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Abstract
During midlife, physical functioning limitations emerge and depressive symptoms are highly
prevalent. We examined the relationship between physical functioning and depressive symptoms
in the Michigan Study of Women's Health Across the Nation (SWAN) cohort of midlife women
(n=377). Seven performance-based physical functioning measures quantifying strength, balance,
coordination, flexibility and range of motion and perceived physical functioning, assessed with the
SF-36 physical functioning sub-score, were included. The Center for Epidemiological Studies
Depression Scale (CES-D) identified concurrent depressive symptom trajectory from 2000/01
through 2005/06 and history of depressive symptoms from 1996/7 through 1999/00. Longitudinal
mixed-effects regression modeling was used to evaluate relationships. Median age of participants
was 50 years. As age increased, higher CES-D scores were associated with performance-based
functions including slower timed walk sit-to-stand, and stair climb after adjusting for five-year
history of depressive symptoms and relevant covariates. As age increased, those with higher CES-
D scores were more likely to have perceived limitations in physical functioning, though the
association was weak. History of depressive symptoms was not significant in any model. These
findings suggest that higher concurrent depressive symptoms are modestly associated with slower
movement and a perception of poorer functioning. In contrast, history of depressive symptoms
played little or no role in current physical functioning of mid-life women. When evaluating
physical function, women's current mental health status should be considered.
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Limitations in physical functioning have been defined as restrictions in performing
fundamental physical actions used in daily life by one's own age-sex group (Vebrugge &
Jette, 1994). Typical performance-based physical functioning measures include timed walk,
stair climb and measures that reflect strength, aerobic capacity, flexibility, balance and/or
coordination. Alternatively, respondents are asked to rate their perceived difficulty or
limitations in specific activities such as climbing stairs or walking several blocks. The
midlife, between 40 to 60 years, has been identified as a time when women become
increasingly vulnerable to diminishing physical functioning (Sowers, Pope, Welch,
Sternfeld, & Albrecht, 2001; Pope, Sowers, Welch, & Albrecht, 2001).

Elevated depressive symptoms and depressive disorder are highly prevalent among women
at mid-life, occurring about twice as frequently in women compared to men (Kessler,
McGonagle, Swartz, Blazer, & Nelson, 1993). The reported frequency of high depressive
symptoms was 26% in midlife women in the Seattle Midlife Women's Health cohort
(Woods, & Mitchell, 1997) and 23% in the Study of Women's Health Across the Nation
(SWAN) cohort of midlife women (Bromberger et al., 2007). Women aged 45- 54 may have
a higher prevalence of depressive symptoms than younger or older women (Freeman,
Sammel, Lin, & Nelson, 2006; Burt & Stein, 2002).

Limitations in physical functioning in the elderly have been associated with depressive
symptoms (Penninx, Deeg, van Eijk, Beekman, & Guralnik, 2000; Lenze at al., 2005).
Among the 5,888 Cardiovascular Health Study participants aged 65 and older (Lenze et al.,
2005), physical functioning declined over a three-year period except among participants
with consistently fewer depressive symptoms -- they did not experience a decline.

Links between depressive symptoms and decline in physical functioning are likely complex
and probably at least in part, bidirectional. Potential effects of depressive symptoms on
physical functioning outcomes may exist via immune system pathways (Cesari et al., 2004;
Taaffe, Harris, Ferrucci, Rowe, & Seeman, 2000), which could directly impact muscle and
strength (Goodman, 1994; Goodman, 1991; Schaap, Pluijm, Deeg, & Visser, 2006).
Additionally, long-term activation of the hypothalamic-pituitary-adrenal (HPA) axis,
associated with chronic depression, could lead to compromised physical function (Penninx
et al., 2009) through its impact on abdominal obesity and related sequelae (Björntorp &
Rosmond, 2000). Finally, in addition to the characteristic motor slowing effects of
depressive symptoms (Marin, Firinciogullari, & Biedrzycki, 1993; Pier, Hulstijn & Sabbe,
2004; Sachdev, & Aniss, 1994), other potential mechanisms could include increased pain
associated with inflammation and higher sensitivity to it in depressive states (Bair,
Robinson, Katon, & Kroenke, 2003).

Few studies have examined the association between depressive symptoms and physical
functioning in persons younger than age 65. Using longitudinal data from the Michigan
SWAN cohort of midlife women, aged 46-56, we hypothesized that greater evidence of
depressive symptoms would be associated with poorer performance-based and perceived
physical functioning outcome measures. While self-report physical functioning measures
capture an individual's perception of their ability, performance-based measures may identify
early deficits in functioning (sometimes referred to as “pre-clinical disability”) which may
be particularly pertinent in midlife when substantial deficits in functioning are not common.
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Methods
Sample

Participants are from the Michigan site of the Study of Women's Health Across the Nation
(SWAN). SWAN is a multisite, multiethnic longitudinal study of women at midlife
established to characterize the health of women as they approach and traverse menopause.
The study design and recruitment for SWAN have been described (Sowers et al., 2000).
Briefly, a screening survey of women assessed eligibility for SWAN between November
1995 and October 1997. Eligibility criteria included being aged 42-52, having an intact
uterus, having had at least one menstrual period and no use of reproductive hormones in the
previous 3 months, and self-identifying with a site's designated race/ethnic groups. All
women were either premenopausal or early perimenopausal. Each site recruited white
women and a sample of a predetermined minority group. In 1995, African American and
white women in two suburban communities near Detroit, Michigan were recruited via a
household census of two nearby suburban communities. The Michigan site of the SWAN
longitudinal cohort study enrolled 543 premenopausal women in 1996 and the participation
rate at baseline among women eligible for the cohort study was 59%. Forty percent were
Caucasian and 60% were African-American, with sampling probabilities to reflect the
underlying population.

