
EFFECT OF STRUCTURED PHYSICAL ACTIVITY ON SLEEP-
WAKE BEHAVIORS IN SEDENTARY ELDERS WITH MOBILITY 
LIMITATIONS

Carlos A. Vaz Fragoso, MD1,2, Michael E. Miller, PhD3, Abby C. King, PhD4, Stephen B. 
Kritchevsky, PhD5, Christine K. Liu, MD6, Valerie H. Myers, PhD7, Neelesh K. Nadkarni, MD, 
PhD8, Marco Pahor, MD9, Bonnie J. Spring, PhD10, and Thomas M. Gill, MD2 for the LIFE 
Study Group
1Clinical Epidemiology Research Center, VA Connecticut, West Haven, CT

2Yale School of Medicine, Department of Medicine, New Haven, CT

3Wake Forest School of Medicine, Department of Biostatistical Sciences, Winston-Salem, NC

4Stanford School of Medicine, Stanford Prevention Research Center, Department of Medicine, 
and Health Research and Policy Department, Stanford, CA

5Sticht Center on Aging, Wake Forest School of Medicine, Winston-Salem, NC

6Boston University School of Medicine, Department of Medicine, Boston, MA

7Pennington Biomedical Research Center, Louisiana State University, Baton Rouge, LA; Klein 
Buendel, Inc., Golden, CO

8University of Pittsburgh, Department of Epidemiology and Medicine, Pittsburgh, PA

9University of Florida, Department of Aging and Geriatric Research, Gainesville, FL

10Northwestern University Feinberg School of Medicine, Chicago, IL

Abstract

OBJECTIVE—To evaluate the effect of structured physical activity on sleep-wake behaviors in 

sedentary community-dwelling elders with mobility limitations.

DESIGN—Multicenter, randomized trial of moderate-intensity physical activity versus health 

education, with sleep-wake behaviors pre-specified as a tertiary outcome over a planned 

intervention period ranging between 24 and 30 months.
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SETTING—Lifestyle Interventions and Independence in Elder (LIFE) Study.

PARTICIPANTS—1635 community-dwelling persons, aged 70–89 years, who were initially 

sedentary with a Short Physical Performance Battery score <10.

MEASUREMENTS—Sleep-wake behaviors were evaluated by the Insomnia Severity Index (ISI) 

(≥8 defined insomnia), Epworth Sleepiness Scale (ESS) (≥10 defined daytime drowsiness), and 

Pittsburgh Sleep Quality Index (PSQI) (> 5 defined poor sleep quality) — administered at baseline 

and subsequently at 6, 18, and 30 months.

RESULTS—The randomized groups were similar on baseline demographic variables, including 

mean age (79 years) and sex (67% female). Relative to health education, structured physical 

activity significantly reduced the likelihood of having poor sleep quality (adjusted odds ratios 

[adjOR] for PSQI >5 of 0.80 [0.68, 0.94]), including a reduction in new cases (adjOR for PSQI >5 

of 0.70 [0.54, 0.89]) but not in resolution of prevalent cases (adjOR for PSQI ≤5 of 1.13 [0.90, 

1.43]). No significant intervention effects were observed for ISI or ESS.

CONCLUSION—Structured physical activity reduced the likelihood of developing poor sleep 

quality (PSQI >5) over the intervention period, when compared with health education, but had no 

effect on prevalent cases of poor sleep quality, or on sleep-wake behaviors evaluated by the ISI or 

ESS. These results suggest that the benefit of physical activity in this sample was preventive and 

limited to sleep-wake behaviors evaluated by the PSQI.
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INTRODUCTION

Sleep-wake disturbances are frequently noted in older Americans.
1,2 In the Established 

Populations for Epidemiologic Studies of the Elderly (EPESE), involving 9,282 community-

dwelling persons aged 65 years or older, 43% reported insomnia symptoms and 25% 

napped.
1
 These findings were confirmed in the National Sleep Foundation’s (NSF) survey of 

community-living older persons, which reported insomnia symptoms in 46% of persons 

aged 65–74 years and in 50% of those aged 75–84 years, with corresponding rates for 

napping of 39% and 46%.
2
 The occurrence of sleep-wake disturbances in older persons is 

associated with cognitive decline, depression, falls, cardiovascular disease, 

institutionalization, and death.
1–4

Low physical activity and mobility limitations are also prevalent in older persons and may 

underlie the development of sleep-wake disturbances.
1–6

 In two large national surveys of 

older Americans, 82.6% did not have any regular physical activity,
5
 and 24.8% had difficulty 

or were unable to walk one-quarter mile.
6
 In the 2003 NSF poll,

2
 older Americans who were 

sedentary (exercised less than once per week) or had mobility disability (very difficult or 

unable to walk one-half mile, or up and down a flight of stairs without help) had a 2-fold or 

greater prevalence of insomnia and daytime drowsiness, respectively. In EPESE,
3
 the onset 

of physical disability (dependency in activities of daily living, or inability to walk up and 
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down stairs or one half-mile without help) increased the likelihood of developing insomnia 

by 109%.

