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Abstract

Research suggests that physical activity may influence sleep, yet more research is needed before it
can be considered a front line treatment for insomnia. Less is known about how this relationship
is moderated by age. Using multilevel modelling, we examined self-reported physical activity
and insomnia symptoms in 18,078 respondents from the U.S. nationally representative Health
and Retirement Study (2004 through 2014). Mean baseline age was 64.7 years with 53.9%
female. Individuals who reported more physical activity (8= —0.005, p < .001) had fewer
insomnia symptoms. Over ten years, respondents reported fewer insomnia symptoms at times
when they reported more physical activity than average (8= -0.003, p<.001). Age moderated
this relationship (8= 0.0002, p< .01). Although modest, these findings concur with literature
suggesting moderate benefits of physical activity for sleep in older adults. Future research should
aim to further elucidate this relationship among adults at advanced ages.
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Introduction

As life expectancy in the United States (U.S.) continues to increase, there is growing
research and policy focus on ensuring that those extra years are good quality years with

an emphasis, for example, on understanding factors associated with active life expectancy
(Freedman & Spillman, 2016). Indeed, Rowe and Kahn’s seminal 1998 publication
Successful Aging led to a generation of research focused on the causes and consequences
of positive aging (Whitley, Popham, & Benzeval, 2016). One area that has received less
attention in the context of an aging population, however, is the relationship between physical
activity and insomnia. Insomnia—Ilargely characterized by difficulty falling asleep and/or
difficulty staying asleep—is prevalent in adulthood (Mander, Winer, & Walker, 2017). The
National Sleep Foundation (National Sleep Foundation, 2013) reports that 44% of adults in
the U.S. aged 55-84 years report at least a few nights of disturbed sleep each week; those
with insomnia may experience related symptoms such as fatigue, difficulty concentrating,
and mood changes. In addition, insomnia has been shown to be associated with shorter
survival (Ancoli-Israel & Cooke, 2005). Therefore, treating insomnia may improve quality
and even length of life (Bjornsdottir et al., 2015; Singh, Clements, & Fiatarone, 1997).

Given the risks associated with pharmacological treatments for insomnia symptoms,
especially for older adults (Campanelli, 2012), physical activity has been advanced as a
safe and effective alternative method of addressing these problems at older ages (\arrasse,
Li, & Gooneratne, 2015). A major advantage of physical activity in this regard is that is

has the potential to be widely disseminated since it does not require access to medical care
(Kredlow, Capozzoli, Hearon, Calkins, & Otto, 2015). A variety of potential physiological
mechanisms have been articulated to explain the connection (Buman & King, 2010). For
example, physical activity may reduce arounsal, anxiety, and depression, which can improve
sleep. Exercise also tends to increase bodily temperature, and the later drop can help induce
sleep. Buman and King (2010) conclude that it is likely several mechanisms are at play
simultaneously.

Studies investigating a possible connection between physical activity and sleep utilize a
range of study designs and statistical methods, and therefore make unique contributions.
Some of the strongest causal evidence for an association comes from intervention studies
(Baron, Reid, & Zee, 2013; Buman, Hekler, Bliwise, & King, 2011a; Buman, Hekler,
Bliwise, & King, 2011b; Buman & King, 2010; Hartescu, Morgan, & Stevinson, 2015;
King, Oman, Brassington, Bliwise, & Haskell, 1997; Reid et al., 2010; Tang & Sanborn,
2014). Given the relatively small and restricted samples of these studies, however, they have
limited generalizability to U.S. adults.

Relatively few studies have reported on national level data—and only two in the in the U.S.
—to explore effects of physical activity on sleep. The National Sleep Foundation conducted
a cross-sectional survey using a national sample and identified a relationship between self-
reported activity and sleep quality (National Sleep Foundation, 2003). Older adults who
exercised less than once per week were more likely to report experiencing a symptom

of insomnia, such as difficulty falling asleep, compared to those who exercised three or
more times per week (58% vs. 43%). Another study used data from the National Health
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and Nutrition Examination Survey (NHANES) 2005-2006. Those who met recommended
physical activity guidelines reported better sleep than those not meeting guidelines (Loprinzi
& Cardinal, 2011). These studies were drawn from nationally representative samples yet
feature cross-sectional designs. Researchers have long called for longitudinal epidemiologic
studies that allow for the study of change over time (Youngstedt & Kline, 2006).

