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a b s t r a c t

Rationale: Falls are common among older adults and may be related to depressive symptoms (DS). With
advancing age, there is an onset of chronic conditions, sensory impairments, and activity limitations that
are associated with falls and with depressive disorders. Prior cross-sectional studies have observed
significant associations between DS and subsequent falls as well as between fractures and subsequent
clinical depression and DS.
Objective: The directionality of these observed relationship between falls and DS is in need of elaboration
given that cross-sectional study designs can yield biased estimates of the DS-falls relationship.
Methods: Using 2006e2010 Health and Retirement Study data, cross-lagged panel structural equation
models were used to evaluate associations between falls and DS among 7233 community-dwelling
adults ages �65. Structural coefficients between falls and DS (in 2006/2008, 2008/2010) were
estimated.
Results: A good-fitting model was found: Controlling for baseline (2006) physical functioning, vision,
chronic conditions, and social support and neighborhood social cohesion, falls were not associated with
subsequent DS, but a 0.5 standard deviation increase in 2006 DS was associated with a 30% increase in
fall risk two years later. This DS-falls relationship was no longer significant when use of psychiatric
medications, which was positively associated with falls, was included in the model.
Conclusion: Using sophisticated methods and a large U.S. sample, we found larger magnitudes of effect in
the DS-falls relationship than in prior studiesdhighlighting the risk of falls for older adults with DS.
Medical providers might assess older individuals for DS as well as use of psychotropic medications as
part of a broadened falls prevention approach. National guidelines for fall risk assessments as well as
quality indicators for fall prevention should include assessment for clinical depression.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Clinical depression is relatively uncommon among older U.S.
adultsdonly 4% of those 60 years or older report clinical depression
(CDC 2005e2006)dbut depressive symptoms (DS) are much more
prevalent (Williamson and Schulz, 1992). Among older adults
screened from 1998 to 2004, approximately 15% reported having DS
(Federal Interagency Forum, 2008). DS comprise symptoms of un-
ease and somatic complaints including depressed mood that may
accompany, but do not necessarily indicate, clinical depression
(Berkman et al., 1986). Major life events and reductions in physical
capabilities may result in loss of social support and self-esteem that
can then lead to DS in older adults (Aneshensel et al., 1984). Older
adults may be victims of accidents including falls that impact
physical health and role status (Schoenmakers et al., 2012). Falls
may be particularly burdensome because they can reduce the ca-
pacity to engage in daily activities (Lazarus and DeLongis, 1983).
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With advancing age, there is an onset of chronic conditions, sensory
impairments, and activity limitations that can lead to falls. Chronic
medical conditions such as cardiovascular disease and diabetes are
also associated with anxiety and depressive disorders (Aina and
Susman, 2006). Given the aging of the U.S. population, especially
with the older adult population expected to double in the next forty
years (Ortman et al., 2014), an increase in chronic medical condi-
tions and related depressive disorders may be expected.

1.1. Falls and DS: multiple potential pathways

Several studies have observed significant associations between
DS and falls (Eggermont et al., 2012; Iaboni and Flint, 2013;
Spangler et al., 2008; van den Berg et al., 2011) and others have
observed a relationship between fractures and both clinical
depression and DS (Lenze et al., 2007; Mossey et al., 1990; Scaf-
Klomp et al., 2003). However, the directionality of the observed
relationship between falls and DS is in need of elaboration. Falls
often result in diminished physical capacity, which can result in
restricted activities and emotional distress (Peirce et al., 2000). A
meta-analysis (Deandrea et al., 2010) and other studies observed
significant associations between DS and falls (Eggermont et al.,
2012; Iaboni and Flint, 2013; van den Berg et al., 2011).

There are three potential explanations for these findingsdor
three “pathways” linking DS and falls. One explanation for these
findings (“DS-falls pathway”) is that persons with DS have
increased fall risk due to factors associated with depression. Some
of these factors are fear of falling, fatigue, distractedness, poor
nutritional status, or unsteadiness in walking (due to gait changes)
(Iaboni and Flint, 2013). A second possibility is that falls lead to DS
(“falls-DS pathway”). Also, there are indications that falls are
related to anxiety and fear, as well as reductions in self-esteem
(Boyd and Stevens, 2009), which may result in increased DS. Ac-
tivity restriction has been shown to be associated with DS and
depression (Painter et al., 2012). However, few studies have
explored this potential pathway. Several studies have noted a
relationship between fractures and clinical depression and DS
(Iaboni and Flint, 2013; Lenze et al., 2007; Mossey et al., 1989; Scaf-
Klomp et al., 2003). The third possibility is that there are shared risk
factors for DS and falls (“shared pathway”). Several joint risk factors
(measured at baseline) have been found to be associated with both
future falls and depression (measured 12 months later), such as
baseline physical activity, medical problems, and social activities, as
well as baseline depression and falls (Biderman et al., 2002).

