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INTRODUCTION
Prior studies have suggested that up to 50% of older adults 

endorse symptoms of poor or insufficient sleep, such as dif-
ficulty falling asleep, fragmented sleep, early morning awak-
ening, and daytime sleepiness.1-4 Depression is also common 
among older adults, with an estimated prevalence of 8-16%.1,5-8 
In older populations, both sleep disturbances and depression 
are associated with greater risk of adverse health-related out-
comes, such as poor health status,2,6 disability,6 poorer physical 
functioning,9,10 falls, and fractures.11 However, the association 
between poor sleep and depression is complex, bidirectional in 
nature, and not thoroughly understood.2

The results of a recently published meta-analysis suggests that 
insomnia is associated with an approximately 2-fold increased 
risk of incident depression,5,12-14 whereas results from studies in-
cluding older adults reported that the risk may be 3-fold.5,12,15-17 
However, all of these previous studies relied on self-reported 
assessments of sleep disturbances and/or insomnia. Studies ex-
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amining associations between electroencephalographic (EEG) 
sleep parameters and subsequent risk of depression have sug-
gested that dysregulations in rapid eye movement (REM) sleep 
patterns are associated with recurrent depressive episodes18,19 
and that disturbances in polysomnographic parameters (such 
as reduced REM latency and slow wave sleep) are associated 
with a greater lifetime risk of depression.20 The results of these 
studies suggest that disturbances in EEG sleep parameters may 
precede depressive episodes. It is important to note that these 
studies enrolled participants from clinical and not community-
based settings, and thus findings are subject to selection biases. 
To our knowledge, the longitudinal associations between ob-
jective (actigraphic) assessments of sleep disturbances and in-
cident depression in a large community-based cohort have not 
been assessed.

In a prior cross-sectional study, we examined the associa-
tion between depressive symptoms (as assessed by the Geri-
atric Depression Scale [GDS]), subjective sleep disturbances 
(as assessed by the Pittsburgh Sleep Quality Index [PSQI] and 
Epworth Sleepiness Scale [ESS]), and objective assessments 
of sleep/wake disturbances using wrist actigraphy using data 
from the Outcomes of Sleep Disorders in Older Men (MrOS 
Sleep) study.21,22 Results from those analyses suggested a strong 
association between greater level of depressive symptoms and 
self-reported poor sleep quality and excessive daytime sleepi-
ness, and a moderate association between greater level of de-
pressive symptoms and objectively measured prolonged sleep 
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latency. Our results were confirmed in a similar analysis using 
data from the Study of Osteoporotic Fractures in community-
dwelling older women.22

In this study, we tested the hypothesis that objective sleep/
wake disturbances, as well as self-reported sleep disturbances, 
are associated with incident depression in older men. We as-
sessed several measures of self-reported and objective sleep 
disturbances and depressive symptoms at baseline in 2,510 
community-dwelling, nondepressed men age 65 y and older en-
rolled in the MrOS Sleep study and then reassessed depressive 
symptoms an average of 3.4 y later.

METHODS

Participants
From March 2000 through April 2002, 5,994 men were re-

cruited for participation in the baseline examination of the pro-
spective Osteoporotic Fractures in Men (MrOS) Study.23 Men 
were recruited from population-based listings in six areas of 
the United States: Birmingham, Alabama; the Monongahela 
Valley near Pittsburgh, Pennsylvania; Minneapolis, Minnesota; 
Palo Alto, California; San Diego, California; and Portland, Or-
egon.24 Men with a history of bilateral hip replacement and men 
who were unable to walk without the assistance of another per-
son were excluded.

From December 2003 through March 2005, active partici-
pants were invited to enroll in an ancillary study: MrOS Sleep. 
Of the 5,994 men enrolled in the overall MrOS Study, 3,135 
(68%) were enrolled in the MrOS Sleep Study (> 100% of re-
cruitment goal). Of the 2,859 men who did not participate in 
this ancillary study, 344 died before the sleep visit; 36 had al-
ready stopped participating in the study; 332 were not invited 
because recruitment goals had already been met; 150 were not 
eligible due to current continuous positive airway pressure or 
mouthpiece use, open tracheotomy, or use of oxygen therapy; 
and 1,997 refused participation. Of those who participated in 
MrOS Sleep, 2,989 men had at least 72 h (3 nights) of wrist 
actigraphy data, and measures of depressive symptoms at base-
line. The 2,510 men who were categorized as nondepressed at 
baseline (GDS score < 6) and had repeat measures of depres-
sive symptoms at a follow-up examination an average of 3.4 y 
later comprised the analytical cohort for this study. The institu-
tional review board at each center approved the study protocol, 
and written informed consent was obtained from all patients.

