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Structural Equation Modeling of the Relationship between Caregiver Psychosocial Variables and Functioning of Individuals with Stroke
Stroke is the leading cause of disability in Western society with 5.6 million Americans suffering from the effects of stroke (American Heart Association, 2007). Post-stroke care is most commonly performed in the home by volunteer caregivers, usually family members or friends. Caregivers play a vital role in reducing the lifetime healthcare costs of individuals with stroke. Costs average between $90,981 and $228,030, depending on stroke subtype (Taylor, Davis, Torner, Holmes, Meyer, & Jacobson, 1998). Without these efforts by informal caregivers, health care costs in the United States alone would increase by over $200 billion a year (Arno, Levine, & Memmott, 1999). Moreover, society’s reliance on volunteer caregivers is growing. A National Alliance for Caregiving/American Association of Retired Persons (NAC/AARP; 1997) survey revealed that the number of informal caregivers tripled between 1988 and 1996. Because of this steady increase during the 1990s, Hirst (2001) projected a continued upward trend in the number of informal caregiving relationships. On average, one half of men and two thirds of women will provide more than 20 hours per week of informal caregiving before they reach age 75 (Hirst, 2002). This contribution by informal caregivers appears to make a real difference. Clarke et al. (1999) found that patients who lived at home three months post-stroke showed less impairment than patients who had been living in an institution. Yet, what is the price paid for this contribution?
Psychosocial Impact of Caregiving on Caregivers


Because of stroke’s typically sudden onset and its resulting rapid change in disability status, informal caregivers often have little time to adjust psychologically to the changes in the person to whom they provide care and in their own lives. Nor is there time to adjust to the role they quickly have to learn to fill (Van Puymbroeck & Rittman, 2005). This type of patient care typically involves changes in the caregiver’s lifestyle, including aspects of care that are physically, emotionally, and psychologically draining. For example, Bugge, Alexander, and Hagen (1999) found that 37% of those who care for people with stroke were under substantial strain from caregiving and more susceptible to physical and psychological illness as a result. Stroke caregiver’s depression rates have been estimated at 40-50% (Anderson, Linto, Stewart-Wynne, 1995; Silliman, Fletcher, Earp, & Wagner, 1986; Stein, Gordon, Hibbard, & Sliwinski, 1992). Similarly, caregivers exhibit high rates of anxiety and social isolation (Buck et al., 1997; Schultz, O’Brien, Bookwala, & Fleissner, 1995; Thommessen, Aarsland, Braekhus, Oksengaard, Engedal, & Laake, 2002), as well as high rates of physical health problems (Baumgarten et al., 1992; O’Brien, Bookwala, & Fleissner, 1995). Sleep disorders, which also are common in caregivers, have been shown to intensify a host of other physical and psychological problems (Teel & Press, 1999; Wilcox & King, 1999).
Caregiver Psychosocial Functioning and Stroke Patient Recovery


Published research indicates that as patient stroke severity increases, so does caregiver depression (Carnwath & Johnson, 1987; Dennis, O’Rourke, Lewis, Sharpe, & Warlow, 1998). Accordingly, caregivers whose responsibilities include more basic and physical care, such as helping a stroke patient eat or use the toilet, show greater distress and burden than do caregivers who have less basic and physical duties (Chumbler, Rittman, Van Puymbroeck, Vogel, & Qin, 2004). The effects of caregiver depression on factors associated with patient well-being are pervasive. Depressed caregivers have greater caregiving difficulties, have reduced social networks, and report more frequent problems with their care recipients (Hartke & King 2003). Caregiver depression is inversely related to successful long-term stroke patient recovery (Evans, Hendricks, Haselkorn, Bishop, & Baldwin, 1992). 
The existing literature has recently begun to move from examining links between individual caregiver and patient variables to examining groups of caregiver and patient variables, in order to understand better the complex interrelationships among elements. Though in its infancy, this step is critical. For example, Van Puymbroeck and Rittman (2005) tested a structural equation model to help illuminate the connection between stroke caregivers’ coping ability and their quality-of-life outcomes at 1- and 6-months post-stroke. Also, Barskova and Wilz (2007) used a cross-lagged panel design to examine connections among caregiver depression, caregiver well-being, and the daily functioning of individuals with stroke. Multivariate analyses such as these will enhance treatment planning by allowing an understanding of the relationships among conceptually-related variables and by using that understanding to make more comprehensive and thorough healthcare plans than is possible by simply assessing bi-variate relationships.

