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Abstract
OBJECTIVES—To determine whether objectively measured sleep quality predicts five-year
incident instrumental activities of daily living (IADL) impairment and decline in grip strength and
gait speed in older women.

DESIGN—Prospective cohort

SETTING—Participants’ homes, Study of Osteoporotic Fractures sites

PARTICIPANTS—817 women (mean 82.4 years at baseline)

MEASUREMENTS—Participants completed 4.1 ±0.7 nights of wrist actigraphy at baseline, and
measures of IADL impairment, grip strength, and gait speed at baseline and five-year follow-up.

RESULTS—After five years of follow-up, approximately 41% of participants had incident
impairment in ≥1 IADL. The quartile of women with the shortest total sleep time had a 93%
greater odds of incident IADL impairment than the longest sleepers (adjusted odds ratio (AOR) =
1.93, 95% confidence interval (CI) 1.25, 2.97). Similarly, the quartile of women with the lowest
sleep efficiency had a 65% greater odds of impairment than those with the highest (AOR = 1.65,
95% CI 1.06, 2.57). Women in the shortest total sleep time quartile had double the odds of
declining grip strength, compared to those with the longest total sleep time (AOR = 1.97, 95% CI
1.17, 3.32). Finally, women in the quartiles with the most wake after sleep onset and the lowest
sleep efficiency had an approximately 90% greater odds of grip strength decline than those with
the least wake after sleep onset (AOR = 1.90, 95% CI 1.11, 3.24) and sleep efficiency (AOR =
1.92, 95% CI 1.12, 3.29).

CONCLUSION—Findings indicate that shorter sleep duration, greater wake after sleep onset,
and lower sleep efficiency are risk factors for functional or physical decline in older women.

Keywords
sleep; actigraphy; function; IADLs; women

INTRODUCTION
Poor sleep quality is highly prevalent among older adults. Epidemiologic research suggests
that approximately half of elders have a complaint about their sleep.1, 2 In addition,
preliminary evidence from a few studies suggests that suggests that poor sleep is associated
with functional impairment in the elderly.1, 3–8 However, there are several limitations to
existing studies of sleep and functioning. First, the cross-sectional designs of most of these
studies preclude inferences about direction—whether poor sleep quality precedes and might
therefore be a cause of self-reported functional decline, or vice versa. Second, most studies
have used self-report measures of sleep, rather than objective measures like
polysomnography (PSG), or actigraphy—a method of measuring sleep by recording wrist
movement. Objective and subjective sleep measures commonly disagree in older adults,9

and while self-report of sleep can be influenced by psychopathology or cognitive
impairment,9, 10 objective measures of sleep should be less affected by these biases. Third,
most studies have focused on self-reported functioning. Reports of difficulty completing
basic activities and performance-based measures, such as grip strength and gait speed, assess
different domains of functioning. It is important to examine the impact of sleep in both of
these domains.
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A cross-sectional study of actigraphically measured sleep and functional outcomes in older
women in the Study of Osteoporotic Fractures (SOF) reported that women with the longest
total sleep time (≥7.5 hours) had a greater odds of self-reported functional impairment than
those who slept between 6.8 and 7.5 hours, and that greater wake after sleep onset was
associated with a greater odds of impairment.4 The authors of that study also found that
actigraphic sleep parameters were associated with differences in performance-based
measures of physical functioning. For example, women with the shortest sleep duration and
those with the greatest wake after sleep onset had the slowest gait speed. Moreover, those
with the greatest wake after sleep onset had stronger grips than those with the least.4

In the present prospective study, also of older women in the SOF cohort, we determined the
association between poor actigraphic sleep quality and both incident IADL impairment and
decline in performance-based measures of physical function.

