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Abstract

Deteriorating sleep quality and increased fatigue are common complaints of old age, and poor
sleep is associated with decreased quality of life and increased mortality rates. To date, little
attention has been given to the potential effects of physical activity on sleep quality and fatigue in
aging. The purpose of this study was to examine the relationships between activity, sleep and
fatigue across the adult lifespan. Sixty community-dwelling adults were studied; 22 younger (21—
29 years), 16 middle-aged (36-64 years), and 22 older (65-81 years). Physical activity was
measured by accelerometer. Sleep quality was assessed using the Pittsburg Sleep Quality Index.
Self-reported fatigue was evaluated with the Patient-Reported Outcomes Measurement
Information System (PROMIS). Regression analysis revealed a positive relationship between
activity and sleep quality in the older (r2=0.18, p=0.05), but not the younger (r2=0.041, p=0.35) or
middle-aged (r2=0.001, p=0.93) groups. This association was mainly established by the
relationship between moderate-vigorous activity and sleep quality (r2=0.37, p=0.003) in older
adults. No association was observed between physical activity and self-reported fatigue in any of
the groups (r2<0.14, p=0.15). However, an inverse relationship was found between sleep quality
and fatigue in the older (r2=0.29, p=0.05), but not the younger or middle-aged (r2<0.13, p=0.10)
groups. These results support the hypothesis that physical activity may be associated with sleep
quality in older adults, and suggest that improved sleep may mitigate self-reported fatigue in older
adults in a manner that is independent of activity.
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INTRODUCTION

An estimated fifty percent of the population over the age of 65 years reports poor sleep
quality or chronic fatigue, both of which are associated with decreased quality of life and
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increased rate of mortality in this population (Eldadah, 2010). According to a National
Institute on Aging’s sample of 9,000 individuals >65 years, 42% reported difficulty both
falling asleep and maintaining sleep (Foley et al., 1995). Further, the amount of time spent
fully immersed in sleep each night has been shown to be approximately one hour longer in
young adults compared with those over the age of 65 (Buysse et al., 1991). Older
individuals often report greater time spent in bed but less time asleep, contributing to
reduced sleep quality (Buysse et al., 1991).

In clinical populations, lower levels of physical activity (Valentine et al., 2009) and lower
sleep quality (Cella et al., 2010, Valentine et al., 2009) have both been shown to be related
to general feelings of fatigue. Although such self-reported fatigue is a common complaint in
older individuals (Avlund, 2010), its relationship with physical activity has not been widely
studied in this population. Structured physical activity interventions have been shown to
improve sleep quality in older adults (King et al., 2008), however, little attention has been
given to quantitative assessments of habitual physical activity and its relationship to sleep
quality and self-reported fatigue. Further, to date, studies of sleep quality and fatigue in
middle-aged adults are lacking and therefore little is known about potential progressive
changes that occur across the lifespan.

Understanding the relationships among physical activity, quality of sleep, and self-reported
fatigue across the lifespan will contribute to the development of effective strategies for
reducing the use and risks of prescribed sleep medication, and improving quality of life into
the later years. Therefore, the purpose of this study was to begin this evaluation by
quantifying the relationships of physical activity with sleep quality and self-reported fatigue
across the adult lifespan. We hypothesized that higher levels of habitual physical activity
would be associated with greater sleep quality and lower self-reported fatigue.

METHODS

Participants

Procedures

Sixty community-dwelling adults participated in the study, and were separated by age into
three groups: young (21-29 years; n=22, 11 women), middle-aged (36—-64 years; n=16, 10
women) and older (65-81 years; n=22, 11 women). The study was reviewed and approved
by the University of Massachusetts Amherst Institutional Review Board and all participants
provided written informed consent prior to enrollment. All participants reported good
general health and were free of life-threatening illness, debilitating chronic disease, or
diagnosed sleep disorders. All participants were relatively sedentary, reporting less than 30
minutes of structured physical activity per week, and reported sleeping an average of at least
five hours per night, both of which were confirmed with activity logs.