At the fourth follow up visit in 2000/01, this site added a broad range of physical
functioning measurements to the standard SWAN battery of measurements. At this visit, six
women had died and a total of 384 women were still participating in the study. This report
includes physical functioning data from 2000/01 through 2005/06. A total of 377 of these
384 participants contributed physical functioning data at one or more time points and
comprise the analytical sample for this report. Approval for conducting the study was
obtained from the University of Michigan Institutional Review Board, and written informed
consent was obtained from participants.

Measurements
The timing of data collection for each variable is described in Table 1. Annual data on
performance-based physical functioning and covariates were available beginning in
2000/2001, and perceived physical functioning data were available biannually starting in
2000/2001. Depressive symptoms trajectory, our primary exposure, included annual
measurements from 2000/01 through 2005/06. History of depressive symptoms based on
annual data collected in SWAN core from 1996/97 - 1999/00 was included as a covariate in
all models.

Performance-based physical functioning measures
Physical functioning, our outcome of interest, was assessed with seven performance-based
measures. Research staff were trained according to a standard protocol and retrained
annually to ensure that measured results were consistent across staff and over time.

Strength—Quadriceps strength was measured with a portable isometric chair which
replicates the chair designed for the Dynamics of Health, Aging and Body Composition
Study (Goodpaster et al., 2001). Quadriceps strength was quantified as torque (Nm), the
product of force and torque arm length. Results from three successful trials were averaged.
To measure grip strength (kg), a participant was seated in a chair with her forearm at a 90-
degree elbow bend and hands placed with fingers and thumb parallel to her body. Three
efforts from the dominant hand were averaged for each participant. Higher values suggest
greater grip strength. Grip strength has been shown to have good discrimination across the
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range of physical function, including in younger, high-functioning persons (Curb et al.,
2006).

Timed walk and timed stair climb—Each participant was timed (in seconds) in two
purposeful walks down a 40-foot carpeted corridor, and the average time was used for the
timed walk variable. For the stair climb, participants were timed (in seconds) during ascent
and descent of three standardized stairs. Timing began with the toe-off of the leading leg at
the start of ascent and ended with final foot contact of the trailing leg following descent.
Slower stair climb is reflected in a longer time to complete the task. This measure is
intended to capture a variety of physical functioning domains including strength, balance,
and range of motion (Terwee, Mokkink, Steultjens, & Dekker, 2006).

Timed sit-to-stand—Participants were asked to rise from a standard height, armless chair
with their arms folded over their chest. This variable captured movement time (in seconds)
from onset of trunk motion on the chair to an upright standing position in five repetitions;
slower sit-to-stand is captured by a longer time to complete the task. Chair rise has been
shown to have good discrimination across the range of physical function, including in
younger persons (Curb et al., 2006).

Flexibility and range of motion—In the forward reach, a measure of flexibility and
range of motion (Duncan, Weiner, Chandler, & Studenski, 1990), participants were asked to
stand straight with their dominant arm extended parallel to the floor and reach the greatest
distance (cm) possible forward while maintaining their arm in the same horizontal plane.
Greater number of cm suggests greater flexibility and range of motion. In the 2-lb lift, the
number of seconds required to lift a 2-lb box from the floor to a plane with the waist was
recorded; slower times are reflected in a longer time to complete the task. The 2-lb lift was
designed to capture dynamic balance ability, joint coordination and initial posture for lifting,
which have been related to functional status in mid-life women (Buhr, 1998).

Perceived physical functioning was assessed using responses to a 10-question subscale of
the Medical Outcomes Study Short-Form 36 (SF-36; Ware, 1995; Sherman & Reuben,
1998). Participants indicated whether they were not limited, limited a little or limited a lot in
walking, climbing stairs, bending, carrying groceries, moderate and vigorous athletic
activities, bathing and dressing. Scores ranged from 0 – 100 with higher scores representing
better functioning. This outcome was categorized as a three-level ordinal variable. We
classified women with a score of less than 50 points as having substantial limitations; such
individuals could have reported no limitations on five or less of the ten activities. Those with
a score of 50-85 were classified as having moderate limitations. A woman with 85 points
could have reported no limitations on, at most, eight of ten activities, thus allowing for some
limitations in vigorous and moderate activities). Women with 86–100 points were
considered not limited. While no standard cutoff has been developed, these ordinal
classifications have been used previously (Tomey, Sowers, Crandall, Johnston, Jannausch,
& Yosef, 2008).

