
Patterns of Change in Depression Post Stroke

Glenn V. Ostir, PhD1,2,3, Ivonne-M. Berges, PhD1,3, Allison Ottenbacher, MS1, and Kenneth
J. Ottenbacher, PhD, OTR1,3

1 Sealy Center on Aging, University of Texas Medical Branch, Galveston, Texas
2 Division of Geriatrics, Department of Medicine, University of Texas Medical Branch, Galveston,
Texas
3 Division of Rehabilitation Sciences, University of Texas Medical Branch, Galveston, Texas

Abstract
Background—Little information is available on depressive symptom change in persons with
stroke.

Objectives—Provide estimates of change in depressive symptoms and determine how depressive
symptom change influences recovery of functional status.

Design—Prospective cohort study.

Setting—Eleven in-patient medical rehabilitation facilities located across the U.S.

Participants—544 persons with a first-time stroke.

Measurements—General linear regression model estimates assessed associations between
depressive symptom change and functional status 3 and 12 months post discharge.

Results—The majority of persons with stroke were aged 75 and older, white, female and
married. The most prevalent stroke type was ischemic. Non-depressed patients at discharge who
reported fewer symptoms 12-months later had an adjusted functional status score of 108.2. This
compared to adjusted functional status scores of 104.6 for those non-depressed at discharge with
increasing symptoms over the 12-month follow-up, 100.3 for those depressed at discharge with
fewer symptoms over the 12-month follow-up, and 88.0 for those depressed at discharge with
more symptoms over the 12-month follow-up.

Conclusion—Tracking depressive symptom change in hospital and post discharge is clinically
relevant and an important component of patient care and recovery of functional status.
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INTRODUCTION
Depression is a frequent complication of stroke. A recent review and meta-analysis1 of
community, hospital and rehabilitation based studies found one-third of stroke survivors
experience depression at some point during the acute, medium and long-term phases of
recovery. Other studies2–4 report the highest rates of depression in the initial months
following stroke with a gradient of decline over 12–24 months.

Reported differences in rates of depression post-stroke raise the question of whether there is
a need to more precisely track change in depression status among those classified as either
depressed or non-depressed post stroke. A focus on depressive symptoms and change in
depressive symptoms post-stroke may provide insight about the possibility and time course
of recovery, help set therapeutic goals and plan for appropriate care in-hospital and post
discharge. Also, a more precise understanding of patterns of depressive symptom change
could help predict improvement in functional status. Some investigations have documented
the negative and significant impact depression has on recovery of functional ability post
stroke,5, 6 whereas others report non-significant associations.7, 8

In the current study, we examined 544 persons with a first time stroke admitted to an in-
patient medical rehabilitation facility. Objectives of the study were to provide estimates of
depression at time of discharge from in-patient medical rehabilitation and at 3 and 12
months post-discharge, assess change in depression status (e.g., depressed to non-
depressed), change in depressive symptoms and how change in depressive symptoms
influences recovery of functional status.

METHODS
Source of Data

Data came from the Stroke Recovery in Underserved Populations database, an observational
follow-up study of persons with first time stroke who received care at an inpatient medical
rehabilitation facility in 2005–2006. A total of 11 inpatient medical rehabilitation facilities
were included in the study. The facilities were located across diverse regions of the country
including California, Florida, Iowa, Illinois, Kentucky, New Jersey, New York (2), Texas
(2), and Washington, DC. Operating bed sizes ranged from 12 to 155 (median bed size =
78). All 11 facilities were accredited by the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO); and all but one facility was accredited by the
Commission on Accreditation of Rehabilitation Facilities (CARF).