Measures of Sleep Parameters

Actigraphy
Sleep parameters were measured at the baseline examination 

using an octagonal sleep watch actigraph (Ambulatory Monitor-
ing, Inc., Ardsley, NY), a small device used to detect movement 
and provide information on sleep-wake patterns. Actigraphs are 
similar in appearance to a wristwatch and were placed on the 
wrist of the nondominant hand. Participants were instructed to 
wear the actigraph for a minimum of 5 nights, securely fastened 
around their nondominant wrist, to be removed only when bath-
ing or during water sports. Accelerometers within the actigraph 
measured movement several times per sec and stored the infor-
mation digitally in 1-min epochs. Actigraphy has been shown 

to provide a reliable estimate of sleep-wake activity, and is 
highly correlated with polysomnography (PSG), which remains 
the gold standard.25 In a prior analysis using a subset of MrOS 
Sleep data, actigraphy data was moderately correlated with 
PSG data, with intraclass correlation coefficients (ICC) ranging 
from 0.32 to 0.57.26 Data were collected in three modes but are 
reported here using the digital integration mode (also known as 
proportional integration mode),15 which was used to analyze the 
actigraphy data.27 Details of the actigraphy scoring algorithms 
used in the study have been published elsewhere.28,29

Participants completed sleep diaries for the time they wore 
the actigraph. These diaries included time into and time out of 
bed and times the actigraph was removed. This information was 
used in editing the actigraphy data files to set intervals for when 
the participant was in bed trying to sleep (after “lights off”) and 
to delete times when the actigraph was removed. Interscorer 
reliability for editing the actigraphy data files has been found 
to be high in our group (ICC = 0.95) and actigraphy has been 
shown to have good concordance with total sleep time (TST) 
from PSG.29,30

Sleep/wake parameters used in analyses included sleep ef-
ficiency: the percentage of time (0-100%) the participant was 
sleeping from sleep onset until the last min scored as sleep (the 
following morning), sleep latency: the time from when the par-
ticipant reported “lights off” until the time scored as sleep on-
set, time awake after sleep onset: the number of min scored as 
wake from sleep onset until the end of the last sleep episode 
while in bed, TST: the h per night spent sleeping while in bed 
after “lights off”, and long-wake episodes: the number of awak-
enings (≥ 5 min) while in bed. All actigraphy measurements 
were averaged over the total number of nights the actigraph 
was worn. Because most men did not complete the requested 5 
nights of actigraphy data, we restricted our primary analyses to 
men who had at least 72 h of actigraphy recordings.

For primary analyses, sleep parameters were expressed as 
dichotomous variables based on consideration of clinical rel-
evance of values for older adults, validated cut-points, and/
or comparability to prior MrOS Sleep publications21,31-33: poor 
sleep efficiency (< 70% versus ≥ 70%), prolonged sleep latency 
(≥ 1 versus < 1 h), greater nighttime wakefulness (awakening 
after sleep onset ≥ 1.5 versus < 1.5 h), and multiple long-wake 
episodes (≥ 8 versus < 8). TST was expressed as a three-level 
predictor (≤ 5 h (short sleep duration), 5-8 h (normal sleep du-
ration), > 8 h (long sleep duration), based on clinical relevance 
and the presumption that there is a U-shaped association be-
tween TST and depression.34 In secondary analyses we ex-
pressed sleep/wake parameters as continuous variables.

We computed an objective sleep/wake disturbances sum-
mary score by counting the number of times a participant was 
classified as having a sleep/wake disturbance, as defined pre-
viously, on each on the actigraphy parameters. Scores ranged 
from 0 to 5.

Self-Reported Measures of Sleep and Daytime Sleepiness
Participants were asked to complete the PSQI and the ESS. 