Depressive Symptoms were assessed using the Center for Epidemiologic Studies Depression
(CES-D) Scale, a 20-item questionnaire querying frequency of depressive symptoms during
the previous week. Each item is scored on a 4-point scale of 0 (rarely) to 3 (most or all of the
time) for a possible range of 0-60 points (Radloff, 1977). Though the CES-D score does not
represent clinical depression, it has been shown as valid and reliable in African-American
and Caucasian populations (Jones-Webb, & Snowden, 1993). The standard ‘cutoff’ score of
16 or more points was used in characterizing participants as having depressive symptoms
(Boyd, Weissman, Thompson, & Myers, 1982).
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The CES-D score was used to define two variables for regression analysis. Our primary
exposure is depressive symptoms trajectory, characterizing level of depressive symptoms
with age. This variable includes annual evaluations from 2000/01-2005/06 and the possible
range at each time point is 0-60 points (Table 1). The second variable is a history of elevated
depressive symptoms in the prior five years, used as a covariate. The variable has three
levels, including those who did not have a CES-D score of > 16 at any time points in the
previous five years, those with an elevated score at one time point, and those with an
elevated score at two or more time points from 1996/97 – 1999/2000 (Table 1; the time
period preceding the initial assessment of performance-based measures of physical
functioning).

Measures of Pain were also considered as pain may mediate the relationship between
depression and physical functioning (Stubbs, D., Krebs, E., Bair, M., Damush, T., Wu, J.,
Sutherland, J., et al. 2010). Pain was based on two questions from the MOS SF-36 Bodily
Pain index about severity of pain and interference with normal work (outside the home and
housework). Designation of pain status was based on a score with a maximum of 100 points;
participants were classified into one of three pain categories at each time point. Those with a
score of 100 points were classified as having “no pain,” while others in the upper half of the
score distribution were designated as having “some pain” (a score of 61 – 99 points), and
those in the lower half of the distribution were classified as having “most pain” (a score of
0-60 points).

Other covariates
Race was self-designated. Economic stress was characterized by responses about whether it
was very hard, somewhat hard, or not hard at all to pay for basics such as food, housing, and
health care. Body mass index (BMI) was calculated as weight (kg)/height (m)2; weight and
height were measured by use of calibrated scales and stadiometers, respectively. Cigarette
smoking was measured via questionnaire and participants were classified as current
smokers, past smokers, or those with no history of smoking. Heart disease was self-reported
(yes/no) via questionnaire, diabetes status was based on self-reported medication use or a
fasting glucose value of ≥126 mg/dL, and arthritis was based on self-reported medication
use or self-reported presence of arthritis or osteoarthritis. Trouble sleeping was assessed
with a questionnaire item asking participants if they had problems sleeping in the past 2
weeks; participants were classified as having problems sleeping 1-2 times per week or less
or 3-4 times per week or more.

Statistical analyses
Univariate statistics including frequencies, medians, and interquartile ranges (IQRs) were
computed as appropriate to describe participant demographics, health conditions, depressive
symptoms and physical functioning abilities. For regression modeling, variables with highly
skewed distributions were transformed for analysis and back-transformed to their original
scale for presentation. The SF-36 perceived physical functioning questionnaire score was
categorized into an ordinal, 3-level variable as described above because it was highly
skewed in this mid-life population and could not be successfully transformed to approximate
a normal distribution.

Two mixed-effect modeling approaches were used to evaluate associations between
depressive symptoms and each physical functioning measure separately. Linear mixed
regression models (PROC MIXED) were used to evaluate relationships with annual
continuous performance-based physical functioning measures, such as hand grip strength or
timed walk, across visits. Mixed-effect multinominal logistic regression (PROC NLMIXED)
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models were used to evaluate the association between depressive symptoms and the ordinal
3-level variable perceived limitations in physical functioning.

The use of mixed models allowed us to include repeated measures of depressive symptoms
and physical functioning from the same individual and to ask to what extent initial level and
subsequent change in physical functioning outcomes differed according to trajectory of
CES-D. We also asked whether physical functioning differed based on prior history of
having elevated levels of depressive symptoms. This approach accounted for within-woman
correlation in successive measurements across time, and allowed flexible parameterization
of the nature of these correlations. Additionally this approach allowed us to analyze data
collected at unequally-spaced time intervals (slightly greater or less than annually), and to
include persons with missing data at one or more visits (Fitzmaurice, Laird, & Ware, 2004;
Verbecke & Molenberghs, 2000).

In both the linear and logistic models, random intercepts were used in every model and
random slopes were included based on evaluations of the likelihood ratio test as well as
comparisons of AIC and BIC. Goodness of fit of the models was assessed by the AIC
criterion. All continuous covariates were centered at their grand mean values to facilitate
interpretation of the intercept and beta coefficients.

