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Depressive Symptoms and Circadian Activity Rhythm
Disturbances in Community-Dwelling Older Women

Jeanne E. Maglione, M.D., Ph.D., Sonia Ancoli-Israel, Ph.D., Katherine W. Peters, M.S., Misti
L. Paudel, M.P.H., Kristine Yaffe, M.D., Kristine E. Ensrud, M.D., M.P.H., Greg J. Tranah,
Ph.D., Katie L. Stone, Ph.D., and Study of Osteoporotic Fractures Research Group
Departments of Psychiatry (JEM, SA-I) and Medicine (SA-I), University of California, San Diego,
La Jolla, CA; California Pacific Medical Center Research Institute, San Francisco, CA (KWP,
GJT, KLS); Division of Epidemiology & Community Health (MLP, KEE) and Department of
Medicine (KEE), University of Minnesota, Minneapolis, MN; Departments of Psychiatry,
Neurology, and Epidemiology, University of California, San Francisco, CA (KY); and Center for
Chronic Disease Outcomes Research, Veterans Affairs Medical Center, Minneapolis, MN (KEE)

Abstract

Objectives—Aging is associated with changes in circadian rhythms. Current evidence supports a
role for circadian rhythms in the pathophysiology of depression. However, little is known about
the relationship between depressive symptoms and circadian activity rhythms in older adults. We
examined this association in community-dwelling older women.

Methods—We performed a cross-sectional analysis of 3,020 women (mean age: 83.55 + 3.79
years) enrolled in the Study of Osteoporotic Fractures. Depressive symptoms were assessed with
the Geriatric Depression Scale categorizing participants as “normal” (0-2; referent group, N =
1,961), “some depressive symptoms” (3-5, N = 704), or “depressed” (=6, N = 355). Circadian
activity rhythm variables were measured using wrist actigraphy.

Results—In age-adjusted and Study of Osteoporotic Fractures site—adjusted models, greater
levels of depressive symptoms were associated with decreased amplitude (height; df = 3,014, t =
-11.31, p for linear trend <0.001), pseudo F-statistic (robustness; df =3,014, t =—8.07, p for linear
trend <0.001), and mesor (mean modeled activity; df = 3014, t = —10.36, p for linear trend <0.001)
of circadian activity rhythms. Greater levels of depressive symptoms were also associated with
increased odds of being in the lowest quartile for amplitude (df =1, ¥2 =9240, p for linear trend
<0.001), pseudo F-statistic (df =1, y2 =49.73, p for linear trend <0.001), and mesor (df =1, 2
=81.12, p for linear trend <0.001). These associations remained significant in multivariate models.
Post-hoc analyses comparing mean amplitude, mesor, and pseudo F-statistic values pair-wise
between depression-level groups revealed significant differences between women with “some
depressive symptoms” and the “normal” group.
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Conclusion—These data suggest a graded association between greater levels of depressive
symptoms and more desynchronization of circadian activity rhythms in community-dwelling older
women. This association was observed even for women endorsing subthreshold levels of
depressive symptoms.

Keywords

Depression; circadian rhythms; activity rhythms; actigraphy; older women; subthreshold
depression

INTRODUCTION

Depressive syndromes are common in older adults and represent a major public health
concern. In primary care settings, the estimated prevalence of major depressive disorder in
older adults is 3%-10%,1-4 accounting for only a fraction of older adults suffering from
depression. In community-dwelling adults older than 65 years, prevalence rates of “less than
major” depressive syndromes (including dysthymia, minor depression, and subsyndromal
depression) are significantly more common (9-24%),3:°-8 and these syndromes may be even
more prevalent in long-term care settings.® Depressive syndromes in this age group are
associated with a number of adverse outcomes, including functional impairment,19 medical
ilinesses!! and nonpsychiatric hospitalizations,12 disability,13 and increased health services
utilization.1415 In older adults, depression has also proven to be difficult to treat, with a high
rate of treatment refractoriness using first-line pharmacotherapies.1® Meanwhile, several
studies suggest bright-light therapy, a chronobiologic treatment designed to correct circadian
rhythm disruption, may be an effective treatment for depression in older adults.1”:18 A better
understanding of the relationship between depressive symptoms and circadian rhythm
disruption in this age group is therefore critical and may lay the groundwork for the
development of better treatment strategies.

