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Abstract

Objective: To establish reliability and validity of the abbreviated (10-item) Center for 

Epidemiologic Studies Depression Scale (CESD-10) among individuals post stroke.

Method: The psychometric properties of the CESD-10 were evaluated in 1219 adults with stroke 

admitted to an eligible inpatient rehabilitation facilities (n=11) across 9 different states post stroke 

during 2005 to 2006. This study was a secondary data analysis of the existing publicly available 

clinical trial dataset, Stroke Recovery in Underserved Populations study. Reliability, validity, 

factory structure and item-level psychometrics of the CESD-10 were examined. In addition, the 

predictive accuracy of the CESD-10 was compared against the CESD-20 (criterion).

Results: The CESD-10 was highly correlated with the CESD-20 (r=0.97). The CESD-10 had 

good internal reliability (Cronbach’s α=0.86). The CESD-20 and CESD-10 had similar accuracy 

in classifying individuals as depressed (Kappa=0.85).

Conclusion: The 10-item CESD is a valid measure of depression for individuals post stroke.
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Stroke is a leading cause of disability and death globally.1,2 In the United States of America, 

approximately 795,000 individuals experience a new or recurrent stroke annually.3 Stroke 

causes physical, emotional, social, and health barriers that often diminish patients’ quality of 

life. Post stroke impairments and outcomes vary depending on the location and size of 
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infarct. Despite rapid advancements in stroke care, long-term and chronic health impact 

remain significant concerns, particularly when considering increasing life expectancy in the 

global populations (WHO, 2018; a non-modifiable stroke risk). Studies found that post-

stroke depression (PSD) can negatively impact patient recovery,4–6 including increased 

mortality risk,7–9 functional dependence,10 and lower quality of life.11,12 The etiology of 

PSD is still under investigation, as psychological awareness of deficits and neurobiological 

changes are known contributors to PSD.13

Although depression is a common complication after stroke,13–15 it often goes undiagnosed.
16 Epidemiological estimates of PSD are approximately one-third of stroke survivors.17 

There are effective pharmacological interventions for depression post stroke.18,19 Positive 

response to PSD treatment with medication has been shown to increase survival rate and 

activities of daily living of stroke survivors.20 Additional research is needed to effectively 

screen for PSD, understand appropriate timing and duration of pharmacological treatments, 

and develop specific protocols for behavioral intervention. A quick and easy screening tool 

to capture risk for PSD and changes in mood could support early intervention and research 

for stroke survivors. Clinically, a valid and efficient PSD screening measure could increase 

identification and treatment of depression, thereby limiting the insidious impact of PSD and 

improve overall outcomes after stroke. There are a few screening tools for depression 

available, including the Patient Health Questionnaire-9,21 Beck Depression Inventory-II,22 

and the Center for Epidemiologic Studies Depression Scale (CESD).23

The CESD was developed in the 1970s and is a common screening tool for depression in 

adult populations.23–25 The full measure consists of 20 questions and asks individuals how 

frequently they have had symptoms related to depression over the past week.23 While the 

CESD is a reliable and valid measure, there has been concerns that the length of the test 

combined with the number of responses for each question makes the tool confusing and 

cumbersome.26 A shortened version including 10 of the original 20 items was thus 

developed.27,28 The validity and reliability of the 10-item CESD has been investigated in 

older adults,29 as well as those with spinal cord injury,30 psychiatric disorders,31 and HIV.32 

Wulsin and colleagues demonstrated that CESD-10 could identify patients with more severe 

depression and associated poor stroke outcomes.33

The purpose of this investigation was to utilize the CESD data from the Stroke Recovery in 

Underserved Populations database to evaluate the psychometrics of a 10-item shortened 

version of the CESD with stroke survivors. No study to date has examined the validity, 

reliability and item-level psychometrics of the CESD-10 in individuals post stroke. We 

hypothesized the CESD-10 will be deemed equivalent as the CESD-20 and have good 

psychometric properties.