In the linear mixed models, age was used to define the repeated measures variance structure
to account for the within-person dependence in observations across time. There is some
debate about whether it is more appropriate to use calendar time or age to define the
repeated measures variance structure (Jacobs, Hannan, Wallace, Liu, Williams, & Lewis,
1999; Holford, 1992); age was justified here due to the small age range of women (eleven
years), because age and calendar time represented the same incremental increase in time
(approximately one year) and because of the similarity in fit and results of preliminary
models using age vs. calendar time as the repeated measures variance structure.

In the non-linear mixed models, comparisons were made based on depressive symptom
status between those with substantial or moderate limitations vs. those with no limitations as
well as between those with substantial limitations vs. those with moderate or no limitations.
The assumptions of proportionality of associations between both of these comparisons were
examined using the likelihood ratio test and Akaike Information Criterion (AIC) for
goodness of fit. Because these assumptions were met in all models, results from the
proportional odds mixed-effect model summarize both comparisons.

Covariates included, race, economic stress, as well as time-varying variables for cigarette
smoking, logBMI, pain and age. Additionally, cumulative heart disease, diabetes and
arthritis, as well as the baseline value of each physical functioning outcome variable were
included as covariates. Trouble sleeping was tested but not included in final models because
it was not significantly associated with physical functioning variables in models. Five-year
history of depressive symptoms was included as a covariate in all models. Interactions
between depressive symptom trajectory and five-year history of depressive symptoms were
tested in each model. Additionally, interactions between depressive symptom trajectory and
age were evaluated, along with those between history of depressive symptoms and age in
both linear and non-linear models.

Average annual percent change was calculated for the continuous primary exposure variable
CESD score, as well as for selected physical functioning outcomes. These values and the
accompanying figures were estimated from regression models adjusted for all covariates; the
estimates were averaged over the mean levels of the exposure and covariates. The
confidence intervals are symmetric on the log scale, on which models were fit; however
transformation back to the original scale yields asymmetric confidence intervals.
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We used three approaches to provide information about whether missing data due to loss to
follow up may have biased our results. These included assessment of 1) whether having
missing depressive symptom data at the most recently available visit was associated with
each physical functioning variable at the initial measurement; 2) whether there was a
significant difference in history of depressive symptoms between those who were lost to
follow up and those who continued to participate, evaluated with a chi-square test; and 3)
whether the most recently observed CESD scores were predictive of the likelihood of being
lost to follow up.

Data from the 377 individuals with physical functioning data at one or more time points
were used in modeling. In the analytic sample, 364 women have physical functioning data at
2 or more time points, 346 women have data at 3 or more time points, and 325 women have
data at 4 or more time points. Women may have missed any given visit because of illness,
time constraints, or because of loss to follow-up.

The probability of significant associations occurring by chance alone was expressed with p-
values based on two-sided tests as well as 95% confidence intervals (CI). Associations with
p-values < 0.05 were considered statistically significant. Analyses were undertaken using
SAS 9.1 (SAS Institute Inc., Cary, NC).

Results
Descriptive characteristics of overall study sample

In 2000/01, there were 336 women with physical functioning data. The median (IQR) age of
participants was 50 (5) years with a range of 45-56 years (Table 2). Median (IQR) body
mass index (kg/m2) was 32.1 (12.7) with a range of 16.0 - 56.3 kg/m2 and median (IQR)
CES-D score was 8.0 (12) with a range of 0 – 49 points.

Figure 1 shows the estimated mean values and 95% confidence interval bands for CES-D
score over the five years of follow-up, adjusted for five-year history of depressive
symptoms, age, race/ethnicity, economic stress, smoking, BMI, pain, heart disease, diabetes,
arthritis, and baseline (or earliest non-missing) physical function value. Adjusted CES-D
scores declined 0.4 points per year after adjustment (P value= 0.005).

At baseline, twelve percent of participants indicated it was very difficult to pay for basics
like food and housing, 32% said it was somewhat difficult and 56% said it was not difficult.
Consistent with the study design, 46% participants were Caucasian and 54% African
American. Twenty-four percent of participants were current cigarette smokers.

Overall, participants had median (IQR) hand grip strength of 28.0 (8.4) kg, and leg strength
was 79.6 (32.6) Nm. Median (IQR) forward reach distance in the total sample was 34.8 (9.5)
cm. Additionally, median (IQR) of timed measures included 2-lb lift [1.9 (0.9) seconds], sit-
to-stand [1.2 (0.7) seconds], stair climb [17.9 (6.6) seconds] and 40-foot timed walk [8.8
(2.4) seconds]. The estimated mean trajectories and 95% confidence interval bands across
time for leg strength, stair climb, and timed walk respectively are shown in Figures 2-4,
adjusting for covariates. Leg strength (Figure 2) declined 1% per year (P value =0.01), while
average stair climb time increased 1.1% per year (P value= 0.01), and average walking time
increased 4.8% per year (P value <0.0001; Figures 3-4, respectively).

Participant characteristics based on depressive symptom status
Twenty-three percent of participants were classified as having depressive symptoms in
2000/01 (Table 2). Median CES-D score, as expected, was much lower in those classified as
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having no depressive symptomatology [median (IQR) score 5.0 (7) vs. 23.0 (11) in those
without and with depressive symptoms, respectively, p <0.001].