There is a strong rationale to promote physical activity in sedentary older persons with 

mobility limitations.
7,8 Based on an extensive review of prior work, the U.S. Department of 

Health and Human Services has concluded that physical activity improves cardiovascular, 

musculoskeletal, and mental health.
7
 These benefits, in turn, can lead to improvements in the 

sleep-wake cycle and mobility,
4,7–11

 but the effect of exercise on sleep-wake behaviors 

remains to be established in sedentary older persons with mobility limitations. Although two 

prior studies of sedentary persons have shown, respectively, that a 16-week and 12-month 

moderate-intensity exercise program yielded modest improvements in subjective and 

objective measures of sleep,
9,10

 these studies included middle-aged persons and did not 

specifically evaluate individuals with mobility limitations.

The Lifestyle Interventions and Independence for Elders (LIFE) Study is a randomized 

controlled trial designed to compare a physical activity intervention with a health education 

intervention in 1,635 sedentary older persons with mobility limitations, over a planned 

intervention period ranging between 24 and 42 months.
8,12

 Although the primary outcome 

of the LIFE Study was major mobility disability, sleep-wake behaviors were also pre-

specified as a tertiary outcome, with assessments at baseline and subsequently at 6, 18, and 

30 months. Of note, at the baseline visit,
13

 LIFE participants frequently reported insomnia 

(32.8% had an Insomnia Severity Index
14

 ≥8), daytime drowsiness (18.1% had an Epworth 

Sleepiness Scale
15

 ≥10), and poor sleep quality (54.2% had a Pittsburgh Sleep Quality 

Index
16

 >5).

In a pre-specified LIFE Study analysis, we evaluated the effect of structured physical activity 

on sleep-wake behaviors, relative to health education, over a planned intervention period 

ranging between 24 and 30 months. Because structured physical activity has been found to 

reduce major mobility disability in the LIFE Study,
8
 we postulated that a physical activity 

intervention could improve sleep-wake behaviors.

METHODS

Trial design and participants (N=1635)

The LIFE Study is a multicenter, single-blind, parallel randomized trial involving 1,635 

sedentary older persons with mobility limitations, conducted at 8 centers across the United 

States (on-line Appendix A).
8,12,17

 The study protocol was approved by the institutional 

review boards at all participating sites. Written informed consent was obtained from all 

study participants.

Details of the trial design were published previously.
8,12,17

 Eligibility criteria included: 1) 

age 70–89 years; 2) sedentary status, defined as <20 minutes/week of regular physical 

activity in the past month and <125 minutes/week of moderate physical activity;
18

 3) 

mobility limitations, defined as a Short Physical Performance Battery score <10,
19,20

 but 

able to walk 400 meters in ≤15 minutes (without sitting, leaning, or help of another person 

or walker); and 4) no major cognitive impairment, defined as a Modified Mini-Mental State 
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Examination (3MSE)
21

 score of no more than 1.5 standard deviations below education- and 

race-specific norms.

Interventions

The physical activity intervention involved primarily walking with a goal of 150 minutes/

week, as well as strength, flexibility, and balance training.
8,12

 The intervention included 

attendance at 2 center-based sessions per week and home-based activity 3–4 times per week 

for the duration of the study. The physical activity sessions progressed towards a goal of 30 

minutes of walking 5-days a week at moderate intensity, 10 minutes of primarily lower 

extremity strength training (ankle weights), 10 minutes of balance training, and large muscle 

group flexibility exercises. Participants began with lighter intensity exercise and gradually 

increased intensity over the first 2–3 weeks of the intervention.

The health education intervention focused on weekly workshops during the first 26 weeks, 

and monthly sessions thereafter.
8,12

 Workshops included topics such as how to negotiate the 

health care system, how to travel safely, preventive services and screenings at different ages, 

and where to go for reliable health information and nutrition. Each workshop also included a 

5–10 minute instructor-led program of gentle upper extremity stretching or flexibility 

exercises.

Demographics and Clinical Characteristics

The baseline characteristics included age, sex, ethnicity/race, living alone, body mass index 

(BMI, kg/meter2), cognition, depressive symptoms, smoking status, medical conditions, 

medications, use of caffeine/energy drinks, and health status.