Methods

Data Source

We conducted a secondary data analysis of a publicly available, de-identified dataset: Stroke 

Recovery in Underserved Populations 2005-2006 (https://doi.org/10.3886/ICPSR36422.v1), 

a clinical trial that investigated positive emotion, race difference, and outcomes post-stroke.
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34–36 Participants were 1219 adults post stroke admitted to one of 11 inpatient rehabilitation 

facilities across 9 different states (New Jersey, New York State, Iowa, California, Illinois, 

Texas, Washington-Arlington-Alexandria, Kentucky, Florida) during 2005 to 2006.37 

Assessments were conducted in person at admission and discharge, and via telephone at 3-

month and 12-month post discharge follow-up. Data from the CESD-20 completed at 

discharge from inpatient rehabilitation were used for this study.

Measures

We examined psychometrics of the CESD-10 and compared its predictive accuracy with the 

CESD-20. The 20-item CESD23 is a measure of depression symptoms cross-validated with 

the diagnostic and statistical manual of mental disorders-III. The original CESD-20 was 

determined to be a reliable and valid measure of depression among individuals with stroke.38 

Each item has the same numerical rating scale from 0- “Rarely,” 1- “Some,” 2- 

“Occasionally,” and 3- “Most”. There are 4 positive affect questions amidst the other items 

querying depressive symptoms that are reverse scored (e.g. 3- “Rarely” and 0- “Most”). The 

total score ranges from 0 to 60 with higher scores representing higher depressive symptoms. 

The CESD-20 is valid to identify clinical depression when the total response score is at or 

above 16.39

The CESD-10 has the same rating scale of 0-3 as the CESD-20 for all items with two items 

that assess positive affect using the reversed rating. Previous research indicates that a score 

at or above 10 of the CESD-10 offers adequate sensitivity and specificity to identify clinical 

depression.28

We used the Functional Independence Measure (FIM™)40 scores to indicate patients’ 

functional independence levels. We compared functional levels as an outcome between the 

CESD-10 and CESD-20. The FIM assesses level of independence across 18 items that cover 

both motor (e.g., grooming, dressing, walking distance, etc.) and cognitive domains (e.g., 

communication, social interaction, memory, etc.). Each item is rated from total assistance (1) 

to complete independence (7). In addition to domain scores based upon the 13 motor items 

and 5 cognitive items, the FIM™ yields a total score that ranges from 18 to 126, with higher 

scores indicating higher level of functional independence.

Statistical Analyses

SPSS version 25 was used for all analyses except Rasch analysis. Internal consistency was 

assessed using Cronbach’s alpha and concurrent validity was assessed using Kappa 

statistics. Sensitivity, specificity, and predictive accuracy were assessed for the CESD-10 

(cut-off 10 or higher indicate depression) as compared to the CESD-20 (cut off 16 or higher 

indicate depression). A factor analysis was conducted with varimax orthogonal rotation 

given theoretical design of CESD-10. Independent samples t-test and chi-square test for 

association were used to compare individuals above and below CESD-10 cutoff for 

demographics and functional independence. We also examined item-level psychometrics 

with Rasch analysis using Winsteps 4.5.1. We used the Rasch analysis rating scale model 

(RSM) to examine unidimensionality and item-difficulty hierarchy of the CESD-10. We 

chose Rasch RSM because all items have the same 4-point rating scale structure. We 
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expected to cross-validate the factor analysis result by conducting unidimensionality 

statistics using Rasch analysis. We conducted Rasch residual Principal Component Analysis 

(PCA) to extract the primary Rasch (unidimensional) dimension. It is expected to have more 

than 40% Rasch dimension, less than 5% variance explained by the first contrast of Rasch 

residual and the eigenvalue of the first contrast less than or equal to 2.0 to be 

unidimensional.41–44 We examined rating scale statistics, item fit statistics, item hierarchy, 

person separation strata and ceiling/floor effects using Rasch analysis. The three rating scale 

criteria included; a minimum of ten responses in each rating category, a monotonic pattern 

of category measure, and the outfit mean square less than 2.0.45,46 For fit statistics, we used 

a conventional range of 0.6 to 1.4 of Infit mean square (Infit MNSQ) and Outfit mean square 

(Outfit MNSQ) with standardized fit statistics (ZSTD) within ±2 to show a good fit.42,47 

Person separation index (Gp) is defined as true standard deviation divided by averaged 

measurement error.48 Person strata, calculated as (4Gp + 1)/3,49 representing statistically 

different levels of person ability distinguished by all items. From a measurement 

perspective, instruments should be able to statistically divide a sample into at least three 

distinct levels.50 The item-person map was used determine the ceiling and floor effects. 

