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Objectives: To date, there has beenno evidence about objectivelymeasured sleep characteristics from a rep-
resentative national probability sample of adults in the United States. We used actigraphy to measure the
sleep characteristics of older Americans.
Design: Cross-sectional study.
Setting: Sleep substudywithinWave2 (2010-2011)of theongoingNational Social Life,Health, andAgingProject.
Participants: Seven hundred and thirty-nine National Social Life, Health, and Aging Project participants aged
62-90 years.
Intervention: Not applicable.
Measurements: Study participantswore awrist actigraph for 72 hours, and sleep propertieswere compared
across demographic, socioeconomic, and health-behavior–related lines.
Results: Actigraph-estimated sleep time averaged 7.2 hours (SE, 0.06 hour) each night; the majority of the
sample (80%) slept between 5.8 and 8.6 hours per night. Average time spent awake after sleep onset
(WASO) was 39 minutes (SE, 1.2 minutes). Women had significantly more total sleep time and lower
sleep fragmentation compared with men. Total sleep time increased significantly with age, although
sleep percentage decreased with age. Compared with white participants, African American participants
had significantly more WASO (9.2 minutes, P b .01) and greater sleep fragmentation (2.3 percentage
points, P b .001). WASO was significantly higher and sleep percentage significantly lower among
those with less education.
Conclusions: Both short sleepers and long sleepers—often conventionally defined as obtaining b6 and N9 hours
per night, respectively—are relatively rare among older Americans when sleep is estimated by actigraphy.
Sleep quality is significantly poorer among men, African Americans, and those with less education.

© 2015 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

Sleep characteristics including sleep duration and quality are of
increasing interest to epidemiologists for their potential etiologic
roles in a number of adverse health outcomes, including obesity, car-
diovascular disease, andmortality.1–3 However, assessing sleep char-
acteristics for community-based populations is complicated. The

criterion standard, polysomnography (PSG), is expensive, and even
home-based PSG is likely to disrupt routines, limiting its utility for
understanding the sleep patterns of large numbers of individuals in
natural settings. The most commonly used method for measuring
sleep in large studies is through survey questions. However, a num-
ber of studies have demonstrated generally low correlations between
self-reported and objective sleep measures of both duration and
quality,4–8 suggesting that survey-based sleep measures may tap
into different aspects of the experience or perception of sleep and
donot simply reflect the sleep characteristic they appear to reference.

Wrist actigraphy is a practical method of estimating sleep objec-
tively in large, free-living populations because it does not disrupt rou-
tines and is reasonably low cost; estimates of sleep parameters from
actigraphy have been shown to correspond reasonably well to those
from PSG.9–11 The use of wrist actigraphy in large epidemiologic
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studies has yielded estimated sleep properties in several cohorts.11–14

However, previous cohortswith actigraphy have been geographically
defined (both single-site andmultisite studies) and not drawn from a
national probability sample and, therefore, the generalizability of
sleep characteristics derived from these studies to the national popu-
lation is unknown. Consequently, we do not have good answers to
the following very basic question: How much and how well do
Americans sleep?

Here we use nationally representative, actigraph-estimated sleep
data in the United States to answer basic questions about sleep for
older Americans aged 62 to 90 years and to explore the relationship
between sleep properties and sociodemographic factors and
health behaviors.

Participants and methods

Study design and subjects

This study used a randomly-selected subsample of participants in
the second wave of the National Social Life, Health, and Aging Project
(NSHAP), a nationally representative longitudinal study of older
Americanswith in-home interviews.15,16 The first NSHAP data collec-
tion wave was in 2005-2006 and focused on individuals 57-85 years
of age. Wave 2 of NSHAP data collection took place in 2010-2011
and retained the excellent level of representativeness achieved in
Wave 1.17

A randomly selected one-third of NSHAP participants in Wave 2
(2010-2011) were invited to participate in the sleep substudy.18 Of
the 808 individuals in the Wave 2 sample and 309 spouses (or co-
resident partners) invited, 80% (n = 897) agreed to participate. The
actigraphs were distributed from the central NSHAP office, and po-
tential participants had to be recontacted after the in-home interview
to arrange device delivery. Ninety-five percent (n = 849) of those
who agreed to participatewere successfully recontacted and received
the packet of materials for the sleep substudy, including the wrist
actigraph. Actiwatches were received back from 823 individuals. Of
these, further exclusions occurred because of: errors uploading data
(n = 4); blank data records indicating that the watch was not worn
(n = 26); and, despite careful review, an absence of discernable
rest intervals (n = 13). We further restricted our analyses to partici-
pants aged 62-90 years at the timeof data collection (N=739) by ex-
cluding spouses outside the target age range.