Participants visited the Muscle Physiology Laboratory at the University of Massachusetts
Amherst on one occasion. During this visit, participants completed a detailed medical
history form and questionnaires about sleep quality and general feelings of fatigue
(described below). At the end of the visit, participants were provided with a physical activity
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monitor (Actigraph GT1M, Pensacola, FL) and a physical activity log, and were instructed
in their use.

Physical Function Measures

To characterize our study cohort, physical function assessed by 400m walk, chair rises and
stair ascent times. All participants completed the 400m walk using the same 10 laps of a
40m hallway course. Participants were asked to walk a fast but maintainable pace for the
duration of the 400m. For timed chair rises, participants began seated in an armless chair
with the arms folded across the chest. They were instructed to stand up and sit back down as
fast as possible 10 times. Stair ascent times were measured on an 8-step staircase.
Participants were instructed to ascend the stairs as fast as possible, without using the
railings, while maintaining at least one foot in contact with the floor at all times and not
skipping steps. For chair stands and stair climbs, 2 trials were performed and the shortest
time was recorded for each measure. All of these measures are predictive of future
functional limitations or mortality in older adults (Vestergaard et al., 2009, Tiedemann et
al., 2008).

Physical Activity

Physical activity was measured by uni-axial accelerometry (ActiGraph GT1M, Pensacola,
FL), as previously (Freedson et al., 1998) and according to best practice guidelines (Ward et
al., 2005). The accelerometers measure vertical accelerations as activity counts that are
averaged into 1-minute epochs. Accelerometers were distributed at the end of the laboratory
visit and participants were asked to wear them around the waist during all waking hours for
10 consecutive days. Participants were instructed to carry out regular daily activities for an
accurate assessment of habitual physical activity. In addition, participants were asked to
complete an activity log for the corresponding 10 days, where activity, inactive times, sleep
time, unusual activities and accelerometer wear time were recorded and used to confirm
accelerometer data. A minimum of 7 days of representative physical activity data, where the
participant wore the accelerometer for the full day and noted no unusual activity (e.g.
participant was sick and stayed in bed most of the day) in the log, was required for a
participant’s data to be included in the analysis.

Data from the accelerometers were analyzed using a custom-written MATLAB program to
determine total physical activity counts and total activity minutes per day, which were
averaged across days. Activity was also represented by the number of minutes spent in
sedentary (1-99 counts), light (100 to 1951 counts), and moderate to vigorous (MVPA,
>1952 counts) activity (Freedson et al., 1998). The same cut-points were used for all age
groups. Although these cut-points were originally validated in young adults, they are
currently the most widely-used cut-points for older adults (Gorman et al., 2014). As no
consensus exists on validated age-specific cut-points, those employed here are suggested to
be optimal for individuals aged 65 and over (Gorman et al., 2014).

Sleep Quality

The Pittsburg Sleep Quality Index (PSQI (Buysse et al., 1989)) was used to measure sleep
quality. This 24-item questionnaire assesses habitual sleep over the past 30 days. Nineteen
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of the questions are self-rated, with 15 multiple-choice and 4 write-ins, while 5 of the
questions refer to the opinion of a “sleeping partner.” As assessed by the PSQI, sleep quality
is broken into 7 components: subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction.
Component scores, ranging from 0 to 3, were computed and summed to provide a global
PSQI score out of 21, with lower scores indicating better overall quality of sleep (Buysse et
al., 1991, Buysse et al., 1989).

Self-Reported Fatigue

Measures of self-reported fatigue were obtained from all young (n=22) and middle-aged
(n=16) participants and from 13 of the 22 participants in the older age group. Nine of the
older participants were enrolled in the study prior to the introduction of this measure. Self-
reported fatigue was measured using the Patient-Reported Outcomes Measurement
Information System (PROMIS; (Cella et al., 2010)) Short Form Fatigue Questionnaire. This
form requires participants to answer 7 questions about how they have been feeling in the
past 7 days. Participants rate questions on a 5-point scale from “never” to “always.” Scores
from the 7 questions on the PROMIS short form were summed to provide a global PROMIS
score, thus the total score ranges from 7 to 35, with lower scores indicating less fatigue.