One study reported increased depression scores after partici-
pants may have completed physical rehabilitation from a fall-
related injury, suggesting that increased DS may be greater over
time as older adults comprehend the extent of their physical lim-
itations and loss of independence following an injury (Scaf-Klomp
et al., 2003). However, other research suggests that major depres-
sive disorders risks are greater among those with hip fracture
immediately following the injury instead of after a delay (Lenze
et al., 2007). Thus, it is possible that we will not observe associa-
tions between falls and increased DS measured two years later.
Some of the studies examining the association between falls and DS
are cross-sectional (Ni Mhaolain et al., 2012; van Haastregt et al.,
2008), while others are longitudinal but the settings are outside
of the U.S. (Biderman et al., 2002; Ni Mhaolain et al., 2012; Peel
et al., 2007; van den Berg et al., 2011), over a decade old
(Whooley et al., 1999), or are restricted to a local study sample
(Biderman et al., 2002; Eggermont et al., 2012). Of several studies
directly examining the falls-DS pathway (Bentler et al., 2009; Lenze
et al., 2007; Scaf-Klomp et al., 2003), one is a non-U.S. study, and
another is confined to a small, local cohort (Lenze et al., 2007) and
thus is not representative of the U.S. community-dwelling older
adult population.
Cross-sectional study designs can yield biased estimates of the

DS and falls relationship. Second, ignoring the possibility that falls
also result in later DS does not account for the various temporal
aspects of the relationship. As such, some studies may overstate the
strength of the relationship between DS and later falls. Finally,
studies on falls and DS have typically controlled for physiological,
sociodemographic, and treatment-related factors, but not social
support or neighborhood social cohesion (Eggermont et al., 2012;
Whooley et al., 1999).

The study uses a sample of community-dwelling older adults,
examining the three potential pathwaysdthe DS-falls, falls-DS, and
shared pathways. We hypothesize that, after controlling for base-
line health status, social support and neighborhood social cohe-
sion: (1) DS will be associated with fall risks two-years later and (2)
falls will be associated with DS two years later.

2. Methods

The current study uses data from the 2006, 2008, and 2010
waves of the Health and Retirement Study (HRS), a national lon-
gitudinal study of older Americans primarily conducted by tele-
phone. The HRS includes multiple respondent cohorts (with new
cohorts introduced each six years) and aims to include a sample
that is representative of the population comprising U.S. citizens
who are 50 years or older. The HRS uses a multi-stage area prob-
ability sampling design (HRS, 2011). Overall response rates during
the 2006e2010 period were approximately 90% among those in-
dividuals the HRS attempted to interview (excluding those who
asked to be removed from the sample and those who died) (HRS,
2011) (http://hrsonline.isr.umich.edu/). Also included are data
from the HRS Participant Lifestyle Questionnaire (PQ), which began
its first wave in 2006. A randomhalf of the 2006 sample received an
enhanced in-person interview and those completing at least part of
that interview received the PQ leave-behind self-administered
survey. The response rate for the PQ survey in 2006 was 82%. Data
from respondents with survey proxy respondents were not
included, as proxies were not asked about DS. There were 7233
older adults in each survey wave (3276 responded to the 2006 PQ
survey), with an average age of 73 (SD: 6); 59% of the sample were
female, 76% were white, 14% African-American, 7% Hispanic, and 4%
other. In a sensitivity analysis, psychosocial variables (social cohe-
sion and social support) were imputed for missing observations in
2006, 2008, and 2010, and model results were unchanged. Vari-
ables used in the analysis are described below; for a more complete
description of these variables, see Table A1.

2.1. Variables

2.1.1. Dependent variables
We examined two dependent variables. First, we identified

whether any fall (non-injurious or injurious) occurred in each year
of the study (2006, 2008, 2010) using self-reported data. Second,
we measured DS as latent variables in each year of the study using
responses to the Center for Epidemiological Studies Depression
Scale (CES-D) 8-item short-form (Radloff, 1977). See Table A2 for
further details.