Recent studies have begun to use community samples with longitudinal designs to study

the connection between exercise and sleep, leveraging their longitudinal data to study both
within and between person effects (e.g., Dzierzewski et al., 2014; Holfeld & Ruthig, 2014).
While cross-sectional studies can inform us on whether individuals who are more physically
active have fewer insomnia symptoms than those who are less active (between persons
effects), longitudinal studies featuring multilevel designs can also inform us on within-
person effects, or whether or not individuals experience better sleep at a time when they

are more physically active than is average for them. However, few studies have examined
within-person trajectories of change over many years. More research is needed in larger
samples featuring longitudinal designs with long-term follow-up.

Finally, age may serve to moderate the relationship between physical activity and sleep
given that sleep tends to worsen, albeit modestly (Ohayon, Carskadon, Guilleminault,
& Vitiello, 2004) and physical activity tends to diminish (DiPietro, 2001; Milanovic¢ et
al., 2013) with advancing age. A recent meta-analysis of studies on this topic indicated
preliminary evidence of a moderating effect of age (Kredlow et al., 2015).

In summary, while physical activity may influence sleep, more research is needed before
physical activity can be considered a “first-line treatment” for sleep problems (Varrasse et
al., 2015). Therefore, using a multilevel modelling approach that takes advantage of multiple
observations over a long follow-up period, we considered the association between physical
activity and insomnia symptoms. We leverage the rich data resources of the Health and
Retirement Study (HRS), a national probability sample of noninstitutionalized U.S. adults
aged 51 and older who were interviewed up to four times over a 10 year period. While

each of these features of study design and multilevel modelling statistical methods have
been featured in the literature, this is the first study to combine all of them in one study.

Our longitudinal model extends prior research by exploring how physical activity varies
over a long period of follow-up (ten years) and whether individual variation is associated
with changes in insomnia symptoms. Specifically, we hypothesized that over ten years,
times when individuals are more active will be associated with fewer insomnia symptoms.
Furthermore, given the possible importance of age in these associations, we hypothesized
that physical activity has a stronger impact on insomnia symptoms in late middle age than at
older ages.

We analyzed data from the 2004 to 2014 waves of the HRS, a nationally representative
longitudinal survey of adults over the age of 50 in the US. HRS also enrolls spouses or
partners of any age. The study began in 1992 with a core interview administered every
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two years that includes information on health, employment, and financial status as well

as family connections. In 1998, HRS instituted a steady-state design, enrolling a new

birth cohort every six years. HRS features a complex sample design with oversampling of
African American and Hispanic headed households. Sampling weights and design variables
are provided, which adjust for differential selection and correct variance estimation for
geographic stratification and clustering, respectively. Further details of the study design and
content are available elsewhere (Sonnega et al., 2014). For most variables, we used the
RAND data, a cleaned and ready-to-use version of much of the HRS data (Bugliari et al.,
2016). All respondents have provided consent, and the study protocol has been approved by
the University of Michigan Institutional Review Board (IRB).

Analytic Sample

Measures

While the insomnia symptom variables were available beginning in the HRS in 2002, we
chose 2004 as our baseline in order to maximize our sample for longitudinal analysis

since 2004 was the enrollment year for the Early Baby Boomer cohort, born 1948-53.