Cognition was evaluated by the 3MSE,
21

 with a score <89 defining possible cognitive 

impairment; as per eligibility criteria, LIFE participants had a 3MSE score of no more than 

1.5 standard deviations below education- and race-specific norms.
12

 Depressive symptoms 

were evaluated by the Center for Epidemiologic Studies Depression Scale (CES-D), with a 

score ≥16 defining high levels of depressive symptoms.
22

 Medical conditions were self-

reported physician-diagnosed, and selected based on known associations with sleep-wake 

disturbances.
1–4,23–26

 Medications were defined as the total number of prescription 

medications and use of a prescription medication with potential central nervous system 

(CNS) effects (anticonvulsant, antidepressant, antihistamine, antipsychotic, barbiturate, 

benzodiazepine, muscle relaxant, opiate). Polypharmacy was defined by ≥4 prescription 

medications.
27

 Caffeine/energy drink use was established by daily consumption of ≥2 

caffeinated beverages (soda, energy drinks, coffee, tea, iced coffee, iced tea).
28

 To assess 

health status, participants were asked, “Would you say your health in general is excellent, 

very good, good, fair, or poor?” Reduced health status was defined as a rating of “poor.”
13

Mobility Limitation and Physical Inactivity

Baseline mobility was evaluated by the Short Physical Performance Battery (SPPB) and 400 

meter walk test (400MWT) 
8,12

 The SPPB is a composite measure that consists of time to 

walk 4 meters at usual pace, time to complete five chair stands, and three increasingly 

difficult standing balance maneuvers.
19,20

 An SPPB score <8 identified moderate-to-severe 
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mobility impairment.
19,20

 The 400MWT was completed at the participant’s usual walking 

pace over a 40-meter course, with a slow gait speed defined as <0.8 m/s.
29

Physical inactivity was established by accelerometry (ActiGraph GT3X and ActiLife 

software [version 5]; Pensacola, FL), over a planned 7-day period.
8,12

 After dressing each 

morning, participants placed the accelerometer on their right hip (waistline belt), thereafter 

removing the monitor just prior to going to bed at night. Sedentary time was defined as 

percent of accelerometry wear time with activity <100 counts/minute (approximated sitting 

time),
30

 averaged across at least 5 days of monitoring, including 10-hours on each day (this 

amount of wear time correlates well with 3 weeks of wear time).
31

 Accelerometry was 

measured at baseline and 6, 12, and 24 months. In addition, the Community Healthy 

Activities Model Program for Seniors (CHAMPS) questionnaire
18

 assessed self-reported 

physical activity at baseline and 6, 12, 24, and 36 months.

Sleep-Wake Behaviors

Sleep-wake behaviors were evaluated at baseline and 6, 18, and 30 months, using 

questionnaires that included the Insomnia Severity Index (ISI), Epworth Sleepiness Scale 

(ESS), and Pittsburgh Sleep Quality Index (PSQI). These were administered by blinded 

assessors during regularly scheduled visits at the field centers.

The ISI is a 7-item questionnaire based on the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition criteria for insomnia.
14

 The response to each item is scored on a 

0–4 scale, using qualitative descriptors that include none, mild, moderate, severe, and very 

severe, respectively. The ISI score ranges from 0–28, with higher scores signifying more 

severe symptoms. A sleep-wake disturbance was established by an ISI≥8, defining 

insomnia.
14

The ESS measures the chance of dozing during eight different activities, based on a scale of 

0–3 that included the qualitative descriptors of none, slight, moderate, and high, 

respectively.
15

 The ESS score ranges from 0–24, with higher scores signifying more severe 

symptoms. Two frequently cited thresholds for defining daytime drowsiness include ESS 

scores of 10 and 11.
15,32–36

 To establish a clinically meaningful sleep-wake disturbance, 

daytime drowsiness was defined as an ESS≥10, based on prior NSF surveys and its 

association in older persons with other measures of daytime drowsiness, hypertension, 

stroke, frailty, and driving capacity.
32–36

The PSQI provides a multidimensional evaluation of sleep-wake behaviors over the prior 

month.
16

 It includes seven subscales that include quantitative descriptors (timing, duration, 

or frequency) of subjective sleep quality, sleep latency, sleep duration, habitual sleep 

disturbances, use of sleep medications, and daytime dysfunction. Each subscale is weighted 

equally on a 0–3 scale, with the total PSQI score ranging from 0–21; the higher the score, 

the worse the sleep quality. A sleep-wake disturbance was established by a PSQI>5, defining 

poor sleep quality.
16
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Statistical Analysis

The baseline characteristics were first summarized by intervention group, using means and 

standard deviations (SD), or counts and percentages. The outcomes of interest were sleep-

wake behaviors, evaluated across a 30-month follow-up period. The sleep-wake behaviors 

were evaluated as categorical variables (sleep-wake disturbances of insomnia [ISI≥8], 

daytime drowsiness [ESS≥10], and poor sleep quality [PSQI>5]), and as continuous 

variables (ISI [range 0–28], ESS [range 0–24], and PSQI [range 0–21]).