Statistical Analysis

RESULTS

Two-factor (age group, sex) ANOVAs revealed no main effects of sex (p=0.10) or age-by-
sex interactions (p=0.33) for any of the primary outcome variables. Therefore, data from
men and women were combined and one-factor (age group) analysis of variance (ANOVA)
was used to explore differences in physical activity, sleep quality, physical function, and
self-reported fatigue. Linear regression analyses were performed within each age group to
examine the relationship of physical activity with each of sleep quality and self-reported
fatigue. Data are presented as mean+SD and significance was set at p<0.05.

Group Characteristics

A summary of group characteristics is reported in Table 1. Height and body mass were
similar in young, middle-aged and older groups (p=>0.34). The mean times for each group to
complete the 400m walk, 10 chair rises, and 8-stair climbs are also presented in Table 1. The
older group took longer to complete each of these timed physical function tasks compared
with the middle-aged and younger groups (p<0.03).

Physical Activity

The total physical activity counts per day and total activity minutes per day are reported in
Table 2. Average daily activity counts were not different across groups (p=0.44; Table 2).
However, the middle-aged and older groups had higher total minutes of physical activity per
day than the younger group (p<0.04; Table 2), indicating that the same number of activity
counts was accumulated in a shorter amount of time in the young group. Supporting this
result is the observation that the time spent in light activity was higher for the middle-aged
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and older groups than the younger group (p<0.001), with no group differences in time spent
in sedentary or MVVPA (p=0.08; Table 2).

Sleep Quality

Mean global scores on the PQSI were not different across age groups (p=0.61; Table 1).
Previous research has identified a global score =5 as indicative of a significant sleep
disturbance (Buysse et al., 1991). Applying this categorization, 56% of the younger
participants, 44% of the middle-aged participants, and 45% of the older participants reported
poor sleep quality.

Self-Reported Fatigue

Total PROMIS fatigue scores were higher for the middle-aged group than the younger or
older participants (p<0.05; Table 1). These self-reported fatigue ratings were not different
between young and older adults (p=0.42).

Regression Analyses

A significant association between total daily physical activity counts and PSQI scores was
observed in the older (r2=0.18, p=0.05), but not in the younger (r2=0.04, p=0.35) or middle-
aged participants (r2=0.001, p=0.93; Figure 1). A significant association between minutes of
MVPA and PSQI score was also observed in the older (r2=0.37, p=0.003), but not in the
younger (r2<0.001, p=0.67) or middle-aged participants (r2<0.001, p=0.99; Figure 1). Thus,
older adults who averaged more physical activity per day also scored lower on the PSQI,
indicating better sleep quality. No relationship was observed for any group between minutes
of sedentary or light activity and PSQI scores (r2<0.14, p=0.10).

No relationship was observed for any group between physical activity counts and the
PROMIS measure of self-reported fatigue (r2<0.13, p=0.15). However, a significant
association between PSQI and PROMIS scores (r2=0.29, p=0.05) was observed in the older,
but not in the younger or middle-aged participants (r2<0.13, p=0.1). Thus, older adults who
reported better sleep quality also reported less self-reported fatigue. These results support
the concept that self-reported fatigue in older adults may be mediated by sleep quality; an
effect that is not apparent in young and middle-aged adults.

DISCUSSION

This study evaluated the relationships between sleep quality, self-reported fatigue, and
habitual physical activity across the adult lifespan. Physical activity was directly related to
sleep quality in the older, but not the younger or middle-aged adults. Although no
association was observed between physical activity and self-reported fatigue, sleep quality
was inversely related to self-reported fatigue in older adults. These results highlight
relationships between physical activity habits, sleep quality and feelings of fatigue that
appear to be unique to older adults. While the precise nature of these variables and their
interactions remain to be determined, these data provide novel and compelling impetus for
further evaluation of the concept of “fatigability” in aging (Eldadah, 2010).
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Physical Activity

Both total activity counts per day and time spent in MVPA for each of our age groups are in
good agreement with data from a larger sample of 4,867 participants in the National Health
and Nutrition Examination Survey (NHANES; (Troiano et al., 2008)). The cut-points for
activity intensity used here are those most widely used for older adults (Gorman et al.,
2014). However, depending on the question at hand, the validation of age-specific cut-offs
and shorter epochs for collection (Edwardson and Gorely, 2010) may prove useful in the
future. Additional studies of the relationships between physical activity, sleep quality, and
self-reported fatigue should also include individuals with a larger range of physical activity
levels.