Those with a CES-D score of at least 16 points in 2000/01 tended to have poorer average
physical functioning compared to those without high depressive symptoms though most of
these differences were not statistically significant (Table 2). Participants with high
depressive symptoms had a significantly slower stair climb time [median (IQR) 17.6 (6.4)
vs. 19.0 (7.7) seconds, p value <0.05].

Perceived physical functioning was considerably worse in those with higher depressive
symptom scores. Those with depressive symptoms had nearly double the prevalence of
being classified as substantially limited [24% vs. 13%, respectively], and were about half as
likely to be not limited [24% vs. 48%, respectively], p<0.001.

There were large differences in covariates based on depressive symptom status. More
participants classified as with vs. without depressive symptoms were smokers (38% vs. 19%
respectively, p value <0.001). While 26% of those with depressive symptoms reported that it
was very difficult to pay for basics, only 8% of those without depressive symptoms reported
this difficulty, p value <0.001. Those with depressive symptoms were more also likely than
those without depressive symptoms to have heart disease (19% vs. 6% respectively, p value
<0.05), arthritis (39% vs. 19% respectively, p value <0.05) and “most” pain (60% vs. 39%
respectively, p value <0.001).

Association of depressive symptom trajectory and physical functioning outcomes
In those whom depressive symptoms increased with age, our measure of longitudinal
change, performance diminished on many of the physical functioning outcomes. Results
from separate mixed effect models for each outcome show that a higher CES-D score was
significantly related to slower 2-lb lift [β (SE) 0.003 (0.001); p value <0.01] and stair climb
[β (SE) 0.003 (0.0007); p value <0.0001], after adjusting for covariates including history of
depressive symptoms (Table 3). These parameter estimates reflect a 6% faster time for 2-lb
lift and stair climb in those with a CESD score of 5.0 vs. 23.0 points, the median scores in
those with and without depressive symptoms in 2000/01 respectively, holding covariates
constant. Self-reported arthritis was a significant covariate in the model for 2-lb lift [β (SE)
0.06 (0.02), p value <0.01], as well as the model for timed stair climb [β (SE) 0.03 (0.01) p
value <0.05].

Higher CES-D score was significantly related to slower sit-to-stand [β (SE) 0.004 (0.001); p
value <0.01], or a 7% faster time in those with a CESD score of 5.0 vs. 23.0 points holding
covariates constant. ‘Some pain’ was borderline significant covariate in this model [β (SE)
0.04 (0.02), p=0.05], however ‘more pain’ was not significant. Arthritis was significant in
this model [β (SE) 0.051 (0.02) p value <0.05].

Higher CES-D score with advancing age was also significantly related to slower 40-foot
timed walk [β (SE) 0.002 (0.001); p value <0.001], such that those with a CESD score of 5.0
points walked 4% faster than women with a CES-D score of 23 points, holding covariates
constant.

We observed a weak association between higher CES-D score with advancing age and
worse perceived physical functioning limitations, after adjusting for covariates including
history of depressive symptoms [OR (95% CI) 1.05 (1.02, 1.07)] for perceived moderate or
substantial limitations vs. no limitations and also for substantial vs. moderate or no
limitations (Table 4). In other words, those with increased concurrent depressive symptom
scores were 5% more likely to be classified as substantially limited compared to those with
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no/moderate perceived limitations. Likewise, those with increased concurrent depressive
symptom scores were 5% more likely to have substantial or moderate limitations compared
to those with no perceived limitations. Pain was a significant covariate [OR (95% CI) 2.7
(1.2, 6.4) and 6.3 (2.6, 15.5) for some pain and more pain, respectively].

A five-year history of depressive symptoms prior to functional assessment was not
significant in any model. No significant interactions were observed between depressive
symptom trajectory and five-year history of depressive symptoms. Additionally, no
significant interactions were observed between depressive symptom trajectory and age, our
measure of longitudinal change, or five-year history of depressive symptoms and age.

There was no significant association between having missing depressive symptom data at
the most recently available visit and physical functioning status at the initial measurement.
There was no significant difference in history of depressive symptoms between participants
who were lost to follow-up and the women who continued to participate. The most recently
observed CESD scores were not associated with being lost to follow-up.

Discussion
In our sample of mid-life women, annual changes in physical function were modest for leg
strength and stair climb time, however average walking time increased 4.8% per year.
Though clinically meaningful changes in these performance-based measures have not been
established, comparable declines have been reported for similar measures in high-
functioning older persons. In a sample of approximately 1,000 high functioning older
persons aged 70-79 years, average declines for 10-foot walk were 3% annually, and declines
in chair stands were 1% per year in a study that followed participants for 3 years (Seeman et
al., 1994).

