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Abstract
Objectives—To examine the relationship between depressive symptoms and subjective and
objective sleep in older women.

Design—Cross-sectional.

Setting—Four US clinical centers.

Participants—3045 community-dwelling women ≥70 years.

Measurements—Depressive symptoms were assessed with the Geriatric Depression Scale
categorizing participants as “normal” (0–2, referent), “some depressive symptoms” (3–5), or
“depressed” (≥6). Subjective sleep quality and daytime sleepiness were assessed using the
Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS). Objective sleep
measures were assessed with wrist actigraphy.

Results—In multivariable-adjusted models, there were graded associations between increased
level of depressive symptoms and both worse subjective sleep quality and more subjective
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daytime sleepiness (p-trends <0.001). Women with some depressive symptoms (OR 1.82, CI
1.48–2.24) and depressed (OR 2.84, CI 2.08–3.86) women had greater odds of reporting poor
sleep (PSQI>5). Women with some depressive symptoms (OR 1.97, CI 1.47–2.64) and depressed
women (OR 1.70, CI 1.12–2.58) had greater odds of reporting excessive daytime sleepiness
(ESS>10). There were also graded associations between increased level of depressive symptoms
and objectively measured wake after sleep onset (WASO) (p-trend = 0.030) and long wake
episodes >5 minutes (p-trend 0.006). Depressed women had modestly increased odds of WASO
≥1 hour (OR 1.37, CI 1.03–1.83). Women with some depressive symptoms (OR 1.49, CI 1.19–
1.86) and depressed women (OR 2.04, CI 1.52–2.74) had greater odds of being in the highest
quartile for number of nap episodes >5 minutes. No associations between depressive symptom
level and prolonged sleep latency, reduced sleep efficiency, or reduced or increased total sleep
time were found.

Conclusion—Greater depressive symptom levels were associated with more subjective sleep
disturbance and objective evidence of sleep fragmentation and napping.
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INTRODUCTION
Depression is a common complaint in older adults. The estimated prevalence of significant
depressive symptoms in community-dwelling older adults is 15% (1) and depression in this
age group has been associated with a number of adverse outcomes including functional
impairment (2, 3), medical illnesses (4), disability (5, 6), and increased health services
utilization (7–9).

Poor sleep is also common among older adults. In one survey of 9000 adults aged 65 years
or older, over 80% of those surveyed reported at least one problem with sleep while more
than half reported that at least one sleep complaint occurred nearly all the time (10). Further,
older adults may under-report the severity of sleep disturbances compared with objective
assessments by polysomnography (PSG) (11). Insomnia has been associated with poor
outcomes in older adults with depression (12) and poor subjective sleep quality is a risk
factor for suicide in older adults (13).

Although insomnia in depressed patients was initially conceptualized as a symptom of
depression, recent evidence supports a bidirectional relationship between insomnia and
depression. Longitudinal studies have shown that subjective sleep disturbance is a major risk
factor for future development of both first-onset and recurrent depressive episodes in both
younger and older adults (12, 14–16). However, the existing literature regarding the
relationship between depression and sleep disturbances in older adults has largely focused
on subjective assessments of sleep disturbances. There is therefore little data regarding the
relationship between depression and objectively measured sleep disturbances in this age
group. This relationship was recently explored using actigraphy to assess objective sleep
disturbances in a group of community-dwelling older men. Although a strong, graded
association between increased level of depressive symptoms and subjective sleep
disturbance was found, objective assessment of sleep revealed only a modest association
between increased level of depressive symptoms and increased sleep latency (17). To our
knowledge there are no studies looking at the relationship between depression and
objectively measured sleep in older women.

We examined this relationship in a large group of community-dwelling older women. We
hypothesized that older women who endorsed more depressive symptoms would be more
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likely to report subjective sleep disturbances and more likely to have objective evidence of
disturbed night time sleep and increased daytime napping.

