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Abstract

Objective—Sleep complaints are associated with adverse health consequences. We hypothesized

that non-disabled older persons with more sleep complaints have an increased risk of developing

disability.

Methods—Subjects included 908 older clergy participating in the Religious Order Study without

clinical dementia, history of stroke or Parkinson’s disease. At baseline, participants rated their

difficulty falling asleep, frequency of nocturnal awakenings, sleep efficacy, and napping

frequency, from which a summary dyssomnia measure was derived. Self-report assessment of

disability included instrumental activities of daily living (IADLs), basic activities of daily living

(ADLs), and Rosow-Breslau mobility disability at baseline and at annual evaluations.

Results—Mean follow-up was 9.6 (SD=4.2) years. At baseline, more than 60% had 1 or more

sleep complaints. In a series of Cox proportional hazards models controlling for age, sex, and

education, a 1-point higher dyssomnia score at baseline was associated with about 20% increased

risk of IADL disability (hazard ratio=1.20; 95% CI=1.04-1.39, x2
1=7.62, p<0.05), about 27%

increased risk of ADL disability (hazard ratio=1.27; 95% CI=1.10-1.47, x2
1=12.15, p<0.01), and

about 27% increased risk of mobility disability (hazard ratio=1.27, 95% CI=1.09-1.48, x2
1=11.04,

p<0.01). These associations did not vary by age, sex, or education and remained significant after
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controlling for potential confounders including body mass index, chronic medical conditions, and

several common medications. Controlling for depressive symptoms attenuated the association

between sleep complaints and incident IADL and ADL disabilities but the association between

sleep complaints and incident mobility disability remained significant.

Conclusion—Non-disabled older adults with more sleep complaints have an increased risk of

developing disability.
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BACKGROUND

Disability is common in older adults. Of those aged 65 years and older, approximately

35-50% are disabled or identify some limitation in activities of daily living. (1, 2) Since

persons aged 65 and over represent the fastest growing segment of the U.S. population, their

loss of independence and the financial costs of their growing disability is a critical public

health challenge. (3, 4) Thus, there is an urgent need to identify factors which can be used to

distinguish older individuals who are at increased risk of developing disability, so as to

facilitate early interventions.

Sleep complaints are common in older adults (5) and are associated with various adverse

health outcomes. (5-15) While cross-sectional studies have demonstrated the association

between sleep complaints and functional impairment (16-18), including disability (19), there

are a paucity of studies which have examined whether sleep complaints predict the

subsequent development of disability.

In the current study, we tested the hypothesis that more sleep complaints in older individuals

without disability are associated with incident disability. We used data from more than 900

older persons without dementia participating in the Religious Orders Study, a community-

based cohort study of chronic conditions of aging. (20, 21) Participants underwent sleep

assessment at study entry as well as assessments of disability at baseline and at annual

follow-up exams. In secondary analyses, we also examined whether baseline chronic

medical conditions, depressive symptoms, or medications might affect the association of

baseline sleep complaints and incident disability.

METHODS

Subjects

Subjects were from the Religious Orders Study, which is a longitudinal clinical-pathologic

investigation of aging and cognition in older Catholic nuns, priests, and brothers recruited

from approximately 40 groups in the United States. (20, 21) Subjects signed an informed

consent agreeing to annual clinical evaluations and organ donation at time of death. The

study was in accordance with the latest version of the Declaration of Helsinki and was

approved by the Institutional Review Board of Rush University Medical Center.
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Eligibility for current analyses required completion of baseline sleep and disability

assessments and 1 or more valid follow-up assessments of disability. We excluded

participants with clinical evidence of dementia (see below) or a history of stroke or

Parkinson’s disease (PD). At the time of these analyses, 1139 persons had enrolled in the

study and completed the baseline evaluation. Of these, 185 participants were excluded from

these analyses (80 had evidence of clinical dementia and 105 participants had a history of

stroke or PD). 28 were missing follow-up disability assessments and 18 had not been in the

study long enough or died before follow-up assessment. This left 908 persons included in

these analyses. Their average age at study entry was 75.0 (SD=6.9) years, 69.3% were

women, average years of education was 18.2 (SD=3.4) years, and average mini-mental state

examination score was 28.5 (SD=1.6). Additional clinical details about these participants at

baseline are included in Table 1.