Published research, even employing multivariate procedures, has tended to examine fairly isolated effects of caregiving on stroke caregivers. This research has focused independently on the psychosocial life of stroke caregivers, as well as independently on the physical and psychosocial life of individuals with stroke. Relatively little research, however, has examined multiple indices of caregiver psychosocial functioning with multiple indices of care recipient functioning. From the published research, it is clear that caregiver depression and burden are positively associated with stroke severity, but that systems of connections, as well as specific connections within those systems, remain hidden. With the high prevalence of stroke and the corresponding large number of informal stroke caregivers, an accurate understanding of the interaction between caregiver factors and stroke patient functioning is vital. 

The Current Study

The current study addresses this interaction between caregiving and stroke patient functioning through two multivariate analyses. The first analysis is a structural equation model using manifest and latent variables to determine whether patient stroke severity and caregiver psychosocial functioning are broadly related. The second analysis is a canonical correlation conducted to fine tune the structural equation model in an examination of whether specific impacts of stroke are associated with specific aspects of caregiver psychosocial functioning. Regarding the structural equation model, it is hypothesized that (a) the less severe the patient’s stroke, the better caregivers’ overall psychosocial functioning will be; and regarding the canonical correlation, it is hypothesized that (b) the more that stroke impinges on the care recipient’s daily functioning, the more that caregivers will be depressed, burdened, and lack a perspective that promotes coping.
Method

Participants

Participants in this study included one hundred thirty-five dyads, each consisting of a person with stroke and his or her caregiver. All of them signed informed consent documents approved by the local institutional review board for the protection of human subjects, who also approved the study.
The people with stroke in each dyad were part of a self-referred convenience sample who participated in voluntary screening by a research center at a local Veterans Affairs Medical Center (VAMC). The screening was designed to determine their potential candidacy for a variety of rehabilitation research projects offered through the center. The data that serve as the basis for this study were part of an extensive computerized archive of information gleaned from these screening visits, including extensive review of care recipients’ medical records, review of their recent MRI or CT scans, and a standard neurological, physical, and mental status examinations conducted by one of two neurologists associated with the center.  During these neurological exams, each potential research participant with stroke was confirmed to have had an ischemic cortical stroke or cortical and subcortical stroke.  Because of the inherent differences in pathology, time course, and recovery patterns of hemorrhagic strokes compared to ischemic stroke, and because all of the various treatment projects operating in this center focus specifically on ischemic stroke. All hemorrhagic stroke survivors were excluded from further assessment and inclusion in the database. All strokes were confirmed to be unilateral. Both right and left hemisphere strokes were included. Multiple strokes were included if all strokes occurred on the same side of the brain. Thirty-nine participants reported sustaining a right stroke, four did not know or did not respond to this item, and the rest reported having a left stroke. All participants with stroke were medically stable, having experienced their most recent strokes a minimum of six months prior. There was no exclusion based on comorbidities.
Caregivers were asked separately to consent to participate in this study. Of the care recipients, 84 were men, and 50 were women, and of the caregivers, 49 were men, and 86 were women. The average age was 62.52 (SD = 14.36) for care recipients and 59.73 (SD = 13.90) for caregivers. Of the 134 participants who indicated their race/ethnicity, 10 identified as African-American, 1 as Hispanic, 120 as Caucasian, and 3 as other. Race/ethnicity data were not collected on caregivers. Participants did not receive compensation for their involvement in this study.

Measures: Caregiver

Geriatric Depression Scale (GDS). The GDS (Yesavage & Brink, 1983) contains 30 dichotomous-choice items and assesses depression in older adults and was used to measure presence and degree of depression in the stroke caregivers only. The GDS was standardized on and intended for individuals who are over 55 years old. Because the average caregiver age in the current sample was 59.73, the majority of the participants fell into the appropriate age range. Therefore, the GDS was a better choice for inclusion in the current study than other scales standardized on much younger samples. Example items include “Do you feel like crying?” and “Do you feel pretty worthless the way you are now?” Scores of 11 or higher reflect the presence of significant depressive symptoms, with higher scores representing stronger depressive symptoms. The tested sample produced responses on the GDS that were internally consistent (( = .94) and adequately reliable across one week (r = .85). In the structural equation model below, this scale will be labeled “CG: Depression.”
Sense of Competence Questionnaire (SCQ). The SCQ (Vernooij-Dassen, Persoon, & Felling, 1996) contains twenty-seven 4-point items and assesses caregiver burden. Example items include “I feel resentful about my interactions with my ____,” “I wish that my ____ and I had a better relationship,” and “I feel that my health has suffered because of my involvement with my ____.” Higher scores reflect higher levels of burden. The SCQ has been used with caregivers of individuals with stroke (Scholte op Reimer, de Haan, Pijnenborg, Limburg, & van den Bos, 1998) as well as with caregivers of persons with dementia (Vernooij-Dassen, Persoon, & Felling, 1996). Scores produced by a sample reported by Scholte op Reimer et al. (1998) were adequately reliable (( = .83) and stable (intraclass correlation across one week = .93). In the structural equation model below, this scale will be labeled “CG: Burden.”