Circadian rhythms are intrinsic physiologic cycles of approximately 24 hours, like the sleep—
wake cycle, the core body temperature cycle, and the cycle of activity and rest (circadian
activity rhythm). The circadian pacemaker is located in the superchiasmatic nucleus (SCN)
of the anterior hypothalamus, and the sleep—wake cycle is synchronized to the time of day
by a number of cues, the strongest of which is the environmental rhythm of light and
darkness. Aging is associated with changes in circadian rhythms, including decreased
amplitude (height of rhythm), advanced phase (timing of the peak of the rhythm), shortened
natural free-running period (period of rhythm without environmental cues), and a tendency
toward internal desynchronization.1-21 The disruption of circadian rhythms during aging is
paralleled by decreased photic input both because of age-related losses in circadian
photoreception?2 and because older people tend to be exposed to less light.23 Hence, the
circadian system of the average older adult receives less light input compared with the
average younger adult. Animal studies suggest that aging is also associated with a number of
molecular changes in the circadian system, including changes in expression patterns of clock
genes and changes in the neurochemistry of the SCN,20.24-26
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Considerable evidence supports a role for circadian rhythm disturbances in the
pathophysiology of depression.2=2% Circadian rhythm disturbances have been observed in
unipolar depression, bipolar depression, and seasonal affective disorder.3%:31 In unipolar
depression, multiple rhythms are disrupted including prolactin, cortisol, growth hormone,
melatonin, body temperature, and the sleep-wake cycle.32 At the neuroanatomic level,
depressed patients have been shown to have different patterns of regional brain glucose
metabolism throughout the day compared with normal patients, and the expression of
enzymes that control catecholamine metabolism may be regulated by clock genes.33:34
Although aging promotes disruption in circadian rhythms, the relationship between
depression and circadian rhythm disruption in older adults remains largely unexplored.

We examined the relationship between levels of depressive symptoms and disruption of
circadian activity rhythms cross-sectionally in a large group of community-dwelling older
women. We hypothesized that both subthreshold levels of depressive symptoms and greater
levels of depressive symptoms would be associated with disturbances in circadian activity
rhythms.

METHODS

Participants

Participants were older women enrolled in the Study of Osteoporotic Fractures (SOF), a
multisite, prospective cohort study of primarily white, community-dwelling women aged 65
years and older from four geographic areas (Portland, OR; Minneapolis, MN; Pittsburgh,
PA/Monongahela Valley, PA; and Baltimore, MD). Women gave informed consent for
participation in the study. Between September 1986 and October 1988, 9,704 participants
were recruited via community listings and mailed announcements. Between February 1997
and February 1998, 662 African American women were enrolled. Women were excluded if
they required assistance with ambulation or had history of bilateral hip replacement. Details
regarding SOF have been published elsewhere.35:36

These analyses focused on women participating in SOF visit 8, approximately 15 years after
the baseline assessment, between January 2002 and February 2004. There were 4,727
participants, representing 84% of active survivors (Fig. 1). Of these women, 457 women
(12.4%) either refused participation or were considered either too frail or too cognitively
impaired to participate in the actigraphy portion of the study. Of the remaining women,
actigraphy data were successfully gathered for 3,027 (94.8%). Reasons for unsuccessful
collection (92 women) included having an actigraph malfunction, software initialization
problem, removing the actigraph and not replacing it, and data not being collected or saved
successfully at the clinic site. One hundred women (3.3%) who had successful collection of
actigraphy data had inadequate circadian activity rhythms data; for 75 women data were not
recorded in the proportional integration mode, whereas 25 women did not have at least one
24-hour block of data required to calculate the variables. Of the 3,027 women with usable
circadian activity rhythm data, 3,020 returned completed Geriatric Depression Scale (GDS)
questionnaires. The analyses presented here were performed on this subset of 3,020
participants.

