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Abstract

Objective: To examine the association between multidimensional sleep health and objective measures of physical
functioning in older adults. Method: We conducted a secondary analysis of 158 adults =65years who participated
in Midlife in the United States (MIDUS) 2 and MIDUS Refresher studies. Physical functioning was assessed using gait
speed during a 50-foot timed walk, lower extremity strength via chair stand test, and grip strength via hand-held
dynamometers. Composite multidimensional sleep health scores were derived from | week of sleep diaries and wrist
actigraphy. Results: Multiple linear regression was used to examine the associations between multidimensional
sleep health and physical functioning measures. In adjusted regression analyses, multidimensional sleep health was
significantly positively associated with gait speed but not lower extremity strength or grip strength. Discussion:
These findings suggest multidimensional sleep health may contribute to physical functioning in older adults.
Longitudinal examinations are needed to determine the value of multidimensional sleep health as a therapeutic
target to optimize physical functioning.
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Introduction wake times, perceived sleep quality, alertness during
waking, timing of sleep, sleep efficiency, and sleep
duration. Approaching sleep from a multidimensional
framework describes an individual’s experience of
sleep-wake behavior more completely than single mea-
sures such as sleep duration, which is particularly impor-
tant in the context of physical functioning (Stenholm
etal., 2011). This framework also takes into account that
an individual may have a disturbance in one domain of
sleep health, while others are maintained; for instance,
one may report poor sleep quality despite getting the
recommended amount of sleep. The sleep health frame-
work is dimensional, rather than dichotomous, as in the
case of a sleep disorders framework. As such, it consid-
ers the degree to which an individual experiences

Rowe and Kahn’s (1997) model defines successful aging
as a multidimensional construct that includes low risk of
disease and disease-related disability, maintenance of
high cognitive and physical functional capacity, and
active engagement with life. This model also highlights
the importance of modifiable behavioral and environ-
mental factors to successful aging. As one of the essen-
tial components of successful aging, physical functioning
has been consistently linked to the health and well-being
of older adults (e.g., Groessl et al., 2007; Trombetti
etal., 2016). However, which specific modifiable behav-
ioral factors contribute to physical functioning capacity
are less understood. Sleep health is one such factor that
may contribute to physical functioning capacity.
Just as successful aging comprises several elements,
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healthy sleep and, relatedly, encourages examination of
the extent to which healthy sleep relates to optimal
health and functioning.

Multidimensional sleep health has been linked to
physical health outcomes such as cardiometabolic mor-
bidity, all-cause mortality, and cardiovascular mortality
(Brindle et al., 2019; Wallace et al., 2019). To date, one
study has linked better multidimensional sleep health to
better physical functioning in community-dwelling
midlife to older adults (DeSantis et al., 2019). A primary
limitation of this existing work, however, is the exclu-
sive use of self-report measures to measure physical
functioning. Although valuable, self-report measures are
susceptible to bias and are weakly to moderately corre-
lated with performance-based measures of physical
functioning, suggesting that self-report and perfor-
mance-based measures assess distinct aspects of physi-
cal functioning (Cress et al., 1995; Guralnik et al., 1995;
Hoeymans et al., 1996; Louie & Ward, 2010; Reuben &
Siu, 1990). Additionally, performance-based measures
of physical functioning have added value beyond self-
report measures when predicting outcomes such as mor-
tality, particularly among women (Eekhoff et al., 2019).

The present analysis extends the successful aging lit-
erature by examining if multidimensional sleep health is
associated with objective, performance-based measures
of physical functioning in a community-based sample of
older adults. More specifically, we examined associa-
tions of multidimensional sleep health with measures of
gait speed, grip strength, and lower extremity strength in
adults 65 years and older who participated in Midlife in
the United States (MIDUS) 2 and MIDUS Refresher
studies. Prior work has shown that individual sleep
parameters are significantly related to performance-
based measures of functioning (e.g., Dam et al., 2008;
Goldman et al., 2007), and that multidimensional sleep
health is associated with self-report measures of physi-
cal functioning (DeSantis et al., 2019). Based on obser-
vations in published studies, we hypothesized that better
multidimensional sleep health would be associated with
three performance-based measures of physical function-
ing: faster gait speed, stronger lower extremity strength,
and stronger grip strength.