The PSQI is a validated measure of self-reported sleep quality 
and sleep disturbances over the past month. The questionnaire 
is divided into sections that assess self-reported sleep quality, 
sleep latency, sleep duration, sleep efficiency, sleep distur-
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bances, use of sleeping medications, and daytime dysfunction. 
Global PSQI scores range from 0 to 21, and a standard cutoff 
greater than 5 is indicative of poor sleep quality. This cutoff has 
a sensitivity of 89.6% and a specificity of 86.5% in distinguish-
ing good sleepers from poor sleepers,35-37 and has been shown 
to have good reliability, internal consistency, and construct va-
lidity in the MrOS cohort.38 In primary analyses we expressed 
PSQI as a dichotomous predictor: > 5 versus ≤ 5, and in second-
ary analyses we expressed PSQI as a continuous variable.

The ESS is a self-administered questionnaire that classifies 
self-reported daytime sleepiness in people with sleep disorders. 
Patients are asked to rate how likely (from 1 to 3, with 1 being 
unlikely and 3 being highly likely) they are to doze off in eight 
typical daily situations. ESS scores range from 0 to 24, with a 
standard cutoff of > 10 indicative of excessive daytime sleepi-
ness.39,40 The ESS has been validated in the MrOS cohort.38 In 
primary analyses we expressed ESS as a dichotomous cut-point: 
> 10 versus ≤ 10, and in secondary analyses we expressed ESS 
as a continuous variable.

Measurement of Depression
Depressive symptoms were evaluated at baseline and at the 

follow-up visit using the 15-item GDS. The GDS is designed 
specifically for elderly patients and consists of 15 yes or no 
questions assessing depressive symptoms. A standard cutoff of 
six or more symptoms is used to define clinically significant 
depression; this cutoff has a sensitivity of 91% and a specificity 
of 65% compared with diagnoses by the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fourth Edition.41,42 For 
this analysis we assessed whether sleep disturbances at base-
line were associated with incident depression at a follow-up 
examination, and therefore, men with depression at baseline 
(GDS ≥ 6) were excluded.

Other Measures
A trained technician interviewed participants at each ex-

amination. Information was obtained on health status,43 alcohol 
intake, caffeine consumption,44 smoking status, walking for ex-
ercise, and impairments in instrumental activities of daily living 
(IADL).45,46 Information from a previous visit was used to assess 
age, race/ethnicity, living situation, and education. Participants 
were asked to report all medications (prescription and nonpre-
scription) used within the past 30 days. All prescription and non-
prescription medications were entered into an electronic database 
and each medication was matched to its ingredient(s) based on 
the Iowa Drug Information Service (IDIS) Drug Vocabulary 
(College of Pharmacy, University of Iowa, Iowa City, IA).47 
Participants were asked about a history of physician-diagnosed 
stroke, parkinsonism, diabetes mellitus, chronic obstructive lung 
disease, congestive heart failure, chronic kidney disease, and 
myocardial infarction. Cognitive function was assessed using 
the Modified Mini-Mental State Examination.48 Body weight 
was measured using a balance beam or digital scale. Height was 
measured using a wall-mounted stadiometer. Height and weight 
were used to calculate body mass index (kg/m2).

Statistical Analysis
Differences in baseline characteristics according to depres-

sion status at the follow-up examination were compared using 

analysis of variance for normally distributed continuous data, 
Kruskal-Wallis for skewed continuous data, and chi-square 
tests for categorical data.

For primary analyses, the associations between sleep distur-
bances at baseline and odds of being depressed at follow-up 
were examined using logistic regression in the entire cohort 
(n = 2,510), and in a subset of participants who reported not 
using antidepressants at the baseline examination (n = 2,352). 
Secondary analyses expressed sleep disturbance parameters as 
continuous variables and calculated odds ratios per standard de-
viation increase/decrease in sleep parameters.

Models included an age- and clinic site-adjusted base model, 
the base model further adjusted for number of baseline GDS 
symptoms, and the base model that further adjusted for multiple 
potential confounders. Covariates thought to be associated with 
depression or with sleep disturbances were considered for se-
lection in multivariable models if they showed a significant as-
sociation at P ≤ 0.10 in univariate analyses. Covariates included 
in multivariable-adjusted models were: age, clinic site, number 
of baseline GDS symptoms, health status, education, alcohol 
use, use of benzodiazepines at baseline, use of antidepressants 
at baseline (in the cohort that included baseline antidepressant 
users), cognitive function, walking for exercise, impairments in 
IADL, and selected medical conditions.