METHODS
Participants

Participants were women enrolled in the Study of Osteoporotic Fractures (SOF), an ongoing,
multi-center, prospective, observational cohort study of primarily Caucasian, community-
dwelling women aged 65 years and older from four metropolitan areas (Portland, OR;
Minneapolis, MN; Pittsburgh, PA/Monongahela Valley, PA; Baltimore, MD). Women gave
informed consent prior to enrollment in the study. Between September 1986 and October
1988 the 9,704 participants making up the original cohort were recruited via community
listings and mailed announcements. Between February 1997 and February 1998, 662
African American women were also recruited. Women were excluded from participation if
they required assistance with ambulation or had undergone bilateral hip replacement. Details
regarding the study have been published previously (18, 19). The current analyses focused
on women participating in SOF visit 8 (approximately 15 years after baseline assessment)
which occurred between January 2002 and February 2004. There were 4727 participants at
visit 8, representing 84% of active survivors. Of these women, 3052 had objective
assessment of sleep by actigraphy and 3045 also returned completed Geriatric Depression
Scale (GDS) questionnaires. The analyses of night time sleep were preformed on this subset
of 3045 women. Fifty of these women did not have usable daytime data either because they
removed their actigraph for more than 10% of the wake-time or because there were not two
nights of data surrounding the day. Hence, the analyses of number of naps was performed on
2995 subjects.

Subjective Measures
Demographic information (age, ethnicity, education) was recorded at baseline. At visit 8,
participants completed questionnaires regarding health status, smoking, alcohol
consumption, caffeine intake, exercise, and medical history. Medications were recorded and
categorized according to a computerized coding dictionary. Cognition was assessed using
the Mini-Mental State Exam (MMSE) and cognitive impairment was defined as MMSE ≤ 24
(19).

Depression was assessed using the Geriatric Depression Scale (GDS), a 15-item validated
self-report questionnaire commonly used for assessment of depressive symptoms in older
adults (20). Women were categorized into three groups [0–2 (none to few depressive
symptoms), 3–5 (some depressive symptoms), ≥ 6 (many depressive symptoms)]. To remain
consistent with prior publications using this strategy(17), these groups are labeled as
“normal” (0–2), “some depressive symptoms” (3–5), and “depressed” (≥ 6) throughout the
remainder of the manuscript. A standard cut-off of ≥6 has been shown to have a sensitivity
of 91% and specificity of 65% for diagnosis of a major depressive episode compared with
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) (21).

Subjective sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), a
validated19-item self-report questionnaire. Global PSQI scores range from 0–21 with higher
scores reflecting worse sleep. A total score >5 has a sensitivity of 89.6% and specificity of
86.5% for distinguishing good sleepers from poor sleepers (22). Subjective daytime
sleepiness was measured using the Epworth Sleepiness Scale (ESS), a self-administered
questionnaire that asks subjects to rate how likely they are to doze off in different situations.
Scores on the ESS range from 0–24 with a standard cut-off of greater than 10 indicating
excessive daytime sleepiness (23, 24).
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Actigraphy
Objective sleep parameters were measured using wrist actigraphy, a previously validated
(25–27) non-invasive tool which provides information about sleep and wake patterns via an
accelerometer that detects wrist movement. Actigraphs (SleepWatch-O, Ambulatory
Monitoring, inc., Ardsley, NY) were worn on participants’ non-dominant wrist for at least 3
consecutive 24 hour periods. Movements were recorded and summarized in 1-minute
epochs. The data were collected using the proportional integration mode (PIM) (26) and
analyzed using ActionW-2 software (Ambulatory Monitoring, Inc., Ardsley, NY). The
University of California San Diego algorithm was used to distinguish sleep from wake (28,
29). Participants also completed sleep diaries for the time period they wore the actigraph.
The diaries included information about times participants got into and 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 time when the actigraph was removed. In the SOF study, inter-scorer reliability for
editing the actigraphy data files has been previously found to be high (TST intra-class
coefficient = 0.95), and TST estimated via actigraphy has been shown to have good
concordance with TST assessed by PSG (25, 26).

The following variables were used in the analyses: total sleep time (TST, minutes sleep
between bed time and wake time), sleep efficiency (SE, percent of time asleep while in bed),
sleep onset latency (SOL, minutes between bed time and the first block of inactivity after
bed time), time awake after sleep onset (WASO, minutes awake between sleep onset and
wake time), number of long wake episodes (number of wake episodes between sleep onset
and wake time exceeding 5 minutes), and number nap episodes (number of inactive episodes
between wake time and sleep onset exceeding 5 minutes). Daytime data was excluded from
the analysis if the participant took the actigraph off for greater than 10% of the wake period.
Actigraphy data were collected for an average of 4.1 (+/−0.83) days. Data for each variable
was averaged over the recorded time.