Percentages greater than 5% of the sample with the minimum or maximum score were 

considered as significant ceiling/floor effects.51,52

Results

Table 1 displays the sample characteristics at admission. The majority of participants were 

White (75%), women (51%), married (52%), and had an ischemic stroke (73%). The average 

age was 69 (SD = 13) years at the time of the survey. There were no significant differences 

between individuals identified as depressed or not depressed on the CESD-10 scale based 

upon demographic variables: age (p = .540), gender (p = .403), race (p = .215), married (p 
= .070), and education years (p = .927) (Table 1). There were differences in vocational 

activity by depression status prior to stroke (p = .033) although of small effect (Phi = .10). 

To explore this difference in depression by pre-stroke vocational activity, an analysis of 

variance was conducted using CESD total scores across each vocational category. The 

ANOVA was also significant (p < .001). Post hoc analyses revealed significant mean 

differences, such that individuals who were employed at the time of stroke endorsed lower 

levels of depression symptoms than individuals who were homemakers (mean difference = 

−3.86; p = .027), unemployed (mean difference = −2.43; p = .036), or retired due to 

disability (mean difference = −3.27; p = .010) at the time of stroke. In addition, individuals 

who were retired due to age at time of stroke reported lower symptoms of depression than 

individuals who were retired due to disability (mean difference = −2.68; p = .043). There 

was no significant difference in depression at discharge by length of stay (p = .080). 

However, FIM™ Total score at admission (p < .001), discharge (p < .001), and 12-month 

follow-up (p < .001) were significantly different based upon depression grouping by 

CESD-10. Participants who were not identified as depressed at discharge had significantly 

higher functional independence at admission (mean difference = 5.39; p < .001), discharge 

(mean difference = 8.76; p < .001), and 12-month follow-up (mean difference = 8.12; p 
< .001) compared to people identified as depressed.
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The mean score for the CESD-20 was 12.14 and ranged from 0 to 58. The mean score for 

the CESD-10 was 7.28 and ranged from 0 to 30. The Pearson correlation between the total 

score of the CESD-20 and CESD-10 was 0.97. The CESD-10 had similar internal 

consistency as the CESD-20 (Cronbach’s alpha = .86 versus .91, respectively). The 

CESD-20 classified 32.2% of the sample as depressed, and the CESD-10 identified 32.4%. 

The Kappa statistic (.85) showed strong agreement of depression classification between the 

CESD-10 and CESD-20. The CESD-10 had a sensitivity of 90% and specificity of 95% 

(Table 2).

The two-factor solution of the factor analysis explained 55.5% of the total variance (Table 

3). Only factors 1 and 2 had Eigen values greater than 1. The interpretation of the strong 

item loadings was consistent with the eight negative affect items loading on to Factor 1 and 

the two positive affect items loading on to Factor 2 with no cross-factor loadings greater 

than .5. These results are consistent with the original CESD-20 factor structure of “negative” 

and “positive” affect.

Rasch PAC result supported the factor analysis finding, indicating multidimensionality of the 

CESD-10. Specifically, Rasch dimension explained 38.1% variance of the data (slightly 

below 40%), first contrast explained 10.5% variance of the data (>5%) and the eigenvalue of 

the first contrast was larger than 2.0. Due to the intent to gather more information on item-

level performance of the CESD-10, we still conducted planned Rasch analysis. However, we 

suggested the readers interpret the Rasch analysis results with caution as the data marginally 

violated the unidimensionality assumption. For item-level psychometrics, all CESD-10 items 

met three rating scale criteria and fit the model. For the item hierarchy, we found the items 

with least depressive symptoms were ‘felt lonely’ and ‘felt fearful’, while the items with the 

most depressive symptoms were ‘felt everything was an effort’ and ‘had trouble focusing’ 

(Table 4). The CESD-10 can only separate the participants into two levels of depressive 

symptoms (e.g. low and high), with a person strata of 1.99. We noticed about 391 

participants (3.2%) had the maximum scores of the CESD-10, although less than 5% cutoff, 

this finding indicating the CESD-10 may potentially have a ceiling effect to measure 

depressive symptoms (too easy to capture the full range of depression in patients post stroke, 

particularly on the severe end). The person-item map also showed that the average person’s 

depressive symptoms were more severe than what the CESD-10 items could measure 

(Figure 1).