2.1.2. Latent predictor variables
Three latent predictor variablesdsocial support, social cohesion,

and poor healthdwere measured in 2006. These factors were
included because they may influence both depression and fall risk
(Hoffman et al., 2016; Stafford et al., 2011). The social support and
social cohesion (psychosocial) variables were not available for all
individuals in each of the three survey waves examined, due to the

http://hrsonline.isr.umich.edu/
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fact that the PQ survey was administered to a random half of
eligible respondents in each survey wave (HRS, 2013). For those
individuals administered the PQ survey in 2006, psychosocial var-
iables were available in 2006 and 2010 and for those administered
the PQ survey in 2008, those variables were available only in 2008.
Accordingly, we only measured psychosocial variables in 2006.
(Variables taken from the HRS, including those used in the poor
health latent factor, were available in all years.)

2.1.3. Observed predictor variables
Additional variables were used to measure health status in

2006. We used an index of chronic illnesses (0e5), which is a count
of osteoarthritis, stroke, heart disease, high blood pressure, and
diabetes, where presence of a given chronic condition contributes
one point to the index. These specific conditions are available in the
HRS and have been associated with falls and falls risk (Deandrea
et al., 2010). Chronic risk factors pose consistent fall risks due to
underlying conditions that affect sensory, cognitive, neurologic, or
musculoskeletal functioning (Tinetti, 1989). We also measured self-
rated eyesight (1e6 where 1 ¼ legally blind and 6 ¼ excellent), as
eyesight problems are a known risk factor for falls (Deandrea et al.,
2010; Tinetti et al., 1988). For use in a sensitivity analysis, we also
assessed whether individuals used psychiatric medications (tran-
quilizers, antidepressants, or pills for nerves).

2.2. Study design

Cross-lagged panel analyses (Kenny and Harackiewicz, 1979)
using structural equation modeling (SEM) were employed. This
analytic approach makes it possible to simultaneously examine DS
and falls as predictors and dependent variables. SEMs have mea-
surement and structural model components. The measurement
model involves the relationships between observed measures and
underlying latent constructs, while the structural model specifies
the structural, or “causal” relationships between the constructs as
well as other observed variables in the model (Anderson and
Gerbing, 1988).

Fig. 1 shows estimates of structural associations between falls
and DS with time periods of 1, 2, and 3 (i.e., 2006, 2008, and 2010)
and no baseline covariates. DS at time 2 is regressed on falls and DS
at time 1. Similarly, falls at time 2 are regressed on DS at time 1. Falls
and DS at time 1 are allowed to correlate with one another, and the
residuals from falls and DS at time 2 are allowed to correlate. The
model evaluates the statistical significance of the structural co-
efficients for the path from falls at time 1 to DS at time 2 (pathway
Fig. 1. Illustration of cross-lagged panel analysis with structural equation modeling withou
over three time periods, 2006e2010.
“2” in Fig. 1), falls at time 2 to DS at time 3 (“4”), DS at time 1 to falls
at time 2 (“1”), and DS at time 2 to falls at time 3 (“3”).
2.2.1. Model estimation
The modeling approach involved several steps: development of

a measurement model, the addition of structural elements, and re-
estimation after removing several non-significant pathways
(Anderson and Gerbing, 1988; Aneshensel et al., 1984). First, mea-
surement models using data from each of (a) 2006, (b) 2006 and
2008, and (c) 2006, 2008, and 2010, were estimated. Incremental
additions of survey wave data were used to ensure appropriate
model fit at each stage. These models specified the relationships
(i.e., factor loadings) between observed indicators and their un-
derlying latent constructs (e.g., between feeling having restless
sleep, feeling alone, or feeling sad and the DS construct) and
allowed the underlying constructs to intercorrelate (Anderson and
Gerbing, 1988). The constructs in the final measurement model
included DS in years 2006, 2008, and 2010 and perceived social
support, neighborhood social cohesion, and poor physical func-
tioning at baseline in 2006. After estimating the full measurement
model with 2006e2010 data, a structural model, which included
the elements of the measurement model as well as other observed
variables (i.e., falls in each of 2006, 2008, and 2010, and vision and
chronic conditions at baseline), was estimated. This model
permitted an assessment of “causal” associations between falls and
subsequent DS and DS and subsequent falls.