Demographic and socioeconomic data, as well as data on health
behaviors, were collected by trained interviewers during face-to-face
interviews at study participants’ homes using Computer-Assisted Per-
sonal Interviews.15 Respondents who agreed to participate in the
sleep substudy were subsequently telephoned and then mailed wrist
actiwatches and instructions on how to complete the actigraphy
study, usually a few days following the in-home interview.18

These analyses used a deidentified data set prepared for public re-
lease by the parent study. The University of Chicago Institutional Re-
view Board considers studies that use previously collected and
deidentified data to be exempt from review.

Interview data

Interviewers used structured questionnaires to identify studypar-
ticipants’ sex, race/ethnicity, marital status, completed education,
household income, household wealth, alcohol consumption, and to-
bacco use.

Race/ethnicity
Respondents were asked the following 2 questions to elicit race

and ethnicity: (1) “Do you consider yourself primarily white or

Caucasian, Black or African American, American Indian, Asian, or
something else?” and (2) “Do you consider yourself Hispanic or Lati-
no?” Using the answers to these questions, study participants were
categorized into 4 race/ethnicity categories: white/Caucasian; black/
African American; nonblack Hispanic; and other.

Marital status
Respondents’ current marital status was categorized for analysis

as follows: married or living with a partner; divorced, separated, or
never married; and widowed.

Socioeconomic status
We used 3 measures of socioeconomic status: educational attain-

ment, household income, and household assets.
Educational attainment was categorized as less than high school

degree, high school degree or some college, and bachelor’s degree
or more.

Household incomewasfirst queriedwith a global question asking
respondents to approximate their household income before taxes or
deductions. For those respondents who did not answer the global
question, an unfolding bracketmethod of questionswas used. For ex-
ample, respondents would be asked, “Would you say your household
income was more than $50,000 or less than $50,000?” followed by
more precise categories conditional on the first answer. Estimation
of household income was then done using a multiple imputation
technique that included the answers to the folding bracket questions
and all predictors for each relevant regression model.

Household assets were assessed similarly to income. Respondents
were first asked a global question about their total household assets:
“Now I’d like you to think about all of the assets of your household.
These are things like your house (if you own it), your cars, other
rental properties and businesses you own, and financial assets like
savings accounts, stocks, bonds, mutual funds, and pensions. Alto-
gether, how much would you say that amounted to, approximately,
after accounting for the loans you might have to pay off?” Again,
those respondents who did not answer the question were then
asked a set of questions to bracket their household assets. Multiple
imputationwas then used to estimate household assets using the an-
swers to the bracketing questions and the predictors in the relevant
regression models.

Models predicting the sleep properties were fit first with the 3 so-
cioeconomicmeasures (education, income, and assets) separately and
then together. In all of these models, only education was significantly
associatedwith the sleep properties and, thus, this was the only socio-
economic measure retained in the final models, presented below.

Body mass index
Height and weight were measured in the participants’ homes by

the trained interviewers.19 Participants were asked to stand against
a wall, and then the interviewer placed a clipboard on top of the par-
ticipant’s head followed by a post-it note to mark the clipboard’s
place on the wall. Height was then measured with a tape measure
from the floor to the post-it note. Weight wasmeasured with clothes
on using a Health-o-Meter digital scale (model HDL111DQ-60).

Body mass index (BMI) was calculated as weight per height
squared (kg/m2). Body mass index was divided into categories
using the standard definitions for underweight (b18.5 kg/m2),
normal (18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), obese
(30.0-34.9 kg/m2), andmorbidly obese (≥35.0 kg/m2).20,21 Only 2 in-
dividuals were classified as underweight, one of whom had a BMI of
18.47 and the second a BMI of 18.0. Given the paucity of individuals
in the underweight category and their BMIs, the 2 underweight
individuals were included in the normal-weight category for the
main analyses.
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