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Abstract

Background. Post-stroke depressive symptoms are prevalent and impairing, and elucidating their course and risk factors
is critical for reducing their public health burden. Previous studies have examined the course of post-stroke depression,
but distinct depressive symptom dimensions (eg, somatic symptoms, negative affect [eg, sadness], anhedonia [eg, loss
of interest]) may vary differently over time. Objective. The present study examined within-person and between-person
associations between depressive symptom dimensions across 3 timepoints in the year following discharge from in-patient
rehabilitation hospitals, as well as the impact of multiple clinical variables (eg, aphasia). Methods. Stroke survivors completed
the Center for Epidemiologic Depression Scale (CES-D) at discharge from post-stroke rehabilitation (“T1”’) and at 3-month
(*T2”) and 12-month (“T3”) follow-ups. Scores on previously identified CES-D subscales (somatic symptoms, anhedonia,
and negative affect) were calculated at each timepoint. Random intercept cross-lagged panel model analysis examined
associations between symptom dimensions while disaggregating within-person and between-person effects. Results. There
were reciprocal, within-person associations between somatic symptoms and anhedonia from T1 to T2 and from T2
to T3. Neither dimension was predictive of, or predicted by negative affect. Conclusions. The reciprocal associations
between somatic symptoms and anhedonia may reflect a “vicious cycle,” and suggest these 2 symptom dimensions may
be useful indicators of risk and/or intervention targets. Regularly assessing depression symptoms starting during inpatient
rehabilitation may help identify stroke survivors at risk for depression symptoms and facilitate early intervention.
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Introduction

Stroke is one of the paramount causes of disability and mor-
tality.! Annually, 13.7million people worldwide encounter
a first-ever stroke and one-third of stroke survivors experi-
ence post-stroke depression.>* Post-stroke depression may
negatively influence quality of life, social functioning, and
cognitive outcomes, which in turn can limit participation in
post-stroke rehabilitation and negatively impact recovery.
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Given the public health burden of post-stroke depressive
symptoms and their adverse (and potentially reciprocal)
effects on recovery, it is critically important to identify risk
factors that predict the course of depressive symptoms fol-
lowing a stroke.

Studies investigating the course of post-stroke depression
indicate that it is often persistent, with highest frequency
during the first year, and is predicted by stroke severity, pre-
morbid history of depression, cognitive impairment, and
aphasia.>*® However, psychometric studies consistently
indicate that post-stroke depression measures capture
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multiple empirically distinct symptom dimensions rather
than a single construct.”® The multidimensionality of depres-
sion has been increasingly considered in studies of neuro-
logically healthy individuals,” but has received less
consideration in studies that investigate the natural course of
post-stroke depression, which may obfuscate important dif-
ferences between the longitudinal trajectories and/or inter-
relationships of depression symptom dimensions. For
example, somatic symptoms such as fatigue may be more
prominent and persistent than other depression symptoms
after a stroke,'®!! anhedonia/apathy may be uniquely associ-
ated with post-stroke cognitive deficits,'? and negative affect
and motivational deficits (eg, anhedonia) may be associated
with less efficient use of rehabilitation services.'* Elucidating
how different symptom dimensions interact and change fol-
lowing a stroke can help elucidate different psychological
mechanisms of depression, identify at-risk individuals, and
highlight novel, more specific intervention targets.

As intervention implications and theoretical models typ-
ically focus on within-person processes, it is important to
disaggregate within-person versus between-person effects.
For example, in a daily diary study of neurologically healthy
individuals, people with high somatic symptoms of depres-
sion were more likely to have high negative affect. However,
within-person fluctuations in somatic symptoms over time
were correlated with within-person fluctuations in positive
symptoms.'* Furthermore, separating these effects will help
to determine who is most at risk and when they are most
likely to benefit from intervention. For instance, between-
person effects have important implications for post-stroke
depression screening and identifying high-risk individuals
for selective prevention, which has been more effective
than universal prevention in other populations.'> Within-
person effects may inform clinical decisions regarding
when to intervene.!®!”