To assess the study hypotheses regarding relationships between
DS and falls, we controlled for potential joint risk factors that might
result in both DS and falls (and thus could bias estimates of the
falls/DS or DS/falls relationships). We controlled for potential
joint risk factors for falls and DSdvision, chronic conditions,
physical functioning, social support, and social cohesion at baseline.
Correlated errors between observed indicators of latent variables
(see below) and between latent variables were also estimated. We
also allowed the physical functioning construct to covary with
other baseline predictors, including 2006 falls and DS, and to pre-
dict outcomes (falls and DS) in each of 2008 and 2010. This was
done to ensure that any associations between DS and falls in the
2006/2008 and 2008/2010 periods were not due to uncon-
trolled differences in respondent physical functioning. However,
we did not include separate latent physical functioning constructs
in 2008 and 2010 because those constructs were highly correlated
(from 0.94 to ~1.00) with the baseline physical functioning
construct. As with the physical functioning construct, vision and
number of chronic conditions were also allowed to covary with
t baseline covariates to estimate associations between depressive symptoms and falls
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other baseline variables and predict 2008 and 2010 outcomes.
The model was modified by removing non-significant param-

eter estimates, including direct effects of the time 1 measures on
the time 2 measures and of the time 2 measures on the time 3
measures (Anderson and Gerbing,1988). That is, pathways between
2006 falls, 2006 social support, 2006 falls and 2006 neighborhood
social cohesion in 2006 were removed. We also removed pathways
between 2006 vision and 2008 falls and DS, respectively, and 2006
vision and 2010 falls; between 2006 falls and 2008 DS, 2008 falls
and 2010 DS, 2008 DS and 2010 falls, and 2006 chronic conditions
and 2010 DS. Model goodness-of-fit was not notably altered after
these modifications.

Models were estimated using MPlus version 6.1 using full in-
formation maximum likelihood (FIML) (Muth�en, 2004). With
MPlus, SEMswith dichotomous dependent variables utilize a probit
estimation (called a weighted least squares estimation), which
produces probit coefficients; continuous outcomes are estimated
using OLS regression (Muth�en and Muth�en, 2011). For the cate-
gorical outcomes, estimated coefficients indicate the relationship
between the predictor of interest and the assumed underlying
latent continuous variable. In addition to the main model, an
additional model was estimated that included baseline use of
psychiatric medication given that antidepressants and other psy-
chiatric medications have been associated positively with falls and
fractures (Iaboni and Flint, 2013).

2.2.2. Assessing goodness-of-fit of models
The fit of the SEM was evaluated using c2, comparative fit index

(CFI), normed fit index (NFI), non-normed fit index or Tucker-Lewis
index (TLI), and root mean square error of approximation (RMSEA).
These different indices account for the fact that c2 does not
adequately assess the model fit with a large or even moderate
sample size. Fit is assessed using CFI (>0.93 is acceptable) (Reeve
et al., 2007), NFI (>0.90 is acceptable) (Schumacker and Lomax,
2004), TLI (>0.95 is good fit) (Reeve et al., 2007), and RMSEA
(<0.06 is good fit) (Reeve et al., 2007).

2.2.3. Assessing the measurement components of the model
Factor loadings in SEM indicate the extent towhich the indicator

represents the underlying latent variable or factor (Hox and
Bechger, 1998). A loading of 0.45e0.54 is fair, 0.55e0.62 is good,
0.63e0.70 is very good, and >0.71 is excellent (Pett et al., 2003).

2.2.4. Estimated correlated errors
Covariances were estimated to account for associations between

observed indicators that are not accounted for otherwise in the
model. These correlated errors were suggested by SEM modifica-
tion indices, but also were estimated because such covariances
appeared plausible.

2.2.5. Assessing the structural components of the model
The structural components of the SEM were estimated next,

following the measurement model estimation. To more easily
interpret the probit coefficients for the dichotomous dependent
variable, predicted probabilities were computed. To do so, the
predicted probabilities of a fall at the mean estimated DS level (zero
on the latent variable scale) were computed for DS in 2006
(Muth�en, 2008). See Appendix C. Next, the predicted probabilities
of a fall at 1 SD above or below themean DS level were computed. A
change of 1 SD is large (Cohen, 1992), so we also computed the
change in probabilities associated with a change of 0.5 SD
(medium).