Methods

Participants and Procedures

We conducted a secondary analysis of publicly available
data from the Midlife in the United States (MIDUS) 2
and MIDUS Refresher studies. MIDUS is a national,
longitudinal study of health and well-being in US adults.
MIDUS 2 is a longitudinal follow-up (2004-2009) of
MIDUS 1 (1995-1997). The MIDUS Refresher study
(2011-2014) was designed to replenish the original
sample of MIDUS 1 participants and parallels prior
MIDUS studies in methodology. The MIDUS 2 and
MIDUS Refresher Biomarker projects with concurrent

actigraphy were conducted only at the University of
Wisconsin site. Therefore, we included only participants
from the University of Wisconsin site who were 65 years
or older (N=158).

The sampling procedures, protocol, and measures for
MIDUS Biomarker projects are described in detail else-
where (Dienberg Love et al., 2010). MIDUS studies
were approved by institutional review boards at the par-
ticipating sites and written informed consent was
obtained from all study participants. Participants in the
Biomarker projects completed clinic-based protocols
over the course of a 24-hour stay at a General Clinical
Research Center. Clinic-based protocols included com-
pletion of a medical history interview, self-administered
questionnaires, and a physical examination. Physical
examinations involved assessment of vital signs, waist
and hip measurements, and functional assessments
including grip strength, 50-foot timed walk, and chair
stand tasks. Following completion of the 2-day clinic
protocol, interested and consenting participants com-
pleted a 7-day actigraphy protocol. For the actigraphy
protocol, participants wore a wrist actigraph continu-
ously for 7 days and concurrently maintained paper daily
sleep diaries. All diaries were pre-labeled with comple-
tion dates and all studies began on a Tuesday at
07.00 hours and ended at the same time the following
Tuesday. Materials were returned by mail to the study
site at the conclusion of the data collection period.

Study Measures

Multidimensional sleep health. Multidimensional sleep
health domains included regularity of sleep timing, sleep
quality, daytime alertness, sleep timing, sleep efficiency,
and sleep duration. Regularity of sleep timing, sleep
timing, sleep efficiency, and sleep duration values were
derived from actigraphy. Actiwatches (Models 64 and 2;
Philips Corporation, Andover, MA) were set to collect
activity data in 30-second epochs. Actiware software
(versions 5 or 6) was used for analysis. The rest interval
was determined using primarily diary responses. In the
event that diary responses were unavailable, event mark-
ers, and adjacent data were used to define the rest inter-
val. Actiware software calculated summary statistics
using a wake activity threshold of 40. Sleep timing was
defined as the mean sleep midpoint across the week, and
regularity of sleep timing was defined as the standard
deviation of the sleep midpoint. Sleep efficiency (per-
centage) was defined as total time spent asleep divided
by total time in bed, multiplied by 100. Sleep duration
was total time spent asleep (minutes). Average sleep
quality and alertness scores were derived from daily
sleep diaries. Participants completed a morning section
in which they reported on the previous night’s sleep, and
an evening section in which they reported on the day’s
activities. Sleep quality was assessed in the morning
diary with the prompt, “Overall quality of your sleep last
night” (1=Very good, 5=Very poor). Alertness was
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Table I. Sleep Health Domain Definitions and Frequencies.