Statistical Analyses
Differences in the characteristics of the participants according to level of depressive
symptoms were assessed using a chi-squared test for categorical variables, analysis of
variance for normally distributed continuous data, and Kruskal-Wallis tests for skewed
continuous data (caffeine intake and number of medical conditions). Pearson’s correlations
were preformed to determine the relationship between subjective and objective sleep
variables in the entire sample and in each subgroup of women by level of depressive
symptoms.

Objective and subjective sleep measures were analyzed as continuous variables using linear
regression models and the least-squared means strategy was used to estimate the mean and
95% confidence interval (CI) for each sleep parameter by level of depressive symptoms.
Tests of linear trend were performed to detect graded associations. Because the distributions
of SE, SOL, WASO, and number nap episodes were skewed, the data was transformed for
normality [LN (P) for WASO and SOL, LN (100-P) for SE, LN (P+1) for number nap
episodes > 5 minutes.

Sleep variables were also expressed as dichotomous outcomes. Specific categories included,
PSQI > 5 vs. PSQI ≤ 5, and ESS > 10 vs. ESS ≤ 10, SE <85% vs. SE ≥85%, SOL ≥30
minutes vs. SOL <30 minutes, WASO ≥1 hour vs. WASO <1 hour, number long wake
episodes ≥8 vs. number long wake episodes <8. TST was expressed as a three level outcome
including <5 hours (short sleep duration), 5–8 hours (normal sleep duration), and >8 hours
(prolonged sleep duration). Because there were no previously described clinically relevant
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cut-points for number nap episodes, quartiles were used and the women in the highest
quartile were compared with the rest of the sample. Associations between depressive
symptoms and dichotomous sleep variables were assessed using logistic regression and a
test for linear trend. The association between depressive symptoms and TST was assessed
using a multinomial regression model with normal sleepers serving as the referent category.

Models adjusted for age and site and multivariable adjusted models were assessed.
Covariates were included in multivariable models if they were known correlates of sleep
disturbance or depression or if they were related to the level of depressive symptoms in this
population (p ≤ 0.10). These included age, race, site, smoking status, body mass index
(BMI), self reported health status, education, exercise, reported medical conditions,
impairments in activities of daily living, cognitive impairment, antidepressant use,
benzodiazapene use, and use of medications for sleep.

RESULTS
Characteristics of the Study Population

Characteristics of the sample are shown in Table 1. Ages ranged from 70–99 years with a
mean age of 83.6 (± 3.8) years. The majority of the women were Caucasian (89.3%), rated
their health status as “excellent” or “good” (75.4%), lived alone (60.4%), were not smokers
(97.2%), and reported drinking two or less alcoholic beverages per week (86.9%). The group
was diverse with respect to education with 40.1% having graduated college, 41.9% having
completed high school and 18.0% having completed less education. The average number of
medical conditions reported was 2.46 (+/− 1.61). A minority of the sample population
reported use of medications for sleep (14.0%) or antidepressants (13.7%). The rate of
cognitive impairment (MMSE ≤24) was low in the study population (5.6%) and the mean
MMSE score was 27.85 +/− 2.01. More than half (52.0%) of the population reported
subjectively poor sleep (PSQI >5) and a significant portion (11.0%) reported excessive
daytime sleepiness (ESS>10).

The sample was stratified into three groups according to the level of depressive symptoms.
1966 (64.6%) reported 0–2 depressive symptoms (“normal”), 718 (23.6%) reported 3–5
(“some depressive symptoms”), and 361 (11.9%) women reported ≥6 symptoms
(“depressed”). Women with greater levels of depressive symptoms were more likely to be
older, to smoke, to be cognitively impaired, to report poor health, to be less educated, and to
report use of antidepressants, benzodiazapines, and medications for sleep. They were also
more likely to report impairment in instrumental activities of daily living (IADLs), less
likely to walk for exercise, more likely to be obese, and reported more medical problems.

In general subjective and objective sleep measures were either weakly correlated or not
significantly correlated in this sample. For example there was a small but significant inverse
correlation between PSQI and SE (r= −0.12, p=<0.001) and small but significant direct
correlations between PSQI and both WASO (r= 0.13. p=<0.001) and SOL (r= 0.08,
p=<0.001) while PSQI and TST were not significantly correlated. There were also small but
significant correlations between ESS and TST (r=0.17, p<001), and WASO (R=0.07,
r<0.001) in the sample. These relationships were similar in all groups of women with
differing levels of depressive symptoms. There was no significant correlation between ESS
and either SE or SOL either in the total sample or in any of the groups of women by
depressive symptom level.