Next, using GEE marginal logistic regression models appropriate for repeated binary 

outcomes and pre-specified sleep-wake disturbance cut-points, the average odds ratios of 

having a sleep-wake disturbance in the physical activity group relative to the health 

education group were estimated across 30 months of follow-up.
37

 The models included 

terms for field center and gender (randomization was stratified on these factors). In addition, 

categorical terms for follow-up visit and intervention by follow-up visit interaction were 

included in the models; the interaction term was necessary to allow for separate estimation 

of intervention effects at each time point. An unstructured covariance matrix was used to 

account for the within-person correlation between repeated measures. The follow-up visit by 

intervention term was tested for all models and the average odds ratio across follow-up visits 

was estimated from a model without this interaction.

As a sensitivity analysis, using the same logistic regression models as previously described, 

the average odd ratios of having an incident sleep-wake disturbance relative to intervention 

group were estimated across the 30-month follow-up period, within two subgroups. 

Subgroup 1 consisted of participants reporting no sleep-wake disturbance at baseline and 

thus analyzed incident new sleep-wake disturbances as the outcome (“new cases”); whereas 

subgroup 2 consisted of participants with a baseline sleep-wake disturbance (“prevalent 

cases”) and analyzed incident resolution of the prevalent sleep-wake disturbance (“resolved 

cases”).

The continuous measures of sleep-wake behaviors were evaluated using mixed effects 

analysis of covariance models appropriate for repeatedly measured outcomes. The different 

post-baseline mean levels of ISI, ESS, and PSQI were evaluated using a model containing 

the same terms as described for the repeated measures logistic regression analyses plus a 

continuous covariate containing the baseline, pre-randomization value of each outcome. 

Least squares means were obtained for each sleep-wake behavior and contrasts were used to 

obtain estimates and test the average intervention effect across follow-up visits.

Pre-specified subgroups included ethnicity/race (non-Hispanic white vs. other), sex, baseline 

physical performance (SPPB <8 vs. ≥8) and age (70–79 vs. ≥80).
8
 The effect of the 

intervention within pre-specified subgroups was investigated by entering the baseline 

subgroup and subgroup by intervention effects into each model (both GEE and mixed effects 

models) for any sleep-wake disturbance (3 outcomes X 4 subgroups). These additional terms 

allowed the use of contrasts to investigate homogeneity of average effects over time among 

subgroups. All subgroup hypothesis tests were considered to be hypothesis generating and 

conducted at the 0.05 level. Since we performed 24 tests of subgroup hypotheses each at the 

Vaz Fragoso et al. Page 6

J Am Geriatr Soc. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



0.05 level, there is a >70% chance that at least one test would be significant at an 0.05 level, 

assuming independence between tests.
38

Finally, in both intervention groups, sleep-wake behaviors were evaluated across the trial 

period according to level of physical activity (≤ vs. >150 min/week of self-reported minutes 

of walking and weight training by CHAMPS,
18

 and ≤ vs. >200 min/week at >760 

counts/min by accelerometry). Specifically, mean values for ISI, ESS, and PSQI were 

calculated at different levels of physical activity across the trial period, and correlation 

analyses (Spearman’s correlation coefficient) were performed between level of physical 

activity and the ISI, ESS, and PSQI.

RESULTS

Table 1 shows the baseline characteristics of the physical activity and health education 

groups. Both groups had a mean age of about 79 years and the majority was female and 

white. The frequency of living alone was similar in both groups, including a two-fold greater 

rate in females versus males. The mean BMI and frequency of non-smokers (never or 

former) were also similar in both groups. In addition, there were comparable 3MSE and 

CES-D scores; high rates of arthritis, cardiopulmonary risk factors and disease; frequent use 

of medications and caffeine/energy drinks; but low rates of reduced health status. For both 

groups, as expected given the eligibility criteria, the average SPPB score was moderate-to-

severely reduced, and a large proportion of participants had slow gait speed and high 

sedentary time. Although sleep-wake disturbances (insomnia, daytime drowsiness, and poor 

sleep quality) were common, both groups had mean values for ISI, ESS, and PSQI that were 

less than one-third of the maximum available scores (28, 24, and 21, respectively).