We observed modest but consistent associations between measures of diminishing physical
functioning and the depressive symptom trajectory after adjusting for covariates, including
five-year history of depressive symptoms and baseline level of physical functioning.
Penninx et al. (2000), reported similar results in a sample of 2121 community-dwelling
persons aged 55-85 years. Odds of substantial decline in physical functioning performance
in participants who transitioned from depressed to non-depressed status during the three-
year study follow up using the CESD to classify depression were protective but not
significant [OR (95% CI) 0.66 (0.41, 1.09)]; however, those who transitioned from non-
depressed to depressed had 76% increased odds of substantial decline in physical
functioning performance [OR (95% CI) 1.76 (1.23, 2.51)]. Those with consistent depressive
symptoms also had increased odds of substantial physical functioning decline [OR (95% CI)
1.67 (1.09, 2.58)].

Recent research has highlighted the immune system as playing a role in poor physical
functioning (Cesari et al., 2004; Taaffe et al., 2000). Depressive symptoms have been linked
to activation of inflammatory pathways, including increases in C-reactive protein, greater
abdominal adiposity, and related changes (Danner, Kasl, Abramson, & Vaccarino, 2003;
Ford & Erlinger, 2004; Miller, Stetler, Carney, Freedland & Banks, 2002; Vogelzangs et al.,
2008), and higher inflammation has been linked to compromised functioning (Cesari et al.,
2004; Tomey, Sowers, Zheng, & Jackson 2009).

The HPA axis may be involved in such pathways. It has been postulated that long-term
activation of the HPA axis associated with chronic depression (and/or stress) is associated
with greater abdominal obesity, and this greater abdominal fat accumulation could be linked
through elevated cortisol, particularly in combination with low sex steroid hormones
(Björntorp & Rosmond, 2000). Excess abdominal obesity has been related to poorer
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physical functioning (Penninx et al., 2009) as well as conditions such as insulin resistance,
cardiovascular and other conditions that frequently co-exist with compromised physical
functioning (Lean, 2000).

Another mechanism may be related to the catabolic effect of inflammatory markers on
muscle. Experimental studies of rats have reported that administration of IL-6 or TNF-α
causes muscle breakdown (Goodman, 1994; Goodman, 1991), and prospective findings in
humans suggest that higher levels of IL-6 and CRP are associated with muscle strength loss
after adjusting for covariates including BMI (Schaap et al., 2006). It remains unclear
whether inflammation precedes or follows depressive symptoms in such a context (Dunn,
Swiergiel & de Beaurepaire, 2005). In our study, though depressive symptoms were
associated with some physical functions that rely in part on strength, such as the stair climb
and sit-to-stand, other measures that rely on strength such as grip strength and leg strength
were not associated with depressive symptoms.

Pain, considered a key comorbidity in compromised physical functioning, in depression, and
with inflammation, played a role in our observed associations. Self-reported arthritis, often
linked to pain, also played a role. These variables helped to explain variation in sit-to-stand
and 2-lb lift, which require bending at the waist, as well as timed stair climb and perceived
physical functioning. Evidence shows that depressed persons are more sensitive to pain, and
those who report pain are more likely to be depressed (Bair et al., 2003). The term
“depression-pain syndrome” has been used to characterize this complex interrelationship
(Bair et al., 2003).

Additionally, associations with timed measures could relate to the motor slowing effect of
depressive symptoms. This slowing, fatigue and apathy have been described and may be
partly responsible for significant associations with performance-based functions, all of
which were timed (Marin, Firinciogullari, & Biedrzycki, 1993; Pier, Hulstijn, & Sabbe,
2004; Sachdev, & Aniss, 1994). Psychomotor retardation is frequently observed in
depressed individuals and in fact, decreased motor activity is a diagnostic criterion for major
depression (Futterman & Tryon, 1994).

Lack of sleep has been associated with both depression and poor physical functioning
(Habte-Gabr et al., 1991; Newman, Enright, Manolio, Haponik, & Wahl, 1997), and poorer
functioning may be in part due to fatigue from lack of sleep. In this study, sleep problems
reported by participants were by definition recent (the timeframe for the report was the past
two weeks), although these problems could have been more persistent than the time frames
allowed by the interview. Nevertheless, report of sleep problems was not a significant
confounder or mediator in the association of physical functioning and depressive symptoms.

In our study, associations with some performance-based functioning measures were stronger
compared to associations with perceived physical functioning. In contrast to our results,
some authors have found a greater association with perceived versus performance-based
measures (Lenze et al, 2001; Cress et al., 1995; Kempen, Steverink, Ormel, & Deeg, 1996).
It has been postulated that this differential may occur because those who are depressed may
give an overly pessimistic view of their functioning levels (Lenze et al, 2001) and that
performance-based measures would be less influenced by personality, cognition, and mood
(Cress et al., 1995; Kempen et al., 1996). Direct comparisons to this study are challenging
however, because those studies evaluated elderly participants, many of whom were frail and
lived in nursing homes. In addition to experiencing a greater number of comorbidities, these
populations experienced more substantial physical functioning and depression problems
compared to our younger mid-life sample.
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The factors and dynamics impacting depressive symptoms and physical functioning are
complex, and conceptual models attempt to explain these dynamics in describing
development of physical functioning limitations. Classic conceptual models, including those
proposed by Saad Nagi (1991), and the National Center for Medical Rehabilitation Research
(Jette, 1994) infer that the process of functional decline begins with an active pathology or
pathophysiology. Nagi (1991) notes that initiating pathology may result from infection,
trauma, metabolic imbalance, degenerative disease processes or other etiology.