Sense of Coherence (SOC). The SOC (Antonovsky, 1987) contains thirteen 7-point items and assesses the extent to which a person views the world as meaningful, manageable, and comprehensible. Antonovsky (1987) defined Sense of Coherence as: 

A global orientation that expresses the extent to which one has a pervasive, enduring though dynamic feeling of confidence that (1) the stimuli deriving from one’s internal and external environments in the course of living are structured, predictable, and explicable; (2) the resources are available to meet the demands posed by these stimuli; and (3) these demands are challenges, worthy of investment and engagement. 

In short, the SOC is “a measure of an individual’s resistance in the face of stress” (Schnyder, Buchi, Sensky, & Klaghofer, 2000, p. 296). In the literature, the term “sense of coherence” has been used interchangeably with the term “coping.” Example items from this scale include “How often do you have the feeling that there’s little meaning in the things you do in your daily life?” “Do you have the feeling that you are being treated unfairly?” and “Has it happened in the past that you were surprised by the behavior of people whom you thought you knew well?” Higher scores reflect higher levels of coherence. The tested samples’ responses were internally consistent ((s in the .90s; Frankenhoff, 1998) and stable across time (test-retest reliability rs > .70 for 6-12 months; Schnyder, Buchi, Sensky, & Klaghofer, 2000). In the structural equation model below, this scale will be labeled “CG: Coherence.”

Measures: Person with Stroke
Stroke Impact Scale (SIS) Version 2.0. The SIS (Duncan et al., 1999) contains sixty-four 5-point items and assesses the extent to which stroke has impacted a person’s life across eight subscales: Strength, Memory/Thinking, Emotion, Communication, Activities of Daily Living/Instrumental Activities of Daily Living, Mobility, Hand Function, and Participation. Example items include “In the past week, how would you rate the strength of your arm that was most affected by your stroke?” “In the past week, how often did you feel that life is worth living?” and “During the past 4 weeks, how much of the time have you been limited in your social activities?” Higher scores reflect higher levels of functioning, and as a result, lower stroke impact. SIS subscales are internally consistent with (s ranging from .83 to .90 for each individual domain (Duncan et al., 1999). Duncan and colleagues also provided extensive documentation of the validity of subscales and of their sensitivity to changes in their participants. The SIS also includes one supplementary question that appears at the end of the scale and is not incorporated into any of the eight subscales or into the overall SIS score: “On a scale of 0 to 100, with 100 representing full recovery and 0 representing no recovery, how much have you recovered from your stroke?” In the structural equation model described in the next section, this question is labeled “CR: Recovery,” and the SIS is labeled “CR: Stroke Impact.” 

Zung Self-Rating Depression Scale (ZSDS). The ZSDS (Zung, 1965) was used to measure depression in persons with stroke. This test contains twenty 4-point, Likert-type items and assesses depression across four domains: its pervasive effect, physiological equivalents, psychomotor activities, and other disturbances. Example items include “I have crying spells or feel like it,” “I have trouble sleeping at night,” and “I feel that others would be better off if I were dead.” A score of 50 or higher reflects the presence of significant depressive symptoms, with higher scores representing stronger depressive symptoms. In the structural equation model below, this scale will be labeled “CR: Depression.”


Western Aphasia Battery (WAB). The WAB (Kertesz, 1982) is a standardized and validated measure of language functioning in individuals with stroke. The WAB’s Aphasia Quotient produces an estimate of language impairment severity and is comprised of multiple aspects of language functioning, including fluency of spontaneous speech, jargon, word finding ability, and object naming, among others. Scores on the WAB range from 0 to 100. Scores below 93.8 represent the presence of aphasia. Higher scores reflect more normal levels of language ability. All stroke survivors, whether their strokes involved the right or left hemisphere, were given the WAB as part of the screening process to document presence and degree of aphasia in those with left hemisphere lesion. In those with right hemisphere lesion, the interest was to document normal language function post stroke (scores equal to or greater than 93.8).  In the structural equation model below, this scale will be labeled “CR: Language.”