The study was conducted at the UCLA Fielding School of Public
Health and IRB approval was provided by the UCLAOffice of Human
Protection Research.
3. Results

3.1. Unadjusted results

At baseline, approximately one in three respondents experi-
enced a fall within the past two years. The average CES-D summed
score was 1.3 (SD ¼ 1.8) on a scale of 0e8. Average scores of
neighborhood social cohesion were 5.6 (SD ¼ 1.3) on a scale of 1e7.
Average scores of positive social support were 3.2 (SD ¼ 0.5) on a
scale of 1e4 (where higher scores indicated more positive support)
and average scores of negative social support were 3.4 (SD¼ 0.4) on
a scale of 1e4 (where higher scores indicated less negative sup-
port). Respondents reported having a mean of 0.2 ADLs (SD ¼ 0.6),
0.1 IADLs (SD ¼ 0.1), and 3.9 functional limitations (SD ¼ 2.9), a
score of 2.8 (SD ¼ 1.0) on a vision scale of 1e6, and 2.0 (SD ¼ 1.2)
chronic conditions on a scale of 0e6 (Table A2).

3.2. Goodness-of-fit indices

Fig. 1 displays the model, which had acceptable fit, with a CFI of
0.93, NFI of 0.92, TLI of 0.92, and RMSEA of 0.03.

3.3. Measurement component output

All loadings of the indicator variables on the latent variables
were statistically significant (See Appendix B, Table B1). Stan-
dardized loadings for most observed indicators for latent variables
were �0.55, which indicates �30% of the shared variance with the
factor. Each of the four neighborhood social cohesion indicators had
loadings of�0.71 (�50% of the shared variance with the factor). For
the social support latent factor, two of the four indicators had
loadings that were �0.63 (�40% of the shared variance with the
factor).

3.4. Structural component output

Table 1 provides the shows the correlations between the vari-
ables and Table 2 provides the standardized regression coefficients
and standard errors.

3.5. Associations between control variables at baseline and with
subsequent outcome variables

As shown in Table 2, at baseline (in 2006), social support was
positively associated with neighborhood social cohesion and both
of these variables were associated negatively with poor physical
functioning (as noted earlier, higher scores indicated poorer func-
tioning). Poorer physical functioning at baseline was positively
associated with baseline falls and DS. Other baseline health vari-
ables (vision and number of chronic conditions) were also posi-
tively associated with falls and DS at baseline. Better social support
and neighborhood social cohesion at baseline were associated with
fewer baseline DS, and poor physical functioning was associated
with greater baseline DS. 2006 falls were significantly positively
associated with 2008 falls (b ¼ 0.36, SE ¼ 0.01) and 2008 falls were
significantly positively associated with 2010 falls (b ¼ 0.48,
SE ¼ 0.02). Similarly, 2006 DS were strongly associated with 2008
DS (b ¼ 0.74, SE ¼ 0.02) and 2008 DS were associated with 2010 DS
(b ¼ 0.72, SE ¼ 0.02).

3.6. The association of DS with subsequent falls

In terms of the “cross-lags,” DS were associated significantly
with subsequent fall risk in one of the cross-wave time periods
assessed. The probit coefficient for the 2006e2008 cross-wave time



Table 1
Standardized latent variable correlations for trimmed falls and depressive symptoms (DS), 2006-10 (n ¼ 7233).

Predictor Variable

Dependent Variable Social
Support

Social
Cohesion

Vision Chronic
Conditions

Poor
Functioning

2006
Fall

2006
DS

2008
Fall

2008
DS

2010
Fall

2010
DS

Social Support 1.00
Social Cohesion 0.38 1.00
Vision �0.12 �0.10 1.00
Chronic Conditions �0.10 �0.11 0.16 1.00
Poor Health �0.22 �0.18 0.33 0.37 1.00
2006 Fall �0.05 �0.06 0.07 0.13 0.28 1.00
2006 DS �0.41 �0.28 0.27 0.21 0.56 0.17 1.00
2008 Fall �0.07 �0.07 0.09 0.17 0.28 0.41 0.20 1.00
2008 DS �0.32 �0.23 0.24 0.20 0.53 0.16 0.65 0.24 1.00
2010 Fall �0.07 �0.06 0.10 0.10 0.30 0.25 0.23 0.53 0.23 1.00
2010 DS �0.26 �0.19 0.25 0.19 0.50 0.15 0.65 0.21 0.79 0.24 1.00

Note: All associations reach significance at p < 0.05.

Table 2
Standardized regression coefficients (and standard errors) for trimmed falls and depressive symptoms (DS), 2006e2010 (n ¼ 7233).