Sleep health Assessment “Good” sleep “Poor” sleep
domain method Definition® health, % (n) health, % (n)
Regularity Actigraphy Good: Sleep midpoint standard deviation <65 minutes 88.0 (139) 12.0 (19)
Poor: Midpoint standard deviation =65 minutes
Quality Daily sleep Good: Average <2.8 734 (116) 26.6 (42)
diary Poor: Average =2.8
Alertness Daily sleep Good: Average <2.2 71.5(113) 28.5 (45)
diary Poor: Average =2.2
Timing Actigraphy Good: Sleep midpoint average between 2:24am and 3:30am 46.8 (74) 53.2 (84)
Poor: Sleep midpoint average earlier than 2:24am or later
than 3:30am
Efficiency Actigraphy Good: >83% 48.7 (77) 51.3(81)
Poor: =83%
Duration Actigraphy Good: 320 minutes to 426 minutes 57.0 (90) 43.0 (68)

Poor: <320 minutes or >426 minutes

Note. *Definitions reflect empirically-derived cutoffs set forth by Brindle et al. (2019).

assessed in the evening diary with the question, “How
alert were you today?” (1=Most alert, 5=Not at all
alert). Diary data was blind double entered to verify
accuracy.

Brindle et al. (2019) used receiver operating charac-
teristic (ROC) curves to identify empirically-derived
cutoffs for “good” and “poor” sleep in each of the six
sleep health domains with data from MIDUS 2; these
cutoff values were relatively stable across differing out-
comes (e.g., total cardiometabolic morbidity, hyperten-
sion, diabetes, depression) and are similar to threshold
values reported in the published literature. We used
these cutoff values to create dichotomous scores
(0=Poor, 1=Good) for each sleep health domain
(Table 1). We then summed scores across sleep health
domains to yield a composite multidimensional sleep
health score (range 0-6), with higher scores indicating
better sleep health. This increasing scale (higher scores
indicative of better sleep health) is consistent with prior
work involving calculation of a multidimensional sleep
health variable (e.g., Becker et al., 2018; Brindle et al.,
2019).

Physical ~ functioning. MIDUS functional assessments
were administered as described in Harada et al. (1999)
and Reuben and Siu (1990). Gait speed was assessed
with a standardized 50-foot timed walk procedure. Par-
ticipants were instructed to walk at their usual speed to a
25-foot turn around point and back to the starting point.
Timing began on the instruction to “go” and concluded
once the participant’s foot crossed the starting point on
their return. Participants completed two trials and com-
pletion time (in seconds) was recorded for each trial. We
calculated gait speed scores (meters per second) by
dividing 15.24m by the trial time in seconds. We then
averaged gait speed scores across the two trials to obtain
an average gait speed. Higher scores (speed in meters
per second) reflect faster gait.

Lower extremity strength was assessed with a stan-
dardized five-repetition chair stand task. Participants
were instructed to first assume a seated position with
arms crossed over their chest and then stand and sit five
times as quickly and safely as possible. Timing began on
the instruction to “go” and concluded once the subject
became fully erect with a cessation of body movement.
Extremity strength was measured as seconds to com-
plete the task. Higher scores (in seconds) reflect worse
lower extremity strength.

Grip strength in kilogram (Kg) force was assessed by
dynamometer. Three grip strength measurements were
taken in each hand and participants indicated their domi-
nant hand. For the current analysis, we averaged scores
for those who had three trials in the dominant hand. If no
dominant hand was identified, we compared data from
the left and right hands and used the data from the hand
with stronger average grip strength. Higher scores
reflect stronger grip strength.

Covariates. Age, sex, race (white, non-white), body
mass index (BMI; Kg/m?), depressive symptoms, and
comorbid symptoms/conditions were included as covari-
ates in statistical models based on prior literature linking
these variables to physical functioning (e.g., Riebe
2009; Seeman et al., 1994). Depressive symptoms were
assessed with the General Distress-Depressive Symp-
toms scale of the Mood and Anxiety Symptom Ques-
tionnaire (MASQ; Clark & Watson, 1991; Watson,
Clark, et al., 1995; Watson, Weber, et al., 1995). The
MASQ is a validated measure of symptoms of depres-
sion and anxiety in which respondents rate past-week
symptoms on a 5-point Likert-type scale (1=~Not at all,
S5=Extremely). General Distress-Depressive Symptoms
scores were calculated by summing scale items, exclud-
ing the item “felt sluggish or tired” due to conceptual
similarity to the multidimensional sleep health variable.
Comorbid symptoms/conditions were assessed using a
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Table 2. Participant Demographics and Characteristics
(N=158).