In this study, we explored within- and between-person
associations between post-stroke depressive symptom
dimensions (negative affect, somatic symptoms, and anhe-
donia) at discharge (“T1”) and at 3 (“T2”) and 12 months
(“T3”) following discharge from in-patient rehabilitation
hospitals. Lastly, age and certain clinical characteristics (eg,
aphasia, hemiplegia, lack of functional independence) are
associated with increased risk for post-stroke depression,'®!?
and it is possible that longitudinal relationships between
symptom dimensions might differ as a function of these
characteristics. We therefore conducted exploratory analyses
testing whether these characteristics moderated longitudinal
relationships between depressive symptom dimensions.

Methods

Participants

Analyses were conducted using data from the Stroke
Recovery in Underserved Populations database (2005-
2006),° a prospective observational study of first-ever

stroke patients (N=1219; 51.3% female; Magc=68.5,
SD=13.3) from 11 rehabilitation facilities across the United
States. Aphasia and hemiplegia were diagnosed in 540
(44.3%) and 421 (34.5%) participants, respectively, and
were unassociated with each other (P=.716). Retention
rates were 85.8% at T2 and 69.2% at T3. All participants
provided informed consent prior to participation. Additional
sample characteristics are available in Table 1. The data are
publicly available on https://www.icpsr.umich.edu/web/
ADDEP/studies/36422.

Measures

Depression. Depression symptom dimensions were assessed
at each timepoint using the Center for Epidemiologic Stud-
ies Depression Scale (CES-D).2! The CES-D contains 20
items scored from O (rarely or none of the time) to 3 (most
or almost all the time), has been found to be valid and reli-
able in assessing post stroke depression,?>?* and is highly
correlated with other depression measures including the
Beck Depression Inventory.?* Meta-analysis also suggests
that the CES-D is an optimal post-stroke depression screen-
ing instrument.”® Consistent with CES-D scoring recom-
mendations?® and a findings from a psychometric evaluation
of the CES-D in this sample,® subscales representing nega-
tive affect (items 3, 6, 14, and 18; as=.86-.89), anhedonia
(items 4, 8, 12, and 16; as=.79-.83), and somatic symptoms
(items 1, 2, 7, 11, and 20; as=.74-.77) were calculated as
sum-scores. Item 5 (“I had trouble keeping my mind on
what [ was doing”) was excluded from the somatic symp-
toms subscale because it was negatively correlated with all
other somatic items at T2 and T3. Table S1 in the Supple-
mental Material has a list of CES-D items with their corre-
sponding dimensions.

Functional Independence. Functional independence was
assessed at discharge using the total score of the Functional
Independence Measure (FIM).?” The FIM contains 18 items
that use a 7-point Likert scale to assess the degree of inde-
pendence when completing various motor and cognitive
tasks (eg, activities of daily living). Higher scores reflect
greater functional independence.

Data Analysis

Intraclass correlations (ICCs) first quantified the between-
person versus within-person variation in each dimension.
Longitudinal relationships between negative affect, anhe-
donia, and somatic symptoms were then modeled. These
relationships were first modeled using a traditional cross-
lagged panel model (CLPM), which estimates each cross-
lagged association and accounts for temporal stability in
each construct by controlling for autoregressive effects.
Although widely used, the traditional CLPM conflates
between-person and within-person effects.?® This conflation
is problematic because post-stroke depression largely
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Table |. Participant Characteristics.