METHODS
Study Sample

Participants were women enrolled in the Study of Osteoporotic Fractures (SOF), a
prospective cohort study of 9,704 women aged 65 and older recruited in 1986–1988 from
population-based listings in Baltimore, MD; Minneapolis, MN; Monongahela Valley/
Pittsburgh, PA; and Portland, OR. Women were recruited irrespective of bone mineral
density and fracture history; those unable to walk without assistance or with bilateral hip
replacements were excluded. Since initial recruitment, participants have been followed
continuously, with at least biannual contact. Between 1997 and 1998, 662 African-American
women were also recruited. The present study uses data from the Year-16 SOF visit (2002 to
2004) and the Year-20 visit (2006 to 2008). A total of 4,727 women participated in the
year-16 visit, which we refer to as “baseline,” for the present study. Of these, 1,009 women
were from the Baltimore site, which did not participate in the five-year follow-up visit.
Thus, these women were excluded from our sample. Of the 3,718 women from other sites,
2,570 had actigraphy data for at least one of the three sleep parameters of interest (see
below), and 2,509 of these women also had complete IADL data at baseline. We excluded
1,131 women with any IADL difficulty at baseline, and 45 more reporting a history of
Alzheimer’s disease (AD) or using an AD medication at baseline, or missing data for these
variables. Of the remaining 1,333, a total of 1,048 participated in the follow-up visit. Of the
285 women who did not participate in the follow-up visit, 233 were confirmed to have died
(by death certificate), 2 were believed to have died based on proxy report (but this had not
yet been confirmed), 26 had terminated participation, and 24 were unaccounted for.

Of the 1,048 women who participated in follow-up, 221 only completed questionnaires and
therefore did not provide follow-up IADL data, and ten more were missing follow-up data.
Thus, we studied the remaining 817 with complete IADL data at follow-up. Of these, 782
had complete data on grip strength at baseline, and 762 also had complete grip strength data
at follow-up. Similarly, 806 women with complete IADL data at both study visits had gait
speed data at baseline, and 776 of these had gait speed data at follow-up. Reasons for
missing data included incomplete responses to IADL-related questions or refusal or inability
to complete physical measures. All women provided written informed consent, and all study
protocols were approved by the IRB at each institution.

Assessment of Sleep Quality
At baseline, participants completed wrist actigraphy, a method of quantifying sleep by
recording movement with an actigraph. Participants were instructed to wear actigraphs
(SleepWatch-O, Ambulatory Monitoring, Inc., Ardsley, NY) on the non-dominant wrist for
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at least three consecutive 24-hour periods. On average, they wore actigraphs for 4.1 ±
(standard deviation) 0.7 nights (median = 4.0). Data were recorded in 1-minute epochs in
three different modes: zero crossing; time above threshold; and proportional integration
mode (PIM). A prior investigation in older women from the SOF cohort who had data from
both actigraphy and polysomnography found that data collected in PIM were most highly
correlated with those collected via polysomnography.11 Thus, we analyzed the data
collected using PIM. We used three standard sleep parameters, extracted using Action W-2
software (Ambulatory Monitoring, Inc.). To facilitate editing of actigraphic data,
participants completed sleep diaries while wearing actigraphs. They reported a range of
variables, including time into bed, time that they attempted to go to sleep (referred to here as
“lights off”), time out of bed, and times that the actigraph was removed. Each parameter was
averaged across nights of actigraphy: total sleep time (TST; total number of minutes in bed
spent asleep following “lights off”); wake after sleep onset (WASO; total number of minutes
in bed spent awake after the first 20-minute block of continuous sleep that followed “lights
off”); and sleep efficiency (SE; percent of time in bed following “lights off” spent asleep).
Details on actigraphy scoring in SOF have been published previously.12

Measures of Functional Decline
IADLs were measured at baseline and at follow-up using items from, or adapted from, the
1984 National Health Interview Survey’s Supplement on Aging.13 Participants were asked
whether they had any difficulty preparing their meals, doing heavy housework, or shopping
for groceries or clothes, whether any reported difficulty was due to a physical or health
problem, and the degree of difficulty they had. Because the analytical sample consisted of
women whose responses to these questions indicated no difficulty in these three domains at
baseline, incident IADL impairment was defined as any difficulty in one or more of these
domains at five-year follow-up, based on responses to these questions.

