping (10,11). It is likely that self-reported napping
reflects perceived sleepiness and intended naps but is less likely to
capture unplanned naps such as dozing off in front of the televi-
sion. Few studies have compared napping measured subjectively and
objectively. Examining the correlates of both measures would help
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to explain the nature of this behavior and inform the choice of these
measures in future studies.

We set out to examine the prevalence of objectively measured
and self-reported napping in a large cohort of older women. In par-
ticular, we aimed to study the factors that are independently associ-
ated with napping in elderly women.

Methods

Participants

We studied women enrolled in the Study of Osteoporotic Fractures
(SOF), an ongoing multicenter cohort study of aging. From 1986 to
1988, a total of 9,704 community-dwelling Caucasian women aged
65 years or older were enrolled from population-based listings in
four U.S. areas: Baltimore, MD; Minneapolis, MN; Pittsburgh, PA;
and Portland, OR. Women who reported bilateral hip replacement
or required assistance with ambulation at the baseline examination
were excluded from participation. Details of the study protocol have
been described previously (12). The current analysis focused on par-
ticipants from visit 8, which took place between January 2002 and
April 2004 and included both objective and subjective assessment of
daytime napping. Briefly, a total of 4,261 women (with a response
rate of 87.8%) attended this visit, of whom 2,789 had a clinic visit
and 501 had a limited visit performed at home. Wrist actigraphy
data on napping were successfully collected on 2,688 participants
who completed a clinic or home visit. The institutional review
boards at each site approved the study and all participants provided
written informed consent.

Self-Reported Napping Habits

Napping habits were reported through a self-administered question-
naire. Participants were asked “Do you take naps regularly?” and
those who answered in the affirmative were asked the questions
“How many days per week do you usually nap?” and “On average,
how many hours do you nap each time?” with responding catego-
ries: <1 hour, 1-2 hours, and >2 hours. Self-reported napping was
defined as reporting at least 1 hour of napping each time.

Actigraphic Measurements of Objective Napping
Napping was also measured objectively using wrist actigraphy, a pre-
viously validated noninvasive tool for estimating sleep—wake activ-
ity, including napping behavior (13,14). Sleepwatch-O (Ambulatory
Monitoring, Ardsley, NY) was used and was worn on the nondomi-
nant wrist for a minimum of 3 consecutive 24-hour periods (mean
4.1 = 0.7 days). For each nap parameter, we calculated a daily aver-
age across all days of recording. Movement was measured using a
piezoelectric biomorph-ceramic cantilevered beam, which generated
a voltage when the actigraph moved. These voltages were gath-
ered continuously and stored in 1-minute epochs. Data were col-
lected using the proportional integration mode (PIM) (14) and the
University of California, San Diego (UCSD) scoring algorithm in the
Action W-2 software was used to differentiate sleep from wake times
(15,16). Participants also completed sleep diaries, which included
information about times they got into and out of bed, when the acti-
graph was removed and times they napped. This information was
used in editing the actigraphy data files to set intervals for when the
participant was in bed trying to sleep and to delete time from analy-
ses when the actigraph was removed. The information on nap times
was used to confirm that those times that were deleted because of a
removal were not truly a nap. High interscorer reliability has been
reported for this standardized scoring protocol (17).

By convention, a nap was defined as >5 consecutive minutes
scored as sleep (inactivity) outside of the main sleep interval (18,19).
For purposes of analyses, objective napping was defined as when the
total duration of >5-minute naps added up to 60 minutes or more
per day. Nighttime sleep duration and efficiency (SE; the average per-
centage of time asleep while in bed) were also recorded to represent
nighttime sleep fragmentation.

Other Measurements

All participants completed questionnaires, which included informa-
tion on demographics, smoking, physical activity, and medical his-
tory. Educational attainment was reported at baseline as the highest
grade or year of school one completed and was divided into “less
than college” and “college or higher.” Physical activity was assessed
by asking participants if they walked for exercise. Heavier alcohol
drinking was defined as being in the top quartile of the number of
drinks consumed per week. Depressive symptoms were assessed
using the Geriatric Depression Scale (GDS), a validated 15-item
questionnaire commonly used for evaluation of depressive symp-
toms in older adults, with a higher score representing more depres-
sive symptoms (20). The Mini-Mental State Examination (MMSE)
was used to examine global cognitive function, with a higher score
representing higher global cognitive function (21). Body mass index
(weight in kilograms divided by height in meters squared) was meas-
ured at a physical examination. Obesity was defined as a body mass
index >30 kg/m?. Reported medical conditions that were of particu-
lar interest to the current analysis were stroke, hypertension, dia-
betes, myocardial infarction, dementia or Alzheimer’s disease, and
PD. In addition, participants were asked to bring in all medications
used daily or almost daily during the prior 30 days and the medica-
tions were categorized according to a computerized dictionary (22).
Medications examined in the current study included use of selec-
tive serotonin reuptake inhibitors, benzodiazepine, and hypnotic
medications.