Data Collection
Sociodemographic and clinical measures were collected within 72 hours of discharge from
the inpatient medical rehabilitation facility and at 3 and 12 months post-discharge. Nursing
staff at the medical rehabilitation facility collected discharge information, and nurse
researchers using telephone interview collected post-discharge information. Discharge and
follow-up interviews were conducted in Spanish or English. Previous studies have
documented the reliability and concurrent validity of collecting clinical information,
including functional status, using post-discharge telephone interview by trained research
nurses.9, 10

Study Population
Patients eligible for study inclusion were admitted between April, 2005 and October, 2006
to an inpatient medical rehabilitation facility with a diagnosis of a first time stroke (ICD-9
codes 430–438) and aged 65 years or older of either gender. Patients were screened for
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cognitive appropriateness by nursing staff, regarding their ability to respond to basic
questions about orientation to person, place, and time. A total of 779 patients aged 65 and
older were eligible for study (Figure 1). Of these, 544 had complete information at all
interview time points, 92 died, 46 refused the 3 or 12 month follow-up interview and 26
could not be contacted post-discharge. An additional 71 persons were removed because of
missing data on measures of interest. To evaluate the potential bias of those excluded from
the study, we tested for significant differences across sociodemographic and clinical
measures. After reviewing these measures, we did not identify significant differences
between persons included in the study and those excluded by gender, race, education,
marital status, body involvement, comorbidity, type of stroke, length of stay, pain ratings, or
in-patient rehabilitation facility. Persons included in the study were significantly more likely
to be younger and better educated. Central and local ethical committee approval was sought
and obtained. Consent was obtained at the time of the discharge interview.

Measures
Depression—A 20-item Center for Epidemiologic Studies-Depression (CES-D) scale11

was used to determine depression status and symptom change at discharge and 3 and 12
months post discharge. Responses were scored on a four-point scale (0–3) and ranged from
0 (rarely or none of the time) to 3 (most of the time). Summing the responses created a
depression summary score ranging from 0 to 60, with higher scores indicating more
depressive symptoms. The CES-D scale was used as a continuous and categorical measure
(0 – 15 and ≥ 16), according to previously established criteria.11 A score ≥16 on the CES-D
scale is suggestive of clinically significant depression.12 The reliability and validity of the
CES-D scale has been established.11, 13–15

Depressive symptom change was determined by subtracting discharge CES-D score from
the 3 and 12 month CES-D follow up score, respectively. The categorical discharge CES-D
score together with the 3 and 12 month continuous depressive change score was used to
create a four level depression measure: 1) non-depressed at discharge and fewer symptoms
at follow up; 2) non-depressed at discharge and more symptoms at follow up; 3) depressed
at discharge and fewer symptoms at follow up; and 4) depressed at discharge and more
symptoms at follow up.

Covariates—Sociodemographic and clinical measures were included as covariates in the
statistical models described below. Sociodemographic characteristics included age (65–95),
gender, marital status, (married vs. unmarried), race/ethnicity (white vs. black or Hispanic)
and education (< high school vs. ≥ high school). Clinical measures included a summary
comorbidity scale (myocardial infarction, diabetes, arthritis, kidney disease, and cancer),
length of hospital stay, pain rating (0 – 10), stroke type (ischemic, hemorrhagic, or other),
body involvement (right, left, bilateral or no paresis) and prior history of depression (ICD-9
code 296.2 (major depressive episode–single), 296.3 (major depressive episode–recurrent),
311 (depressive disorder not otherwise specified)).

Outcome—Functional status was assessed by the Inpatient Rehabilitation Facilities–
Patient Assessment Instrument (IRF-PAI). The IRF-PAI is a 54-item instrument used to
assign medical rehabilitation inpatients to a case-mix group. The case-mix group determines
prospective reimbursement for medical rehabilitation by the Centers for Medicare and
Medicaid Services (CMS).16–18 The functional status items in the IRF-PAI are from the
Functional Independence Measure (FIM) instrument, a standardized measure including 18
items covering six domains: self-care, sphincter control, transfer, locomotion,
communication, and social cognition.19 All 18 items are scored into one of seven levels of
function, ranging from complete dependence (level 1) to complete independence (level 7).
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Total FIM ratings have a potential range of 18 to 126, where higher scores indicate greater
functional independence. Total FIM ratings can be grouped into Motor and Cognition
ratings. Motor ratings contain self-care, sphincter control, mobility, and locomotion items,
and Cognition ratings contain communication and social cognition items.19 Ratings for the
motor subscale ranges from 9 to 91, and for the cognition subscale from 5 to 35. The
reliability, validity, and responsiveness of the FIM instrument have been widely
investigated.19–21 The reliability (intraclass correlation coefficient) of the Total FIM and of
its domains has consistently been found to be > 0.85.20, 21

Statistical Analysis—We compared discharge sociodemographic and clinical measures
stratified by depression status using means (SD) for continuous measures and χ2 test for
categorical measures. We calculated the proportion of persons classified as depressed and
those non-depressed at discharge and 3 and 12 months post-discharge. Chi-square test was
used to compare sociodemographic and clinical measures in persons who reported fewer
depressive symptoms from discharge to 3 and 12 month follow up with those who reported
more depressive symptoms.