At baseline and at follow-up, participants also completed performance-based measures of
physical functioning, including grip strength (kg, measured by hand dynamometer) and gait
speed (time to walk 6 meters).14 Grip strength was calculated by computing the mean
strength over two trials in the left hand, then in the right hand, and then computing the mean
of those two means. Gait speed was calculated by averaging over two trials at each visit.

Additional Measures
Upon enrollment in SOF, demographic data were collected from each participant. At
Year-16 participants completed questionnaires regarding history of medical comorbidities
and health behaviors (e.g., smoking, alcohol and caffeine use, exercise). Height was
measured by stadiometer with participants barefoot (or in thin socks); weight was measured
by balance beam scale; body mass index (BMI; kg/m2) was calculated from these measures.
Participants were asked to bring all medications and dietary supplements taken over the
preceding 30 days to the Year-16 study visit, and medications were classified by brand or
generic name using a computerized dictionary.15 General cognitive performance was
assessed by the Mini-Mental State Examination16 (MMSE). Depressive symptoms were
measured by the 15-item Geriatric Depression Scale17 and anxiety symptoms were
measured by the Goldberg Anxiety Scale.18

Statistical Analyses
To determine the association between sleep parameters and incident IADL impairment, we
conducted bivariate and multivariable-adjusted logistic regression analyses. Each model
contained quartiles of one actigraphic sleep parameter as the primary predictor. Reference
quartiles were those with the longest TST, least WASO, and greatest SE. Incident IADL
impairment was the outcome. To account for the non-linear association between age and
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incident IADL impairment, we added a quadratic term (age2) to multivariable models with
this outcome.

To determine the association between sleep parameters and decline in physical performance,
we conducted additional analyses, with quartiles of sleep parameters as the primary
predictors and substantial decline in either grip strength or gait speed as the outcome. To
identify decliners, we subtracted performance at follow-up from performance at baseline,
and considered women in the highest quartile of change to have declined on that measure.

To account for physical performance at baseline, models for decline in grip strength and gait
speed were adjusted for baseline performance on these measures. Additional potential
confounders were selected for inclusion in fully adjusted models if they were associated
with quartiles of any sleep parameter and any of our three dichotomous outcomes at the p
≤0.10 level, according to Kruskal-Wallis tests for continuous variables and χ2 or Fisher’s
exact tests for categorical variables. Specifically, multivariable models included age, obesity
(BMI <30, ≥30),19 MMSE score, 15-item Geriatric Depression Scale score, Goldberg
Anxiety Scale score, antidepressant use, history of diabetes, and history of coronary artery
disease (angina or myocardial infarction). We conducted tests for linear trend across
quartiles of sleep parameters.20 Continuous predictors were centered at the mean in all
regression models. We excluded two participants who did not complete all GDS items from
analyses involving fully adjusted models.

To explore the possibility of a U-shaped association between TST and our outcomes, we
fitted models with TST entered as a continuous predictor, and compared these to models
with TST entered as both a continuous predictor and as a quadratic term (TST2) using
likelihood ratio χ2 tests. Based on non-significant results, and on visual inspection of
LOWESS plots of continuously measured TST against the log odds of our outcomes, we
determined that there was little support for a U-shaped association.

An α <0.05 was selected for statistical significance. Analyses were performed using Stata
10.1 (StataCorp, College Station, TX).

RESULTS
The mean age ± standard deviation (SD) of the study sample was 82.4 ±3.3 years (range 70
– 94) at baseline, and 87.3 ±3.3 years (range 75 – 99) at 5-year follow-up. Of the 817
women, 103 (12.6%) were non-white and 325 women (39.8%) had education beyond high
school. On average, they slept for a total of 409.2±66.0 minutes, spent 65.9 ±40.4 minutes
awake after initial sleep onset, and had a sleep efficiency of 79.9% ±9.9% (Table 1). Across
TST quartiles, women differed significantly by age, race, BMI, and antidepressant use
(Table 2). In addition, women in different WASO quartiles differed by race, BMI, and
depressive symptoms, and those in different sleep efficiency quartiles differed by race, BMI,
MMSE score, and depressive symptoms (all p <0.05). The mean interval between baseline
and follow-up visits was 4.9 ±0.6 years in duration (range 3.5 – 6.3).