HRS collected information on insomnia symptoms biennially until 2006 and then only in
alternate waves thereafter. Thus, our analytic sample included all respondents impaneled in
2004 with potential follow-up interviews in 2006, 2010, and 2014. We began with 20,129
respondents who participated in the 2004 wave of the HRS. We selected 18,954 respondents
who were over the age of 50. We further selected respondents with a positive value on the
sampling weight (n=18,495). Finally, we excluded study respondents who were experiencing
insomnia (defined as >=2.75 on the mean scale, corresponding to experiencing all four
symptoms most of the time) at baseline. The final analytic sample was 18,078 respondents
(~72,000 person-waves). Figure 1 portrays the sample selection. We conducted comparisons
of excluded study respondents to those included on several basic demographics. Comparing
the original sample to the final analytic sample, the analytic sample was older with a slightly
smaller percentage of female respondents.

Insomnia symptoms.—HRS includes a set of questions that have been used in research
to indicate symptoms of insomnia (e.g., Leggett, Pepin, Sonnega, and Assari, 2016;
Kaufman et al., 2013). Respondents were asked how often “do you have trouble falling
asleep,” “do you have trouble with waking up during the night,” “do you have trouble

with waking up too early and not being able to fall asleep again” and “do you feel really
rested when you wake up in the morning?” Response categories were 1="most of the time,”
2="sometimes,” and 3="rarely or never.” Note that that the questions ask respondents to
recall these behaviors without reference to a particular time frame. We reverse-scored the
first three items and created a mean scale for each wave that ranged from 1 to 3 with a
higher number indicating worse insomnia.

Physical activity.—Respondents were asked three questions about their frequency of
vigorous, moderate, and mild physical activity: “We would like to know the type and amount
of physical activity involved in your daily life. How often do you take part in sports or
activities that are vigorous, such as running or jogging, swimming, cycling, aerobics or gym
workout, tennis, or digging with a spade or shovel?” “And how often do you take part
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in sports or activities that are moderately energetic such as, gardening, cleaning the car,
walking at a moderate pace, dancing, floor or stretching exercises?” and “And how often do
you take part in sports or activities that are mildly energetic, such as vacuuming, laundry,
home repairs?” As with the questions about insomnia, these questions also do not reference
to a particular time frame. The response categories are 1="hardly ever or never,” 2="one to
three times a month,” 3="once a week,” 4="more than once a week,” and 4="everyday.”

Given our interest in capturing the full range of physical activity reported in these items
that might reflect the changing patterns of physical activity with age (from relatively more
to less energy expended), we followed others (He & Baker, 2005; Wen, Li, & Su, 2014) in
creating a scale that accounted for the relative energy expended across levels of intensity
and frequency reported. This method approximates the metabolic equivalent of task (MET)
within one scale. Thus, for each wave we created a summed scale for physical activity with
activity points weighted such that each level of intensity was doubled across the frequencies
as follows. Mild activity. 0="hardly ever or never,” .5="one to three times a month,”
1="once a week,” 4="maore than once a week,” and 7="everyday”. Moderate activity.
0="hardly ever or never,” 1="one to three times a month,” 2="once a week,” 8="“more than
once a week,” and 14="everyday”. Vigorous activity. 0="hardly ever or never,” 2="one to
three times a month,” 4="once a week,” 16="more than once a week,” and 28="everyday”.
We created a summed score for each wave and divided by three to ease interpretation of
point estimates. The final physical activity variable ranged from 0 to 16.33.

Covariates.—We controlled for several covariates that may be associated with insomnia
symptoms (Chen et al., 2015) and physical activity (DiPietro, 2001). Several covariates
were taken from the respondent’s baseline interview including; gender coded as 1=female,
0=male; race coded as 1=white, 0=non-white; ethnicity coded as 1=Hispanic, 0=non-
Hispanic; marital status coded as 1=married, 0=not married; and education coded as years
of schooling (0-17). For all other covariates, we included wave-specific measures. Age in
years was the respondents’ age in each wave. Chronic medical conditions was a count of
up to 8 conditions: high blood pressure, diabetes, cancer, lung disease, heart disease, stroke,
psychiatric problems, and arthritis (range 0-8). A modified 8-item version of the Center for
Epidemiologic Studies Depression Scale (CES-D) was used for measurement of depressive
symptoms. Respondents reported on the extent to which in the previous week, they felt:
depressed, everything was an effort, sleep was restless, that he or she could not get going,
lonely, that he or she enjoyed life, sad, and happy. To deal with differences in response
categories over waves, RAND codes these dichotomously as yes or no. To minimize
operational confounding of this covariate with the outcome, we removed the item about
restless sleep. We reverse coded the positive items and summed the remaining 7 items for