Several sensitivity analyses were conducted and included 
analyses examining change in GDS symptoms, and analyses 
excluding men who reported using antidepressants or benzodi-
azepines at the baseline examination. Because results of sensi-
tivity analyses were consistent with the primary analysis, only 
results of the primary analysis are shown. Statistical analyses 
were conducted using SAS v9.2 (SAS Institute, Inc., Cary, NC).

RESULTS

Characteristics of the Study Population
Of the 3,135 men who attended the sleep visit, the analytic 

cohort consisted of 2,510 men who had complete measures of 
self-reported and objective sleep and depression and who were 
classified as nondepressed (GDS < 6) at baseline. Of the 625 
men who participated in the sleep examination but who were 
not included in the analytical cohort, 306 (49%) remained ac-
tively enrolled in the study beyond the sleep examination but 
did not have follow-up data, 272 (44%) died prior to the fol-
low-up visit, 26 had been terminated from the study after the 
sleep visit, and 21 refused participation in the follow-up visit. 
On average, men who died or did not have follow-up data had 
a greater burden of depressive symptoms at baseline, compared 
with men who were included in the analytic cohort (1.89 versus 
1.28 symptoms). Furthermore, compared with men included 
in the analytical cohort, the 306 surviving enrolled men not 
included in the analytical cohort were on average older (77.0 
versus 75.9 y), and more likely to report poorer health status at 
baseline (25.6% versus 8.7%).

At the follow-up examination, 1,899 men were not depressed 
(zero to two depressive symptoms), 495 (19.7%) had some de-
pressive symptoms (three to five), and 116 (4.6%) were de-
pressed with six or more depressive symptoms. The mean and 
median (inter-quartile range) change in GDS score (computed 
as follow-up score − baseline score) was 0.44 and 0 (0-1) symp-
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toms respectively (data not shown). Actigraphy data were col-
lected for an average of 4.7 ± 0.7 days.

Characteristics of participants according to depression status at 
follow-up are presented in Table 1. In general, older age, poorer 
health status, lower educational achievement, current smoking, 
higher rate of antidepressant use and benzodiazepine use, poorer 
cognitive function, lower rate of regular walking for exercise, 
greater impairments in activities of daily living, lower physical 
activity, and one or more selected medical conditions were asso-
ciated with depressed status at the follow-up examination.

Sleep/wake disturbances were also prevalent in this popu-
lation. Objective assessments of sleep/wake disturbances via 
wrist actigraphy suggested that 246 men (9.8%) had sleep effi-
ciency < 70%, 234 (9.3%) had sleep latency ≥ 1 h, 289 (11.5%) 
slept an average of < 5 h per night, and 176 (7.0%) slept an 
average of > 8 h per night. Also, 763 men (30.4%) were awake 
for more than 90 min after sleep onset during the night, and 
783 (31.2%) had more than eight long-wake episodes during 
the night (Table 2). The objective sleep/wake disturbances sum-
mary score ranged from 0 to 5, with 1,362 men (54%) having 
no objective sleep/wake disturbances, 427 (17%) having one 
objective sleep/wake disturbance, and 721 (29%) having two 

or more objective sleep/wake disturbances. Similarly, there was 
also a high prevalence of self-reported sleep/wake disturbances 
in this cohort, with 1,040 men (41.4%) reporting poor sleep 
quality (PSQI > 5), and 288 (11.5%) reporting excessive day-
time sleepiness (ESS > 10) (data not shown).

Longitudinal Association of Self-Reported Sleep Disturbances 
and Depression

In general, poor sleep quality (PSQI > 5) at baseline was asso-
ciated with a 2.6-fold increased odds of depression at follow-up, 
in age- and site-adjusted models (OR = 2.55, 95% CI 1.72-3.77) 
(Table 2). Results were attenuated by approximately 39.6% af-
ter adjustment for number of baseline GDS symptoms, but re-
mained significant. After further adjustment for health status, 
education, use of antidepressants or benzodiazepines at baseline, 
alcohol consumption, cognitive function, walking for exercise, 
IADL, and comorbidities, results were further attenuated, but 
persisted (OR = 1.53, 95% CI 1.00-2.33, P = 0.05). Results in 
analyses excluding baseline antidepressant users were similar 
(multivariable OR = 1.64, 95% CI 1.03-2.62, P = 0.037).