Discussion

This study extends our understanding of validity and reliability for the CESD-10 as a 

screening tool for depression. The findings indicated that the CESD-10 had similar precision 

as the CESD-20 to identify individuals with post-stroke depression. Our finding is similar to 

the results of CESD-10 in other clinical populations (e.g., older adults, HIV, SCI, and 

psychiatric disorders).29–32 We found approximately a third of our sample identified as post-

stroke depressed using the CESD-10 at discharge, this finding is similar as the estimates in 

the prior research.17
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Our findings suggest the CESD-10 is a multidimensional scale. This may be due to the 

difference when measuring a person’s negative or positive affect. Rasch analysis results 

suggested ‘felt lonely’ and ‘felt fearful’ could be used as the initial screening items for 

detecting depression in the post-stroke population. These findings also indicate a potential 

benefit from adding more difficult items to the CESD-10 to be able to identify the 

individuals with more severe post-stroke depressive symptoms. However, limited nuance on 

the severe end do not preclude the utility of the CESD-10 from being used as a brief 

screener that warrants additional evaluation for post-stroke depression.

Depression is an important consequence post stroke and has critical implications for 

recovery and functioning. Findings from this study demonstrated that individuals classified 

as depressed on the CESD-10, had lower functional independence at discharge. In addition, 

this lower functional independence persisted 12 months post injury for those identified as 

depressed on the CESD-10 compared to those not identified as depressed. These findings are 

consistent with prior studies that have shown worse outcomes for individuals with post-

stroke depression compared to non-depressed individuals.1,2,53 Lower functional recovery is 

likely linked with increased economic burden although this question is beyond the scope of 

this study. It is important to detect and monitor depression to improve recovery rate and 

functional outcomes of individuals post stroke. Investigations of novel interventions for post 

stroke depression require well-validated measures to assess participants’ level of depression 

and response to treatment. Brief screening measures for depression validated for individuals 

post stroke may decrease time and patient burden, which could increase detection and 

intervention.

This study has several limitations. We did not interview the participants to compare the 

CESD-10 classification result by a licensed psychologist or psychiatrist to validate the 

accuracy of the CESD-10. We also did not use current diagnostic and statistical manual of 

mental disorders (5th edition). A prospective study validating the use of the CESD-10 

against current depression diagnostic criteria using clinical interview would enhance the 

evidence base for this measure.

Conclusion

Overall, this study demonstrated the CESD-10 had equivalent validity and reliability as the 

well-validated CESD-20 in stroke survivors. Validation of this shortened screening measure, 

CESD-10, allows for reduced burden in clinical practice and research assessments of post-

stroke depression. Identifying depression in stroke survivors is crucial and can be the first 

step towards improved outcomes in mortality, quality of life, and economic burden after 

stroke. It is recommended that future research continue to examine effectiveness of this 

shortened measure of depression to improve early detection and early prevention for post-

stroke depression for the individuals, their families, and larger society.
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Figure 1. 
Item-Person Map of Person Ability and Item Difficulty of the CESD-10 in Stroke

Note: M: Mean of the person ability/item difficulty.

1SD: one standard deviation from the mean of person ability/item difficulty.

Each “#” is 17 persons. Each “.” is 1 to 16 persons.
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Table 1.