Figure 1 shows the prevalence of sleep-wake disturbances (categorical variables) over time 

in the physical activity and health education intervention groups. Appendix B provides the 

same information in tabular format (Table B1). The relative effects of the physical activity 

intervention on sleep-wake disturbances over time are shown in Figure 2. This figure 

includes three outcomes—all cases, new cases, and resolved cases of sleep-wake 

disturbances, respectively. For these outcomes, there was no statistical evidence of follow-up 

visit by intervention interaction (p>.20 for all). Relative to the health education group, the 

physical activity group had a lower likelihood of having poor sleep quality across the trial 

period, for all cases and new cases (adjusted odds ratios for PSQI>5 of 0.80 [0.68, 0.94] and 

0.70 [0.54, 0.89], respectively), but not for resolution of prevalent cases (adjusted odds ratios 

for PSQI≤5 of 1.13 [0.90, 1.43]). No significant intervention effects were observed for 

insomnia or daytime drowsiness as defined by the ISI and ESS scores.

Figure 3 shows adjusted least squares mean values for the continuous measures of sleep-

wake behaviors (ISI, ESS, and PSQI) over time in the physical activity and health education 

intervention groups. Appendix B provides the same information in tabular format (Table 

B2). For the three continuous measures of sleep-wake behaviors, there was no statistical 

evidence of follow-up visit by intervention interaction (p>0.19 for all). Relative to the health 

education group, the physical activity group had lower adjusted least squares mean values 

for the PSQI (p=.03 for average treatment effect across the follow-up period). As shown in 
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Table 2, however, the magnitude of the average treatment effect on the PSQI was only 0.26 

points lower in the physical activity than the health education group. No significant 

intervention effects were observed for the ISI and ESS scores.

In additional analyses, the average effect of physical activity and health education across the 

trial period on all cases of sleep-wake disturbances (categorical variables) did not differ 

statistically according to the pre-specified subgroups (p>.10), except for a borderline 

interaction between ethnicity/race and poor sleep quality (p=.06). Relative to health 

education, whites had a lower likelihood of having poor sleep quality (PSQI>5) in response 

to physical activity (adjusted odds ratio of 0.72 [0.60, 0.87], p<0.001), but this difference 

was not observed in non-whites (1.04 [0.75, 1.45], p=0.82). For the outcome of continuous 

measures of sleep-wake behaviors, the average effect of physical activity and health 

education across the trial period did not differ statistically according to the pre-specified 

subgroups (p≥.09), except for a significant interaction between sex and PSQI (p=.04). 

Relative to health education, women achieved better sleep quality (lower PSQI) in response 

to physical activity than men; specifically, the average intervention effect for the PSQI was 

0.39 points lower in the physical activity versus health education group in women (p=0.007), 

but 0.13 points higher in men (p=0.52).

Finally, sleep-wake behaviors did not differ substantially over time according to levels of 

physical activity. In particular, mean values for the PSQI were similar across levels of 

physical activity, and no statistically significant correlations were observed between physical 

activity levels (either absolute levels or change from baseline) and the PSQI (data not 

shown).

DISCUSSION

In this clinical trial involving sedentary older persons with mobility limitations,
8,12,17

 we 

found that structured physical activity when compared with health education reduced the 

likelihood of having poor sleep quality (PSQI>5) over the course of 30 months by 20%. The 

benefit of physical activity was observed for new cases, with an odds reduction of 30%, but 

not for resolution of prevalent cases. The physical activity intervention also yielded a 

statistically significant improvement in sleep quality (lower PSQI), although this benefit was 

small and limited to women. Finally, physical activity offered no observed benefit for sleep-

wake behaviors as evaluated by the ISI and ESS.

These results suggest that structured physical activity is an effective preventive strategy for 

reducing the burden of poor sleep quality in older persons. This preventive effect is 

especially noteworthy because the PSQI evaluates multiple sleep-wake behaviors, is 

sensitive to change, and has been validated in older persons.
16,39

 In addition, LIFE 

participants had many risk factors for developing poor sleep quality, including: 1) older age 

with predominant female and white representation (may predispose to disturbances in sleep 

continuity and structure); 2) high rates of obesity, diabetes, cardiopulmonary disease, and 

arthritis (may lead to sleep-disruptive symptoms [pain, dyspnea, bronchitis, nocturia], sleep-

disordered breathing, and sleep-related movement disorders); 3) frequent use of medications 

and caffeine/energy drinks (may lead to disturbed sleep continuity and structure); and 4) 
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sedentary status and mobility limitations (may lead to reduced homeostatic drive to 

nighttime sleep or loss of circadian zeitgebers, which include environmental and social cues 

that synchronize the sleep-wake cycle).
1–4,23–26,40–42

 Based on the observed 30% odds 

reduction and event rate as low as 0.20, we estimate that 20 older persons would need to 

undergo a physical activity intervention to prevent an incident case of poor sleep quality.