a count of recent depressive symptoms ranging from 0 to 7. Previous research using the 8-
item version has indicated that a cut-off of 4 or more symptoms corresponds to a clinically
significant level of depressive symptoms (Zivin et al., 2010). Body mass index (BMI) was
calculated according to the standard formula (weight in kilograms by the square of height
in meters) from self-reported height and weight at each wave. Wave specific indicators for
any current consumption of alcohol (1=yes, 0=no) and current smoking (1=yes, 0=no) were
included. To account for season when the interview was conducted, we created a dummy
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variable where interviews conducted from November 1 through March 31=1 and interviews
conducted from April 1 through October 31=0.

Statistical Analyses

Descriptive statistics were generated using sampling weights and design variables to adjust
for the complex sample design (Heeringa, West, & Berglund, 2017). We also described

the intensity of physical activity within age groups. We conducted multilevel modelling
(MLM) using PROC MIXED (Littell, Milliken, Stroup, & Wolfinger, 1996) in SAS version
9.4 (SAS Institute Inc., Cary, NC) to examine variability in physical activity and insomnia
symptoms between respondents and within respondents across waves for up to four waves
over up to 10 years. This approach has the advantage of utilizing all available waves of

data (Raudenbush & Bryk, 2002). We first obtained the intraclass correlation coefficient

for the insomnia and physical activity variable. We evaluated the effect of age as a
moderator of the association between physical activity and insomnia symptoms by including
an interaction between time-varying age and physical activity at both the between- and
within-person levels. We evaluated three models. Mode/ 1 examined the effect of just

the control variables on insomnia symptoms. Mode/ 2 added physical activity at both the
between- and within-person levels. In Model 3, we added interaction terms for age and
physical activity to test for moderation at both the between- and within-person levels.

To further explore the region of significance for the interaction terms, we employed the
Johnson-Neyman technique for probing interactions (Bauer & Curran, 2005) using an online
calculator (http://www.quantpsy.org/interact/him2.htm). The time-varying covariates age,
chronic medical conditions, depressive symptoms, BMI, current smoking, current drinking,
season of interview and physical activity were included at the between-person level as
person-specific means, which represent an individual’s average on that variable across the
four waves. Gender, race, Hispanic ethnicity, marital status, and education were entered from
the baseline interview. Within-person level predictors represented deviations in a given wave
from an individual’s own mean across up to four waves such that a positive score indicates
a wave value that is above the individual’s mean and a negative score indicates a wave value
below the individual’s mean (Hoffman & Stawski, 2009). The equation presented below
represents the final model.

Insomnia symptoms for the uth wave for the th person were modeled as:

Level 1: Insomnia symptoms,,; = Bo;+ B1; (Agey,) + B2; (Chronic conditions,,,) + B3/
(Depressive symptoms,,) + B4, (Body mass index,,) + Bs;(Smoking,,) + Bg; (Drinking,,,) +
B7; (Physical activity ;) + Bg; (Age * Physical activity ;) + ey,

Level 2: Bg;= yoo + Yor(Gender) + ygo (Race)) + yoz (Hispanic ethnicity)) + yo4 (Marital
status,) + yos (Education)) + ygg (Season,) + yo7 (Chronic conditions)) + yog (Depressive
symptoms;) + yog (Body mass index,) + y1o (Smoking;) + y11 (Drinking )+ -y12 (Physical
activity,) + y13 (Age * Physical activity ) + uy;

Bi= 1o
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b= 10
Bi= 1
By = Yuo (Model 3)

where the intercept (Bo,) represents the mean level of insomnia symptoms for each
individual (averaged across waves). The first slope (B1,) represents the effect of age at a
given wave w (w= 1-4) on the respondent’s insomnia symptoms at wave w. Similarly,

the second and third slope parameters (B, B3, are within-person level controls for chronic
condition and depressive symptoms. The fourth, fifth, and sixth slope parameters (B4, Bsi:
Be,) represents the effect of body mass index, smoking, and drinking. The seventh slope
represents the effect of physical activity. As described, these covariates reflect deviations
from an individual’s own mean and were centered around the person-mean. The eighth slope
parameter (Bg,) tests whether the within-person association between physical activity and
insomnia symptoms is moderated by age.