Whole sample

Aphasia groups

Hemiplegia groups

Characteristic (N=1219) Aphasia (n=540) No aphasia (n=679) Hemiplegia (n=421) No hemiplegia (n=798)
Age (M, SD) 68.45 (13.31) 68.01 (13.15) 68.79 (13.44) 67.58 (12.30) 68.91 (13.81)
Sex (% female) 624 (51.3) 274 (50.7) 350 (51.8) 211 (50.1) 413 (51.9)
Length of stay (M, ., 20.43 (11.33) 22.10 (11.65) 19.10 (10.89)° 20.44 (10.65) 20.42 (11.67)
Ethnicity (%)
White 918 (75.3) 397 (73.5) 521 (76.7) 279 (66.3) 639 (80.1)°
Black 200 (16.4) 85 (15.7) 115 (16.9) 113 (26.8) 87 (10.9)
Hispanic 74 (6.1) 41 (7.6) 33 (4.9) 21 (5.0) 53 (6.6)°
Other 27 (2.2) 17 (3.1) 10 (1.5) 8(1.9) 19 (2.4)
Years of education (M, SD) 12.35 (3.01) 12.14 (3.20) 12.51 (2.85) 12.44 (2.74) 12.29 (3.14)
FIM total score at discharge 81.29 (23.97) 77.86 (24.26) 84.03 (23.40)° 80.67 (23.78) 81.62 (24.08)
(M, SD)
Number of medical 2.77 (1.27) 2.77 (1.19) 2.77 (1.32) 2.78 (1.28) 2.76 (1.26)
comorbidities (M, SD)
Depressive symptom dimensions (M, SD)
Somatic (T1) 3.89 (3.65) 4.21 (3.75) 3.64 (3.55) 3.74 (3.41) 3.97 (3.76)
Somatic (T2) 2.93 (3.34) 3.26 (3.43) 2.68 (3.24) 3.08 (3.32) 2.86 (3.35)
Somatic (T3) 2.43 (3.05) 2.37 (2.87) 2.48 (3.18) 2.66 (3.13) 2.32 (3.01)
Anhedonia (T1) 2.78 (3.19) 3.03 (3.25) 2.57 (3.12) 2.86 (3.10) 2.73 (3.23)
Anhedonia (T2) 2.46 (3.10) 2.79 (3.15) 220 (3.04)° 2.67 (3.08) 2.35(3.10)
Anhedonia (T3) 2.01 (2.88) 2.12 (2.89) 1.94 (2.87) 2.30 (3.04) 1.87 (2.79)
Negative affect (T1) 2.49 (3.14) 2.64 (3.17) 2.37 (3.12) 2.50 (3.03) 249 (3.21)
Negative affect (T2) 1.98 (2.9¢) 2.34 (3.10) 1.71 (2.82)° 2.19 (3.09) 1.88 (2.89)
Negative affect (T3) 1.50 (2.56) 1.61 (2.61) 1.41 (2.52) 1.61 (2.63) 1.44 (2.53)

Abbreviations: FIM, Functional Independence Measure; T1, discharge; T2, 3 month follow-up; T3, 12 month follow-up.

Group differences were tested using either a t-test (for continuous measures) or a chi-square test (for categorical measures). Significant differences
between individuals with versus without aphasia or between individuals with versus without hemiplegia are indicated by differing superscripts within
the same row. The absence of a superscript indicates a nonsignificant difference between the 2 groups. A Holm-Bonferroni correction was used to

adjust for multiple comparisons.

comprises within-person processes, and theoretical models
and many intervention implications pertain to within-person
effects. To estimate both within-person and between-person
effects, we also fit a random-intercept cross-lagged
panel model (RI-CLPM; see Figure S1 in the Supplemental
Material).?® The RI-CLPM improves upon the traditional
CLPM by separating within-person and between-person
effects through the inclusion of latent random intercepts.
The random intercepts represent each person’s mean level,
or stable between-person differences. The model also con-
tains within-person components at each timepoint reflecting
a person’s variation around their own mean. The within-
person components are specified by regressing each
observed variable on its own latent factor with the loading
constrained to one. Within-person fluctuations over time
are then modeled using autoregressive and cross-lagged
paths, which indicate the extent to which within-person
deviation in a symptom dimension predicts within-person
deviation in the same (for autoregressive effects) or differ-
ent (for cross-lagged effects) symptom dimension at the
next timepoint. In other words, the autoregressive paths test
the stability of within-person fluctuations around one’s
mean. The cross-lagged paths test whether experiencing

higher levels than is average for you on 1 symptom dimen-
sion at timepoint ¢ predicts your severity on another symp-
tom dimension at the next timepoint (time 7+ 1). All
cross-lagged effects control for the other symptom dimen-
sions (including the outcome) at timepoint ¢ and are there-
fore independent of the within-person stability of the
outcome.? Residual variances of the observed scores are
constrained to zero, meaning that variation in observed
scores is fully explained by the between-person and within-
person structure. Concurrent T1 correlations and correlated
residuals at T2 and T3 are also specified for the latent
within-person factors. Because the RI-CLPM only differs
from the traditional CLPM in its addition of random inter-
cepts, the traditional CLPM is nested within the RI-CLPM
and the 2 models can be compared empirically using a chi-
bar-square difference test.>® We therefore compared the tra-
ditional CLPM and RI-CLPM to test whether there were
significant trait-like, time-invariant individual differences
in these data.