Procedure


As part of a larger study conducted by a VAMC research center, individuals with stroke participated in neuropsychological assessments that examined stroke impact on cognitive, emotional, and daily functioning. Persons with stroke were given a standard physical and mental status examination by a neurologist, that included motor testing, speech and communication testing, neuropsychological testing on memory and decision making, review of recent magnetic resonance imaging or computed tomography scan, and a medical chart review. The caregivers who brought them to the study also filled out a number of measures about their own psychosocial functioning, related to caring for the person with stroke.

Care recipients and caregivers both provided formal, informed consent upon entering the research center. Caregivers received a packet of printed scales to complete while care recipients underwent the extensive battery of assessments that were used by the research center for assessing candidacy for rehabilitation clinical trials.

Results

Confirmatory Factor Analysis

A confirmatory factor analysis was conducted using AMOS 7.0 (Arbuckle, 2006). The purpose of a confirmatory factor analysis is to test the fit of a hypothesized pattern of relationships among observed (manifest) variables and hidden (latent) variables. This confirmatory factor analysis is attempting to validate a pattern of relationships among important caregiver and care recipient variables. A confirmatory factor analysis was chosen over an exploratory factor analysis because of the presence of an a priori theorized factor structure linking caregiver psychosocial variables and stroke severity variables. The caregiver manifest variables in the model were Depression, Coherence, and Burden, whereas the person-with-stroke manifest variables were Depression, Language, Recovery, and Stroke Impact (see Table 1 for the means and standard deviations of these measures and their intercorrelations).
Table 1: SEM Correlation Matrix with Means and Standard Deviations for Caregiver (CG) and Care Recipient (CR)Variables 

	
	CG: Depression

8.23(6.15)
	CG: Burden

54.11(9.94)
	CG: Coherence

62.19(11.67)
	CR: Recovery

52.48(18.21)
	CR: Stroke Impact

212.99(35.00)
	CR: Depression

39.37(8.80)
	CR: Language

75.32(27.04)

	CG: Depression
	1
	
	
	
	
	
	

	CG: Burden
	.479**
	1
	
	
	
	
	

	CG: Coherence
	-.534**
	-.404**
	1
	
	
	
	

	CR: Recovery
	-.146
	-.116
	-.035
	1
	
	
	

	CR: Stroke Impact
	-.232*
	-.157
	.278**
	.481**
	1
	
	

	CR: Depression
	.207*
	.108
	-.165
	-.200*
	-.342**
	1
	

	CR: Language
	-.159
	-.060
	.252**
	.010
	.429**
	-.055
	1


Note. **Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed). Scale means are shown beneath the headings in the first row, and the corresponding standard deviations are shown in parentheses after each mean.

Only one entry is included for Stroke Impact, rather than eight entries, one for each of the eight subscales. The reason is that inclusion of the eight subscales resulted in such a dramatic reduction in the degrees of freedom that fit indicators suggested that the model was a poor fit with the data. Including overall SIS, rather than its subscales, along with three other indicators of stroke severity, resulted in acceptable fit of the model with the data. Information regarding the role of each of the factors represented by the eight SIS subscales is revealed in the canonical correlation that will be described after the description of the structural equation model.

The two latent constructs were Caregiver Psychosocial Functioning and Stroke Severity. The model was comprised of 16 variables (16 estimated parameters), of which 7 were observed, 7 were uniquenesses and 2 were factors. The path diagram with factor loadings (standard regression weights) for this model appears in Figure 1. 
Figure 1: Confirmatory Factor Analysis


[image: image1]
Note. CR = Care recipient. CG = Caregiver.

The manifest variables are those directly measured by a scale, represented in Figure 1 by boxes. The latent variables are those not measured directly but rather measured indirectly, from the shared variance of the manifest variables; hence, latent variables are inferred. In Figure 1, the latent variables are represented by circles. 

Adjusting for Negative Uniqueness. In the initial run of the path analysis, a local estimation problem surfaced in that the manifest variable Stroke Impact had a negative uniqueness value, but one not significantly different from zero. Van Driel (1978) has outlined three potential reasons for a negative uniqueness: (a) sampling variations combined with a uniqueness that is not significantly different from zero (probably the case in the current model), (b) unsuitability of the data to conform to a model, and (c) under-identification of the model. A negative uniqueness on a manifest variable is a fairly common problem. The standard remedy involves setting the uniqueness value of that variable to zero, which forces the corresponding latent construct (in this case Stroke Severity) to be comprised of all the variance from that manifest variable (Gerbing & Anderson, 1987). This repair is justified in the current factor analysis because the value of the original uniqueness term for Stroke Impact did not differ from zero.