At Level 2, person-mean level of physical activity (1) is entered as a between-person
covariate predicting the level of insomnia symptoms at the intercept (Bo)—likewise for
season (ygg), chronic conditions (yq7), depressive symptoms (yog), and body mass index
('Yog), smoking(y1p), an drinking (y11), Each of these covariates indicates an individuals’
average level of that characteristic across waves. Gender (yg1), race (yogz), Hispanic ethnicity
(yo3), marital status (-yo4), and education (ygs) were also entered as wave invariant,
between-person controls. All models also adjust for a wave indicator variable (w= 1-4).
Y10, Y20, Y30, and y4q represent the average effects of within-person slopes from Level 1 for
chronic conditions, depressive symptoms, body mass index, drinking, smoking, and physical
activity, and the physical activity by age interaction, respectively. yqq reflects the group
mean level of individual insomnia symptom levels, and 0/ reflects individual deviations
from that mean.

We also conducted a set of sensitivity analyses including: restricting the initial age range
to 51 to 70, conducting a stratified analyses by gender, excluding study respondents with
elevated depressive symptoms (>=4 symptoms) from the analysis, and excluding study
respondents with any chronic medical conditions. All analyses were conducted in 2019.

We report summary statistics for all study variables across waves in Table 1. The average
age of the sample at baseline in 2004 was 64.38 years. Respondents reported a mean
insomnia symptom score of 1.60 to 1.66 (se= 0.01; range 1-3 for the mean scale) across
waves, indicating that on average respondents were experiencing at least some insomnia
symptoms rarely to sometime. Respondents reported a mean physical activity score of 4.00
to 4.45 (se = 0.04-0.05; range 0-16.33) across waves. These averages on the weighted
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score correspond roughly to weekly participation in moderate physical activity. The level of
depressive symptoms was relatively low to moderate (1.28 to 1.43) and below what may be
considered clinically significant (>=4 on the summary score).

In Table 2, we show the mean level of physical activity by level of intensity using the
original variables of mild, moderate, and vigorous activity by age groups. The mean value
of 3.58 for 51-60 year olds suggests a high level (nearly every day) of mild activity but by
age 81-90, this falls to 2.92 corresponding roughly to less than once a week. For vigorous
activity, a mean of 2.26 for 51-60 year olds corresponds to several times a month. This
declines to almost never at older ages.

The intraclass correlation coefficient for insomnia symptoms indicated that 42% of the
variance in insomnia symptoms was between-person (across respondents) and 54% was
within-person (for the same person, across survey waves). Similar levels obtained for
physical activity. These levels provided justification for sufficient variability at both levels
for the MLM approach.

Results from the two-level multilevel model are displayed with coefficients and standard
errors in Table 3. In Model 1, considering the within-person effects in the upper portion of
the table, in a wave when an individual reported older age (y1o; B=—0.002, p<.001),

a greater number of chronic conditions (y»g; B= 0.020, p< .001), a higher number of
depressive symptoms (ysg; B= 0.041, p<.001), higher BMI (y49; B=0.002, p< .01), and
current alcohol consumption (ygo; B= 0.004, p<.05), their level of insomnia symptoms
was higher. Considering between person effects revealed that individuals who were female
(Yor; B=0.085, p< .001), Black (-yg2; B=0.060, p<.001), non-Hispanic ethnicity (yqs;
B=-0.051, p<.001), less educated (ygs; B=-0.006, p<.001) and with more chronic
conditions (yg7; B=0.048, p<.001) and a higher level of depressive symptoms (yog; B=
0.107, p<.001) reported more insomnia symptoms.