Model fit was evaluated using traditional fit indices
including the comparative fit index (CFI), Tucker Lewis
index (TLI), root mean square error of approximation
(RMSEA), and standardized root mean square residual
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Figure |. Standardized path coefficients for the within-
person level of the random intercept cross-lagged panel model.
Significant paths (P<<.05) are colored black, and nonsignificant
paths are shaded gray. Residual variances and means are
omitted. The latent variables represent a person’s score at

a given timepoint relative to their own mean. The positive
concurrent associations (denoted by curved arrows) indicate
that individuals experiencing increased severity on | symptom
dimension relative to their own mean were more likely to
experience increased severity on the other dimensions at

the same timepoint. Lagged associations (denoted by straight
arrows) indicate the extent to which experiencing higher levels
on | dimension relative to one’s mean predicted symptom
dimension severities at the next timepoint. For example, the
significant bidirectional cross-lagged associations between
anhedonia and somatic symptoms indicate that individuals who
reported more severe anhedonia than usual were more likely to
report more severe somatic symptoms than usual at the next
timepoint, and vice versa.

(SRMR). Acceptable fit was determined using generally
accepted criteria for the CFI (>.95), TLI (>.95), RMSEA
(<.05), and SRMR (<.10).3! No equality constraints were
imposed over time because timepoints were not equally
spaced.’?

The moderating effects of demographic and clinical
characteristics were examined by first refitting the better
fitting cross-lagged model (CLPM or RI-CLPM) as sepa-
rate multi-group models in which all parameters were free
to vary across age group (older vs younger; defined by
median split), aphasia status (present vs absent), hemiplegia
status (present vs absent), or functional independence level
(high vs low). To simplify these exploratory moderation
analyses, age and functional independence were dichoto-
mized using a median split. Chi-square difference tests then
tested whether constraining each autoregressive or cross-
lagged path to be invariant across groups significantly
decreased model fit.*3 Significant omnibus effects were fol-
lowed up with chi-square difference tests of individual
parameters. All models were fit in the lavaan R package

using maximum likelihood with robust standard error esti-
mation, and missing data were handled using full informa-
tion maximum likelihood.>*

Results

Means, standard deviations, and zero-order correlations
between symptom dimensions at each timepoint are dis-
played in Table S2 and Figure S2 in the Supplemental
Material. ICCs indicated that 48%, 45%, and 44% of the
variance in the negative affect, anhedonia, and somatic
symptom dimensions, respectively, could be explained by
between-person differences. The remaining variance is
attributable to within-person fluctuations over time.