This repair actually improves the validity of the current model by anticipating a potential criticism regarding negative affect and adjusting for it. Confirmatory factor analysis examines the interrelationships among many variables in a model. In this particular model nearly all of these relationships involve measures that capture some unpleasant or dysfunctional state. One potential criticism of the unfixed model in the current study is that the shared variance among variables is simply an artifact produced by linking a group of variables each of which measures, along with other things, negative affect. According to this criticism, the significant associations all occur because of the common thread of negative affect, rather than because the constructs themselves are related in some more profound conceptual way.

For example, a caregiver who feels burdened is more likely to evaluate all sorts of things more negatively, including the functioning of the person with stroke, the degree of depression he or she experiences, and so on through the list of caregiver variables in the study. Likewise, burdened and depressed caregivers constitute a burdensome and depressing context for individuals with stroke, who in turn are likely to view their own worlds more negatively as a result, with the same pervasive negative evaluative set as the burdened caregiver. As a result, measures that all tap negative affect are likely to correlate significantly with other measures that assess negative affect. So what is the solution?

In the current study, setting the uniqueness value of Stroke Impact to zero controls for this partitioning of negative affect and allows Stroke Severity to load fully on Stroke Impact. This means that Stroke Severity encompasses all the variance of Stroke Impact, which is a concrete and less-subjective measure than the others in our model. As a result of setting this uniqueness value to 0, a latent construct is created that is much less vulnerable to the criticism that the associations represent nothing more than repartitioning of negative affect.
Normality. Normality tests revealed that the distributions of two of the measured variables were significantly skewed (Care Recipient Language, skewness coefficient = -1.12; Patient Depression, skewness coefficient = .90). Although none of the variables were significantly kurtotic individually, a Mardia’s coefficient of 4.36 (with a critical ratio of ratio of 2.27) suggested that the variables were slightly multivariate kurtotic. Closer inspection revealed that data from 10 participants were significantly far away from the multivariate centroid (i.e. multivariate outliers). The data from this small subsample are the likely source of non-normality. Because eliminating these 10 outliers would decrease the degrees of freedom and thus artificially improve the overall fit of the tested model, we retained the outliers in the analysis, providing a more conservative estimate of fit.

Model fit. The correlation between Caregiver Psychosocial Functioning and Stroke Severity was -.31, p = .012, a medium-sized effect according to Cohen’s (1988) standards. This finding indicates that participants with low stroke severity tended to have caregivers with high psychosocial functioning, and those with high stroke severity tended to have caregivers with low psychosocial functioning. The uniqueness terms for each measured variable in the model were all significant (p < .001), suggesting that an amount of variance greater than 0 in each measured variable was left unaccounted for (except for the uniqueness term from the SIS which, as indicated earlier, was artificially set to zero).

The χ2 goodness-of-fit test provided initial evidence that overall, the 2-factor solution fit the data well, χ2 (14) = 23.86, p = .048, because the ratio of the χ2 statistic to the degrees of freedom in the model was 1.7 (less than the conventional critical ratio cutoff of 2.0 for establishing good fit). A ratio of χ2/degrees of freedom this small indicates only a slight difference between the observed and reproduced correlation matrices. In other words, the current model reproduced a significantly similar (p < .05) pattern of observations to the pattern in the original data set. Other evidence also generally supports the model’s goodness of fit. The goodness of fit index (GFI) was .95, suggesting a good fit. The adjusted goodness of fit index (AGFI) and the normed fit index (NFI) were .90, and .87 respectively, where values of .90 or higher indicate an adequate fit. Similarly, the incremental fit index (IFI), Tucker-Lewis index (TLI), and comparative fit index (CFI) were .94, .91, and .94 respectively, where values close to 1.0 indicate good fit and values above .90 indicate adequate fit. The current model produced a root mean square error of approximation (RMSEA) of .073, where an RMSEA of 0.08 or less indicates a reasonable error of approximation and adequate fit given the model's degrees of freedom.
Typically, a well-fitting model produces a non-significant χ2 statistic, but the resulting statistic from our model did just achieve significance at p > .05. The Hoelter’s Index for the current model was 134 at p < .05, suggesting that a sample size of 134 would have given a non-significant χ2. However, a sample size of 135 (the n in the current study) would produce a significant χ2 statistic. This finding raises a small caveat regarding model fit. The only other statistic indicating less than strong fit was a root mean square residual (RMR) of 19.96, which is fairly large. Overall, these goodness-of-fit indices suggest that the 2-factor model fits fairly well with the data.
Canonical Correlation