In Model 2, we tested within- and between-person associations between physical activity
and insomnia symptoms in the presence of these control variables. For within person effects,
respondents reported fewer insomnia symptoms at waves when they reported more physical
activity (y7o; B=-0.003, p< .001) than their average levels. For between person effects,
individuals who on average reported more physical activity had fewer insomnia symptoms
(y12; B=-0.005, p< .001). Note that, while statistically significant, the size of these effects
is not large.

Lastly, Model 3 included interactions at both the within- and between-person levels to

test whether age moderated the effect of physical activity on insomnia symptoms. The
within-person level interaction was statistically significant, showing that age influenced the
strength of the association between physical activity and insomnia symptoms (ygg; B =
0.0002, p<.01). The person-level interaction was not statistically significant (y13; B=
0.0002, p=.06).

To provide a graphical display of the more statistically robust within-persons interaction
(Figure 2), we demarcated late middle age as one standard deviation below the mean age
at baseline (64 years) and older age as one standard deviation above the mean. The graphic
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representation of the interaction suggests that older adults derived less benefit to their
sleep from physical activity than adults in late middle age. Results of the Johnson-Neyman
analysis revealed that the moderating effect of insomnia symptoms lessened steadily with
age across the entire age range analyzed.

Discussion

In this nationally representative, longitudinal sample of older U.S. adults, we found that not
only do individuals with higher levels of physical activity have fewer insomnia symptoms,
but individuals who increase their level of physical activity have individual positive change
in these symptoms. Age appears to moderate the latter relationship with stronger effects at
in late middle age. This finding suggests that even over a long period of time, any individual
level improvement in one’s level of physical activity may help to improve sleep, especially
for adults in late middle age. These findings are generally in accord with a literature
suggesting benefits of exercise for sleep (Baron et al., 2013; Buman et al., 2011a; Buman et
al., 2011b; Buman & King, 2010; Dzierzewski et al., 2014; Hartescu et al., 2015; Holfeld
& Ruthig, 2014; King et al., 1997; Kline, 2014; Kredlow et al., 2015; Loprinzi & Cardinal,
2011; National Sleep Foundation, 2013; Reid et al., 2010; Tang & Sanborn, 2014; Varrasse
et al., 2015; Youngstedt & Kline, 2006).

Although we found statistically significant associations at both the within- and between-
person levels between physical activity and insomnia symptoms, the relative size of the
effects were modest. This result supports the broad finding that, to the extent that exercise
affects sleep, the sizes of the effect are generally found to be moderate. For example, a
review by Yang, Ho, Chen, and Chien (2012) found moderate benefits to sleep quality of
participation in exercise training programs in middle-aged to older adults. Similarly, a recent
meta-analysis found small effects of acute exercise on sleep but moderate to large effects of
regular exercise on some indicators of sleep and small effects on other indicators (Kredlow
etal., 2014).

Fewer studies have employed a MLM approach to study the relationship between physical
activity and sleep. Although the exact insomnia measures differ and the follow-up periods
are dramatically different, our results are comparable to the findings of Dzierzewski et

al. (2014). These authors collected 18 weekly personal assessments of exercise and sleep
quality using a daily diary method from 79 sedentary older adults living in the community.
Multilevel modeling identified a modest positive between-person effect of exercise and wake
time after sleep onset and a small within-person association between exercise and a general
sleep quality rating (Dzierzewski et al., 2014).

In this sample of adults over age 50, we found that the positive impact of physical activity
on insomnia symptoms was stronger for adults in late middle age compared to adults on
average 20 years older, growing steadily weaker with increasing age. To our knowledge,
only one other study has found a moderating effect of age with a similar conclusion that
the benefit of exercise for sleep lessened with advancing age (Kredlow et al., 2015). These
researchers found that for at least one variable studied, namely sleep onset latency, physical
activity had stronger effects on sleep for younger compared to older adults. Clearly more
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research is needed to understand the relationship between physical activity and insomnia
symptoms across later life. As demonstrated in Table 1, levels of physical activity, using
our weighted measure and using the original items (Table 2), declined precipitously at older
ages. It may be that some threshold level of physical activity is necessary to achieve benefits
for sleep. That is, older people may not generally experience enough physical exertion to
affect their sleep. In addition, it is interesting to speculate on potential age differences in
putative mechanisms for the effect of physical activity on sleep. For instance, without a
certain level of physical activity, the body temperature mechanism may be less effective.