While the current study was not designed to address the causal processes hypothesized in
these classic models, our observed associations between depressive symptoms and physical
functioning endpoints do not appear to fit into these conceptualizations. The conceptual
models are predicated on pathology progressing to impairment and functional limitation;
however, five-year history of depressive symptoms was not associated with physical
functioning in any model. Instead, the depressive symptom trajectory exposure was
consistently associated with performance-based and perceived physical functioning
outcomes, even after adjusting for historical symptoms. Though our performance-based
outcomes do not represent “functional limitations” per se, our findings highlight the
importance of accounting for the timing of depressive symptoms.

It remains to be elucidated as to how psychomotor and fatigue-related pathways could fit
into this scheme, particularly since some trials have shown improvement in physical
functioning with depression treatment (Hunkeler et al., 2006; Callahan et al., 2005). If these
observed relationships are confirmed, future conceptual models should address the role of
depressive symptom trajectory and apparent lack of longer-term effect of depressive
symptoms on physical functioning limitations.

Our study includes several strengths including the longitudinal nature of the data, inclusion
of two races with a wide distribution in BMI values, the ability to statistically adjust for
relevant demographic and health variables, and inclusion of a five-year history of depressive
symptoms. In our study, although some participants were lost to follow up, having missing
depressive symptom data at the most recently available visit was not associated with
physical functioning status at the initial measurement. There was no significant difference in
history of depressive symptoms between participants who were lost to follow-up and the
women who continued to participate. Further, the most recently observed CESD scores were
not predictive of the likelihood of being lost to follow-up.

Our analyses had limitations. Although our statistical models adjusted for potential
confounders (Bruce, Seeman, Merrill, & Blazer, 1994), residual confounding may have been
present which could result in an overestimate of the associations between depressive
symptoms and physical functioning measures. Variables such as pain may not have been
fully captured, and other conditions such as subclinical cardiovascular disease, cognitive
limitation or other conditions that may occur in this mid-life sample of women either were
not assessed or occurred too infrequently to consider in this analysis. Finally, while the
analysis of selection bias provides some assurance of a minimal impact, loss to follow-up in
this study remains a potential limitation.

It is important to note that history of depressive symptoms was characterized on a different
scale compared to the concurrent depressive symptom trajectory variable. The former was
an ordinal summary variable that quantified cumulative exposure to high levels of
depressive symptoms versus the latter which was a continuous scale representing level of
depressive symptomatology. This could have contributed to some of the differences we
observed in strength of associations with the two depressive symptom variables.
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While it is difficult to disentangle the direction of the relationship between depression and
decline in physical functioning, evidence supports a reciprocal relationship in older
populations where most of the research exists (Ormel, Rijsdijk, Sullivan, van Sonderen, &
Kempen, 2002). The notion that a fairly moderate decline in physical functioning in mid-life
would cause depressive symptoms is less likely than in an older population where deficits
may become more severe. Nevertheless, the impact of depressive symptoms on physical
functioning is important and treatment of these symptoms could mitigate this decline. Our
findings suggest that in a clinical setting, evaluation of physical functioning in midlife
women should include consideration of current depressive symptom status. It remains to be
determined if the reductions in physical performance observed with depression have a long-
term effect in quality of life and if treatment of depression and pain at the midlife changes
the trajectory of physical performance decline with aging (Hunkeler et al., 2006; Callahan et
al., 2005; Weigl, Cieza, Cantista, Reinhardt, & Stucki, 2008).
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Figure 1.
Estimated mean values and 95% confidence bands for CES-D score across time, adjusted for
five-year history of depressive symptoms, age, race/ethnicity, economic stress, smoking,
BMI, pain, heart disease, diabetes, arthritis, and baseline (or earliest non-missing) physical
function value.
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Figure 2.
Estimated mean values and 95% confidence bands for leg strength in nM across time after
adjusting for five-year history of depressive symptoms, age, race/ethnicity, economic stress,
smoking, BMI, pain, heart disease, diabetes, arthritis, and baseline (or earliest non-missing)
physical function value.
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Figure 3.
Estimated mean values and 95% confidence bands for timed stair climb in seconds across
time after adjusting for five-year history of depressive symptoms, age, race/ethnicity,
economic stress, smoking, BMI, pain, heart disease, diabetes, arthritis, and baseline (or
earliest non-missing) physical function value.
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Figure 4.
Estimated mean values and 95% confidence bands for timed walk in seconds across time
after adjusting for five-year history of depressive symptoms, age, race/ethnicity, economic
stress, smoking, BMI, pain, heart disease, diabetes, arthritis, and baseline (or earliest non-
missing) physical function value.
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Table 2

Descriptive characteristics in 2000/01 by depressive symptom status (Michigan site)

Total Sample at
2000/01 time point

(n=336)

Without depressive
symptoms in 2000/01

(CESD score < 16)
n=258 (77%)

With depressive
symptoms in 2000/01

(CESD score ≥ 16) n=78
(23%)