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 24.
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Subjective Measures and Demographic Information

Actigraphy

Demographic information (birth date, ethnicity, years education) was recorded at baseline.
Age at SOF visit 8 was used for these analyses. At SOF visit 8, participants completed
questionnaires regarding health status, smoking, alcohol consumption, caffeine intake,
exercise habits, and medical history. Women rated their health status as excellent, good, fair,
poor, or very poor. Self-reported average daily intake of caffeinated beverages (coffee, soda,
tea) was used to estimate average daily caffeine intake assuming the following: cup of
coffee (95 mg), cup of tea (55 mg), and can of soda (45 mg). A clinic interview included an
assessment of impairments in instrumental activities of daily living (IADLS) in which the
patient was asked whether they had any problems with six IADLs: walking two to three
blocks, climbing 10 steps, walking down 10 steps, preparing meals, heavy housework, and
shopping. A physical examination included measurement of height and weight. Body mass
index was calculated as weight in kilograms divided by height squared in meters.
Medications taken daily or almost daily during the prior 30 days were recorded and
categorized according to a computerized coding dictionary. Cognition was assessed using
the Mini-Mental State Exam, and cognitive impairment was defined as <24.36

Depression was assessed using the GDS, a 15-item validated self-report questionnaire
commonly used for assessment of depressive symptoms in older adults.3” Women were
categorized into three groups based on level of depressive symptoms. Women scoring 0-2
(no or few depressive symptoms) were categorized as “normal.” Those scoring 3-5 were
categorized as having “some depressive symptoms,” and those scoring =6 were categorized
as “depressed.” This strategy was used previously.38:39 A standard cut-point of =6 has 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.#% To our knowledge a lower cut-point correlating with “less than major” depressive
syndromes has not been validated.

Circadian activity rhythms were computed from activity data gathered by actigraphy, a
previously validated*1-43 noninvasive tool. Actigraphs (SleepWatch-O, Ambulatory
Monitoring, Inc., Ardsley, NY) were worn on participants’ nondominant wrist for at least
three consecutive 24-hour periods. Movements were recorded and summarized in 1-minute
epochs. Measuring wrist actigraphy over time produces information about daily circadian
activity rhythms. Data were collected in three different modes: proportional integration
mode of digital integration mode, zero crossing mode, and time above threshold mode.
Proportional integration mode data were used in this study.

The proportional integration mode is a high-resolution measurement of the area under the
curve (rectified conditioned transducer signal) and is therefore a measure of activity level or
vigor of motion. In the SOF cohort, this mode has been shown to correlate best with
polysomnography for the measurement of sleep—wake variables such as wake after sleep
onset, 4142
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Maglione et al.

Page 5

Participant’s data were fitted to a five-parameter extended cosine model from which six
outcome variables were computed (Table 1).44 Circadian activity rhythm variables included
acrophase (time of day of maximum modeled activity), amplitude (difference between the
maximum and minimum of the modeled activity curve), mesor (mean of the modeled
activity curve), left half-deflection (time of day women’s activity pattern switched from low,
below the mesor, to high, above the mesor), right half-deflection (time of day women’s
activity pattern switched from high to low), and pseudo F-statistic. Pseudo F-statistic is a
measure of how well the data fit the modeled extended cosine curve, with higher pseudo F-
statistics indicating a more robust rhythm.