Statistical Analysis

The analysis cohort is comprised of 4,100 and 2,688 women with
data on self-reported and actigraphic napping, respectively, with
2,675 having data for both measures. We first present the preva-
lence and distribution of self-reported and objective napping in this
cohort.

Participants were categorized into four of the following groups:
non-nappers, women with subjective napping only, women with
objective napping only, and women with both subjective and objec-
tive napping. Characteristics of the participants were compared
by these four categories using the one-way analysis of variance
(ANOVA) for normally distributed continuous variables, Kruskal—
Wallis tests for skewed variables, and chi-square tests for categorical
variables. Potential correlates of interest were chosen a-priori based
on existing literature and included age, obesity, smoking, alcohol
drinking, physical activity, depressive symptoms, cognition, medical
conditions, and current medication use (6,23-26).

Multinomial logistic regression was used to study how each char-
acteristic independently correlates with subjective napping, objective
napping, and both subjective and objective napping. Correlates that
were associated with either napping outcome at p less than .10 were
simultaneously included in the multivariable model and results are
presented as odds ratios and 95% CI. In addition, several secondary
analyses were performed, with (a) further adjustment for nighttime
sleep duration or efficiency, to test if the associations were inde-
pendent of short or fragmented nighttime sleep; (b) test of other



376

Journals of Gerontology: MEDICAL SCIENCES, 2018, Vol. 73, No. 3

subjective napping parameters (eg, reported regular napping or sub-
jective number of days per week); and (c) test of objective napping
defined as when the total duration of individual naps added up to
20 minutes or more per day. All statistical tests were two-sided and a
p value less than .05 was considered statistically significant. Analyses
were conducted using Stata, version 14.1 (Stata Corp LP, College
Station, TX).

Results

On average, the women were 84.5 = 3.7 years old. As shown in
Figure 1, 47% women reported taking naps regularly, 19% women
reported taking daily naps, and 23% reported napping for >1 hour.
Based on actigraphy data, the average accumulated daily duration
of naps was 65 minutes and 43% of the women were classified as
objective nappers. Thirty-two percent of the objective nappers also
reported regular napping and 65% of the self-reported nappers were
confirmed as objective nappers.

The characteristics of the women according to subjective and
objective napping are shown in Table 1. Overall, 7% of the women
had subjective napping alone, 29% had objective napping alone,
whereas 14% met the criteria for both subjective and objective
napping. Compared to the non-nappers, women who had subjec-
tive and/or objective napping were older, more often obese, more
likely to be current smokers, less likely to be heavier drinkers, had
more depressive symptoms and lower global cognition, and were less
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Figure 1. Distribution of self-reported napping patterns (n = 4,100) and
objectively measured napping (n = 2,688) among older women. *A nap was
defined by actigraphy as =5 consecutive minutes scored as sleep (inactivity)
outside of the main sleep interval.

likely to take walks for exercise. Moreover, they were more likely to
have a history of stroke, hypertension, diabetes, myocardial infarc-
tion, dementia, and PD; more likely to be using selective serotonin
reuptake inhibitor; and to have shorter nighttime sleep durations
and lower sleep efficiency. Test of overall association across the four
napping categories was statistically significant for all these factors.

Multinomial logistic regression (Table 2) suggested that having
subjective or objective napping alone shared a few common corre-
lates, including depression score, obesity, and alcohol drinking. We
also noted some discrepancy in the specific correlates of subjective
and objective napping: those with a history of stroke or myocardial
infarction were 90% or 63 % more likely to have subjective napping,
whereas for every 5-year increase in age or a history of diabetes,
the odds of objective napping were 21% or 56% higher. We found
a number of independent correlates for those with both subjective
and objective napping including age, depression, obesity, current
smoking, heavier alcohol drinking, and a history of stroke, diabe-
tes, dementia, or PD. Those who were obese were 93% more likely
to take both subjective and objective naps and the odds more than
tripled for current smokers. Women who were in the top quartile
of weekly alcohol consumption were 51% less likely to have both
subjective and objective napping. Besides, the odds for women with
a history of diabetes also doubled and for those with a history of
dementia or PD, the odds of napping both subjectively and objec-
tively were more than three times as high as those without these
comorbidities. Secondary analysis shows that further adjustment
for nighttime sleep duration or sleep efficiency did not attenuate
the associations. Examination of the sample with both napping out-
comes and test of other napping parameters (eg, subjective number
of days per week or different cutoff for objective napping) showed
similar associations and are not shown.