Sleep Quality

The majority of our sample of 60 adults (55%) was classified as “good sleepers,” based on
the global PSQI scores (Buysse et al., 1991), a value comparable to that observed in the
general population (Loge et al., 1998). Somewhat surprisingly, PSQI scores were not
different across the younger, middle-aged, or older age groups, demonstrating that sleep
quality was not lower in old age, as predicted previously (Buysse et al., 1991). Our use of
subjective measures of sleep quality may have underestimated the problem in our older
cohort. The emerging evidence of the importance of sleep quality to cognitive function
(Pace-Schott and Spencer, 2011), metabolic health (Valentine et al., 2009) and quality of life
ratings (Avlund, 2010) has fostered the development of objective measures of sleep,
including actigraphy-based assessments (Marino et al., 2013). Future studies designed to
address questions related to sleep and aging should make good use of these new
methodologies.

Self-reported Fatigue

The concept of “fatigue” is challenging to define and measure, contributing to mixed results
regarding its prevalence among older adults (Avlund, 2010). However, reviews on the topic
suggest evidence that self-reported fatigue is a significant issue for individuals over the age
of 65 years (Poluri et al., 2005, Avlund, 2010). In our study sample, a greater proportion of
middle-aged participants (68.8%) and younger participants (54.5%) than older participants
(23.1%) had fatigue scores above the median for their respective age group, which is
consistent with previous reports and can likely be attributed to lifestyle demands such as
school, work and family (Junghaenel et al., 2011). However, this finding is contradictory to
suggestions of greater fatigue in older adults (Avlund, 2010, Poluri et al., 2005), which may
be due to our tightly-controlled recruitment of older individuals with no significant health or
physical function complications, limiting the extension of our findings to individuals with
clinical, or sub-clinical complications. It is therefore possible that higher self-reported
fatigue in older adults may be related more to health status than to aging per se. This
hypothesis awaits further investigation.

Relationships Among Sleep, Fatigue and Activity

A significant, positive relationship was observed between physical activity and sleep quality
in the older, but not the younger or middle-aged participants. When physical activity was
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parsed into the varying intensities, it was apparent that the relationship was due in large part
to minutes spent in MVPA each day (Figure 1, right). The older sample in our study
demonstrated a larger range in MVPA than young, which may have led to the observation of
a stronger relationship with sleep quality in this group. Previous research has shown that
increasing fitness, while maintaining daily energy expenditure in older adults was not
associated with changes in sleep quality (Oudegeest-Sander et al., 2013). Taken together
with the results of the present study, it is suggested that habitual physical activity levels,
rather than fitness, are associated with sleep quality in older adults. Further, such a
relationship appears to be unique to our older population and warrants further research.

No relationship was observed between physical activity and self-reported fatigue in any of
the age groups, suggesting that physical activity levels vary for the same level of fatigue.
Many factors may contribute to the lack of association between physical activity and fatigue.
One possibility is that in an attempt to avoid excessive fatigue, individuals reduce their
physical activity, which could yield a weak association. Research focused on understanding
the etiology and impact of self-reported fatigue in a variety of populations is a growing
endeavor. While the PROMIS questionnaire was chosen for this study because of its strong
validity (Castel et al., 2008), there are many other fatigue measures currently in use. As a
result, fatigue analysis lacks a uniform protocol, making its relationships with other
outcomes measures difficult to quantify.

A significant, positive association was observed between sleep quality and fatigue scores in
the older, but not the younger or middle-aged participants. Such an association is consistent
with previous reports in healthy (Stepanski et al., 1984, Goel et al., 2009) and clinical
populations (Cella et al., 2010, Valentine et al., 2009). In the older group, we observed a
relationship between physical activity and sleep quality and between sleep quality and
fatigue but not between physical activity and fatigue. Thus, sleep quality and fatigue may be
related in older individuals in a manner independent of physical activity. However, a cause
and effect relationship cannot be established here and the contribution of factors such as
stress, anxiety, or other sub-clinical disease processes cannot be ruled out.