When we compared the women in our analysis sample to those who participated in SOF
Visit 8 but were excluded from our sample, the excluded women were older, more likely to
be white, consumed less alcohol and less caffeine, had more depressive symptoms and
anxiety symptoms, were less likely to walk for exercise, were more likely to take an
antidepressant or benzodiazepine medication, and to have a history of diabetes, coronary
artery disease, congestive heart failure, COPD, and osteoarthritis (all p <0.05). They did not
differ by educational attainment (≤ high school vs. > high school), smoking status, obesity
status, or history of hypertension.
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Incident IADL Impairment
Of the 817 participants, 333 (40.8%) reported incident impairment in ≥1 IADL at follow-up.
Specifically, 285 (34.9%) had incident impairment in their ability to do heavy housework,
177 (21.7%) in their ability to shop, and 60 (7.3%) in their ability to prepare meals..

In unadjusted logistic regression analyses, shorter TST was associated with a greater risk of
incident IADL impairment, compared to longer TST (Table 3). Those in the quartile with
the shortest TST had an 86% increase in the odds of incident impairment (odds ratio (OR) =
1.86, 95% confidence interval (CI) 1.25, 2.77), compared to those in the quartile with the
longest TST. In addition, there was a significant linear association between shorter sleep
duration and odds of incident IADL impairment across TST quartiles (p for trend = 0.002).
These associations remained after adjustment for age, age2, obesity, MMSE score, 15-item
Geriatric Depression Scale score, Goldberg Anxiety Scale score, antidepressant use, history
of diabetes, and history of coronary artery disease (OR = 1.93, 95% CI 1.25, 2.97; p for
trend = 0.004).

In unadjusted analyses, we observed a similar association between WASO and incident
IADL impairment (Table 3). Women in the highest quartile of WASO had a 74% higher
odds of incident impairment than those with the least WASO (OR = 1.74, 95% CI 1.17,
2.59). In addition, there was a positive linear association between the amount of WASO and
the odds of incident IADL impairment (p for trend = 0.004). This association was no longer
significant after multivariable adjustment (OR = 1.46, 95% CI 0.94, 2.26; p for trend =
0.096).

Lower sleep efficiency also was associated with an increased risk of incident IADL
impairment (Table 3). In unadjusted analyses, compared to women with the highest sleep
efficiency, those in the quartile with the lowest sleep efficiency had almost a 90% increase
in the odds of incident impairment (OR = 1.88, 95% CI 1.26, 2.81), and those in the quartile
with the second-lowest sleep efficiency had a 69% higher odds of incident disability (OR =
1.75, 95% CI 1.17, 2.62). There was an inverse, linear association between level of sleep
efficiency and odds of impairment (p for trend < 0.001). These associations decreased
slightly after adjustment but remained statistically significant.

Decline in Performance-Based Measures of Physical Functioning
On average, participants’ grip strength weakened by 2.4 ± 3.6 kg from baseline to follow-up,
and their gait speed slowed by 0.2 ± 0.2 m/second. Based on the quartile definition
described above, 182 (23.9%) of women had substantial decline (>4.75 kg of weakening) in
grip strength, and 194 (25.0%) of women had substantial decline (>0.269 m/second of
slowing) in gait speed.

In analyses adjusted for baseline grip strength, women with the shortest TST at baseline had
an 87% greater odds of substantial weakening in grip strength between baseline and follow-
up, compared to women with the longest TST (OR = 1.87, 95% CI 1.13, 3.08) (Table 4).
There was a linear association across TST quartiles, such that shorter TST was associated
with a greater odds of weakened grip strength (p for trend = 0.034). These associations
remained after further adjustment for age, obesity, MMSE score, 15-item Geriatric
Depression Scale score, Goldberg Anxiety Scale score, antidepressant use, history of
diabetes, and history of coronary artery disease (OR = 1.97, 95% 1.17, 3.32; p for trend =
0.029).