Unadjusted and adjusted general linear regression model estimates were used to assess
associations between a 4-level depression measure and Total FIM score and Motor and
Cognition FIM score at 3 and 12 months post discharge. Adjusted models sequentially
controlled for potentially confounding sociodemographic and clinical factors. Statistical
analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, NC). All
reported P values were two-sided and results were considered statistically significant at the
P < 0.05.

RESULTS
Of the 544 persons included in the analysis, most were aged 75 and older, white, female and
married (Table 1). Less than half had an educational level below high school. The most
prevalent stroke type was ischemic, followed by hemorrhagic and other stroke. A similar
percentage of persons with stroke had left or right body involvement. A large majority
reported ≥ 1 comorbidity and the average length of stay was 20.4 (SD 9.5) days. Non-
significant differences in sociodemographic and clinical measures were found between the
depressed and non-depressed at discharge with the exception of pain ratings (p < 0.04),
which were higher among those classified as depressed (CES-D score ≥ 16).

Prior to stroke, 11.8% (n = 64) of the sample had a clinical diagnosis of depression. At
discharge, 27.6% (n = 150) were identified as depressed (Figure 1). The general trend over
the next 12 months was toward recovery of depression. At three months post discharge,
22.4% (n = 122) were classified as depressed and at 12 months, 18.2% (n = 99) (p = 0.01).
Similar trends in depression recovery were found when adjustments were made by age (p =
0.01), gender (p = 0.01) and racial/ethnic group (p = 0.01).

Of those classified as depressed at discharge, 33 (22.0%) remained depressed 3 and 12
months later, while 69 (46.0%) were reclassified as non-depressed at both follow up time
points (Figure 1). The remainder (n = 48) moved in and out of depression. Twenty-six
(17.3%) were depressed at 3 months but non-depressed at 12 months, while 22 (14.7%) were
non-depressed at 3 months but depressed at 12 months. Of the 394 persons identified as non-
depressed at discharge, 302 (76.6%) remained non-depressed at 3 and 12 months. Only a
small percentage (3.8%) was reclassified as depressed at both follow up time points. Of the
remaining 77 persons, 29 (7.3%) were non-depressed at 3 months but depressed at 12
months, and 48 (12.2%) were depressed at 3 months and non-depressed at 12 months.
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Mean Total FIM score for those classified as depressed at discharge was 74.32 (SD 23.3),
and increased by about 20 points to 94.1 (SD 24.4) at 3 months. At 12 months, Total FIM
score was 94.7 (SD 26.7). Mean Total FIM score for those classified as non-depressed at
discharge was 83.6 (SD 21.6) and increased to 106.4 (SD 18.9) at 3 months. As with the
depressed group, few gains in Total FIM score (107.3, SD 19.7) were noted at 12 months.

General linear model estimates and associated standard errors (SE) were calculated to
summarize the relative benefits of being non-depressed at discharge and reporting fewer
depressive symptoms at the 3 and 12 month follow up (Table 2). Parameter estimates
showed this group to have a 3 month Total FIM score that was 2.9, 7.2 and 13.0 points
greater than those categorized as non-depressed at discharge and reporting more depressive
symptoms (p = 0.07), depressed at discharge and reporting fewer depressive symptoms (p <
0.01 ), and depressed at discharge and reporting more depressive symptoms (p < 0.01 ),
respectively (Model 1). After adjustment for sociodemographic (Model 2) and clinical
(Model 3) measures, similar trends of association were found. Other significant variables (p
< 0.05) included Total discharge FIM score, race/ethnicity, type of stroke, comorbidity, and
length of stay. At 12 months, those non-depressed at discharge who reported fewer
depressive symptoms over the follow up period had fully adjusted Total FIM score that was
3.6 (p = 0.06), 7.9 (p < 0.01) and 20.2 (p < 0.01) points greater than those in the other 3
depression categories. Other significant variables (p < 0.05) included Total discharge FIM
score, type of stroke, and length of stay.