Or as older adults sleep patterns change in relation to circadian rhythms, this potential
mechanism may differ as well. It is premature, however, to conclude that physical activity
does not help individuals at advance older ages to experience fewer insomnia symptoms.

Sensitivity Analyses

We conducted a series of sensitivity analyses to check the robustness of our results.

Given the finding that women experience higher rates of insomnia than men, and

that this difference is particularly marked at older ages (Zhang & Wing, 2006), we
conducted analyses that stratified by gender. Perhaps surprisingly, the models for men and
women shared very similar coefficients and level of statistical significance (of the main
effects and interactions) to each other and to the combined sample. Furthermore, given
research showing differences in insomnia symptoms for those with psychiatric and medical
comorbities (Ohayon, Carskadon, Guilleminault, & Vitiello, 2004), we also conducted our
analyses excluding study respondents with chronic medical conditions and excluding those
respondents with elevated depressive symptoms. The findings were robust to exclusion of
those with elevated depressive symptoms. However, in the sample excluding those with any
chronic medical condition, which reduced the sample size considerably, the main effects of
both between and within person effect of exercise on sleep were reduced (p<01 for both).
The interaction of age and within person physical activity was also reduced (p<.05).

As in any long-term longitudinal cohort study, especially of older adults, mortality selection
is a concern. One implication of this is that the sample becomes “healthier” over time.
Zajacova and Burgard (2013) found substantial changes in sample composition over nine
waves of the HRS and noted that, especially for research results with the much older

adults, findings should be interpreted with caution. There are no simple ways to account
for mortality selection; however, we conducted sensitivity analyses restricting the initial
age range to 51 to 70 to reduce the force of mortality selection. Interestingly, the results
remained the same.

Strengths and Limitations

A strength of this study is the data source, which allows us to generalize our findings to

the U.S. population over age 50. The large sample size and longer-term follow-up allowed
us to detect even small effects of physical activity on sleep both with and between persons
over a long period of time. That is, on average over 10 years, making even small changes

in one’s activity level relative to one’s norm can benefit sleep. Despite their modest size,
these findings lend support to the potential value of physical activity for sleep as even small
improvements in sleep for individuals can translate into large effects on population health.
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Because the HRS is a large epidemiological study of middle aged and older US adults with
a very wide range of content, to date, it contains only limited self-reported measurement

of both physical activity and insomnia symptoms. These measures can be biased. For
example, because of social desirability bias, self-reports of physical activity are often
overreported owing potentially to an “exercise identity” in some respondents (Brenner &
Del amater, 2014). Some research suggests, however, that self-reported physical activity,
at least, provides reasonably valid information (Silsbury, Goldsmith, & Rushton, 2015).
Nonetheless, given the expectancy that people may have about the sleep benefits of physical
activity, it may be that those who reported more physical activity were also more likely

to report better sleep. Although the HRS is an observational longitudinal study in which
respondents should not be aware of research hypotheses, this source of bias is a concern. In
addition, neither the physical activity nor the insomnia questions are anchored to any time
reference. Rather they ask respondents to report what is usual for them. This could lead the
respondent to encompass a relatively long period of time in thinking about what is normal
for them rather than current time. The advantage of the analysis we employed, however, is
that it is well-suited to characterizing what is average for individuals over time.

Regarding the measurement of sleep, common age-related changes in sleep such as a
decrease in sleeping hours or increased in night waking were not measured in the HRS.