Greater WASO also was associated with an increased odds of substantial decline in grip
strength. After adjusting for baseline grip strength, women in the third and fourth quartiles
of WASO had a 76% (OR = 1.76, 95% CI 1.05, 2.94) and 80% (OR = 1.80, 95% CI 1.08,
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3.00) greater odds of grip strength weakening, respectively, compared to women in the
lowest WASO quartile. There was a linear association between greater WASO and greater
odds of substantial weakening in grip strength (p for trend = 0.014). These associations
remained in the fully adjusted model (third quartile OR = 1.86, 95% CI 1.09, 3.16; fourth
quartile OR = 1.90, 1.11, 3.24; p for trend = 0.015).

Lower sleep efficiency also was associated with an increased risk of weakened grip strength.
In analyses adjusted for baseline grip strength, women in the quartile with the lowest sleep
efficiency had a 90% greater odds of weakening than those with the highest sleep efficiency
(OR = 1.90, 95% CI 1.14, 3.17). Similarly, women in the quartile with the second-lowest
sleep efficiency had a 67% greater odds of substantial weakening, compared to those with
the highest sleep efficiency, although this association did not reach significance (OR = 1.67,
95% CI 0.997, 2.80). The association between lower sleep efficiency and decline in grip
strength increased in a linear fashion across quartiles of sleep efficiency (p for trend =
0.010). These associations remained after adjustment (OR = 1.92, 95% CI 1.12, 3.29; p for
trend = 0.016).

We observed no associations between sleep parameters and substantial decline in gait speed.
For example, in the fully adjusted model, women with the shortest sleep showed no
significant increase in the odds of slowing, compared to those with the longest sleep (OR =
1.18, 95% CI 0.71, 1.95) and there was no linear trend across quartiles of TST (p for trend =
0.840). Similarly, in fully adjusted analyses, women with the greatest WASO had no greater
odds of slowing than women in the lowest WASO quartile (OR = 1.05, 95% CI 0.63, 1.76);
there was no significant linear trend across WASO quartiles (p for trend = 0.633). Further, in
fully adjusted analyses, women with the lowest SE showed no increase in the odds of
slowing, compared to those with the highest (OR = 1.21, 95% CI 0.72, 2.03), and there was
no linear trend across quartiles of SE (p for trend = 0.404).

DISCUSSION
In this prospective study of older women without IADL impairment at baseline, we
determined the association between objective sleep quality, measured by actigraphy, and
both incident self-reported IADL impairment and decline in performance-based measures of
physical function over five years. After adjustment for several potential confounders, we
found that shorter TST and lower SE each were associated with an increase in the odds of
incident IADL impairment. In addition, we observed independent associations between all
three sleep parameters—TST, WASO, and SE—and decline in grip strength. In contrast, we
observed no association between these sleep parameters and decline in gait speed.

Our finding that poor sleep is associated with incident IADL impairment is generally
consistent with results of other studies in this domain. In addition to the prior study in the
SOF cohort described above,4 a cross-sectional study of more than 9,000 older adults found
that elevated scores on a self-report measure of poor nighttime sleep and related daytime
complaints were associated with self-reported impairment in ADLs and related tasks.1

Cross-sectional findings from the Cardiovascular Health Study indicated that self-reported
IADL impairment was independently associated with complaints of frequent awakenings
and with daytime sleepiness among older women.5 In addition, a recent study of Finnish
adults found that short self-reported sleep duration was associated with impairments in
women aged ≥65 years, and among men aged 55 to 64 years.8