The traditional CLPM had acceptable fit, x*(9)=82.11,
P<.001,CFI=.986,TLI=.942, RMSEA=.08, SRMR =.05.
The RI-CLPM had excellent fit, y?(3)=1.43, P=.698,
CFI=1.00, TLI=1.00, RMSEA <.01, SRMR=.01, and had
significantly better fit than the traditional CLPM,
X?(6)=80.70, P<.001. This indicates that there were sta-
tistically significant trait-like, time-invariant individual dif-
ferences in the depressive symptom dimensions. To account
for these stable individual differences, the remaining analy-
ses and interpretations focused on the RI-CLPM. At the
between-person level, correlations between the 3 symptom
dimensions were strong and positive (rs=.65-.86,
Ps<<.001). These positive correlations indicate that indi-
viduals who reported greater severity on 1 symptom dimen-
sion across time tended to also report greater overall severity
on the other symptom dimensions, which was expected
based on prior psychometric studies.?® At the within-person
level (see Figure 1 and Table S3), there were moderate con-
current associations between symptom dimensions at each
timepoint. Thus, individuals experiencing greater severity
on 1 symptom dimension (relative to their own mean) at a
given timepoint were more likely to experience greater-
than-expected severity on the other symptom dimensions at
the same timepoint. Within-person autoregressive effects
from T1 to T2 were small (s=.14-15) yet significant or
marginally significant for somatic symptoms (P=.025),
negative affect (P=.036), and anhedonia (P=.057). No
autoregressive paths from T2 to T3 were significant (autore-
gressive estimates in the RI-CLPM are generally weaker
than in the traditional CLPM because they only reflect sta-
bility of within-person fluctuations around one’s own
mean’. In contrast, autoregressive effects in the traditional
CLPM capture the stability of the rank-order of individuals
from one timepoint to the next, which is influenced by both
within- and between-person effects). Regarding cross-
lagged effects, there were significant bidirectional relation-
ships between anhedonia and somatic symptoms from both
T1to T2 (Bs=.14-15, Ps <.042) and T2 to T3 (Bs=.21-.22,
Ps<<.042). This indicates that individuals who reported
elevated anhedonia relative to their own expected score
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were more likely to report elevated somatic symptoms rela-
tive to their own expected score at the next timepoint, and
vice versa. Cross-lagged effects from negative affect to
anhedonia or somatic symptoms were not significant.
Similarly, anhedonia and somatic symptoms did not signifi-
cantly predict negative affect at the next timepoint.

Moderation by Demographic and Clinical
Characteristics

Models with parameters freely estimated across age group,
aphasia status, hemiplegia status, or functional indepen-
dence all had excellent fit (Ps>.307, CFIs=1.00,
TLIs=1.00, RMSEAs<.02, SRMRs<.01). Chi-square
difference tests indicated that lagged parameters signifi-
cantly differed across hemiplegia status, Ayx*(18)=32.87,
p=.017, but did not significantly differ across age group,
Ay?(18)=27.74, P=.066, aphasia status, Ay*(18)=21.11,
P=274, or level of functional independence,
Ay?(18)=16.33, P=.569. Follow-up tests of individual
parameters revealed that hemiplegia moderated 5 cross-
lagged relationships. Among individuals without hemiple-
gia (N=798) (but not among those with hemiplegia,
N=421), anhedonia at Tl and T2 positively predicted
somatic symptoms at T2 (3=.22, P=.002) and T3 (B=.39,
P=.020), respectively, and negative affect at T2 predicted
lower anhedonia (3 =—.24, P=.040) and somatic symptoms
(B=—.43, P=.003) at T3. The relationship between T2
anhedonia and T3 negative affect was also moderated by
hemiplegia, Ay*(1)=4.28, P=.038, but did not significantly
differ from zero in individuals with (B=—.18, P=.209) or
without (B=.24, P=.181) hemiplegia.

Discussion

Prior research examining the course of post-stroke depres-
sion has generally conceptualized post-stroke depression as
a single construct,’ which is inconsistent with psychometric
evidence that post-stroke depression reflects multiple
empirically distinct symptom dimensions rather than a sin-
gle construct.”® This study extended prior research by
incorporating this psychometric evidence and examining
prospective relationships between previously identified
post-stroke depressive symptom dimensions (somatic
symptoms, anhedonia, and negative affect) over the year
following discharge from a rehabilitation facility. We disag-
gregated within-person and between-person effects and
found reciprocal, prospective, within-person associations
between somatic symptoms and anhedonia across all time-
points. In other words, individuals with relatively high
anhedonia (relative to their own mean) were more likely to
have relatively high somatic symptoms at the next time-
point, and vice versa, after controlling for within-person

fluctuations in the other symptom dimensions and the
autoregressive effect. Negative affect did not predict
somatic symptoms or anhedonia within-person. Exploratory
analyses suggested that certain prospective associations
may be specific to individuals without hemiplegia.