Predictor Variable

Dependent Variable Social
Support

Social
Cohesion

Vision Chronic
Conditions

Poor
Functioning

2006
Fall

2006
DS

2008
Fall

2008
DS

2010
Fall

2010
DS

Social Support
Social Cohesion 0.38

(0.02)
Vision �0.12

(0.02)
�0.10
(0.02)

Chronic Conditions �0.11
(0.02)

�0.11
(0.02)

0.16
(0.01)

Poor Functioning �0.23
(0.03)

�0.23
(0.02)

0.33
(0.01)

0.37
(0.01)

2006 Fall �0.05
(0.02)

�0.06
(0.02)

0.07
(0.01)

0.13
(0.01)

0.28
(0.01)

2006 DS �0.40
(0.02)

�0.28
(0.02)

0.27
(0.01)

0.21
(0.01)

0.56
(0.01)

0.17
(0.01)

2008 Fall 0.06
(0.02)

0.12
(0.02)

0.36
(0.01)

0.06
(0.02)

2008 DS 0.12
(0.02)

0.74
(0.02)

0.11
(0.03)

2010 Fall 0.05
(0.02)

0.15
(0.02)

0.48
(0.02)

2010 DS 0.05
(0.01)

0.10
(0.02)

0.72
(0.02)

0.12
(0.03)

Note: All associations reach significance at p < 0.05.
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period was significant (b ¼ 0.06, SE ¼ 0.02); the coefficient for the
2008e2010 time period was not significant. In terms of predicted
probabilities, the risk of a 2008 fall at the mean 2006 DS level was
30% (Appendix C). At 0.5 SD below themean, the risk was 21%while
at 0.5 SD above the mean, the risk was 39% (Fig. 2). Thus, a 0.5 SD
increase in DS above the mean was associated with about a
[ð39� 30Þ=30] 30% increase in fall risk.
3.7. The association of falls with subsequent DS

However, falls were not associated with subsequent DS in either
cross-wave time period. Adjusting for baseline characteristics,
regression coefficients for 2006/2008 and 2008/2010 associa-
tions of falls with DS were non-significant and were not included in
the final model.

Model results were changed when psychiatric medication use at
baseline was included. In that model, 2006 medication use was
positively associated with each of 2008 (b ¼ 0.04, SE ¼ 0.02) and
2010 (b ¼ 0.08, SE ¼ 0.01) falls and the 2006 DS/2008 fall struc-
tural relationship became non-significant (b ¼ 0.04, SE ¼ 0.02,
p ¼ 0.07), suggesting that the impact of 2006 DS on 2008 falls may
be mediated, at least in part, through psychotropic medication use.
4. Discussion

This study of falls and depressive symptomatology (DS) among
community-dwelling older adults had several notable findings.
First, contrary to the first study hypothesis, falls were not associated
with later increases in DS. The present study's results conflict with
findings from a study examining older adults experiencing falls, in
which depression did not increase in the five months following the
fall but gradually increased between five months and one year
(Scaf-Klomp et al., 2003). There are several potential explanations
for this finding. Continuity theory suggests that, because in-
dividuals can maintain their feelings of self-worth after a major life
event, falls may not lead to lasting distress (Kim and Moen, 2002).
Individuals may have personal resources (such as self-mastery, or
the ability to resolve stress) or economic resources that enable
them to recover from difficult life events (Ong et al., 2006). This
suggests that futureworkmight examine the falls/DS relationship
using models stratified by socioeconomic status. A second, related
explanation is that older individuals can recover from falls through



Fig. 2. Predicted probabilities of falls (assessed in survey wave 2008) at different depressive symptoms levels (assessed in nearest prior survey wave, 2006).
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rehabilitation. An older faller may experience several months of
social isolation or a reduction in interactions with others as well as
less physical activity; yet, the individual may return to full activity
later. A temporary, measurable reduction in DS or an increase in DS
may follow a fall, but these DS may be reversed over time. By
measuring outcomes in two-year increments, the study is inca-
pable of observing such temporary increases in DS. Another po-
tential explanation for this finding has to do with differential
dropout of participants. Comparatively higher dropout among
depressed compared to non-depressed individuals (which was
observed in the study sample, as 32% of depressed compared to 22%
of non-depressed individuals in 2006 dropped out of the survey by
2010) could attenuate the association between falls and subsequent
DS. However, in a sensitivity analysis we controlled for variables
that were associated with dropout (age, gender, and educational
level) and obtained nearly identical results. Assuming the estimates
are unbiased, this non-association is perhaps an encouraging
finding, suggesting that older adults are resilient and able to cope
with a fall occurrence.