With respect to our findings regarding sleep disturbance and performance-based functional
measures, the cross-sectional study in SOF mentioned above found that short actigraphic
sleep duration was associated with slower gait speed, but found no association between
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sleep parameters and grip strength.4 In addition, a cross-sectional study in a cohort of almost
2,900 older men in the Osteoporotic Fractures in Men Study (MrOS) found that elevated
levels of actigraphic sleep fragmentation (i.e., SE <80%, WASO ≥90 minutes) were
associated with decreased grip strength and gait speed, and that a U-shaped association
existed between TST and grip strength; older men with short or long sleep had weaker grip
strength than men who obtained six to eight hours of sleep.7 These cross-sectional
associations contrast with our null findings for the prospective association between sleep
duration and gait speed, and with the robust association we observed between sleep
disturbance and subsequent weakening of grip strength in the same cohort. Thus, short sleep
duration might be a consequence of slowing gait speed, rather than a cause, and short sleep
duration, greater sleep fragmentation, and lower sleep efficiency predict, and might cause a
weakening of grip strength.

As one of the first prospective studies to link objectively measured sleep disturbance to
incident IADL impairment and decline in performance-based physical function in a large
sample of older adults, our findings have important implications for older adults’ quality of
life, and potentially for their healthcare. First, our results suggest that short sleep and sleep
fragmentation may be risk factors for functional decline and disability among functionally
intact older women. Although further research is needed to more firmly establish this
longitudinal association, additional consistent findings could prompt greater attention by
clinicians to older adults’ sleep. In addition, others have suggested that interventions aimed
at maintaining or improving sleep quality might promote health-related quality of life in
older adults,21 and our findings raise the possibility that such interventions might help delay
or prevent disability. Replication of our findings would pave the way for randomized
controlled trials of interventions for poor sleep quality, with the goal of preventing
functional decline.

A range of variables might explain the associations we observed between poor sleep and
functional decline in our simpler statistical models, including particular medical co-
morbidities, cognitive status, symptoms of depression or anxiety, and certain medications.
However, we adjusted for these factors in our multivariable analyses when indicated, and
were able to demonstrate independent effects. Although residual confounding by these
variables could account for our results, another factor that might explain the associations we
observed is inflammation. Poor sleep has been linked to inflammatory processes,22, 23 which
are associated with muscle loss and functional decline.24, 25 Studies are needed that
investigate inflammation as a mediator of the association between objectively measured
sleep and functional decline.

The present study has multiple strengths, including a prospective design, actigraphic sleep
assessment, and both subjective and objective measures of functioning. However, it also has
limitations. First, the sample consisted entirely of women, the majority of whom were white.
In addition, because these women are the surviving volunteers from a cohort study that
began in 1986, they are likely to be healthier on average, than the general population of
older women. Thus, further research is needed to determine whether our results apply to
men, to women from ethnically diverse backgrounds, and to the general population of older
women. Finally, the cutoffs we used for decline in grip strength and gait speed were based
on the distribution of these variables in our sample (highest quartile of change in each
variable), rather than another objectively measured criterion variable. Therefore, our
definition of decline captured women with the greatest change on these measures, but the
precise clinical significance of our definition of decline cannot be determined.
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CONCLUSION
Findings from the present study suggest that shorter total sleep time and lower sleep
efficiency are associated with an increased risk of incident IADL impairment, and that these
factors—along with greater wake after sleep onset—predict substantial decline in grip
strength over five years in older women. Further research is needed to confirm these
findings and identify the mechanisms linking poor sleep to these outcomes.

Given the prevalence of sleep disturbance in older adults, our findings indicate that a
substantial proportion of the population of elders is at elevated risk of sleep-related
disability. To the extent that sleep disturbance is causally related to functional decline and
disability, improvement of older adults’ sleep might help maintain their functioning,
independence, and quality of life. As the evidence for adverse health consequences of late-
life sleep disturbance accumulates, prevention trials will be needed to determine whether
improvement of poor sleep protects health and quality of life in the growing population of
older adults.
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Table 3

Associations between Actigraphic Sleep Parameters and Incident IADL Impairment.