Circadian activity rhythm variables were expressed both continuously and as dichotomous
outcomes. Because there were no previously described clinically relevant cut-points, data for
amplitude, mesor, pseudo F-statistic, right half-deflection, and left half-deflection were
divided into sample-based quartiles. Specific categories included amplitude <1,556.37
(lowest quartile) versus amplitude =1,556.37, mesor <2,064.06 (lowest quartile) versus
mesor >2,064.06, pseudo F-statistic <522.64 (lowest quartile) versus pseudo F-statistic
>522.64, left half-deflection <6:37 hours (lowest quartile) versus left half-deflection >6:37
hours, left half-deflection >8:06 hours (highest quartile) versus left half-deflection <8:06
hours, right half-deflection <21:02 hours (lowest quartile) versus right half-deflection
>21:02 hours, and right half-deflection >23:07 hours (highest quartile) versus right half-
deflection <23:07 hours. Acrophase >1.5 standard deviation (SD) above mean (advanced,;
>16:14 hours) versus acrophase <1.5 SD above or below mean and acrophase >1.5 SD
below mean (delayed; <12:35 hours) versus acrophase <1.5 SD above or below mean were
compared.

Statistical Analyses

Differences in the characteristics of participants according to level of depressive symptoms
were assessed using a x2 test for categorical variables and analysis of variance for normally
distributed continuous data. Characteristics expressed as continuous variables (caffeine
intake and number of reported medical conditions) were normally distributed. For age,
participants were grouped by approximate quartile: 70-80 years, 81-82 years, 83-85 years,
and 86-100 years. Participants were categorized based on years of education: those who had
less than a high school diploma, those with a high school diploma but no college degree, and
those that had a college degree or more. Groupings for self-reported health status were (1)
excellent or good and (2) fair, poor, or very poor. Categories for smoking status were never
smoked, former smoker, and current smoker. Categories for reported use of alcohol were 0-
2 drinks per week, 3-13 drinks per week, and >13 drinks per week. Categories for IADL
impairment were (1) no IADL impairments and (2) one or more IADL impairment.

Circadian activity rhythm measures were expressed as continuous variables using linear
regression models, and the least-squared means were used to estimate the mean (95%
confidence interval [CI]) for each measure by level of depressive symptoms. Post-hoc
analyses, comparing mean activity rhythm parameter values between pairs of depression
groups, were performed using the Bonferroni adjustment. Logistic regression was used to
determine the odds (95% CI) of being in the lowest quartile of circadian rhythm parameters

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 24.
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by depression group, as described above. The “normal” group served as a referent group for
these comparisons. Probability values for linear trend across the categories were calculated
to see if a linear relationship existed by including the three-level depression categorization
as a continuous variable in models.

All models were adjusted for age and SOF site and also for multiple possible confounders.
Covariates were included in the final multivariate models if they were known correlates of
circadian rhythm disruption or depression or if they were found to be associated with level
of depressive symptoms in this population (p <0.10). Multivariate models were adjusted for
age, race, site, smoking status, body mass index, self-reported health status, education,
exercise, number of reported medical conditions, IADLSs, cognitive impairment, and use of
antidepressants, benzodiazepines, nonbenzodiazepine anxiolytics, or medications for sleep.

Characteristics of the Study Population

Of the 3,020 women in the study sample, 1,961 scored 0-2 and were classified as “normal,”
704 women scored 3-5 and were classified as having “some depressive symptoms,” and 355
women scored =6 and were classified as “depressed” (Table 2). Women with greater levels
of depressive symptoms were more likely to be older, less educated, and cognitively
impaired. They were also more likely to report poor health, poor health-related behaviors,
and use of psychotropic or sleep medications.