These findings suggest that examining different depres-
sive symptom dimensions identified by psychometric stud-
ies may improve understanding of their course, risk factors,
and potential etiological processes and could guide clini-
cians in implementing targeted treatments. These results are
consistent with preliminary evidence that important corre-
lates of post-stroke depression (eg, cognitive deficits, use of
rehabilitation of services) may be specific to certain depres-
sive symptoms.'>'? There is also preliminary evidence that
interventions targeting specific dimensions of post-stroke
depression (eg, behavioral activation for anhedonia) may
lead to improved therapeutic outcomes compared to usual
care,>>% further supporting the potential benefit of examin-
ing dimensions of post-stroke depression rather than just
total scale scores. According to studies applying the net-
work theory of psychopathology to post-stroke depres-
sion,’”3% biological, psychological, and social risk factors
likely interact in complex and dynamic ways to contribute
to and maintain post-stroke depressive symptoms.
Consistent with the network theory, the results of this study
suggest that certain depressive symptoms may increase risk
for other depressive symptoms. Depressive symptom
dimensions may also reciprocally influence risk factors,
thereby maintaining elevated risk.

These findings also provide insights regarding disagree-
ments in the literature about the role of anhedonia and
somatic symptoms in post-stroke depression. For example,
within-person increases in anhedonia predicted subsequent
increases in somatic symptoms, suggesting that somatic
symptoms 3 months post-discharge were not entirely caused
by stroke itself.’ If these within-person associations are
causal (ie, depression symptoms can be caused by stroke
but also cause each other), anhedonia and somatic symp-
toms could be targeted through intervention to prevent other
symptoms, regardless of their initial cause(s). However, the
initial cause(s) of a symptom dimension may be important
for treatment selection. Nevertheless, this approach allows
one to predict how a certain depression symptom dimension
may impact other depression symptom dimensions and how
targeting certain depression dimensions with certain treat-
ments may improve other depression dimensions. Therefore,
we suggest that post-stroke depression symptom dimen-
sions are screened during patients’ inpatient stay in the
rehabilitation hospital so that specific depression interven-
tions can be implemented early. Post-stroke depression
symptoms should continue to be routinely assessed during
outpatient rehabilitation and beyond as these symptoms
fluctuate and may impact other post-stroke behaviors.*



Ashaie et al

51

We also found that hemiplegia (but not age, aphasia, or
level of functional independence) moderated certain cross-
lagged relationships, although these exploratory results
should be interpreted with caution. In individuals without
hemiplegia, anhedonia consistently predicted future
increases in somatic symptoms, and negative affect at T2
predicted decreased anhedonia and somatic symptoms at
T3. Anhedonia may therefore connote risk for and poten-
tially contribute to somatic symptoms only in individuals
without hemiplegia. This study is among the first to exam-
ine whether hemiplegia moderated prospective associations
between depressive symptom dimensions, and understand-
ing the relationship between distinctive depression symp-
tom dimensions and hemiplegia in a more systematic
manner is important since the severity of physical disability
at follow-up may be related to post-stroke depression at
baseline.*’

Study strengths include the examination of distinct
depressive symptom dimensions, large sample size, inclu-
sion of 3 timepoints, disaggregation of within-person and
between-person effects, and exploratory tests of modera-
tion. However, we did not consider other factors potentially
involved in post-stroke depression (eg, familial factors,
severity of stroke deficits, therapy services, pre-stroke psy-
chopathology). Additionally, although these results eluci-
date within-person changes over months, results may not
generalize to other time lags.> A continuous time approach
could help address the issue of time-interval dependency
and also account for variation in time between assess-
ments.*! Lastly, it is unclear if/how the CES-D administra-
tion was adapted for individuals with aphasia and aphasia
may have interfered with item comprehension and
responding.*?

Conclusion

This study examined cross-lagged effects between depres-
sion symptom dimensions in individuals with stroke during
the year following discharge from rehabilitation units. We
found reciprocal within-person associations between anhe-
donia and somatic symptoms over the first 3 months post-
discharge and across the subsequent 9months. These
bidirectional relationships may be important for targeted
intervention since targeting 1 symptom dimension may pre-
vent increases in others. Future research should use ecologi-
cal momentary assessments® to further investigate the
dynamic nature of these depression symptoms and examine
how somatic symptoms and anhedonia are impacted by dif-
ferent treatments in different stroke groups.
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