The mechanisms underlying the benefit of physical activity on poor sleep quality cannot be 

established by the current study. One modifiable mechanism could include restoration of 

circadian zeitgebers.
4,40,41

 By requiring attendance at a center twice a week and home-based 

activity 3–4 times per week, the physical activity intervention may have restored important 

circadian zeitgebers, including improved socialization, more structured daytime routines, 

and greater time spent outside the home (exposure to sunlight). Moreover, by lowering the 

risk of developing mobility disability,
8
 the physical activity intervention may have prevented 

the progressive loss of circadian zeitgebers. Older women are especially vulnerable to the 

loss of circadian zeitgebers, given their high likelihood of living alone (two-fold greater rate 

in females versus males in the LIFE Study) and reduced sleep homeostasis (decreased 

amount of normalized slow wave sleep, concurrent with increased alpha activity [EEG 

pattern of wakefulness] and lower sleep-onset release of growth hormone, relative to 

men).
43,44

 These differences could explain why the benefit of physical activity on the PSQI 

(continuous variable) was observed in women but not men.

An effective preventive strategy for reducing the burden of poor sleep quality in older 

persons could lead to important clinical benefits.
1–4

 First, a lower rate of incident poor sleep 

quality may alter prescription practices regarding hypnotics and, in turn, potentially reduce 

the rate of corresponding adverse drug events. Second, a lower rate of incident poor sleep 

quality may be associated with a lower rate of incident depression. Third, the age-related 

decline in cognitive function may be attenuated by a lower rate of incident poor sleep 

quality. Hence, future work should test the hypothesis that the physical activity intervention 

in the LIFE Study may lower the incidence rate of hypnotic use, depression, and cognitive 

impairment, as a consequence of a lower rate of incident poor sleep quality.

Nonetheless, the current study has also shown that physical activity did not benefit prevalent 

cases of poor sleep quality. The high burden of multimorbidity and polypharmacy, which 

often contribute to chronic sleep-wake disturbances in older persons,
1–4,24,45,46

 might not 

have been reduced by the physical activity intervention. The multimorbidity may include 

cardiopulmonary disease and primary sleep disorders (sleep apnea and movement disorders), 

while polypharmacy may include CNS-active medications. Accordingly, future work should 

test the hypothesis that the physical activity intervention in the LIFE Study did not have a 

beneficial effect on prevalent cases of poor sleep quality because of continued 

multimorbidity and polypharmacy.

Similarly, we postulate that the high prevalence of multimorbidity and polypharmacy may 

underlie the lack of benefit of physical activity on the ISI and ESS, for two related reasons. 

First, the ISI and ESS are symptom-specific, focused on insomnia and daytime drowsiness, 

respectively.
14,15

 Second, multimorbidity is often associated with chronic sleep-disruptive 

symptoms, whereas polypharmacy may disrupt sleep and impair daytime alertness.
1–4 
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Hence, future work should test the hypothesis that the physical activity intervention in the 

LIFE Study did not have a beneficial effect on the symptoms of insomnia (ISI) and daytime 

drowsiness (ESS) because of continued multimorbidity and polypharmacy.

The LIFE Study did not enroll participants based on the presence of sleep-wake 

disturbances, which could also explain the limited benefit of the physical activity 

intervention. Sleep-wake disturbances were generally mild at baseline, including mean 

values for PSQI, ISI, and ESS that were less than one-third of maximum available scores 

(21, 28, and 24, respectively).
14–16

 The mild sleep-wake disturbances might be attributable 

to the low rate of poor self-rated health (16.6%)
13

 and the exclusion of persons with mobility 

disability at study entry.
12

 Prior work has shown that reduced health status and physical 

disability are associated with sleep-wake disturbances.
1–4

A few additional study limitations warrant comment. First, because aging may be associated 

with reduced symptom-awareness,
47–49

 it is possible that the PSQI, ISI, and ESS may have 

misclassified sleep-wake disturbances. Of these questionnaires, the PSQI may have been the 

least likely to misclassify sleep-wake disturbances because it additionally quantifies the 

timing and duration of sleep-wake behaviors, as well as the frequency of hypnotic 

medication use.
16

 In contrast, the ISI and ESS only included qualitative descriptors of 

symptoms (e.g. mild, moderate, severe, etc).
14,15

 Misclassification of sleep-wake 

disturbances may have also occurred because of the age-related “paradox of well-being.”
50 

The latter refers to the high level of life satisfaction in older persons, and can also include 

lower health expectations.
50

 Second, the sample size of subgroups was modest, and may 

have especially limited the evaluation of ethnicity/race as a modifying factor (borderline 

interaction between ethnicity/race and poor sleep quality [p=.06]). To address these 

limitations, future work will need to evaluate the effect of physical activity based on sleep-

wake disturbances as the primary outcome, including severe forms that are objectively 

confirmed by wrist actigraphy and polysomnography, as well as a larger non-white 

representation.