The sleep measures in HRS, which are more reflective of insomnia symptoms, may in fact
not be worse for the older compared to middle aged adults. Also, possibly past age 50, these
symptoms are more stable. Regarding HRS’s measures of physical activity, potentially they
do not well capture the kinds of activity much older individuals may engage. DiPietro (2001)
notes the problem of assessing the physical activity habits of older individuals, which tend
to be less intense and quite variable. We created a weighted measure using all three items in
hopes of allowing the measures of “mild activity” to count, but this may not substitute for
more accurate measurement of both aerobic and anaerobic activity. Indeed, table 2 showed
the age breakdown by each level of intensity using the original physical activity variables
for mild, moderate, and vigorous activity. This confirmed that at older ages, there is almost
no participation in vigorous activity. Indeed, even mild activity is reported on average as
only occurring only one to three times a month. Further verification of our findings using
objective measurement of both sleep and physical activity is needed. Relatedly, we were
also not able to characterize sedentarinesss. Out findings actually highlight the importance
of capturing this in the survey context (for example, time spent sitting), as this may be
especially relevant at advanced older ages.

Finally, this study addressed the direction of effect going from physical activity to sleep,
but research suggests that the association is likely bidirectional (Baron, Reid & Zee,
2014; Holfeld & Ruthig, 2014; Kline, 2014). It is possible that improvements in insomnia
symptoms could also lead to increased physical activity, and future research should
explore the potentially complex interplay of both health behaviors in relation to potential
moderators.
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Implications and Future Directions

Conclusion

Addressing directions for future research in this area, the findings of this study suggest

that individuals at older ages may need special consideration in future studies. In particular,
better measurement of the physical activities this age group is likely to engage such as

light weight-bearing activities or normal daily movement that could be measured by an
accelerometer might shed more light on the relationship between physical activity and sleep
at older ages. In addition, more detailed characterization of sleep-related changes at older
ages may improve the specification of this relationship.

Following the trend for large surveys of aging to begin integrating biological measurement,
a major step forward for research on physical activity and sleep would be the inclusion of
more objective measurement in the HRS, with accelerometers showing promise as measures
of both sleep and physical activity (Hjorth et al., 2012). This would address concerns about
bias inherent in self-reports and the lack of measurement of sedentariness. More objective
measurement would add much needed depth to our understanding of the mechanisms that
potentially link physical activity with sleep as we age. In addition, combined with the

broad scope of psychological, social, and behavioral factors associated with health, objective
measurement of physical activity and sleep would greatly increase the value of the HRS
data.

In terms of implications for practice, our findings suggest that especially for individuals

in late middle age, initiating a moderate intensity endurance physical activity program—
such as walking for 30 minutes at least several times a week—is not likely to harm

sleep and most likely to benefit sleep. Given the long-term nature of our findings, patients
with insomnia symptoms could be encouraged to evaluate the effectiveness of exercise on
sleep over time rather than just day-to-day. An important consideration for practitioners
encouraging individuals to increase their physical activity to benefit sleep and for policy
makers attempting to address this issue at the community level is potential physical barriers.
The built environment has been shown to impact the amount of physical activity undertaken
(Clarke & Gallagher, 2013; Grafova, Freedman, Kumar, & Rogowski, 2008). Walking,
which is a common recommendation to patients, may be a relatively easy physical activity
to take up, but it depends on being able to walk and on living in a walkable community.

On the other hand, for some older adults walkability may not be as important as structured,
supervised opportunities for physical activity.

The present study found a modest positive effect of engaging in physical activity on
insomnia symptoms in a nationally representative sample of U.S. adults over age 50
followed longitudinally over ten years. Not only do individuals with higher levels of
physical activity have fewer insomnia symptoms, but individuals who increase their level
of physical activity have individual positive change in these symptoms. Age appears to
moderate this relationship with stronger effects at late middle age relative to advance older
age. Making even small changes over a long period of time relative to one’s own norm

is helpful to getting better sleep, especially for adults in late middle age. These findings
support a growing body of evidence for the moderate benefits of physical activity on sleep.
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The finding that age moderates the association bears further investigation with objective
measurement of both physical activity and sleep a promising direction for future research in
longitudinal surveys of older adults.
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