There was no association between excessive daytime sleepi-
ness (ESS > 10) and odds of depression in age- and site-ad-

Table 1—Baseline characteristics of 2,510 participants according to depression status at follow-up

Depression status at follow-up
Characteristic All participants (n = 2,510) Not depressed (n = 2,394) Depressed (n = 116) P

Age, mean ± SD 75.9 ± 5.3 75.8 ± 5.3 77.9 ± 5.2 < 0.001
Caucasian, %a 90.3 90.1 94.0 0.174
Excellent or good health status, % 89.4 90.0 77.6 < 0.001
Lives alone, %a 11.9 11.8 12.9 0.718
Education, % 0.024

< High school 4.9 4.9 6.0
High school diploma 15.6 15.2 24.1
College or graduate school 79.5 80.0 69.8

Alcohol intake, drinks/week, % 0.165
0-2 46.0 45.6 54.3
3-13 48.1 48.5 39.7
≥ 14 5.9 5.9 6.0

Current smoker, % 1.9 1.8 4.3 0.054
Caffeine intake, mg/day, mean ± SD 237 ± 245 237 ± 246 229 ± 207 0.728
Use of antidepressants at baseline,% 6.3 5.7 19.0 < 0.001
Use of benzodiazepines at baseline,% 3.8 0.4 12.1 < 0.001
Use of nonbenzodiazepine anxiolytic/hypnotic use at 
baseline, %

2.0 2.0 2.6 0.639

Modified Mini-Mental State Examination Score, 
range 0-100, mean ± SDb

93.3 ± 5.4 93.4 ± 5.2 90.1 ± 7.7 < 0.001

Body mass index, kg/m2, mean ± SD 27.2 ± 3.7 27.2 ± 3.7 27.7 ± 4.5 0.163
Walks for exercise, % 48.3 48.6 40.5 0.088
Any instrumental activity of daily living impairment, % 16.9 15.9 36.2 < 0.001
≥ 1 selected medical conditions, %c 33.6 32.7 52.6 < 0.001
GDS at baseline, mean (SD) 1.21 (1.25) 2.60 (1.47) < 0.001
GDS at follow-up, mean (SD) 1.43 (1.35) 7.69 (2.13) < 0.001

ESS, Epworth Sleepiness Scale questionnaire; GDS, Geriatric Depression Scale; PSQI, Pittsburgh Sleep Quality Index questionnaire; SD, standard deviation. 
aMeasurement taken at a previous clinic visit. bKruskal-Wallis test used due to skewed distribution. cHistory of one or more selected medical conditions 
includes stroke, diabetes mellitus, parkinsonism, chronic obstructive lung disease, chronic kidney disease, congestive heart failure, and myocardial infarction.
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justed models, or in multivariable adjusted models (Table 2). 
Results were similar in analyses excluding baseline antidepres-
sant users.

Longitudinal Associations of Objective Sleep/Wake 
Disturbances and Depression

In age- and site-adjusted models, we observed statistically 
significant associations between objective sleep/wake sum-

mary score (per one-unit increase), sleep efficiency < 70% ver-
sus ≥ 70%, sleep latency ≥ 1 h versus < 1 h, awakening after 
sleep onset ≥ 1.5 h versus < 1.5 h, and eight or more versus 
fewer than 8 long wake episodes and greater odds of being 
depressed (Table 2). Results however were attenuated and no 
longer statistically significant after further adjustment for the 
number of baseline depressive symptoms, as well as after addi-
tional adjustment for multiple potential confounders (Table 2). 

Table 2—Association between sleep/wake disturbances and odds of depression at follow-up

Odds ratio (95% confidence interval)
Including baseline 

antidepressant users (n = 2,510)
Excluding baseline 

antidepressant users (n = 2,352)

Prevalence
Depressed versus 

not depressed P
Depressed versus 

not depressed P
Self-reported sleep/wake disturbances

Poor sleep quality (PSQI > 5 versus ≤ 5) 41.4%
Age- and site-adjusted model 2.55 (1.72-3.77) < 0.001 2.56 (1.66-3.95) < 0.001
Base modelb 1.75 (1.16-2.65) 0.008 1.79 (1.14-2.82) 0.011
Multivariate modelc 1.53 (1.00-2.33) 0.051 1.64 (1.03-2.62) 0.037

Excessive daytime sleepiness (ESS > 10 versus ≤ 10) 11.5%
Age- and site-adjusted model 1.39 (0.82-2.35) 0.223 1.11 (0.59-2.08) 0.743
Base modelb 0.99 (0.57-1.72) 0.980 0.78 (0.41-1.50) 0.463
Multivariate modelc 0.92 (0.52-1.64) 0.778 0.77 (0.39-1.52) 0.442