Level of Depressive Symptoms and Subjective Sleep Measures
Regardless of level of depressive symptoms, the estimated mean PSQI scores for all groups
of women were greater than the clinical cut-point of 5, suggesting poor subjective sleep
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quality (Table 2). After adjustment for age and site, there was a strong graded association
between greater level of depressive symptoms and worse subjective sleep quality (p-trend <
0.001). There was also a significant association between greater level of depressive
symptoms and increased subjective daytime sleepiness (ESS; p-trend < 0.001). However, the
absolute differences in mean ESS scores were small and means were in the normal range for
all three groups. These associations remained significant after adjustment for multiple
potential confounders.

The odds of subjective sleep disturbances were increased for women with greater levels of
depressive symptoms (Figure 1 and Table 4). In age- and site- adjusted models, the odds of
endorsing subjective sleep disturbance were significantly increased for the group with some
depressive symptoms (OR 2.01, CI 1.69–2.40) and further increased for the depressed group
(OR 3.36, CI 2.61–4.32) compared with the normal group. The odds of subjective excessive
daytime sleepiness were increased for women with some depressive symptoms (OR 2.16, CI
1.67–2.79) and for those in the depressed group (OR 1.90, CI 1.35–2.67) compared with
women in the normal group. These associations remained statistically significant after
adjusting for multiple potential confounders.

Level of Depressive Symptoms and Objective Sleep Measures
After adjustment for age and site, there were graded associations between greater levels of
depressive symptoms and decreased SE (p-trend < 0.001), increased SOL (p-trend =0 .003),
increased WASO (p-trend < 0.001), and greater number of long wake episodes (Table 3; p-
trend < 0.001). After adjustment for multiple variables, graded associations between greater
level of depressive symptoms and increased WASO and number of long wake episodes
continued to be significant. There were no association between level of depressive
symptoms and either short or long TST.

In models adjusted for age and site, the odds of some objectively measured sleep
disturbances increased with level of depressive symptoms (Figure 1 and Table 4). Compared
to women with no depressive symptoms, the odds of having reduced SE <85% were greater
for women with some depressive symptoms (OR 1.38, CI 1.13–1.68), and for the depressed
group (OR 1.53, CI 1.17–2.01) compared with those in the normal group. Similarly, the
odds of having WASO ≥1 hour were increased for those women with some depressive
symptoms (OR 1.45, CI 1.22–1.73) and for the depressed group (OR 1.73, CI 1.36–2.19).
The odds of having ≥8 long wake episodes were also greater for women with some
depressive symptoms (OR 1.55, CI 1.29–1.86) and for the depressed group (OR 1.84, CI
1.45–2.33). The odds of being a long sleeper (>8 hours sleep per night), as opposed to a
normal sleeper (5–8 hours sleep per night), were greater for women with some depressive
symptoms (OR 1.46, 1.15–1.86) and for the depressed group (OR 1.58, 1.17–2.15). The
odds of being a short sleeper (< 5 hours sleep per night), as opposed to a normal sleeper,
were greater for women with some depressive symptoms (OR 1.82, CI 1.36–2.43) while
there was no association for the depressed group (OR 1.30, CI 0.86–1.96). The odds of
prolonged sleep latency ≥30 minutes was not significantly increased for women with some
depressive symptoms (OR 1.12, CI 0.94–1.33) but was slightly increased for those in the
depressed group (OR 1.38, 1.09–1.17). When models were adjusted for multiple possible
confounders, there continued to be significant graded associations between level of
depressive symptoms and WASO ≥1 hour and ≥8 long wake episodes only (Figure 1 and
Table 4).

Level of Depressive Symptoms and Daytime Napping
There was a significant graded association between level of depressive symptoms and
number of objectively assessed daytime naps (Table 3). After adjustment for age and site,
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women in the depressed group had an average of 3.98 (CI 3.66–4.33) nap episodes
exceeding 5 minutes in length compared with 3.57 (CI 3.36–3.79) for women with some
depressive symptoms, and 2.82 (CI 2.71–2.93) for those classified as normal (p-trend <
0.001). Compared to women in the normal group, the odds of having ≥ 5.5 daytime nap
episodes were increased for women with some depressive symptoms (OR 1.71, CI 1.40–
2.08) and for those in the depressed group (OR 2.57, CI 2.02–3.27) (Figure 1 and Table 4).
These associations remained statistically significant after adjusting for multiple variables.