Clinical Diagnoses

Each subject had a uniform structured evaluation which included a medical history,

neurological and medical examination, and cognitive testing. The diagnosis of dementia was

made in a multi-step process. Participants had detailed cognitive testing that included 21

cognitive performance tests. The cognitive test data were reviewed by an experienced

neuropsychologist who determined if cognitive impairment was present. Based on review of

all available data, a clinician experienced in the evaluation of older persons determined

whether the participant met the clinical criteria for dementia and Alzheimer’s disease,

stroke, or Parkinson’s disease, using criteria previously described. (20, 22-25)

Assessment of Sleep Complaints

To assess sleep complaints, we used specific questions which have been used by other

investigators for assessment of community-dwelling older persons. (26-28) Participants

rated the frequency of abnormalities of 4 aspects of sleep including: (1) “how often do you

have trouble falling asleep?”, a proxy measure for sleep latency; (2) “how often are you

troubled by waking up during the night?”, a proxy measure for sleep consolidation; (3) “how

often do you get so sleepy during the day or evening that you have to take a nap?”, a proxy

measure for daytime sleepiness; (4) “how often do you feel really rested when you wake up

in the morning?”, a proxy measure for sleep quality. For the first 3 questions, answers to the

questions were coded on a 0-4 scale, with higher scores indicative of worse sleep (i.e.

0=never; 1=rarely; 2=sometimes; 3=often; 4=very often). For question 4, the answers were

reverse coded in accordance to the other questions so that higher scores also reflected worse

sleep (i.e. 4=never; 3=rarely; 2=sometimes; 1=often; 0=very often). Responses to the four

sleep items were averaged to yield a dyssomnia score which was used for these analyses. To

assess number of sleep complaints per participant, responses to the four sleep items were

dichotomized such that a participant was considered to have a sleep complaint if the

response to questions 1, 2, or 3 was “often” or “very often”, or if the response to question 4

was “never” or “rarely”. A fifth question regarding total hours of nighttime sleep (“How

many hours do you usually sleep at night?”), a proxy measure for total sleep time) was also

asked.
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Self-Report of Assessment of Disability

Disability was assessed using 3 scales. Instrumental activities of daily living (IADLs) were

assessed using items adapted from the Duke Older Americans Resources and Services

project. This instrument assesses the following 8 activities: telephone use, meal preparation,

money management, medication management, light and heavy housekeeping, shopping, and

local travel. (29) Basic activities of daily living (ADLs) were assessed using a modified

version of the Katz Basic ADL scale. This scale assesses the following 6 activities: feeding,

bathing, dressing, toileting, transferring, and walking across a small room. (30) Mobility

disability was assessed using the Rosow-Breslau Functional Health scale. This instrument

assesses 3 activities: walking up and down a flight of stairs, walking one-half mile, and

doing heavy housework (e.g. washing windows, walls, and floors). (31) Participants

reported the amount of help needed as: no help, help, unable to do. For the purposes of these

analyses, subjects were classified as disabled for each of the 3 scales if they reported either

needing help or were unable to perform 1 or more tasks.

Other Covariates

Date of birth, sex, and years of education were collected through a participant interview.

Body mass index (BMI) was calculated by dividing measured weight represented in

kilograms with the square of measured height represented in meters.

Chronic medical conditions that could influence sleep or disability were assessed at baseline.

Stroke was diagnosed based on a uniform structured neurological examination and medical

history, as previously reported. (24) Classification of diabetes, hypertension, and thyroid

disease was made by self-reported medical history and medication inspection, as previously

reported. (20) Head injury and cancer were based on participant report at the time of

interview. The presence of each of these chronic conditions at baseline was used in analyses.

Depressive symptoms were assessed at baseline with a 10-item version of the Center for

Epidemiological Studies Depression Scale (CES-D). (32) Persons indicated whether they

had experienced any of 10 symptoms much of the time during the previous week.

Medications were inspected at the baseline exam. For these analyses, we included dummy

variables to indicate the use of several common classes of medications which can affect

sleep: psychoactive substances, psychoactive hypnotics, and antidepressants.