The confirmatory factor analysis reported earlier examined whether caregiver psychosocial functioning was significantly related to stroke severity. Because a significant association did emerge between caregiver functioning and stroke severity, a canonical correlation analysis was conducted using SPSS 15.0 (SPSS Inc., 2006) to examine this relationship in more detail. The canonical correlation linked roots derived from the caregiver variables of Depression, Burden, and Coherence with roots derived from the eight subscales of the Stroke Impact Scale (SIS). In other words, the purpose of this analysis was to determine which specific aspects of stroke are linked with which specific aspects of caregiver psychosocial functioning. The SIS subscales were the only person-with-stroke variables analyzed in the canonical correlation because the latent construct of Stroke Severity in the previous confirmatory factor analysis was mostly comprised of variance from the SIS.
The correlations among pairs of caregiver psychosocial variables each had an absolute value magnitude of at least .41, whereas the correlations among pairs of SIS subscales ranged widely in magnitude,  from .02 (Communication and Strength) to .62 (Hand Function and Strength). The magnitude of correlations between caregiver psychosocial variables and SIS subscales also ranged widely, from -.01 (Caregiver Depression and Person-with-Stroke Hand Function) to .32 (caregiver Sense of Coherence and Person-with-Stroke Communication). 

The first canonical correlation was .47 (22.4% overlapping variance), λ = .66, χ2(24) = 45.88, p = .01; the second, .33 (10.8% overlapping variance), λ = .86, χ2(14) = 17.49, p = .23; and the third, .20 (4.0% overlapping variance), λ = .96, χ2(6) = 4.64, p = .59. Standardized canonical coefficients were calculated to compare the contributions of the variables to each of the canonical correlations (Table 2).
Table 2: Standardized Canonical Coefficients for Both Variable Sets

Caregiver Variables

Canonical Correlation

1        

2        

3

GDS (Depression)    

-.171

.577

1.102

SCQ (Burden)    

-.137

-1.177

.085

SOC (Coherence)     

.830    

-.295     
.802

Stroke Impact Variables

Canonical Correlation 

1        

2        

3

Strength


.355

.162

-.146

Memory/Thinking    

-.074   

-.504   

-.864

Emotion     


.132    
 
.903    

-.347

Communication    

.609    

-.176     
.609

Activities of Daily Living   
.645    
 
.302     

.004

Mobility  


-.806    

-.331    

-.298

Hand Function    

-.112     
.053     

.553

Participation     


.464    

-.025     
.093
Note. Coefficients in bold tended to cluster together and were focused on for interpretation.

In the first canonical correlation, the standardized canonical coefficients for the caregiver variables showed that Coherence loaded most highly (.83), whereas the other coefficients were below the conventional cutoff of .40. For the stroke impact variables, Mobility loaded most highly (-.81), followed by Activities of Daily Living (.64), Communication (.61), and Participation (.46). This pattern of shared variance suggests that caregivers of individuals with stroke find life less meaningful, manageable, and comprehensible when the persons with stroke they care for are immobile, unable to perform normal daily activities, uncommunicative, or disengaged from life. 

In the second canonical correlation, there was 10.8% overlap between the caregiver psychosocial variables and the stroke impact variables. It is important to note that with the study’s sample size (n = 135), this overlap is non-significant, but according to Cohen’s (1988) standards, a correlation of .33 is considered medium-sized. In this correlation, out of the caregiver variables, Burden loaded most highly (-1.18), followed by Depression (.58). For the stroke impact variables, Emotion loaded most highly (.90), followed by Memory/Thinking (-.50). This shared variance is consistent with the notion that caregivers feel a greater sense of burden and depression when care recipients are depressed and experience cognitive difficulties. The third canonical correlation accounted for only 4.0% of the common variance between the two sets of variables, so an interpretation of this correlation might be more misleading than illuminating.
In short, the canonical correlation affirms and details the relationship between psychosocial functioning of the caregiver and the severity of the care recipient’s stroke, which was identified via structural equation modeling. The canonical correlation adds information about the most important links between caregiver functioning and care recipient functioning. These links include caregivers’ increased sense of meaning, manageability, and comprehensibility linked with care recipients’ mobility, ability to perform normal daily activities, ability to communicate, and their engaged in life. These links also include caregivers’ burden and depression linked with care recipients’ depression and experience cognitive deficits. 