Further, in support of our hypothesis, greater DS was associated
with short-term fall risks in one of the cross-wave time periods
examined. For a 0.5 SD increase in DS, future fall risk increased by
30%. Additionally, we observed contemporaneous, cross-sectional
associations (significant covariances) between falls and DS in
each wave, even after accounting for the DS-fall association. These
associations represent a bi-directional relationship between the
two outcomes outside of any direct effect indicated by the signifi-
cant cross-lagged association and other covariates that were
controlled for in the model. Given earlier findings, it is unsurprising
that there is a significant relationship between DS and falls over
time. Fall risk is associated with physical health decline and prob-
lems with cognitive functioning, which may reflect executive
functioning difficulty (Marks, 2011). This is, in turn, associated with
depressive symptoms (Burt et al., 1995). Executive functioning can
impact the ability to dual task and adequately process information
while walking and talking at the same time, resulting in gait and
balance problems that cause falls or affect the ability to quickly
recover from a slip or trip incident. Depressed individuals may also
have less energy and focus when performing tasks and so are
likelier to fall compared to other individuals (Anstey et al., 2008).
Moreover, individuals who fear falling may also be depressed
(Murphy et al., 2002; Painter et al., 2012)dnearly four in ten hos-
pitalized fallers afraid of falling also had depressive disorder
compared to four percent of those not afraid of falling (Iaboni and
Flint, 2013)dwith fear of falling also putting them at greater risk
for falls (Boyd and Stevens, 2009).

Notably, however, inclusion of baseline use of psychiatric
medications resulted in a non-significant relationship between DS
and subsequent fall risk. Thus, it may be that part of the explanation
for the observed DS-falls relationship is that those using psychiatric
medications have greater DS, which explains why failure to account
for such medication use results in a significant finding. Antide-
pressants may have effects on blood pressure, movement disorders,
cardiac changes, sedation, and drug interactionsdall of which can
increase fall risk (Iaboni and Flint, 2013). To further explore this, we
reexamined the data and observed that in 2006 the average CES-D
score (higher score representing more DS) for those using such
medications in our sample was 3 compared to 1 for those not using
medications. Thus, while prior studies found a significant rela-
tionship (Iaboni and Flint, 2013; Kerse et al., 2008; Kvelde et al.,
2013), these findings suggest that psychotropic medication use
mediates the DS/falls relationship. Further study of this poten-
tially mediated relationship is warranted using this study's SEM
approach.
4.1. Limitations

Though this study's models controlled to an extent for reverse
causality between DS and falls, it may still have overstated
DS/falls risk in the main model. The model did not include social
support, neighborhood social cohesion, and physical and emotional
health in years 2008 and 2010. However, sensitivity analyses with
imputed scores for the psychosocial variables showed no changes
to our results. For the three physical functioning latent factors, the
correlations across years were nearly 1, suggesting on average little
change in functioning. Other research using cross-lagged
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associations has previously observed strong correlations in physical
health over time within individuals (Hays et al., 1994). Because of
this, we used 2006 physical functioning as a predictor of 2008 and
2010 falls and DS. When we did not use baseline physical func-
tioning as a predictor of 2008 and 2010 outcomes, the magnitude of
the DS-falls relationship was much greater.

All in all, we were able to control for a number of known and/or
potential predictors for falls and DS (physical functioning, chronic
conditions, social support). Also, unlike prior examinations, this
study was able to assess multiple associations simultaneously and
thus provides perhaps less biased evidence for a DS-falls relation-
ship. It is possible that unmeasured variables could jointly affect
falls and DS and thus bias our estimates. However, associations
between unmeasured joint factors at baseline and DS and falls in
subsequent survey waves are captured in the covariances (path-
ways between DS and falls in 2008 and 2010 with the double-
headed arrows in Fig. 1) in the model.

Another limitation is that we were unable to control for certain
shared risks of falls and DS. This includes executive functioning,
which allows individuals to cognitively process information while
performing other tasks simultaneously and declines as adults age
(Wright et al., 2011). This decline could potentially result in greater
fall risk. Depression and cognitive status are both associated with
poor executive function (Wright et al., 2011). To an extent, these
factors might be controlled for with our study design given that we
controlled for baseline physical functioning (which would be
affected by executive function) as well as baseline DS and falls
(which would reflect executive functioning and bone mineral
density). Future work may further examine whether these factors
are specifically pertinent for the DS/falls relationship. Finally, self-
reporting of sensitive topics is subject to bias, which could result in
potential bias in model estimatesdwhich could be a source for
future inquiry for researchers examining this topic.