Objective sleep/wake disturbancesa 
Summary Objective Disturbances Score (0-5), per one-unit increase

Age- and site-adjusted model 1.20 (1.07-1.36) 0.002 1.17 (1.02-1.34) 0.023
Base modelb 1.12 (0.99-1.27) 0.085 1.09 (0.94-1.25) 0.245
Multivariate modelc 1.06 (0.93-1.21) 0.415 1.03 (0.89-1.20) 0.677

Poor sleep efficiency (< 70% versus ≥ 70%) 9.8%
Age- and site-adjusted model 1.88 (1.13-3.13) 0.016 1.71 (0.96-3.06) 0.069
Base modelb 1.45 (0.85-2.49) 0.173 1.32 (0.72-2.42) 0.378
Multivariate modelc 1.22 (0.69-2.14) 0.493 1.11 (0.59-2.11) 0.741

Prolonged sleep latency (≥ 1 h versus < 1 h) 9.3%
Age- and site-adjusted model 1.77 (1.04-3.00) 0.035 1.59 (0.86-2.92) 0.139
Base modelb 1.44 (0.83-2.50) 0.195 1.31 (0.70-2.47) 0.400
Multivariate modelc 1.22 (0.68-2.19) 0.508 1.16 (0.59-2.27) 0.665

Greater nighttime wakefulness (WASO ≥ 1.5 h versus < 1.5 h) 30.4%
Ag- and site-adjusted model 1.48 (1.01-2.18) 0.046 1.34 (0.87-2.06) 0.188
Base modelb 1.23 (0.82-1.84) 0.313 1.12 (0.71-1.75) 0.629
Multivariate modelc 1.09 (0.71-1.65) 0.702 0.97 (0.61-1.54) 0.890

Multiple long-wake episodes (≥ 8 versus < 8) 31.2%
Age- and site-adjusted model 1.69 (1.15-2.47) 0.007 1.53 (1.00-2.33) 0.052
Base modelb 1.37 (0.92-2.03) 0.122 1.26 (0.81-1.95) 0.310
Multivariate modelc 1.17 (0.77-1.77) 0.471 1.08 (0.68-1.72) 0.739

Short versus normal sleep duration (TST ≤ 5 h versus 6-8 h) 11.5%
Age- and site-adjusted model 1.52 (0.90-2.56) 0.118 1.36 (0.75-2.48) 0.308
Base modelb 1.20 (0.70-2.07) 0.513 1.08 (0.58-2.01) 0.814
Multivariate modelc 1.06 (0.60-1.87) 0.848 0.94 (0.49-1.80) 0.846

Long versus normal sleep duration (TST > 8 h versus 6-8 h) 7.0%
Age- and site-adjusted model 1.38 (0.72-2.66) 0.337 1.69 (0.84-3.38) 0.138
Base modelb 1.42 (0.72-2.80) 0.306 1.76 (0.86-3.60) 0.121
Multivariate modelc 1.27 (0.64-2.55) 0.493 1.71 (0.82-3.54) 0.150

aObjective sleep/wake disturbances measured using wrist actigraphy. bBase model adjusted for age, clinic site and baseline GDS score. cMultivariate model 
adjusted for age, clinic site, baseline GDS score, health status, education, use of benzodiazepines, use of antidepressants (in analyses including baseline 
antidepressant users), alcohol consumption, cognitive function, walks for exercise, impairments in activities of daily living and certain medical conditions. ESS, 
Epworth Sleepiness Scale; GDS, Geriatric Depression Scale; PSQI, Pittsburgh Sleep Quality Index; TST, total sleep time; WASO, wake after sleep onset.
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Tests for an interaction between subjective poor sleep quality 
and objective summary score were not statistically significant 
(P for interaction = 0.389). Furthermore, results were similar 
and remained nonsignificant in analyses that excluded baseline 
antidepressant users. We did not observe statistically significant 
associations between sleep duration categories and depression 
status at follow-up in any of the models.

Additional Analyses
When the sleep parameters were expressed as continuous 

variables, there was evidence of linear associations of increas-
ing sleep latency, increasing numbers of long-wake episodes, 
and worsening PSQI with higher odds of depression at follow-
up, in models adjusted for age, site, and baseline GDS score 
(Table 3). After further adjustment for multiple potential con-
founders, these associations were attenuated and were no lon-
ger significant. There was no evidence of linear associations 
of sleep efficiency, awakening after sleep onset, TST, and ESS 
with odds of depression at follow-up.