Statistical Analyses

We first examined the crude associations of sleep complaints with age, sex, and education

and other covariates at baseline. To examine whether sleep complaints predicted incident

disability, we used a discrete-time Cox proportional hazards model which adjusted for age,

sex, and education and included a term for sleep complaints. In subsequent analyses, we

added interaction terms to the previous model to determine if the association between sleep

complaints and incident disability varied with demographic variables. Finally, we added

terms for several covariates to determine if they affected the association of sleep complaints

and incident disability. A priori level of statistical significance was 0.05. Model validation
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was performed graphically and analytically and did not show evidence of nonlinearity or

nonproportionality. Models were programmed using SAS Version 9.2.

RESULTS

Descriptive Properties of Sleep Complaints

There were a total of 908 participants in these analyses. Baseline characteristics of these

participants are summarized in Table 1. On average, participants reported sleeping for 7.0

(SD=1.1) hours. The dichotomized responses to the four sleep items demonstrated that more

than 60% of participants had one or more of the 4 sleep complaints. (Figure 1) The summary

dyssomnia measure scores ranged from 0 to 3.75, with higher scores reflecting more sleep

complaints [mean (SD)=1.56 (0.74)]. Dyssomnia was associated with age (rs=0.14, p<0.001)

but not associated with sex (rs=0.04, p=0.26) or education (rs= −0.05, p=0.16). Dyssomnia

was associated with depressive symptoms (rs=0.36, p<0.001), hypertension (rs=0.09,

p<0.05), diabetes (rs=0.07, p<0.05), and history of head injury (rs=0.07, p<0.05). Dyssomnia

was not associated with body mass index (rs=0.03, p=0.44), thyroid disease (rs=0.03,

p=0.30), or cancer (rs=0.04, p=0.27).

Sleep Complaints and Instrumental Activities of Daily Living (IADL) Disability

This analysis was restricted to the 510 participants without IADL disability at baseline. Over

a mean follow-up of 9.9 (SD=4.1) years, 400 (78.4%) developed IADL disability. In a

proportional hazards model adjusting for age, sex, and education, a higher level of

dyssomnia (a 1-point higher dyssomnia score at baseline) was associated with about a 20%

greater risk of developing IADL disability. (Table 3, Model 1)

To interpret the association between dyssomnia and incident IADL disability, we compared

this increased risk to a more familiar metric: the increased risk of IADL disability associated

with higher age at baseline. In this model, baseline age was also associated with incident

IADL disability (HR=1.08, 95% CI=1.06-1.10, x2
1=99.3, p<0.001). In comparing the

estimates of dyssomnia and age in this model (0.20/0.08), the increased risk of disability

associated with a 1-point higher dyssomnia score is similar to a participant being 2.5 years

older at baseline. (Figure 2)

The association of dyssomnia and incident IADL disability did not vary by age, sex, or

education (data not shown).

Sleep Complaints and Activities of Daily Living (ADL) Disability

This analysis was restricted to the 826 participants without ADL disability at study entry.

Over a mean follow-up of 9.6 (SD=4.2) years, 349 (42.3%) subjects reported impairment in

ADL. Using a Cox proportional hazards model adjusting for age, sex, and education, a

higher level of dyssomnia (a 1-point higher dyssomnia score at baseline) was associated

with about a 27% greater risk of developing ADL disability. (Table 3, Model 1) This risk is

equivalent to the risk of developing ADL disability associated with a subject being 2.4 years

older at baseline. (Figure 3)
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The association of dyssomnia with incident ADL disability did not vary by age, sex, or

education (data not shown).

Sleep Complaints and Mobility Disability

This analysis was restricted to the 519 participants without mobility disability at baseline.

Over a mean follow-up of 9.9 (SD=4.2) years, 370 (71.3%) subjects developed mobility

disability. Using the same Cox proportional hazards model adjusting for age, sex, and

education, dyssomnia (about a 1-point higher dyssomnia score at baseline) was associated

with about a 27% greater risk of developing mobility disability. (Table 3, Model 1) This risk

is the equivalent to the risk of developing mobility disability associated with a subject being

2.7 years older at baseline. (Figure 4)

The association of dyssomnia and incident mobility disability did not vary by age, sex, or

education (data not shown).