Comparison of Circadian Activity Rhythm Variables by Level of Depressive Symptoms

Greater levels of depressive symptoms were associated with greater desynchronization of
circadian activity rhythms in linear regression models (Table 3). After adjustment for age
and SOF site, tests for linear trend revealed graded associations between greater levels of
depressive symptoms and a more dampened rhythm (decreased amplitude; df = 3,014, t =
-11.31, p for linear trend <0.001), decreased robustness (pseudo F-statistic; df = 3,014, t =
-8.07, p for linear trend <0.001), decreased mean modeled activity of the rhythm (mesor; df
= 3,014, t = 10.36, p for linear trend <0.001), and later average time becoming active in the
morning (increased left half-deflection), whereas there were no associations between level
of depressive symptoms and the timing of peak activity (acrophase) or average time settling
down in the evening (right half-deflection). Associations between increased level of
depressive symptoms and decreased amplitude, pseudo F-statistic, and mesor remained
significant after adjustment for multiple potential confounders, whereas the association
between level of depressive symptoms and increased left half-deflection was no longer
significant. A test for linear trend also revealed a graded association between greater levels
of depressive symptoms and earlier average time settling down in the evening (decreased
right half-deflection) in multivariable adjusted models (df = 2,104, t = —2.19, p for linear
trend = 0.028). Specifically, women with some depressive symptoms settled down an
average of 7 minutes earlier and women in the depressed group settled down an average of
26 minutes earlier compared with those in the normal group.

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 24.
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In general, differences between the “normal” and “some depressive symptoms” groups were
greater than that between the “some depressive symptoms” and “depressed” groups (Table
3). Pair-wise analyses were done post-hoc, to see if there were differences between the
group with “some depressive symptoms” and either the “normal” or the “depressed” groups.
After adjustment for multiple confounders, significant differences were found between
women in the “normal group” and those with “some depressive symptoms” for amplitude
(df =2,737,t=4.09, p <0.001), mesor (df = 2,737, t = 3.31, p = 0.002), and robustness
(pseudo F-statistic; df = 2,737, t = 2.94, p = 0.010). Post-hoc analyses showed no significant
differences between depressed women and those with some depressive symptoms or for
average times becoming active in the morning (left half-deflection) or settling down in the
evening (right half-deflection) (data not shown).

Odds of Circadian Activity Rhythm Abnormalities According to Level of Depressive

Symptoms

In logistic regression models adjusted for age and SOF site, tests for linear trend suggested
graded associations between greater levels of depressive symptoms and increased odds of
being in the lowest quartile for amplitude (more dampened rhythms), mesor (mean modeled
activity), pseudo F-statistic (less robust rhythms), and right half-deflection (earliest time
settling down in the evening) as well as being in the highest quartile for left half-deflection
(latest time becoming active in the morning) (Table 4). In models adjusted for multiple
potential confounders, associations between greater levels of depressive symptoms and
lowest quartile for amplitude, mesor, pseudo F-statistic, and right half-deflection remained
significant, whereas the association with highest quartile left half-deflection was no longer
significant. In age- and site-adjusted models, the odds of being in the lowest quartile for
amplitude, mesor, and pseudo F-statistic were increased by 1.78-1.98-fold for women in the
“some depressive symptoms” group and 2.08-2.91 for those in the “depressed” group
compared with the “normal” group. In models adjusted for multiple potential confounders,
the specific association between the “depressed” group and lowest quartile pseudo F-statistic
was no longer observed, whereas other associations persisted. The odds of being in quartile
that settled down earliest in the evening (right half-deflection) were not specifically
increased for women in either depressive symptom group compared with the “normal”
group. There was no association between level of depressive symptoms and acrophase (time
of peak activity).

Additional Analyses

To determine whether associations observed between greater level of depressive symptoms
and circadian rhythms measures were mediated by sleep, total sleep time and sleep
efficiency were added separately to the multivariable linear regression models. The
significant associations between greater level of depressive symptoms and decreased
amplitude, mesor, pseudo F-statistic, and right half-deflection persisted after adjusting for
these sleep measures (data not shown). To further assess the effect of antidepressants,
benzodiazepines, nonbenzodiazepine anxiolytic medications, and medications for sleep on
these analyses, the multivariate linear regression analyses were repeated excluding 946
participants who reported use of these medications. The significant associations between

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2014 July 24.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Maglione et al.

Page 8

increased level of depressive symptoms and decreased amplitude, mesor, pseudo F-statistic,
and right half-deflection remained (data not shown).