DISCUSSION
Poor self-reported sleep quality at baseline was indepen-

dently associated with greater odds of incident depression at 
follow-up in older, community-dwelling men. Men with poor 
sleep efficiency, prolonged sleep latency, greater nighttime 
wakefulness, multiple long-wake episodes, and greater bur-

den of objectively measured sleep/wake disturbances also had 
greater odds of being depressed at the follow-up examination. 
These associations were mostly explained by having a greater 
number of depressive symptoms at baseline among men with 
these sleep disturbances. Furthermore, we did not observe an 
association of objectively assessed TST or reports of daytime 
sleepiness with depression status at follow-up.

Although we were unable to identify other studies that have 
examined the longitudinal associations between actigraphy-as-
sessed sleep/wake disturbances and risk of developing depres-
sion, our findings regarding self-reported sleep disturbances 
are generally consistent with previously published studies. A 
meta-analysis including longitudinal studies across a variety of 
age groups found that in comparison with participants without 
insomnia, nondepressed participants with insomnia or insom-
nia symptoms have a 2-fold increased risk of developing de-
pression.5 Although we did not specifically assess insomnia in 
our study, our results also suggested that the odds of being de-
pressed at follow-up ranged from 1.3 to 2.5-fold higher among 
men with poor sleep quality at baseline. Furthermore, we ob-
served that greater burden of depressive symptoms at baseline 
and health-related factors partially explained the association 
between poor sleep quality and risk of depression at follow-
up. Because we did not ascertain a self-reported history of de-
pression in the study, we are unable to discern whether burden 
of depressive symptoms at baseline indicate participants who 

Table 3—Association between continuous sleep/wake parameters and odds of depression at follow-up

Odds ratio (95% confidence interval)
Unit (per SD) Not depressed (n = 2,394) Depressed (n = 116) P

Self-reported sleep/wake measures
Pittsburgh Sleep Quality Index Per 3.1 unit increase

Base modelb 1.0 (ref) 1.17 (0.98-1.40) 0.081
Multivariate modelc 1.0 (ref) 1.06 (0.88-1.28) 0.530

Epworth Sleepiness Scale Per 3.5 unit increase
Base modelb 1.0 (ref) 1.04 (0.86-1.25) 0.681
Multivariate modelc 1.0 (ref) 1.03 (0.85-1.25) 0.742

Objective Sleep/wake disturbancesa

Sleep efficiency, % Per 10.0% decrease
Base modelb 1.0 (ref) 1.14 (0.96-1.35) 0.130
Multivariate modelc 1.0 (ref) 1.06 (0.88-1.27) 0.555

Sleep latency, 1 h Per 30 min increase
Base modelb 1.0 (ref) 1.18 (1.02-1.35) 0.023
Multivariate modelc 1.0 (ref) 1.13 (0.97-1.32) 0.123

Awake after sleep onset,1.5 h Per 42 min increase
Base modelb 1.0 (ref) 1.13 (0.95-1.34) 0.169
Multivariate modelc 1.0 (ref) 1.02 (0.85-1.23) 0.803

Long-wake episodes, N Per 3.2 additional episodes
Base modelb 1.0 (ref) 1.20 (1.00-1.43) 0.047
Multivariate modelc 1.0 (ref) 1.09 (0.90-1.32) 0.367

Total sleep time, h Per 1.2 h decrease
Base modelb 1.0 (ref) 1.05 (0.88-1.27) 0.596
Multivariate modelc 1.0 (ref) 1.03 (0.85-1.25) 0.728

N = 2,510. aObjective sleep/wake disturbances measured using wrist actigraphy. bAdjusted for age, clinic site, and baseline GDS score. cAdjusted for age, 
clinic site, baseline GDS score, health status, education, use of benzodiazepines or antidepressants at baseline, alcohol consumption, cognitive function, 
walks for exercise, impairments in activities of daily living and certain medical conditions. GDS, Geriatric Depression Scale; SD, standard deviation.
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were not ‘depressed’ according to a GDS score < 6, but who had 
a history of depressive illness. It is also possible that depressive 
symptoms at baseline were attributable to sleep disturbances 
at baseline because the association between sleep and depres-
sion may be bidirectional in nature. Furthermore, there was no 
evidence of linearity in multivariable adjusted models examin-
ing associations between self-reported sleep quality (using the 
PSQI) and odds of depression at follow-up. This suggests that 
a threshold rather than linear association exists between sleep 
quality and depression. We also did not find any evidence of 
an interaction between poor subjective sleep quality (PSQI > 
5 versus ≤ 5) and objective sleep/wake disturbances summary 
score, which suggests that in this cohort, associations between 
objective sleep/wake measures did not differ by presence/ab-
sence of subjective poor sleep quality.