All participants in this study were healthy, free from major disease or problems related to
polypharmacy, and of average activity level for their age groups (Troiano et al., 2008).
Despite these characteristics, our older adults had lower physical function than the young
and middle-aged groups. It would be of value to determine whether the age-related
interactions between sleep, activity and fatigue are more pronounced in older adults with
more complex clinical presentation. The possibility that this latter portion of the aged
population might benefit even more from increased daily physical activity remains to be
determined.

To our knowledge, this is the first study to use an objective assessment of physical activity
to examine the relationships among activity, sleep quality and feelings of fatigue across the
adult lifespan. We have shown here that higher habitual physical activity, particularly
MVPA, is associated with better sleep quality, which in turn is associated with lower self-
reported fatigue in older adults. An important result to come from this work is the
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observation that these interactions between physical activity, sleep quality and fatigue
appear to be unique to the population of adults over age 65 years. While these results lend
support to the recommendation of physical activity to promote quality of sleep in older
individuals, directionality of these relationships cannot be inferred from the current data.
These results need to be confirmed in a larger study with experimental designs that allow for
cause-and-effect testing. A better understanding relationships among physical activity, sleep
quality and self-reported fatigue will lead to effective methods of mitigating fatigue of older
adults, contributing to overall improvements in well-being.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Although sleep problems and fatigue are common complaints in old age, little
information is available as to the possible role that habitual physical activity
might play in alleviating these problems.

We measured physical activity, sleep quality and self-reported fatigue in healthy
young, middle-aged and older adults, and examined the relationships among
these variables.

Our results indicated that physical activity was associated with sleep quality
only in older adults; likewise, poor sleep and fatigue also were related only in
the older group. Somwhat surprisingly, there was no relationship between
physical activity and fatigue in any age group.

These results suggest that physical activity may relieve sleep problems, and that
in turn improved sleep may play a role in reducing self-reported fatigue in a
manner that is unique to older adults. However, the directions of these
relationships, and any potential causality, remain to be determined.
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Relationships between sleep quality and physical activity in young (top), middle-aged
(middle) and older (bottom) adults. There was a significant association between the global
PSQI score and daily physical activity counts (left column) in older adults only, indicating
the more daily activity was associated with better sleep quality. Similarly, PSQI was
significantly associated with minutes of moderate-vigorous physical activity (right column)
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in older adults only. PSQI = Pittsburgh Sleep Quality Index; MVPA = moderate-to-vigorous
physical activity
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Table 1

Descriptive Characteristics

Young Middle-aged Older

(n=22) (n=16) (n=22)
Age (years) 23.0£2.3 53.5+9.28 73.9+6.18b
Height (m) 1.7+0.1 1.740.1 1.7+0.1
Mass (kg) 65.4+14.1 74.8+11.2 74.6£12.2

400 m walk (S) 280.9+38.0 268.3+130.8 306.1t51'1a,b

10 chair rises (s) ~ 15.0+2.8 14.6+13.2 18.4+6.62D

Stair ascent (s) 2.9+0.5 2.9+2.4 4.0+0.98b
PSQI (global) 5.0£2.3 49+2.4 4133
PROMIS 143£23  1g.8+36ab 145433

Data are presented as mean+SD.

PSQI = Pittsburgh Sleep Quality Index, lower value indicates better sleep quality; PROMIS = Patient-Reported Outcomes Measurement
Information System Short Form Fatigue Questionnaire, lower values indicate less fatigue;

aindicates different from young group (p<0.02);
bindicates different from older (p<0.03)

*
PROMIS questionnaires were completed by 13 of the 22 individuals in the older group.
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Table 2
Physical Activity Variables

Young Middle-aged Older

(n=22) (n=16) (n=22)
Total (counts-day=1000)  207.7465.2  227.6+67.2  193.4+109.3
Total (min-day™) 362.8+123.4  4780+76.82  432.4487.22
Sedentary (min-day™l)  169.7+68.0  195.1%324  170.3%37.5
Light (min-day™) 149.5466.6 256745062  239.9+69.92
MVPA (min-day™1) 345+16.4 266160  22.1+216

Data are presented as mean+SD.

MVPA = moderate-to-vigorous physical activity;

aindicates different from young (p<0.04)
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