Additional Analyses
To determine whether increased fragmentation of sleep accounted for the strong associations
observed between a greater level of depressive symptoms and self reported sleep outcomes
including sleep quality (PSQI) and daytime sleepiness (ESS), WASO and number of long
wake episodes were added separately to the multivariable model with PSQI (and then ESS)
as a dependent variable. After further adjusting for WASO or number of long wake
episodes, the associations between greater level of depressive symptoms and both PSQI and
ESS remained unchanged (data not shown). To further assess the effect of current use of
antidepressants, benzodiazapines, and medications for sleep on these analyses, the analyses
were repeated excluding 594 participants who reported use of these medications and the
results were similar (data not shown).

DISCUSSION
Our results suggest a strong, graded association between increased level of depressive
symptoms and poorer self-reported sleep quality in community-dwelling older women, a
finding that is consistent with previously published reports (10, 17, 30–33). We also found
significant associations between greater levels of depressive symptoms and measures of
sleep fragmentation (increased WASO and number of long wake episodes). Paudel and
colleagues recently preformed a similar analysis of actigraphic sleep in a cohort of
community-dwelling older men. The authors found a modest association between more
depressive symptoms and increased sleep latency but no significant associations between
level of depressive symptoms and objective measures of sleep fragmentation (17). It is
possible that this difference is related to the populations being tested since study population
assessed by Paudel and colleagues was male and was younger (mean age 76.4 +/− 5.5 years)
than the women in the SOF study.

After adjusting for multiple potential confounders, our objective assessment did not show
any association between level of depressive symptoms and TST, SE, or SOL in this group.
This is in contrast to other studies which have found objective evidence of decreased TST
and SE as well as increased SOL in depressed patients by both subjective assessment (34)
and PSG (35, 36). This difference may be related to the method of sleep disturbance
assessment. Further, those studies focused on individuals who either had a diagnosis of
Major Depressive Disorder or who met DSM-IV criteria for a Major Depressive Episode
whereas our analysis focuses on level of subjectively reported depressive symptoms.
Alternatively, it may be that these specific sleep disturbances are less prominent in elderly
depressed women compared to other groups of depressed individuals. A recent study
comparing actigraphic sleep measures in elderly men and women found elderly men to have
shorter and more fragmented sleep when compared to elderly women (37). To our
knowledge gender differences have not been examined in depressed older adults.

Objective sleep disturbances accounted for very little of the association between increased
level of depressive symptoms and increased subjective sleep disturbance in this population.
There are several possible explanations for this observation. Additional factors that were not
assessed in this analysis may also play a role in the increased subjective perception of poor
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sleep quality. It is also possible that, in older community-dwelling women, women with and
without depressive symptoms experience and report their sleep problems differently. Paudel
and colleagues’ analysis in a cohort of community-dwelling older men found a similar
discrepancy between the association of depressive symptoms with subjective as compared to
objective sleep disturbances (17). In particular, older men with depressive symptoms were
much more likely to report poor sleep quality compared to non-depressed counterparts while
depression was more modestly associated with objectively measured sleep disturbance. To
our knowledge, there are no other studies evaluating the association between depressive
symptoms and both subjectively and objectively assessed sleep disturbances specifically in
older adults.

Several studies comparing subjective reports of sleep quality using the PSQI with objective
sleep measurements by PSG in healthy older adults have found that, in that population,
subjective reports of sleep quality were not as poor as might be expected considering the
objective sleep disturbances that were observed by PSG. This suggests that healthy older
adults may under-report their sleep disturbances or adapt their perception of acceptable sleep
quality compared with younger adults (11, 38). The data presented here suggest that older
women with depressive symptoms do not share this tendency to under-report their problems
with sleep. Indeed, it has been previously shown that among depressed subjects, older adults
are more likely to underestimate their total sleep when compared to younger adults when
subjective assessments are compared to PSG (39).

In this population, women with depressive symptoms were almost twice as likely to report
excessive subjective daytime sleepiness compared with those in the normal category.
Several studies in non-elderly populations have shown a similar relationship between
depression and excessive daytime sleepiness (40, 41). Objective measurements also revealed
an association between more depressive symptoms and daytime inactivity raising the
possibility that there may be an increase in napping in women with more depressive
symptoms. Although actigraphy is not able to distinguish definitively between quiet
restfulness and sleep, previous studies have found similar associations between depressive
symptoms and self-reported napping (42). Further, Goldman and colleagues recently showed
an association between objectively measured increased fragmentation of sleep and increased
subjective daytime napping in older adults (43). Studies employing PSG will be required to
clarify this relationship.