Variable n %
Female sex 82 51.9
Race

White or non-Hispanic 132 83.5

Non-white 26 16.5
Composite multidimensional sleep health score

0 2 1.3

| 7 44

2 18 1.4

3 27 17.1

4 50 31.6

5 39 247

6 I5 9.5
Variable Sample range M (SD)
Age 65-85 71.8 (5.4)
Number of symptoms/conditions 0-15 49 (3.2)
BMI 20.4-51.6 30.5 (5.8)
Depressive symptoms 11-39 15.3 (4.9)

symptom and condition checklist. Participants indicated
yes or no whether they had 23 symptoms and conditions
such as heart disease, diabetes, cancer, and arthritis; par-
ticipants could also identify “other” conditions/symp-
toms not already specified. Symptoms and conditions
were summed to create a symptoms/conditions variable
that was treated continuously in statistical models.

Statistical Analysis

Analyses were conducted using SPSS Version 26.0
(IBM Corp, 2019). Descriptive statistics were calculated
for covariates, sleep health, and physical functioning
variables. In preliminary analyses, we assessed associa-
tions of the dichotomous sleep health domains using Phi
correlations and the associations of multidimensional
sleep health scores and physical functioning variables
with Pearson correlations; p-values smaller than .05
were considered statistically significant.

For our primary analyses, we examined the associa-
tion of multidimensional sleep health with gait speed,
lower extremity strength, and grip strength using three
separate hierarchical regression models; listwise dele-
tion was used for missing data. In step 1 of each model,
age, sex, race, BMI, symptoms/conditions, and depres-
sive symptoms were entered, based on known associa-
tions with physical functioning and in order to determine
the amount of variance (R?) explained without sleep
health. In step 2, multidimensional sleep health was
entered. We examined the change in R? from step 1 to
step 2 (AR?) to determine the amount of unique variance
explained by the inclusion of the multidimensional sleep
health variable. We also report and compare the adjusted

R*> (R? ) and change in adjusted R?> (AR? ) for

adj adj

all models. R2adj includes a penalty for the number of
predictors included in the model; thus, it increases only
if AR? is greater than what one would expect from
chance alone. In these primary analyses, p-values less
than .017 were considered significant to account for
multiple comparison; this threshold was determined by
dividing .05 by the number of regression models (three).

In addition to our primary analyses, we ran explor-
atory follow-up analyses that parallel analytic
approaches taken in existing studies and contribute to
our understanding of the value of examining sleep health
as a multidimensional construct. Consistent with a prior
study examining multidimensional sleep health and self-
reported physical functioning (DeSantis et al., 2019) we
examined the associations of each sleep health domain
with physical functioning variables, while holding the
other sleep health variables constant. To do this, we ran
three multiple regression models (one for each physical
functioning outcome) in which covariates were entered
in step 1 and dichotomous sleep health domains were
entered simultaneously in step 2. In a second set of fol-
low-up regression analyses, covariates were entered in
step 1 and dichotomous sleep health domains were
entered individually in step 2. In this approach, individ-
ual sleep health domains were assessed without account-
ing for, or holding constant, other sleep health domains.
Because these follow-up analyses were exploratory in
nature, we did not adjust for multiple comparisons;
p-values <.05 were considered statistically significant
(Cao & Zhang, 2014).

Results

Characteristics and associations of sleep health and phys-
ical functioning are presented in Tables 1 and 3, as well
as Supplemental Tables 1 and 2. Sociodemographic char-
acteristics are presented in Table 2. The mean age of par-
ticipants was 71.8 years (SD=5.4 years); half (52%) were
women and most (84%) were White. Most of the sample
(65.8%) had good sleep health on at least four of the six
sleep health domains, suggesting a relatively high level
of sleep health overall. Sleep domains were at most mod-
erately correlated, suggesting they represent relatively
independent aspects of sleep (Supplemental Table 1).