Sleep parameters n (%) with incident
impairment

Unadjusted
OR (95% CI)

MV-adjusted*
OR (95% CI)

Total sleep time

 Quartile 1 (longest) 70 (34.3) (ref) (ref)

 Quartile 2 78 (38.6) 1.20 (0.80, 1.80) 1.26 (0.81, 1.95)

 Quartile 3 84 (40.8) 1.32 (0.88, 1.97) 1.34 (0.87, 2.07)

 Quartile 4 (shortest) 101 (49.3) 1.86 (1.25, 2.77) 1.93 (1.25, 2.97)

 p-value for trend p = 0.002 p = 0.004

Wake after sleep onset

 Quartile 1 (least) 69 (33.8) (ref) (ref)

 Quartile 2 79 (38.7) 1.24 (0.83, 1.85) 1.34 (0.87, 2.06)

 Quartile 3 88 (43.1) 1.48 (0.99, 2.22) 1.41 (0.92, 2.17)

 Quartile 4 (most) 96 (47.1) 1.74 (1.17, 2.59) 1.46 (0.94, 2.26)

 p-value for trend p = 0.004 p = 0.096

Sleep efficiency

 Quartile 1 (highest) 66 (32.4) (ref) (ref)

 Quartile 2 77 (37.8) 1.27 (0.84, 1.91) 1.30 (0.84, 2.00)

 Quartile 3 93 (45.6) 1.75 (1.17, 2.62) 1.69 (1.09, 2.60)

 Quartile 4 (lowest) 97 (47.3) 1.88 (1.26, 2.81) 1.65 (1.06, 2.57)

 p-value for trend p <0.001 p = 0.013

Note: N = 816–817 for unadjusted, N = 794 for MV-adjusted analyses.

*
Adjusted for age, age2, obesity (body mass index ≥30), Mini-Mental State Examination score, 15-item Geriatric Depression Scale, Goldberg

Anxiety Scale, antidepressant use, diabetes, and coronary artery disease. CI = confidence interval; MV = multivariable; OR = odds ratio.
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Table 4

Associations between Actigraphic Sleep Parameters and Decline in Grip Strength.*

Sleep parameters n (%) with decline Model I
OR (95% CI)

Model II
OR (95% CI)

Total sleep time

 Quartile 1 (longest) 37 (19.4) (ref) (ref)

 Quartile 2 47 (25.3) 1.54 (0.92, 2.57) 1.59 (0.93, 2.69)

 Quartile 3 42 (21.9) 1.32 (0.78, 2.21) 1.32 (0.77, 2.25)

 Quartile 4 (shortest) 56 (29.0) 1.87 (1.13, 3.08) 1.97 (1.17, 3.32)

 p-value for trend p = 0.034 p = 0.029

Wake after sleep onset

 Quartile 1 (least) 35 (18.2) (ref) (ref)

 Quartile 2 42 (21.8) 1.35 (0.80, 2.29) 1.55 (0.90, 2.66)

 Quartile 3 51 (27.4) 1.76 (1.05, 2.94) 1.86 (1.09, 3.16)

 Quartile 4 (most) 53 (27.9) 1.80 (1.08, 3.00) 1.90 (1.11, 3.24)

 p-value for trend p = 0.014 p = 0.015

Sleep efficiency

 Quartile 1 (highest) 35 (18.2) (ref) (ref)

 Quartile 2 44 (23.0) 1.39 (0.83, 2.35) 1.44 (0.84, 2.46)

 Quartile 3 48 (25.8) 1.67 (0.997, 2.80) 1.65 (0.97, 2.82)

 Quartile 4 (lowest) 55 (28.5) 1.90 (1.14, 3.17) 1.92 (1.12, 3.29)

 p-value for trend p = 0.010 p = 0.016

Note N = 761–762 for Model I, and N = 744 for Model II.

*
Decline is defined as >4.75 kg decrease in grip strength from baseline to follow-up. Model I: Adjusted for baseline grip strength. Model II:

Adjusted for baseline grip strength, age, obesity (body mass index ≥30), Mini-Mental State Examination score, 15-item Geriatric Depression Scale,
Goldberg Anxiety Scale, antidepressant use, diabetes, and coronary artery disease. CI = confidence interval; OR = odds ratio.
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