Discussion


Findings from this study constitute an important addition to the scientific literature on the connections between stroke caregivers’ psychosocial functioning and care recipients’ levels of everyday functioning. Not only do the data reveal that these caregiver and person-with-stroke variables were significantly related overall, but they also pinpoint connections between roots derived from the two sets of variables and even between specific variables. 

A confirmatory factor analysis revealed a medium-sized association between caregiver psychosocial functioning and stroke severity. Care recipients with low stroke severity tended to have caregivers with high psychosocial functioning, and those with high stroke severity tended to have caregivers with low psychosocial functioning. The fine-tuning produced by a subsequent canonical correlation analysis revealed that caregivers experienced less coherence when stroke impacted the person with stroke’s basic engagement with life. Further, preliminary evidence suggested that caregivers experienced more burden and depression when care recipients faced cognitive deficits and depression. These findings support and extend those of previous studies that have found positive correlations between person-with-stroke and caregiver depression (Carnwath & Johnson, 1987; Dennis, O’Rourke, Lewis, Sharpe, & Warlow, 1998), as well as between caregiver distress and their taking on more basic and physical patient care duties (Chumbler, Rittman, Van Puymbroeck, Vogel, & Qin, 2004).
Hypothesis A (Confirmatory Factor Analysis)
Hypothesis A was supported: the less severe a participant’s stroke, the better the caregiver’s overall psychosocial functioning was. A confirmatory factor analysis produced a significant negative and medium-sized correlation between Caregiver Psychosocial Functioning and Stroke Severity. This finding supported the idea that the more severely the stroke impairs a person, the poorer the person’s caregiver fairs psychosocially across indices of burden, depression, and coherence. This overall model fits the data well, and because the latent construct of Stroke Severity was forced to load fully on the objective and manifest variable Stroke Impact Scale, the correlation cannot be explained simply by the reapportioning of negative affect.

Hypothesis B (Canonical Correlation)
Hypothesis B was supported. The more that stroke impinged on a person’s daily functioning, the more caregivers reported being burdened and lacking a coherent world view. However, in the canonical correlation analysis, caregiver depression was not directly related to daily functioning of the person with stroke. Each of three canonical correlations will be addressed in turn.
First canonical correlation. The first canonical correlation was comprised primarily of Caregiver Coherence and Communication by the Person with Stroke, Activities of Daily Living, and Mobility. In this correlation, caregiver and person-with-stroke variables shared 22.4% of their variance, which is a large overlap. Caregivers experienced less coherence when the stroke impacted the care recipient’s basic engagement with life, and, perhaps as a result, engagement with caregivers. In the research literature, coherence (as measured here by the Sense of Coherence Scale) has been equated with caregiver coping ability. According to the current data, caregivers coped better with the stressors of caregiving when the care recipient had the ability to communicate. Perhaps social support provided by the care recipient buffers the effect of caregiving-related stress. Another possibility is that caregiving is more challenging when the care recipient has less basic engagement because caregivers are less sure about what care to provide and whether the care they are providing is effective. Also, the better that care recipients can engage in normal activities, as measured here by the Activities of Daily Living subscale, the more coherence caregivers have. Similar results emerged with care recipient mobility. Again, caregivers have stronger coherence under difficult circumstances when care recipients engage in normal activities of life.
Second canonical correlation. The second canonical correlation was primarily comprised of Caregiver Burden and Memory/Thinking and Emotion of the Person with Stroke. In the second correlation, caregiver and care recipient variables shared 10.8% of their variance. This correlation fell short of conventional levels of statistical significance, but was a medium-sized effect according to Cohen’s (1988) standards. Because of the size of this effect, we will discuss the implications of this correlation, but remind readers to exercise appropriate caution about over interpreting this statistically non-significant result. Caregivers reported greater burden when their care recipients suffered greater emotional and psychological deficits. This correlation highlights an aspect of stroke that separates it from the many diseases that affect physical, but not mental, functioning. Stroke caregivers often bear the added burden of caring for a person whose stroke has also affected his or her cognitions and emotions. Even a care recipient’s personality is sometimes changed by stroke, which can be a devastating loss for the caregiver. A stroke caregiver’s level of burden may be determined largely by the magnitude of the loss of the interpersonal connection with the care recipient.
Third canonical correlation. Because the third canonical correlation (which is primarily comprised of Caregiver Depression) only constituted a 4% overlap between the two variable sets, a discussion of its implications will be omitted. One reason for the resulting small correlation could be that the most of the variance associated with Caregiver Depression was accounted for in the first and second canonical correlations. The Caregiver Burden and Coherence variables in the current study were individually correlated with Caregiver Depression at r = .48 (p < .001) and r = -.53 (p < .001), respectively, so the unique variance of Caregiver Depression in predicting stroke variables above and beyond Caregiver Burden and Coherence was evidently small.
Directionality and a Feedback Loop
A large impact of stroke on the daily functioning of the person with stroke could make caregivers feel depressed, burdened, and incoherent, which in turn could impact the overall quality of caregiving. On the other hand, a lower quality of informal caregiving could retard recovery of the person with stroke. The findings from our structural equation model and our canonical correlation leave open both possibilities. Moreover, these two causal directions are not mutually exclusive. Instead, they may operate reciprocally in a feedback loop (see Figure 2). 
Figure 2: Proposed Feedback Loop Incorporating Quality of Informal Caregiving