Prior studies using objective measures (PSG) of sleep have 
observed that dysregulations in REM sleep patterns are asso-
ciated with recurrent depressive episodes18,19 and that distur-
bances in PSG parameters (such as reduced REM latency and 
slow wave sleep) are associated with a greater lifetime risk of 
depression.20 Our current analysis did not use PSG parameters.

Our findings also suggest that the associations between ob-
jectively assessed poor sleep efficiency, prolonged sleep la-
tency, greater nighttime wakefulness and multiple long-wake 
episodes, and increased odds of depression at follow-up are 
largely explained by a higher burden of depressive symptoms 
at baseline among older men with these sleep disturbances. The 
results of our previously published cross-sectional analyses21 
showed independent associations between greater level of de-
pressive symptoms (expressed as GDS 0-2; 3-5; ≥ 6) and higher 
odds of poor sleep quality, excessive daytime sleepiness, and 
objectively assessed prolonged sleep latency at baseline. The 
clinical implications of our findings, both cross-sectional and 
longitudinal, suggest that older men presenting with reports of 
disturbed sleep should be evaluated for prevalent depressive 
symptoms and depression. The underlying mechanisms ex-
plaining why poor self-reported sleep quality, but not objective 
assessments of sleep/wake disturbances, is an independent pre-
dictor of future depression are not understood. Future studies 
should continue to focus efforts on furthering our understand-
ing of the mechanisms underlying sleep and depression path-
ways and the direction of the associations.

The strengths of this study include a large sample size; 
excellent follow-up (> 90%), participants from six different 
areas of the United States; and participant selection that was 
not contingent on presence of a sleep disorder, depression, or 
other medical conditions; a comprehensive set of measure-
ments, including validated measures of both self-reported and 
objective sleep/wake parameters; and robustness of results to 
sensitivity analyses.

There are also several limitations to note. Because the co-
hort included only older, community-dwelling, primarily Cau-
casian men, these results may not apply to other populations. 
Also, these analyses rely on a self-reported questionnaire to as-
sess depressive symptoms and depression. Although this scale 
has performed well in validation studies, it is not a clinical 
measure of depression; therefore, studies using clinical mea-
sures of depression would improve our understanding of the 
sleep/wake-depression association. Information on history of 

depression prior to baseline was not assessed, and we are un-
able to discern whether the men in our study have had prior 
depressive episodes. Furthermore, approximately 75% of the 
cohort experienced no change or only a one-unit change in 
GDS symptoms during follow-up. Although these men were 
generally healthy at baseline, there remains the question about 
how sensitive the GDS is to change in symptoms in older men. 
Future studies should further evaluate the sensitivity of the 
GDS to change, and confirm results using other measures of 
depression. Future studies should also examine longitudinal 
associations using alternative objective parameters (such as 
those obtained with PSG), as well as explore the interrelation-
ships between objective and subjective measures of sleep. The 
follow-up time was relatively short, and some of the associa-
tions may reflect reverse causality.

There are also a few limitations to note regarding actigraphy. 
Actigraphy algorithms may be less reliable in people who have 
insomnia, and will result in overestimations of periods of sleep. 
It is also important to note that there was a modest correlation 
between actigraphy and PSG in our cohort (ICC = 0.32-0.57).26 
We did not assess insomnia in our cohort, but are confident that 
if this bias exists, it likely has an attenuating effect on our results.

CONCLUSION
In summary, in a cohort of nondepressed, community-

dwelling older men at baseline, poor subjective sleep quality 
was associated with depression at follow-up. Associations of 
objectively measured reduced sleep efficiency, prolonged sleep 
latency, greater nighttime wakefulness, and greater long-wake 
episodes with depression at follow-up were mostly explained 
by having a greater number of depressive symptoms at baseline 
in men with these sleep disturbances.
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