Sleep Complaints, Other Covariates, and Disability

Body composition and chronic medical conditions can affect either sleep or disability or

both and may attenuate the link between sleep and incident disability. Adding terms to

adjust for baseline reports of BMI and chronic medical conditions, the association of

dyssomnia and all 3 disabilities remained significant. (Table 3, Models 2 and 3)

Several common medications can also affect sleep. When we added terms adjusting for use

of these medications at baseline, the association between dyssomnia and disability remained

significant. (Table 3, Models 4, 5, and 6)

Depression is commonly associated with sleep complaints. When we included terms for

depressive symptoms, the association between dyssomnia and incident disability was

attenuated for IADL and ADL disabilities. However, the association with incident mobility

disability remained significant. (Table 3, Model 7)

Individual sleep complaints and disability

In secondary analyses, we examined the association of individual sleep complaints and

incident disability. Participants reporting trouble falling asleep (question 1) had an increased

risk of IADL disability. Reports of waking up at night (question 2) and not feeling rested in

the morning (question 4) were associated with incident ADL disability. Participants

reporting daytime napping (question 3) or not feeling rested in the morning (question 4) had

an increased risk of developing mobility disability. (see Supplemental Table)

DISCUSSION

In this large community-based study of more than 900 older individuals, sleep complaints

were common, with more than 60% reporting some degree of sleep difficulty. Furthermore,

the number of sleep complaints at baseline predicted the subsequent development of a broad

range of disabilities, including IADL, Katz, and mobility disabilities. These associations did

not vary by age, sex, or education and remained significant even after adjusting for a wide

variety of potential confounders including BMI, chronic health conditions, and common
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medications. Controlling for depressive symptoms at baseline attenuated the associations

between sleep complaints and incident IADL and ADL disabilities, but did not affect the

association between sleep complaints and incident mobility disability. These findings

suggest sleep assessment in non-disabled older adults may identify individuals at higher risk

for developing mobility disability, providing a potential means of decreasing disability in

old age.

Prior studies have reported that sleep complaints are more common in older adults. (5)

Similarly, sleep complaints were very common in our participants, with more than 60%

reporting at least one or more sleep complaints. There is increasing recognition of the

importance of assessing sleep complaints because they are associated with a wide variety of

adverse health consequences including cognitive decline and mortality. (5, 7) Previous

cross-sectional studies have reported the association between sleep complaints and physical

function. (33-35) The current longitudinal study extends these findings and provides

evidence that more sleep complaints in older individuals without disability predicts the

subsequent development of a wide range of common disabilities. These results lend further

support for the accumulating evidence of the adverse consequences of sleep impairments in

older adults. These findings may have important translational consequences, as sleep

complaints may help identify a group of older persons at increased risk for the subsequent

development of disability. Further research is needed to determine whether treatment of

sleep complaints can reduce the growing burden of disability in our rapidly aging

population.

The basis for the association between sleep complaints and disability is uncertain. Although

subjective and objective sleep measures do not always correlate, subjective sleep complaints

are recognized as independently correlating with a wide range of health indicators, including

cardiovascular function and morbidity. (36) If sleep disturbances do lead to incident

disability, potential mediators that may account for these associations include insulin

resistance (37, 38), autonomic nervous system dysregulation (37, 39-42), metabolic

derangement (43, 44), and inflammation (45, 45, 46). In the present study, we attempted to

account for several of these factors at baseline including body composition, diabetes,

vascular diseases, and vascular risk factors. However, the association between sleep

complaints and incident disability remained robust. This suggests that there are likely

additional pathways through which sleep can affect physical function. Prior studies have

suggested that pain and depression may mediate the relationship between sleep disturbances

and disability. (47, 48) This may account in part for the attenuation of the risk of IADL and

ADL disabilities we observed when we adjusted our analyses for depressive symptoms.

Since depression and sleep complaints are strongly linked, it is possible that sleep

complaints may be a proxy for depression for these particular disability measures. It is also

possible that sleep disturbance increases sensitivity to pain within the musculoskeletal

system. (49, 50) This may partially explain why the association between sleep complaints

and mobility disability remained robust even after controlling for depressive symptoms.

Future studies are needed to further clarify the biologic substrate which links sleep

complaints and the motor system as it relates to mobility disability.
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The current study has several limitations. The observational nature of the study limits causal

inferences. It is therefore possible that disability and sleep complaints share a common

pathophysiology rather than a causal relationship. Self-report sleep complaints were

assessed without physiological data on sleep so it is unknown whether nocturnal sleep

disorders such as sleep apnea accounted for these results. Objective measures of sleep are

needed to confirm the current results. Findings are also based on a selected cohort that

differs in important ways from older persons in the general population with regards to

education, socioeconomic status, and lifestyle. It will be important to investigate these

findings in more diverse cohorts.