Parameter estimates were calculated separately for Motor and Cognition FIM at 3 and 12
months. In the fully adjusted model, those non-depressed at discharge who reported fewer
symptoms at 3 months had Motor FIM scores that were 1.2 points greater than those non-
depressed at discharge and reporting more depressive symptoms (p = 0.32), 4.7 points
greater than depressed at discharge and reporting fewer depressive symptoms (p < 0.01), and
8.5 points greater than depressed at discharge and reporting more depressive symptoms (p <
0.01). At 12 months, the difference in Motor FIM between the non-depressed at discharge
who reported fewer symptoms and the other three groups was 3.4 (p = 0.03), 6.8 (p < 0.01)
and 14.1 (p < 0.01) points, respectively. In the fully adjusted model examining Cognition
FIM at 3 months, the non-depressed at discharge who reported fewer symptoms had
cognition scores that were 0.2 (p = 0.64), 1.4 (p < 0.01) and 3.4 (p < 0.01) points greater the
other three groups. At 12 months, the difference was 0.3 (p = 0.59), 1.5 (p < 0.01) and 6.4 (p
< 0.01) points.

DISCUSSION
The current study examined trends and change in depression status in persons aged 65 and
older with a first time stroke. This information was used to determine associations with
functional status over a 12 month follow up after discharge from in-patient medical
rehabilitation. To increase the clinical applicability of our findings, we used ICD-9 codes to
identify persons with stroke and prior history of depression. Our main findings can be
summarized as follows. In accordance with the results of most prior studies,22–25 we showed
rates of depression were greatest in the acute phases of recovery and declined over the
subsequent 12 months. In an early study looking at trends in depression post stroke,
Robinson et al.25 reported depression prevalence rates of 18.5% in a hospital or
rehabilitation setting and 9.1% in a community setting. More recently, Aben et al.22 reported
the highest rates of depression in the month following stroke with decreases over the next 12
months.

Although most patients recovered from their depression, a considerable minority reported
more symptoms over the 12 month follow up and about a quarter of the sample neither

Ostir et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consistently improved nor worsened, which underscores the dynamic nature of depression
following stroke. When we tested for individual differences between those who recovered
from their depression and those who did not, no statistically significant sociodemographic or
clinical differences were found with the exception of race/ethnicity, education and marital
status. It was unlikely that differences in depression status were due to variation in
management of care across rehabilitation facilities. All facilities were JCAHO accredited
(and all but one, CARF accredited) and mean Total FIM scores at discharge were similar
across all eleven facilities. This finding indicates persons with stroke are potentially at risk
for late on-set depression and suggest the need for continued and on-going mental health
screenings among those initially classified as non-depressed.

In considering the effects of depression on functional status, we created a 4-level depression
measure to examine change in function 3 and 12 months post discharge. Overall, those
identified as non-depressed at discharge and reported fewer symptoms at follow up showed
greater improvement in functional status than those in the other 3 groups. Previous reports
on the depression-functional status association have been varied. Differences in findings
may be due to factors including time to assessment, and definition and methods used to
classify individuals as depressed. It may also reflect how persons with depression are
followed. Past studies have classified individuals as either depressed or non-depressed. In
the current study we focused on change in depressive symptoms, which allowed us to track
individual patterns of change and examine associations with functional status. Functional
status is clearly an important measure of post stroke recovery and provides clinicians with
an objective means to track patient progress during hospitalization and post discharge. In
persons with stroke, Granger et al.26 observed an inverse gradient of association, where each
1-point increase in Total FIM score decreased the need for assistance from another person to
complete basic activities of daily living by about 2.2 min. Carter et al.16 recently reported
that an average increase of 1 FIM point was associated with a 3% reduction in the expected
cost of inpatient rehabilitation care. Early recognition and management of depressive
symptom change in persons with stroke represents an important challenge in the effort to
improve health outcomes and facilitate functional independence.