[image: image2]
One implication of a feedback loop is that intervention could be effective at any stage. Another implication is that interventions could occur at more than one stage at a time and a third is that interventions at different stages of the loop could have synergistic effects. If proven true, each of these implications could increase the opportunities for effective clinical intervention.
Quality of the care provided by informal caregivers was not directly measured in the current study, so we cannot use these data to test a feedback loop model. Still, a feedback loop may well constitute the underlying mechanism in the relationship between caregiver psychosocial variables and care recipient stroke severity/recovery. Formal tests of a feedback loop model should be conducted in future studies. Such tests would need to measure caregiver psychosocial functioning, the quality of the care they provide to care recipients, and care recipient’s level of functioning. One potentially useful approach would be a Baron-Kenny style test of mediation. Another potentially useful approach would be a structural equation model in which this reciprocal model was tested against alternate models. Finally, part of the feedback loop model could be tested with an experimental approach in which one group of caregivers was randomly assigned to a psychosocial functioning enhancement condition and another to a control group. The model would be supported if quality of informal caregiving and care recipient functioning both increased more for treatment than control caregivers and if the differences on care recipient functioning were significantly attenuated when the quality of caregiving was statistically controlled. 
Implications for Future Research and Practice

 Treatment Programs. This proposed feedback loop has direct implications for caregiver treatment programs and ultimately care recipient recovery. By providing treatment programs to caregivers, clinicians may be able to reduce stress on caregivers and may be able to impact the quality of care that informal caregivers are capable of providing to individuals with stroke. With improvements to the quality of programs given to caregivers, stroke deficits may thus be abated. This reduction of deficits in the care recipient should result in reduced stress on the caregiver. Thus, caregiver treatment programs may produce both a direct and an indirect benefit to stroke caregivers.
Engaging caregivers in counseling that incorporates both cognitive reframing (to improve coherence and reduce depression) and social support (to reduce the impact of burden) may improve informal care of the person with stroke, leading to better recovery from stroke. In their review of interventions for caregivers of stroke survivors, Visser-Meily, van Heugten, Post, Schepers, and Lindeman (2005) suggested that that counseling programs appeared to have the most positive outcomes. Visser-Meily and colleagues have suggested that counseling involving active problem solving strategies may be the most helpful. The results from the current study are consistent with Visser-Meily et al.’s assertion.
The current data are also consistent with the implementation of protocols using cognitive-behavioral interventions aimed at helping caregivers improve their sense of coherence by refining their meaning-making strategies. A successful cognitive-behavioral intervention of this type would target the caregiver variable Coherence, which was shown in this study to relate most strongly (r2 = 22.4%) to the concrete impact of stroke on participants’ daily lives. These types of interventions are likely to be importantly beneficial regardless of whether stroke severity adversely affects caregiver coherence, or caregiver coherence retards stroke recovery, or both.
Limitations and Future Directions


One inherent limitation in the current study is its inability to determine the causal relationship between caregiver psychosocial variables and stroke severity variables. Data were gathered from each caregiver-care recipient dyad at one point in time using non-experimental methods, so the study does not permit causal inference. Now that the strength of these relationships has been documented in a sample of real individuals with stroke and their caregivers, future studies could test causality (albeit indirectly) using a cross-lagged panel analysis, in which data on both caregiver psychosocial variables and stroke severity are gathered at two different points in time. Also, future studies should examine the effect of cognitive-behavioral interventions with caregivers on caregiver psychosocial functioning as well as on stroke recovery. If a causal link is established between these interventions and improved caregiver functioning and stroke recovery, such interventions could become an element of care for individuals with stroke.
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