4.2. Comparison of findings to those of prior studies

Although our results were similar to those of some of the earlier
studies in terms of sign and significance, by using more sophisti-
cated methods and a large U.S. sample, we were able to find larger
magnitudes of effect. A significant relationship also appeared in a
systematic review of 17 studies examining the relationship be-
tween depression and subsequent falls (pooled OR ¼ 1.63)
(Deandrea et al., 2010). A more recent systematic review and meta-
analysis of 14 studies examining the relationship between DS and
falls found that DS were a significant predictor of falls (pooled
OR ¼ 1.46). Those studies used several different scales to measure
DS (Kvelde et al., 2013). One study observed that a 1-point increase
in the 20-item CES-D was associated with a 3% increase in fall risk
(Anstey et al., 2008). The SD for that study was ~6 points. Thus, a
0.5-SD (3-point) change would be associated with an approximate
9% increase in risk, whereas the present study observed a much
larger risk increase (30%). This study estimated associations of large
magnitude for the DS-falls relationships over time. While it did not
estimate separate models for injurious and non-injurious fall-
sdwhich potentially have different etiologies and thus distinct
relationships with DSdthe odds of a fall and for a fracture were
similar for thosewith compared to those without depression across
earlier studies (Kvelde et al., 2013; Spangler et al., 2008).

This study also highlights the risk of falls for older adults with
DS. Greater DS were associated with higher fall risk and there was
additional contemporaneous covariance unexplained by this direct
DS-falls pathway. Additionally, a novel and interesting finding is
that this relationship may be attributable to the use of psychotropic
medications by older individuals with relatively high DS. No prior
work has explored these relationships using SEM. Thus, these
findings confirm the importance of psychotropicmedications to the
risk of falls (Iaboni and Flint, 2013; Kerse et al., 2008). However,
they also imply that DS (or depression) alone may not be a primary
factor for falls, as suggested in earlier studies (Cesari et al., 2002;
Whooley et al., 1999). Still, given that such medications are typi-
cally taken by individuals who experience DS, a focus on in-
dividuals with DS remains important.

4.3. Study implications

These findings have implications for falls assessments for older
adults. The American Geriatrics Society's (AGS) recommendations
for falls assessments include questions about whether an older
individual has fallen in the past year or whether the individual had
problems with walking or balance (American Geriatrics Society,
2014), but no clinical depression assessment. Similarly, quality in-
dicators for falls and mobility problems were developed as part of
the Assessing Care of Vulnerable Elders (ACOVE) project, but those
fall/mobility indicators do not address depression.

Accordingly, there may be untreated risks for individuals with
DS. First, older adults with psychological distress are less likely to
see providers compared to younger adults (Pratt et al., 2007).
Without a medical visit, older individuals may not be screened for
falls risk. Second, older individuals may not admit to having fallen
or having unsteady walking and thus may not receive a falls
assessment per professional guidelines. Qualitative studies of older
individuals indicate that characteristics associated with fall risk
may be considered shameful or embarrassing (Ballinger and
Clemson, 2006). This may be particularly true of depressed in-
dividuals. Third, individuals with DS may be apathetic about
engaging in activities that improve their health. Even older in-
dividuals who do receive referrals to exercise programs or other
falls interventions may not participate, due to lack of social support
or lack of education or lack of involvement in decision-making
about the interventions (Stevens et al., 2010). Individuals may not
participate in exercise programs, for instance, due to concerns
about medical problems, pain, fear of injury, or lack of interest; this
may be particularly true of depressed older individuals (Devereux-
Fitzgerald et al., 2016; Taylor and Pescatello, 2016).

Given these concerns, medical providers might assess in-
dividuals for DS as part of a broader falls prevention approach
(Anstey et al., 2008) and providers might also assess patients’ use of
psychotropic medications that can result in heightened fall risk
(Iaboni and Flint, 2013). If older adults present evidence of DS, the
provider could initiate a falls risk evaluation. This would require a
shift in the current professional society recommendations. Older
individuals, in consultation with family, friends, and their pro-
viders, might also consider treatment for DS as part of a broader
falls prevention strategy. Also, given that psychotropic medication
use mediates the DS-fall pathway, further study of the pharma-
cology of antidepressants in older adultsdto identify those medi-
cations with the fewest side effectsdmay also be warranted. These
steps could contribute to a public health approach to address costly
and debilitating falls among the growing, community-dwelling
older adult population.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.socscimed.2017.02.020.
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