Multidimensional sleep health and physical functioning out-
comes. The overall model of covariates and multidimen-
sional sleep health predicting gait speed was significant,
F(7, 140)=20.59, p<.001 (Table 4). Covariates
accounted for 47% of variance (R?) in gait speed. The
multidimensional sleep health composite variable
entered in step 2 accounted for an additional 4% of vari-
ance in gait speed, AR*=.04; R®_; increased from step 1
to step 2. Higher levels of sleep health were significantly
associated with faster gait speed, B=0.03, p=.001. Spe-
cifically, each additional good sleep health domain is
associated with a .03 meter per second faster gait speed.
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Table 3. Descriptive Statistics and Pearson Correlations among Sleep Health and Physical Functioning Variables.
Variable Range M SD l. 2. 3. 4.
I. Sleep health 0-6 3.85 1.35 — — — —
2. Gait speed (m/sec) 0.27-1.45 091 0.21 0.25*% — — —
3. Grip strength (Kg/force) 9.33-70.00 30.46 10.89 0.03 0.32% — —
4. Chair stand time 4-27 11.71 4.66 -0.04 -0.54* -0.10 —
(seconds)
*p<.001, one-tailed.
Table 4. Hierarchical Multiple Regression of Gait Speed, Lower Extremity Strength, and Grip Strength on Multidimensional
Sleep Health and Covariates (n=148).
Predictor R? AR? Rzadj AR2adi B B [95% ClI] SEB B p-value
Gait speed
Step | 0.47 0.47+* 0.44 0.44
Step 2 0.51 0.04* 0.48 0.04
Constant 2.19[1.78, 2.60] 0.21 <.001
Sleep health 21 0.03 [0.01, 0.05] 0.01 .001
Lower extremity strength
Step | 0.26 0.26** 0.22 0.22
Step 2 0.26 <0.001 0.21 -0.01
Constant =17.3 [-30.1, —4.55] 6.45 .01
Sleep health -.02 -0.06 [-0.60, 0.48] 0.27 .83
Grip strength
Step | 0.53 0.53%* 0.51 0.51
Step 2 0.53 0.001 0.51 -0.002
Constant 90.0 [68.99, 110.93] 10.6 <.001
Sleep health .04 0.32[-0.61, 1.25] 0.47 .50

Note. Results are reported from three separate regression models. In each model, covariates (age, sex, race, symptoms/conditions, depressive
symptoms, BMI) were entered in Step | and the multidimensional sleep health variable was added in Step 2. AR? and ARZadj reflect changes
from step | to step 2.  =standardized regression coefficients; B=unstandardized regression coefficients.

#p <05, ¥ <001

The overall model of covariates and multidimen-
sional sleep health predicting lower extremity strength
was significant, F(7, 126)=6.19, p=.001. Covariates
accounted for 26% of variance (R?) in lower extremity
strength. Multidimensional sleep health did not account
for additional explained variance in lower extremity
strength beyond covariates, AR?> <.001, p=.83, and R2aclj
decreased from step 1 to step 2. The association of mul-
tidimensional sleep health with lower extremity strength
was not significant, B=-.06, p=.83.

The overall model of covariates and multidimen-
sional sleep health predicting grip strength was signifi-
cant, (7, 144)=23.34, p<.001. Covariates accounted
for 53% of wvariance (R?) in grip strength.
Multidimensional sleep health did not account for added
variance beyond covariates, AR*=.001, p=.50 and R’
did not change from step 1 to step 2. The association of
multidimensional sleep health with grip strength was not
significant, B=.32, p=.50.