The estimated point prevalence of major depressive disorder (MDD) in older adults has been
reported to range from 3–10 % (44–47) while “less than major” depressive syndromes
(including dysthymia, minor depression and subsyndromal depression) are nearly twice as
common with a reported prevalence of 9–24% (46, 48–51). The women in the SOF study
did not undergo any formal psychiatric evaluation to determine diagnosis. However, the
prevalence of differing levels of depressive symptoms based on GDS score in this cohort
suggests a similar pattern. Given that subsyndromal depressive syndromes make up the
majority of depressive syndromes in older adults, it is interesting that having “some
depressive symptoms” conferred a similar increased risk for subjectively assessed poor sleep
quality and excessive daytime sleepiness compared with being in the “depressed” group.
Although there were significant trends suggesting graded associations between increasing
levels of depressive symptoms and objective measures of sleep fragmentation in
multivariable adjusted models, specific associations between having “some depressive
symptoms” and objective measures of sleep fragmentation observed in age and site adjusted
models were no longer significant in multivariable adjusted models. Future studies designed
to better explore the relationship between subsyndromal depression and objective sleep
disturbances would be useful to further investigate this relationship.
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Our analyses add to the growing body of literature suggesting that both subjective sleep
disturbance and excessive daytime sleepiness are common in older adults. More than half of
the women in this study endorsed subjectively poor sleep (PSQI >5) and more than 10% of
the women endorsed excessive daytime sleepiness. This is similar to what has been reported
in other similar populations including the National Sleep Foundation’s Sleep in America
survey in which more than 50% of respondents reported a sleep complaint occurring nearly
every night. Similarly, in the Osteoporotic Fractures in Men study, the prevalence of
subjective poor sleep (PSQI >5) in a large cohort of community dwelling older men was
reported to be 44.2% while the prevalence of excessive daytime sleepiness (ESS >10)
was12.7%. Subtle differences in the age and other covariates (e.g. burden of medical illness)
of these different samples may explain small differences in the prevalence rates of these
subjectively reported problems.

This study has several strengths. The sample size is large and is collected from four separate
United States locations and the women were not selected based on depressive symptoms or
on their report of sleep disturbances. Unlike most previous studies examining the
relationship between depression and sleep disturbances in older adults, both subjective and
objective measures of sleep disturbance and daytime sleep were assessed.

There are also several limitations to this analysis. The study is cross-sectional and it is
therefore not possible to draw any conclusions about causality. The sample is made up only
of community dwelling women, the vast majority of whom were white and over 80 years
old, and the findings may not be applicable to other populations. Depressive symptoms were
assessed by questionnaire only rather than a clinical diagnostic interview, so conclusions
about psychiatric diagnosis cannot be made. Actigraphy relies on self-reported times in and
out of bed which may be inaccurate and could introduce errors into those measurements
such as sleep onset latency. However, these errors would not affect WASO and number of
long wake episodes at night which we found to be associated with depressive symptoms.
Additionally, actigraphy cannot definitively distinguish between daytime sleep and periods
of quiet restfulness. Finally, the impact of adding multiple covariates to the many of the
multivariable adjusted models underscores the complexity of the relationship between these
covariates, sleep, and depression in this population. Our analyses were not designed to fully
explore the role these covariates play in the relationship between depressive symptoms and
sleep disturbances. Future studies designed specifically to address this issue would be
useful, particularly since some of these covariates may be amenable to intervention.

In conclusion, these analyses add to the body of literature supporting an association between
depressive symptoms and subjective sleep disturbance in older adults. Further, these data
suggest an association between more depressive symptoms and fragmentation of sleep as
well as increased daytime napping in older women. Longitudinal analyses will now be
required to determine whether objectively measured sleep disturbances predict changes in
depression over time.
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Figure 1.
Odds ratios and 95% confidence intervals (95% CI) for subjective and objective sleep
disturbances are shown for groups of women with differing levels of depressive symptoms
compared with the “normal” (referent) group. Models represented in the graph are adjusted
for multiple possible confounders including age, race, site, education, exercise, body mass
index, smoking status, alcohol intake, self-reported health status, instrumental activities of
daily living impairments, cognitive impairment, and current use of antidepressants,
benzodiazapines, and medications for sleep.
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