Discussion

In this study of older women, 23% reported napping for at least 1
hour each time and 43% were objectively classified as nappers as
assessed by actigraphy. Seven percent only had self-reported nap-
ping, 29% only had objective napping, and 14% met the criteria
for both. Having self-reported or objective napping alone had a few
different correlates, whereas those with both subjective and objec-
tive napping were independently correlated with most chronic health
conditions and lifestyle factors. Women who were older, current
smokers, who drank less, who were more often obese or had more
depressive symptoms, and those with a history of stroke, diabetes,
dementia, or PD were more likely to take naps, both objectively
and subjectively. Sensitivity analysis using other cutoffs of napping
parameters showed similar findings. Napping is common in older
women and is particularly associated with comorbidities.

Daytime napping is known to be common in older adults but
few studies have examined the prevalence, using both self-reported
and objective measures. The prevalence of napping is high in this
cohort of older women, even by using relatively stringent definition
for napping, that is, requiring at least 5 consecutive minutes of no
scored activity to be counted as a nap, and total duration of napping
episodes adding up to at least 60 minutes per day. Based on these
definitions, nearly half of older women were nappers. This is similar
to findings from an earlier actigraphy study, which showed that 45%
of individuals older than 65 years of age slept outside of their main
nocturnal sleep period (27). Meanwhile, we found subjective nap-
ping to be less common, as was also shown in a previous study in
older adults (19). It is possible that self-reported napping might only
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Table 1. Baseline Characteristics of Older Women by Subjective and Objective Napping

Non-nappers (7 = 1,327)

Only Subjective (7 = 200)

Both Subjective and

Only Objective (7 = 784) Objective (7 = 364)

Age? 83.7 (3.3)* 83.8 (3.1)
Depression score®? 2.0 (2.3)*** 2.6 (2.6)
MMSE: 28.0 (1.8)* 27.9 (2.1)
Obesity 237 (18.1)* 55(27.8)
Education® 520 (39.3) 80 (40.0)
Current smoking 21 (1.6)* 4(2.0)
Heavier alcohol drinking 360 (27.1)*** 34 (17.0)
Exercise 534 (40.9)** 70 (35.4)
History of:
Stroke 133 (10.0)*** 39 (19.5
Hypertension 736 (55.5)* 114 (57.0
Diabetes 85 (6.4)*** 19 (9.5)
Myocardial infarction 141 (10.6)* 38 (19.0
Dementia! 15 (1.1)*** 3(1.5)
Parkinson’s disease! 4(0.3)*** 3(1.5)
Current medication use
SSRI 97 (7.3)*** 24 (12
Sleep medication 203 (15.3) 24 (1
Nighttime sleep
Duration (hours)? 6.9 (1.1)*** 6.7 (1.4)
Efficiency (%)° 78.3 (10.8)%** 75.2 (13.9)

84.2 (3.5) 84.7 (3.6)
2.7 (2.7) 3.5(3.1)
27.8 (1.9) 27.6 (2.3)
184 (24.2) 103 (29.7)
319 (40.7) 166 (45.9)
21(2.7) 15 (4.1)
117 (14.9) 49 (13.5)
271 (34.7) 109 (30.5)
104 (13.3) 3(20.1)
482 (61.5) 229 (62.9)
8 (11.2) 1(16.8)
(11 0) 9 (16.2)
9 (2. 7 (4.7)
8 (1. ) 0(2.7)
63 (8.0) 52(1
111 (14.2) 54(1
6.7 (1.3) 6.6 (1.5)
78.9 (11.1) 75.6 (13.9)

Note: MMSE = Mini-Mental State Examination; SSRI = selective serotonin reuptake inhibitor.

“Presented as mean (SD), the rest rows were all presented as number (%). "Geriatric Depression Scale. “College or higher. “Tested with Fisher’s exact test.

*p <.05.**p <.01. ***p < .00; p value was test of overall effects, tested by one-way analysis of variance (ANOVA), Kruskal-Wiallis tests, or chi-square tests.