Median (Interquartile Range)

Age (years) 50 (5) 50 (4) 50 (4)

Body mass index (kg/m2) 32.1 (12.7) 32.6 (12.5) 31.4 (11.6)

CES-D scorea 8.0 (12) 5.0 (7) 23.0 (11)

Performance-based physical functioning measures

    Hand grip strength (kg) 28.0 (8.4) 28.2 (7.3) 27.3 (9.3)

    Leg strength (Nm) 79.6 (32.6) 80.8 (30.1) 78.4 (40.4)

    Forward reach distance (cm) 34.8 (9.5) 34.6 (9.5) 34.8 (9.2)

    2-lb lift from the floor (seconds) 1.9 (0.9) 1.9 (0.8) 2.0 (1.4)

    Sit-to-stand (seconds) 1.2 (0.7) 1.2 (0.7) 1.2 (0.7)

    Stair climb (seconds)b 17.9 (6.6) 17.6 (6.4) 19.0 (7.7)

    40-foot timed walk (seconds) 8.8 (2.4) 8.8 (2.1) 8.9 (3.4)

Frequency (%)

Five year depressive symptom historya,c

    CES-D score ≥ 16 at no time points 128 (38) 128 (50) 0

    CES-D score ≥ 16 at one time point 105 (31) 89 (34) 16 (21)

    CES-D score ≥ 16 at two or more time points 103 (31) 41 (16) 62 (79)

Perceived physical functioning based on SF-36 PF scorea

    Not limited (≥ 86 points) 140 (42.8) 122 (48.2) 18 (24.3)

    Moderately limited (50-85 points) 137 (41.9) 99 (39.1) 38 (51.4)

    Substantially limited (<50 points) 50 (15.3) 32 (12.7) 18 (24.3)

Race

    Caucasian 183 (45.5) 111 (43.0) 36 (46.2)

    African American 153 (54.5) 147 (57.0) 42 (53.9)

Current cigarette smokera

    Yes 80 (23.8) 50 (19.4) 30 (37.5)

Economic stressa

    Very difficult to pay for basics 40 (11.9) 20 (7.8) 20 (25.6)

    Somewhat difficult to pay for basics 106 (31.6) 75 (29.2) 31 (39.7)

    Not difficult to pay for basics 189 (56.4) 162 (63.0) 27 (34.6)

Diabetes 52 (15.5) 42 (16.3) 10 (12.8)

Heart diseaseb 30 (8.9) 15 (5.8) 15 (19.2)

Arthritisb 80 (23.8) 50 (19.4) 30 (38.5)

Pain (SF-36 Bodily Pain index)a

    Most pain (<61 points) 34 (10.1) 100 (38.8) 47 (60.3)

    Some pain (61 – 99 points) 155 (46.1) 126 (48.8) 29 (37.2)
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Total Sample at
2000/01 time point

(n=336)

Without depressive
symptoms in 2000/01

(CESD score < 16)
n=258 (77%)

With depressive
symptoms in 2000/01

(CESD score ≥ 16) n=78
(23%)

    No pain (100 points) 147 (43.8) 32 (12.4) 2 (2.6)

a
P<0.001 based on Wilcoxon test for continuous data, or chi-square test for categorical data.

b
P<0.05 based on Wilcoxon test for continuous data, or chi-square test for categorical data.

c
This is a sum of the number of annual visits a person scored at least 16 points on the CESD from 1996/97 – 1999/2000.
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Table 3

Associations between trajectory of CES-D score and performance-based physical functioning (n=377)a,b

CES-D score trajectory

β (SE) P-value of β

Hand grip strength (kg) -0.02 (0.02) NS

logLeg strength (nM) -0.001 (0.01) NS

Forward reach distance (cm) -0.009 (0.02) NS

log2-lb lift from the floor (s) 0.003 (0.001) <0.01

logSit-to-stand (s) 0.004 (0.001) <0.01

logStair climb (s) 0.003 (0.0007) <0.0001

log40-foot timed walk (s) 0.002 (0.001) <0.001

a
A separate model was performed for each physical functioning outcome.

b
Longitudinal mixed-effects linear regression models were adjusted for five-year history of depressive symptoms, age, race/ethnicity, economic

stress, smoking, BMI, pain, heart disease, diabetes, arthritis, and baseline (or earliest non-missing) physical function value.
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Table 4

Summary odds ratio describing associations between trajectory of CES-D score and perceived physical
functioninga

Odds Ratio (95% Confidence Interval)b

Perceived physical functioning (SF-36 PF) 1.05 (1.02, 1.07)

a
Longitudinal mixed-effects non-linear regression model was adjusted for five-year history of depressive symptoms, age, race/ethnicity, economic

stress, smoking, BMI, pain, heart disease, diabetes, arthritis, and baseline (or earliest non-missing) physical function value.

b
The odds ratio summarizes the likelihood of having moderate or substantial limitations vs. no limitations based on depressive symptom trajectory,

and also for the likelihood of having substantial vs. moderate or no limitations based on depressive symptom trajectory.
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