Sample characteristics as classified by CESD-10 at discharge

Baseline Characteristics
N = 1219

Non-Depressed
n = 824

Depressed
n = 395

p-value

M(SD)/ % M(SD)/ % M(SD)/ %

Age (years) 68.5(13.3) 68.3 (13.6) 68.8 (12.7) .540

Gender (woman) 51.2% 50.5% 53.0% .403

Race .215

 White 75.3% 73.8% 78.5%

 Black 16.4% 17.8% 13.4%

 Hispanic 6.1% 6.3% 5.6%

 Other 2.2% 2.1% 2.5%

Education .927

 < High School 20.7% 21.0% 20.1%

 High School 35.8% 35.3% 36.8%

 Some College 22.1% 22.5% 21.2%

 College and above 21.4% 21.2% 21.8%

Marital Status .070

 Married 52.4% 50.7% 56.1%

 Never married 17.0% 18.4% 14.0%

 Divorced or separated 8.8% 8.1% 10.2%

 Widowed 21.8% 22.9% 19.6%

Employment at admit .033

 Employed 21.3% 22.7% 18.4%

 Student 0.7% 0.7% 0.8%

 Homemaker 2.6% 2.1% 3.8%

 Not Employed 7.6% 6.5% 9.9%

 Retired- Age 62.9% 63.9% 61.0%

 Retired- Disability 4.8% 4.2% 6.1%

Length of Stay (days) 20.5 (11.3) 20.1 (11.2) 21.3 (11.4) .080
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Baseline Characteristics
N = 1219

Non-Depressed
n = 824

Depressed
n = 395

p-value

M(SD)/ % M(SD)/ % M(SD)/ %

FIM Total at admit 55.8 (19.8) 57.5 (19.5) 52.2 (20.0) < .001

FIM Total at discharge 81.3 (24.0) 84.1 (22.5) 75.4 (25.9) < .001

FIM Total at 12 months 106.9 (20.9) 109.4 (18.8) 101.2 (24.5) < .001

Note: Depression classification was determined using cut-off score of 10 or higher to indicate depression.
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Table 2.

Agreement between CESD-10 and CESD-20

CESD-10 CESD-20

Non-Depressed Depressed

Non-depressed 786 38

Depressed 41 354

Kappa agreement .85 (.84–.87)
1

Sensitivity 90% (87%–93%)
1

Specificity 95% (93%–96%)
1

PPV 90% (86%–92%)
1

NPV 95% (94%–97%)
1

Note: CESD-20- Center for Epidemiologic Studies Depression Scale- 20 items original version; CESD-10- Center for Epidemiologic Studies 
Depression Scale- 10 item version; PPV- Positive Predictive Value; NPV- Negative Predictive Value.

Depression classification on the CESD-10 was determined using cut-off score of 10 or higher to indicate depression. Depression classification on 
the CESD-20 was determined using cut-off score of 16 or higher to indicate depression.

1
95% confidence intervals
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Table 3.

Factor structure of CESD-10

Scale Items Factor Loadings

Negative Affect Positive Affect

Bothered by things 0.59 --

Trouble focusing 0.66 --

Felt depressed 0.60 --

Everything was an effort 0.72 --

Felt fearful 0.71 --

Restless sleep 0.68 --

Felt lonely 0.54 --

Could not get going 0.66 --

Hopeful about the future -- 0.86

Was happy -- 0.81

Note. Loadings < .5 suppressed. Factor 1 accounted for 45% of the variance with an eigenvalue of 4.46. Factor 2 accounted for 11% of the variance 
with an eigenvalue of 1.09.
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Table 4.

Item Difficulty in Hierarchical Order of the CESD-10.

CESD-10 Items
Score Infit Outfit

Measure SE MNSQ ZSTD MNSQ ZSTD

Everything was an effort .60 .04 1.08 2.00 1.07 1.26

Had trouble focusing .15 .04 1.05 1.14 1.12 1.91

Bothered by things .13 .04 .99 −.261 .22 3.49|

Sleep was restless .11 .04 1.30 6.44 1.36 5.37

Was happy −.01 .04 .95 −1.22 .91 1.40|

Felt depressed −.02 .04 .76 −5.96 .72 4.89|

Could not get going −.0 .04 .81 −4.51 .76 −4.02

Hopeful about the future −.13 .04 1.33 6.52 1.40 5.41

Felt fearful −.34 .04 .88 −2.36 .84 −2.38

Felt lonely −.43 .04 .94 −1.18 .81 −2.63

Abbreviations: SE: Standard error; MNSQ: mean square; ZSTD: standardized fit statistics.
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