Follow-up analyses of individual sleep health domains and
physical  functioning outcomes. Model information
for follow-up analyses of sleep health domains with

physical functioning outcomes is included in Supple-
mental Tables 3 to 8. For gait speed, the addition of
concurrently entered sleep health domains signifi-
cantly improved the model fit. The R2adj increased
from step 1 to step 2 and the magnitude of change was
consistent with that in the model examining the asso-
ciation of multidimensional sleep health with gait
speed. Only sleep efficiency was significantly associ-
ated with gait speed; having good sleep efficiency
(>83%) was associated with faster gait speed. In gait
speed models where sleep health domains were entered
individually, the addition of sleep efficiency and sleep
duration domains improved respective model fit; good
sleep efficiency (>83%) and good sleep duration
(320426 minutes) were each significantly associated
with faster gait speed. In each model, the R®
increased from step 1 to step 2 but the magnitude of
change was lower than in models where sleep health
was examined as a composite variable and where sleep
health domains were entered concurrently. Models
assessing associations of sleep health domains (entered
concurrently and individually) with lower extremity
strength and grip strength were not significant.
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Discussion

We examined multidimensional sleep health as it relates
to objective measures of physical functioning in com-
munity-dwelling older adults. Multidimensional sleep
health was significantly associated with gait speed but
not with measures of lower extremity strength or grip
strength. Follow-up analyses of individual sleep health
domains suggested sleep efficiency and sleep duration
domains are relevant to gait speed. Gait speed is consid-
ered a marker of physiologic reserve and functional
capacity (Middleton et al., 2015; Studenski et al., 2011;
van Kan et al., 2009). Findings from this study suggest
multidimensional sleep health may be a determinant of
physical functioning in older adults.

In this sample, much of the variance in gait speed was
explained by demographic (e.g., age, sex, race) and clin-
ical (e.g., number of symptoms/conditions, BMI) char-
acteristics. Assuch, itisnoteworthy that multidimensional
sleep health accounted for unique variance in gait speed
above and beyond these important demographic and
clinical characteristics. Our findings further identified
that each additional good sleep health domain was asso-
ciated with a .03 meter per second faster gait speed.
Among older adults, estimates of clinically meaningful
change in gait speed range from .05 meters per second
for small meaningful change to .10 meters per second
for substantial change (Perera et al., 2006). Relatedly, a
.10meter per second improvement in gait speed over
1 year has been linked to survival in older adults (Hardy
et al., 2007). Thus, for individuals who can improve
their sleep health in >1 domain, the magnitude of the
multidimensional sleep health—gait speed association
may be clinically relevant. Considered together, the sig-
nificance and magnitude of the association of multidi-
mensional sleep health with gait speed suggest the
potential clinical utility of assessing multidimensional
sleep health in those experiencing limited physical func-
tioning and, conversely, assessing physical functioning
in those with poor sleep multidimensional sleep health.

Follow-up analyses of individual sleep health
domains and physical functioning variables identified
that, holding other sleep health domains constant, good
sleep efficiency (>83%) was significantly associated
with faster gait speed; the variance in gait speed
explained by sleep efficiency was consistent with that
explained by multidimensional sleep health in primary
analyses. When each sleep health domain was entered
individually, not accounting for other sleep health
domains, good sleep efficiency (>83%) and good sleep
duration (320—426 minutes) were each associated with
faster gait speed; the variance in gait speed explained
individually by sleep efficiency and duration was less
than that of the models including the multidimensional
sleep health variable and all sleep health domains. These
findings corroborate work linking sleep efficiency and
duration to gait speed in older adults (Dam et al., 2008;
Goldman et al., 2007). Importantly, models that

accounted in some way for the multidimensionality of
sleep (i.e., multidimensional sleep health variable, con-
current analysis of multiple sleep health domains) were
more explanatory than those that considered sleep health
domains in isolation. Specifically, the addition of the
multidimensional sleep health variable and the multiple
sleep health domains simultaneously improved the R?
more than simply adding sleep efficiency or sleep tim-
ing. Thus, these findings also reinforce the need to con-
sider multiple aspects of sleep. Other studies have
similarly identified the utility of concurrently examining
multiple aspects of sleep when examining associations
with physical functioning. For instance, in a study of
sleep and physical functional decline in older adults, a
combined self-report measure of sleep duration and time
in bed revealed risk for decline in physical functioning
and mobility beyond the risk related to sleep duration
alone (Stenholm et al., 2011).