To examine whether the association between greater levels of depressive symptoms and
reduced amplitude was related to differences in overall locomotor activity, we repeated both
the linear regression models and logistic regression models using normalized amplitudes
(i.e., dividing amplitude by mesor). In the age- and site-adjusted linear regression model, a
test for linear trend suggested a graded association between greater levels of depressive
symptoms and decreased amplitude/mesor (df = 3,014, t = -5.32, p for linear trend <0.001),
whereas this association was no longer significant in multivariate models. In the age- and
site-adjusted logistic regression model, odds falling into the lowest quartile for amplitude/
mesor were increased by 1.66-fold (1.27-2.02) for the “some depressive symptoms” and by
1.61 (1.25-2.07) for the “depressed” group compared with the “normal” group (df = 1, ¥2 =
0.30, p for linear trend <0.001). Again, this relationship was greatly attenuated and no longer
significant in multivariate models.

Because GDS cut-off scores for “normal” and “some depressive symptoms” groups have not
been previously validated, the multivariate linear regression analyses were repeated defining
the “some depressive symptoms” group as GDS = 1-5 and the “normal” group as GDS = 0.
The significant associations between greater level of depressive symptoms and decreased
amplitude, mesor, pseudo F-statistic, and right half-deflection remained.

DISCUSSION

The results presented here suggest that greater levels of depressive symptoms are associated
with more desynchronization of circadian activity rhythms in community-dwelling older
women. Specifically, in multivariate models, greater levels of depressive symptoms were
associated with decreased robustness of circadian activity rhythms. Greater levels of
depressive symptoms were also associated with decreased amplitude. One possible
interpretation of this finding is that greater levels of depressive symptoms are associated
with reductions in overall locomotor activity. Alternatively, there may be a relationship
between greater levels of depressive symptoms and a dampening of circadian activity
rhythms. The latter interpretation is supported by the association between greater levels of
depressive symptoms and decreased normalized amplitude in age- and site-adjusted models
where amplitude was divided by mean activity level, although in the multivariate normalized
models the association was no longer significant. These findings also suggest that covariates
play an important role and contribute to a growing epidemiologic support for an association
between disrupted circadian rhythms and health problems in older adults.

We also found a graded association between greater levels of depressive symptoms and an
earlier evening settling time in multivariate models. This is unlikely to represent an advance
in circadian phase because there was no corresponding association between level of
depressive symptoms and acrophase. One possible interpretation is there may be an overall
increase in the total time of restful behavior with increasing levels of depressive symptoms.
In fact, there was also an association between greater level of depressive symptoms and later
time becoming active in the morning in age- and site-adjusted models that was not
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significant in multivariate models. The impact of covariates on this association again
underscores the complexity of the relationship, and additional studies are therefore required
to better understand it.

Few studies have examined the relationship between depression and circadian rhythms in
older adults. One study examining the relationship between circadian activity rhythms and
well-being in 87 demented older women found that depressive symptoms were inversely
related to the amplitude of circadian activity rhythms as well as their interdaily stability.4>
To our knowledge, this is the first study examining the relationship between depressive
symptoms and circadian activity rhythms in a population of older adults that was not
selected on the basis of dementia. Indeed, in our analyses significant cognitive impairment
was included in multivariate models, suggesting that the associations reported here exist, at
least in part, independently of cognitive status.

In this study, post-hoc analyses suggested significant associations between depressive
symptoms and circadian activity rhythm variables both for women in the “depressed” group
and for those with “some depressive symptoms” compared with the “normal” group. This
suggests that subthreshold depressive syndromes may be associated with desynchronization
of circadian activity rhythms. In older adults, “less than major” depressive syndromes,
which include dysthymia, minor depression and sub-syndromal depression, are almost twice
as common as major depression3->~7 and therefore represent most depressive syndromes
experienced in this age group. Similar to major depression, these “less than major”
depressive syndromes have been shown to be associated with a number of adverse outcomes
in older adults,*® including functional impairment,4” increased disability burden,*® increased
risk of physical decline,*® and increased risk for developing major depression.® It is
therefore critical that we increase knowledge about these syndromes and develop treatment
interventions for them.59 No significant differences were found between the “depressed”
group and those with “some depressive symptoms” when compared pair-wise in post-hoc
analyses. It is notable, however, that this analysis had less power due to the smaller sizes of
the groups being compared.