In conclusion, using data from the largest and longest duration randomized trial of physical 

activity in sedentary elders with functional limitations (LIFE Study), we found that 

structured physical activity reduces the likelihood of new cases of poor sleep quality 

(PSQI>5) by a statistically significant 30%, relative to health education. No significant 

benefits of physical activity were shown for prevalent cases of poor sleep quality, or sleep-

wake behaviors that were evaluated by the ISI and ESS. These results suggest that the 

beneficial effect of physical activity in this population sample is preventive and limited to 

sleep-wake behaviors that are evaluated by the PSQI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prevalence of sleep-wake disturbancesa in the physical activity and health education 

intervention groups across 30 months of follow-upb,c

aCategorical variables, including insomnia (Insomnia Severity Index [ISI] ≥8), daytime 

drowsiness (Epworth Sleepiness Scale [ESS] ≥10), and poor sleep quality (Pittsburgh Sleep 

Quality Index [PSQI] >5), assessed at baseline and 6, 18, and 30 months. Of those who 

completed baseline sleep-wake questionnaires (Table 1), the percentage of participants with 

missing sleep-wake outcomes at each visit were: 6 months—ISI 5.8%, ESS 7.8%, PSQI 

3.9%; 18 months—ISI 9.7%, ESS 11.3%, PSQI 9.1%; and 30 months—ISI 15.4%, ESS 

16.6%, PSQI 14.3%. At each visit, for all sleep-wake outcomes, the absolute difference in 

percent missing between groups was always less than 3% (range of difference between 

intervention groups was 1.7% to 2.9%).
bOf the 818 participants who were randomized to physical activity, 118 discontinued the 

intervention after a median of 15.8 months. The physical activity group attended 63% of 

scheduled sessions after excluding medical leave (median [interquartile range] of 71% 

[50%–83%]) over a median of 28.5 months.
cOf the 817 participants who were randomized to health education, 160 discontinued the 

intervention after a median of 32.5 months. The health education group attended 73% of 
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scheduled sessions (median [interquartile range] of 82% [63%–90%]) over a median of 32.5 

months.

Vaz Fragoso et al. Page 16

J Am Geriatr Soc. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Odds ratioa (95% confidence interval) for effect of physical activity intervention on sleep-

wake disturbancesb over timec

aCalculated as the average odds ratio across the 30-month follow-up, adjusted for field 

center and gender.
bCategorical variables, including insomnia (Insomnia Severity Index ≥8), daytime 

drowsiness (Epworth Sleepiness Scale ≥10), and poor sleep quality (Pittsburgh Sleep Quality 

Index >5), and further stratified as: 1) all cases (regardless of baseline); 2) incident case of a 

new sleep-wake disturbance (in those who did not have the corresponding sleep-wake 

disturbance at baseline); and 3) incident case of a resolved sleep-wake disturbance (in those 

who had the corresponding sleep-wake disturbance at baseline).
cSee footnotes to Figure 1 regarding missing data on sleep-wake outcomes and adherence to 

the physical activity and health education interventions, across the 30-months of follow-up.
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Figure 3. 
Adjusted least squares mean valuesa (95% confidence intervals) for sleep-wake behaviorsb 

over time in the physical activity and health education intervention groupsc

aAdjusted for field center and gender.
bContinuous variables, including Insomnia Severity Index (range 0–28), Epworth Sleepiness 

Scale (range 0–24), and Pittsburgh Sleep Quality Index (range 0–21)—assessed at baseline 

and 6, 18, and 30 months.
cSee footnotes to Figure 1 regarding missing data on sleep-wake outcomes and adherence to 

the physical activity and health education interventions, across the 30-months of follow-up.
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Table 1

Baseline characteristics of the physical activity and health education groups (N=1635)a

Characteristics
Physical Activity (PA) Health Education (HE)

NPA
b Mean (± SD) or No. (%) NHE

b Mean (± SD) or No. (%)

Age
818

78.7 (± 5.2)
817

79.1 (± 5.2)

Female 547 (66.9%) 551 (67.4%)

Non-white 815 211 (25.9%) 815 180 (22.1%)

Lived alone

 Female 546 319 (58.4%) 550 337 (61.3%)

 Male 271 69 (25.5%) 262 83 (31.7%)

BMI, kg/m2 818 30.1 (± 5.7) 817 30.3 (± 6.2)