Table 2. Multinomial Logistic Regression of Subjective and Objective Napping in Older Women (n = 2,675)

Subjective Objective Both Subjective and Objective
Correlates OR (95% CI) OR (95% CI) OR (95% CI)
Age (per 5 y increase) 1.08 (0.84, 1.39) 1.21 (1.05, 1.41)* 1.59 (1.31,1.93)*"
Depression score (per SD increase) 1.24 (1.02,1.50)* 1.34 (1.19,1.51)*** 1.53 (1.32,1.77)***
MMSE (per SD increase) 0.99 (0.83,1.19) 0.99 (0.88,1.10) 0.99 (0.85,1.14)
Obesity 1.60 (1.10,2.32)* 1.36 (1.07,1.72)* 1.93 (1.42,2.61)***
Current smoking 1.59 (0.52,4.85) 1.84 (0.93, 3.65) 3.37 (1.56,7.30)**
Heavier alcohol drinking 0.63 (0.42,0.95)* 0.55 (0.43,0.70)*** 0.49 (0.34,0.71)***
Take walks for exercise 0.92 (0.66,1.27) 0.90 (0.74, 1.10) 0.85 (0.64,1.13)
Stroke 1.90 (1.23,2.92)* 1.14 (0.84, 1.55) 1.56 (1.08,2.26)*
Hypertension 0.89 (0.65,1.23) 1.15 (0.94,1.39) 1.15(0.88,1.51)
Diabetes 1.19 (0.67,2.10) 1.56 (1.11,2.20)* 2.40 (1.61,3.57)***
Myocardial infarction 1.63 (1.06, 2.49)* 0.85 (0.62,1.16) 1.03 (0.70, 1.52)
Dementia 0.88 (0.18,4.41) 1.86 (0.77,4.54) 3.31(1.27,8.62)*
Parkinson’s disease 3.39(0.55,20.95) 3.01 (0.74,12.33) 7.43 (1.87,29.50)**
SSRI use 1.49 (0.89, 2.49) 0.84 (0.58, 1.23) 1.39 (0.90, 2.14)

Note: MMSE = Mini-Mental State Examination; OR = odds ratio; SSRI = selective serotonin reuptake inhibitor. Multivariable model included all the above
covariates (associated with either napping outcome in univariate analysis with p < .1).

*p<.05.*p < .01. ***p < 001.

capture intended naps, whereas the unplanned “dozing-off” periods
are more likely to be missed by self-report but are captured by actig-
raphy. This is a particular issue for older adults, who may tend to
doze off frequently during the day but might have problems recalling
these brief napping episodes. Moreover, we found some discrepan-
cies in the occurrence of napping defined by subjective and objective
measures—68% of the “objective nappers” did not match our cri-
teria for “subjective nappers,” and 35% of the “subjective nappers”
were not confirmed as “objective nappers.” This could partly reflect
the limitation of using questionnaires alone in capturing napping

behaviors. Besides, although we attempted to use relatively com-
parable criteria for subjective and objective napping, this is not a
validation study by nature, thus the observed discrepancies should
be interpreted with caution. Future studies should consider jointly
examining subjective and objective napping given their potential
differences, and longitudinal outcome studies are required to help
understand the health implications of these measures.

In addition to differences in their prevalence, a few specific cor-
relates were also identified for self-reported or objective napping. For
example, a history of stroke or myocardial infarction was associated
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with subjective napping only, whereas age or diabetes was associated
with objective napping only. It is unclear why this difference exists.
One explanation could be that stroke survivors might experience more
sleepiness and fatigue (28) and were therefore more likely to over-
report napping behaviors. Meanwhile, older adults who are generally
healthy might have frequent unnoticed “doze-off” periods that are
recorded by actigraphy but under-reported by the individuals them-
selves. Notably, one meta-analysis suggested that the development of
sleep disturbances in later life is a result of aging-related pathological
process rather than chronological age per se (2). We observed higher
odds of napping as recorded by actigraphy in older adults, independ-
ent of other lifestyle factors or comorbidities. This again demon-
strates the importance of using objective assessment of napping in the
elderly participants. Future prospective studies are needed to examine
whether napping increases longitudinally as individuals get older.