Because this study was cross-sectional in design, the associations reported provide no
information regarding whether disturbances in circadian activity rhythms are part of a
pathophysiologic pathway leading to depressive symptoms. Several groups have
investigated whether chronobiologic treatments can improve depressive symptoms in older
adults. The literature regarding the use of bright-light treatment for depression in patients
with dementia was reviewed and found to be both limited and inconclusive.>! Several
studies examining the efficacy of bright light for treatment of depressive symptoms in older
adults without dementia have yielded promising results,17:18 although at least one has found
no benefit.52 The efficacy of bright-light therapy for the treatment of subthreshold
depressive symptoms in older adults remains unexplored.

This study has several important limitations. The study is cross-sectional, and it is therefore

not possible to determine whether circadian activity rhythm disturbances are a risk factor for
depression. The sample is made up of community-dwelling women ages 70 years and older,

the vast majority of whom were white and over 80 years old, and the findings may not be
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applicable to other populations. Actigraphy does not provide information about differences
in stages of sleep or rapid-eye-movement latency. Finally, our assessment of depression was
based on the GDS score rather than diagnostic interview, so we were not able to look at
associations with specific diagnoses. The study also has several strengths. The sample size is
large and is collected from four separate U.S. locations and the women were not selected
based on depressive symptoms or on the basis of disturbances in circadian activity rhythms.

These data suggest that greater levels of depressive symptoms are associated with more
desynchronization of circadian activity rhythms in community-dwelling older women. These
associations exist not only for women with many depressive symptoms but also for women
with subthreshold levels of depressive symptoms. Longitudinal analyses are indicated to
further explore the relationship between depressive symptoms and circadian rhythm
disturbances.
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| Not given an actigraph due to patient refusal,

(n=3219)

Women given an actigraph

advanced frailty, cognitive problems (n=457

A
A

igraphy data not fully gathered (n=92):
« Participant removed actigraph (n=43)

fvat hy data £ 011

(n=3127)

« Actigraph malfunction (n=26)
or initialization problem (n=14)
« Site did not send data (n=9)

Circadian activity rhythms data inadequate (n=100):

Circadian activity rhyth
(n=3027)

« PIM data not successfully collected (n=75)
« Full 24 hours of data not collected (n=25)

Circadian activity rhythms and GDS

£

(n=3020)

—{ GDS not collected (n=7)

FIGURE 1. A summary of participant recruitment, inclusion, and exclusion is given

GDS: Geriatric Depression Scale.
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Circadian Activity Rhythm Variables Derived by Actigraphy
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Variable

Definition

Interpretation

Acrophase

Amplitude
Mesor

Pseudo F-statistic

Left half-deflection

Right half-deflection

Time of day of the maximum modeled value for activity

Difference between the maximum and the minimum of the
modeled activity curve

Mean of the modeled rhythm; half-way between the minimum
and maximum of the modeled activity curve

Measure of overall fit

Time of day when the women switched from low activity to
high activity (i.e., from below the mesor to above the mesor)

Time of day when the women switched from high activity to
low activity (i.e., from above the mesor to below the mesor)

Lower values indicate a more advanced rhythm

Lower values indicate a more dampened rhythm
Lower values indicate lower mean activity levels

Lower values indicate a less robust rhythm

Lower values indicate becoming active earlier in the
day (i.e., getting going later in the morning)

Lower values indicate decreasing activity earlier in
the evening (i.e., settling down for the evening later)
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