Nevertheless, the homogeneity of the cohort might also be considered a strength as it helps

to control for factors that may otherwise be considered confounders. The current study has

other several strengths. Data were obtained longitudinally from a large sample of

community dwelling elderly, allowing control for important covariates. Use of a community

based sample, rather than a participants from a clinic-based sample, reduces a certain type of

selection bias. Finally, while objective sleep data may have yielded interesting results,

specifically whether there is a correlation between subjective complaints of sleep, objective

sleep parameters, and incident disability, the brief self-report measurements utilized in this

study allowed for collection of data on a large sample within the community.

CONCLUSIONS

Older persons with more sleep complaints have a higher risk of developing disability. Sleep

complaints may serve to identify individuals at risk for disability. Further research is needed

to determine whether interventions to treat these sleep complaints help decrease the burden

of disability in our aging population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Number of Sleep Complaints at Baseline.
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Figure 2.
Cumulative Hazard of Disability in Instrumental Activities of Daily Living (IADL).
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Figure 3.
Cumulative Hazard of Disability in Activities of Daily Living (ADL).
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Figure 4.
Cumulative Hazard of Disability in Mobility Disability.
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Table 1
Characteristics of Participants at Baseline (n=908)

Baseline characteristics Mean (SD)

 Age (years) 75.0 (6.9)

 Sex (No. of females) 629 (69.3%)

 Education (years) 18.2 (3.4)

 Body mass index (kg/m2) 27.4 (5.4)

 Mini-Mental State Examination score 28.5 (1.6)

 Depressive symptoms (CES-D score) 1.0 (1.5)

Medical risk factors No. of subjects (%)

 Diabetes 68 (7.5%)

 Hypertension 316 (34.8%)

 Thyroid disease 136 (15.0%)

 Head injury with loss of consciousness 67 (7.4%)

 Cancer 252 (27.8%)

Medications reported No. of subjects (%)

 Psychoactive substances 105 (11.6%)

 Psychoactive hypnotics 234 (25.8%)

 Antidepressants 279 (30.7%)
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Table 3
Dyssomnia and Incident Disability

Terms IADL ADL Mobility

1. Core model 1.20 (1.04-1.39, x2
1=7.62) * 1.27 (1.10-1.47, x2

1=12.15) ** 1.27 (1.09-1.48, x2
1=11.04) **

2. Core + body mass index 1.21 (1.05-1.40, x2
1=8.20) * 1.28 (1.10-1.48, x2

1=12.41) * 1.27 (1.08-1.48, x2
1=11.03) **

3. Core + chronic medical conditions 1.17 (1.02-1.36, x2
1=5.90) * 1.24 (1.07-1.44, x2

1=9.94) * 1.25 (1.07-1.46, x2
1=9.76) ***

4. Core + hypnotic medications 1.19 (1.03-1.38, x2
1=6.84) * 1.26 (1.09-1.46, x2

1=11.16) ** 1.26 (1.08-1.47, x2
1=10.44) **

5. Core + psychoactive medications 1.21 (1.05-1.40, x2
1=8.42) ** 1.29 (1.12-1.50, x2

1=14.49) *** 1.26 (1.09-1.48, x2
1=11.13) **

6. Core + antidepressant medications 1.17 (1.01-1.35, x2
1=5.68) * 1.18 (1.02-1.37, x2

1=6.14) * 1.23 (1.05-1.43, x2
1=7.90) **

7. Core + depressive symptoms 1.10 (0.94-1.29, x2
1=2.12) 1.11 (0.95-1.30, x2

1=2.23) 1.23 (1.03-1.41, x2
1=6.58) *

Core model includes terms for dyssomnia, age, sex, and education. Models 2-7 included the terms from the core model as well as the covariate
listed. Values are the hazard ratio (95% confidence interval) for the dyssomnia term in a Cox proportional hazards model for incident disability.

IADL: instrumental activity of daily living; ADL: activity of daily living.

*
p<0.05

**
p<0.01

***
p<0.001
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