The association of multidimensional sleep health
with gait speed is likely multifactorial. Multiple organ
systems and physiological subsystems contribute to
one’s ability to walk (Ferrucci et al., 2000; Studenski
et al., 2011). Ferrucci et al. (2000) classify factors that
influence walking ability into the following physiologi-
cal subsystems: central nervous system, peripheral ner-
vous system, perceptual system, muscles, bones/joints,
and energy production and delivery. As a fundamental
biobehavioral process, sleep is relevant to most if not
all of these subsystems either directly or indirectly,
potentially through psychological (e.g., depression;
Alvaro et al., 2013; Demakakos et al., 2013) or behav-
ioral pathways (e.g., physical activity; Fiser et al., 2010;
Holfeld & Ruthig, 2014). The association of multidi-
mensional sleep health and gait speed is also likely
bidirectional. Gait speed is referred to as a functional
vital sign and is conceptualized as a general indicator of
one’s health status. Poorer health status is a consistent
risk factor for sleep difficulties (e.g., Smagula et al.,
2016). As such, it is plausible that gait speed is predic-
tive of sleep health.

In this sample of older adults, neither multidimen-
sional sleep health nor individual sleep health domains
were significantly associated with lower extremity
strength or grip strength. Total sleep time, sleep latency,
wake after sleep onset, and sleep efficiency have each
been associated with lower extremity strength and/or
grip strength in some studies of older adults, but not oth-
ers (Dam et al., 2008; Goldman et al., 2007). Differences
in the analytic approaches, sample sizes, and the opera-
tionalization of sleep and physical functioning variables
may contribute to differences between the current study
and existing literature. Of note, this sample demon-
strated rather good sleep health. It is possible that chair
stand and grip strength tasks are more resistant to the
negative effects of poor sleep and only manifest at
poorer levels of sleep health that were not sufficiently
represented in the current sample. More generally, the
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finding that multidimensional sleep health is differen-
tially associated with unique performance-based mea-
sures of physical functioning reinforces the notion that
these measures reflect different physiologic capacities
and aspects of health and functioning.

Findings from this study should be interpreted with
consideration of several limitations. First, causal conclu-
sions regarding the associations of sleep health and phys-
ical functioning cannot be drawn due to the cross-sectional
study design. As previously discussed, the association
between sleep health and physical functioning is likely
multifactorial and bidirectional. Future experimental and
longitudinal studies would provide insight into the causal
and temporal associations of these constructs. A second
limitation relates to generalizability. The study sample
was relatively small and reflects less racial diversity than
would be expected in the general population of older
adults in the US (Administration on Aging, 2018).
Additionally, the sample demonstrated relatively good
sleep health overall, potentially limiting our ability to
detect significant associations across measures of physi-
cal functioning. Associations of multidimensional sleep
health and objective measures of functioning should be
examined in larger samples, ideally diverse in sociode-
mographic and clinical characteristics, to determine the
extent to which these findings are generalizable. Finally,
although validation work for self-report and actigraphy
multidimensional sleep health measures is burgeoning
(Benitez et al., 2020; Brindle et al., 2019; Wallace et al.,
2021), additional measurement development and valida-
tion work is needed to further optimize the assessment of
multidimensional sleep health.

Conclusion

In sum, better multidimensional sleep health was sig-
nificantly associated with faster gait speed. Future stud-
ies should use both subjective and objective methods
that support the assessment of causal and mechanistic
links between sleep health and gait speed to better
understand how these phenomena relate. Intervention
studies could help to determine whether multidimen-
sional sleep health is modifiable, and if so, whether
improvements in sleep health enhance gait speed and
promote functional capacity and, ultimately, successful
aging in older adults.
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