A number of independent correlates were identified for “both
subjective and objective napping.” These correlates agreed with those
reported by most previous studies and included age, smoking, obesity,
depression, and medical history (23,29). The evidence is particularly
robust for metabolic factors, with high body mass index frequently
associated with napping and diabetes being the most significant pre-
dictor among all major medical conditions (24,30). The Health, Aging
and Body Composition (Health ABC) study showed that among 235
older adults that the odds of day napping, as recorded by actigraphy,
were five times higher in diabetics compared to nondiabetics (31).
Moreover, there is growing attention recently on the relationship
between daytime napping and risk of type 2 diabetes (8,32,33). We
found both obesity and diabetes to be independent correlates of nap-
ping. One explanation might be through fatigue, a common symptom
in diabetics, usually triggered by hypo- or hyperglycemia, glucose
variability, diabetes-related complications, and emotional distress
(34). Untreated type 2 diabetes has also been suggested as a cause
of daytime somnolence (35). Another potential factor is sleep-disor-
dered breathing, which has been associated with both obesity (36)
and daytime napping (37). Since sleep-disordered breathing was only
examined in a subsample of this cohort, we adjusted for sleep dura-
tion and efficiency in secondary analysis to account for the effects of
nighttime sleep fragmentation and our results were nearly identical.

Interestingly, older women who had more alcohol consumption
were less likely to take naps. It should be noted that alcohol consump-
tion is generally low in this very old female population. Thus, it is
likely that many of the participants had quitted drinking because of
their health conditions and these less healthy individuals might also
be more likely to nap due to fatigue or bodily pain. However, given
the robust independent association found between alcohol drinking
and both measures of napping, we cannot exclude the possibility that
there exists a causal relationship between alcohol intake and napping.
Future studies are needed to confirm our findings. Finally, a history of
dementia or PD was associated with napping only when naps were
measured by both self-report and actigraphy. It is possible that there
might be more variations in the report of napping behaviors among
dementia patients and the association between napping and dementia
could have been masked if the naps were only recorded by self-reports.
It is also worth noting recent findings on the association between self-
reported short and extended time in bed and increased dementia inci-
dence in a Swedish population (38). Although it remains controversial
whether and how napping is associated with dementia or PD, studies
with well-validated measures and a prospective design might help to
better disentangle the association.

There are several strengths of our study. We studied a large sam-
ple of community-dwelling older adults, which provides an ideal

setting for studying napping habits. Napping was measured both
objectively by actigraphy and subjectively with several aspects of
napping defined. This has enabled us, for the first time, to examine
self-reported and objective measures of napping and their predictors
in a large population-based sample. The consideration of a range of
potential correlates helps to gain a more comprehensive understand-
ing of napping behaviors in the elderly participants.

Limitations of the study included limited generalizability as the
sample involves only older Caucasian women. Temporal relationships
could not be established due to the cross-sectional design of the study.
The current study set out to identify potential correlates of daytime
napping and thereby provide a basis for subsequent in-depth analysis
on relevant outcomes. Longitudinal studies are required in the future to
examine whether napping is a marker or risk factor of adverse health
outcomes. Actigraphy was used to obtain objective data on napping
and it is possible that some of the daytime sleep captured by actigra-
phy only reflects periods of inactive wakefulness. In order to address
this limitation, we only considered periods of 5 or more consecutive
minutes scored as inactivity, as was done in most previous studies
(18,19) and defined objective napping by accumulated daytime naps
of at least 60 minutes across the day. Furthermore, we found similar
results by using different criteria for objective napping (accumulated
naps of at least 20 minutes per day), indicating that the association
was unlikely to be solely explained by measurement error. Although
our approach does not eliminate the problem of misclassification, it is
impossible to completely differentiate napping from inactive wakeful-
ness using actigraphy alone. The use of actigraphy is a well-acknowl-
edged method to assess 24-hour sleep—wake activities and has been
validated against polysomnography to examine napping in young
adults (13) but evidence is lacking for the very old population. Further
studies are desired to identify the best measure for daytime napping in
the very old. Meanwhile, it might be important to consider both actig-
raphy and subjective information to uncover the nature of napping in
this population. Finally, although a number of factors were considered
in the analysis, some correlates might not have been measured. The
physiological effects of sleep-disordered breathing could not be fully
controlled, as sleep fragmentation was used as a proxy. Future stud-
ies should incorporate measures of sleep-disordered breathing to help
understand the independent correlates of napping.

In conclusion, napping is common in older women. There are
some discrepancies in the prevalence and correlates of self-reported
and objective napping. Having both subjective and objective nap-
ping was significantly correlated with age, depression, current smok-
ing, alcohol drinking, obesity and a history of stroke, diabetes,
dementia, or PD. It is critical to consider both subjective and objec-
tive measures in future studies of napping in the older population.
Longitudinal studies are required to examine how subjective and
objective measures of napping might predict future disease risks and
help gain understanding of this common and complex behavior in
the elderly participants.
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