Smoking status

 Never

807

400 (49.6%)

799

434 (54.3%)

 Former 381 (47.2%) 341 (42.7%)

 Current 26 (3.2%) 24 (3.0%)

3MSEc 818 91.5 (± 5.5) 817 91.6 (± 5.3)

CES-Dd 778 9.0 (± 8.2) 775 9.5 (± 8.5)

Chronic conditionse

 Number of chronic conditions 816 1.5 (± 1.0) 815 1.5 (± 1.0)

 Hypertension 813 573 (70.5%) 808 578 (71.5%)

 Diabetes mellitus 815 199 (24.4%)
813

216 (26.6%)

 Symptomatic arthritis 812 153 (18.8%) 165 (20.3%)

 Chronic lung diseasef
815

130 (16.0%)
812

123 (15.1%)

 Coronary artery disease 60 (7.4%) 69 (8.5%)

 Stroke 814 57 (7.0%) 814 52 (6.4%)

 Heart failure 813 26 (3.2%) 809 45 (5.6%)

Medications (prescription)

 Number used

817

5.3 (± 3.3)

816

5.4 (± 3.3)

 Polypharmacyg 559 (68.4%) 591 (72.4%)

 CNS-basedh 324 (39.7%) 331 (40.6%)

Caffeine/energy drink use 818 654 (80.0%) 817 648 (79.3%)

Reduced health status 816 131 (16.1%) 813 140 (17.2%)

SPPB scorei

818

7.4 (± 1.6)

817

7.3 (± 1.6)

400 meter walk time (minutes) 8.4 (± 1.9) 8.5 (± 1.9)

 Slow gait speed (<0.8 m/sec)j 348 (42.5%) 364 (44.6%)

Sedentary time (%)k 593 77.2 (± 7.9) 581 76.9 (± 8.2)

Sleep-wake behaviorsl
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Characteristics
Physical Activity (PA) Health Education (HE)

NPA
b Mean (± SD) or No. (%) NHE

b Mean (± SD) or No. (%)

Insomnia Severity Index (ISI)m 799 5.5 (± 5.0) 779 6.0 (± 5.2)

 Insomnia (ISI ≥8) 809 250 (30.9%) 801 282 (35.2%)

Epworth Sleepiness Scale (ESS)n 793 6.1 (± 3.9) 796 6.1 (± 4.0)

 Daytime drowsiness (ESS ≥10) 794 141 (17.8%) 797 147 (18.4%)

Pittsburgh Sleep Quality Index (PSQI)o 813 5.9 (± 3.8) 807 5.9 (± 3.8)

 Poor sleep quality (PSQI >5) 816 383 (46.9%) 813 395 (48.6%)

BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; CNS, central nervous system; COPD, chronic obstructive 
pulmonary disease; 3MSE, Modified Mini-Mental Status Exam; SD, standard deviation; SPPB, Short Physical Performance Battery.

a
Of 14831 participants who were screened, 6313 did not meet eligibility criteria and 6883 were excluded because they chose not to continue 

screening or refused participation (4125), planned to move out of the area within 24 months (2321), or had other reasons (437). This yielded a final 
sample of 1635 participants, with 818 randomized to physical activity and 817 to health education.

b
Varies as a consequence of participants being excluded because of poor testing performance, missing values, or a delayed start to data acquisition 

(i.e., accelerometry).

c
3MSE score <89 defined possible cognitive impairment.

d
CES-D score ≥ 16 defining high levels of depressive symptoms.

e
Self-reported, and selected on the basis of known associations with sleep-wake disturbances.

f
Asthma, chronic bronchitis, emphysema, or COPD.

g
Use of four or more medications.

h
Included: anticonvulsant, antidepressant, antihistamine, antipsychotic, barbiturate, benzodiazepine, muscle relaxant, or an opiate.

i
SPPB score <8 identified moderate-to-severe mobility impairment.

j
Measured during the 400 meter walk at the participant’s usual walking pace.

k
Percent of accelerometer wear time with activity <100 counts/minute, averaged across days. Limited to participants with at least 5 days of wear 

time and at least 10 hours on each day.

l
Sample sizes also varied according to the reported analysis. In particular, if the ISI, ESS, or PSQI score met criteria for a sleep-wake disturbance 

but the questionnaire was otherwise incomplete, a sleep-wake disturbance was still established (reported as a categorical variable), whereas the 
continuous score was considered missing (not included in the calculation of mean values).

m
ISI ranges from 0–28, with higher scores signifying more severe insomnia.

n
ESS ranges from 0–24, with higher scores signifying more severe daytime drowsiness

o
PSQI ranges from 0–21, with higher scores signifying a worse sleep quality.
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