Our analysis has some limitations. First, we did not have information on anti-depressant use
post stroke. In a recent review of the literature, anti-depressant use post stroke ranged from
0% in the first weeks to 31% 2 years post-stroke.27 Second, although our data were collected
across diverse geographic regions, patients were not randomly selected and may not be
representative of all persons with stroke. Third, because interhospital variability exists in the
type and quality of care delivered by medical rehabilitation providers, the selected facilities
participating in this study may not reflect the rehabilitation experience at other facilities.
Nevertheless, the study did include JCAHO- and CARF-accredited facilities, which set
guidelines and standards. Strengths of the study included the large sample of persons from
distinct regions with a first time stroke, the use of ICD-9 codes, and the collection of
outcomes using reliable and widely respected instruments (e.g., CES-D).

In summary, our goal was to assess change in depression post stroke and examine its
association with functional status. This goal is important in view of continued advances in
medical technology, improved therapeutics, and changing demographics that have resulted
in increased stroke prevalence due to an improved likelihood of stroke survival and a
growing elderly population.28, 29 Our findings provide a baseline with which to compare
future patterns and change in depression with other outcomes important to health care
professionals, researchers, and stroke survivors. The value of collecting information on
depression and symptoms of depression post stroke is that it not only assesses what the
person may feel about their current health status, but it may also predict whether these
individuals seek on-going treatment or therapy, or perhaps more importantly, whether they
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consider themselves to be successfully coping with their stroke and related functional
limitations.
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Figure 1.
Depression status at discharge, and 3 and 12 months post discharge.

Ostir et al. Page 9

J Am Geriatr Soc. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ostir et al. Page 10

Table 1

Discharge characteristics of persons with stroke by depression status.

Characteristic

Total sample
N = 544
n (%)

Non-depressed
N = 394
n (%)

Depressed
N = 150
n (%) p-value

Age .62

 65–74 223 (41.0) 159 (40.4) 64 (42.7)

 75 and above 321 (59.0) 235 (59.6) 86 (57.3)

Education .90

 < High School 130 (23.9) 99 (25.1) 31 (20.7)

 ≥ High School 414 (76.1) 295 (74.9) 119 (79.3)

Sex .30

 Male 249 (45.8) 175 (44.4) 74 (49.3)

 Female 295 (54.2) 219 (55.6) 76 (50.7)

Ethnicity/Race .20

 White 430 (79.0) 306 (77.7) 124 (82.7)

 Nonwhite 114 (21.0) 88 (22.3) 26 (17.3)

Marital status .19

 Married 287 (52.8) 201 (51.0) 86 (57.3)

 Unmarried 257 (47.2) 193 (49.0) 64 (42.7)

Type of stroke .49

 Ischemic 425 (78.1) 310 (78.7) 115 (76.7)

 Hemorrhagic 70 (12.9) 52 (13.2) 18 (12.0)

 Other 49 (9.0) 32 (8.1) 17 (11.3)

Impairment group .76

 Left-body 218 (40.1) 158 (40.1) 60 (40.0)

 Right-body 218 (40.1) 155 (39.3) 63 (42.0)

 Other 108 (19.9) 81 (20.6) 27 (18.0)

Comorbidity .59

 None 10 (1.8) 8 (2.0) 2 (1.3)

 1 or more 534 (98.2) 386 (98.0) 148 (98.7)

Pain .04

 None 479 (88.1) 354 (89.9) 125 (83.3)

 Any 65 (11.9) 40 (10.2) 25 (16.7)

Total FIMa < 0.01

 mean (SD) 81.1 (22.4) 83.6 (21.6) 74.3 (23.3)

Motor FIMb < 0.01

 mean (SD) 56.3 (17.5) 58.2 (16.9) 51.5 (18.3)

Cognition FIMc < 0.01

 mean (SD) 24.7 (7.2) 25.4 (7.0) 22.8 (7.6)

Previous Depression .03

 No 480 (88.2) 355 (90.1) 125 (83.3)

 Yes 64 (11.8) 39 (9.9) 25 (16.7)
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a
Total FIM scores for the sample ranged from 18–122

b
Motor FIM scores for the sample ranged from 13–89

c
Cognition FIM scores for the sample ranged from 5–35
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