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Abstract

Objective—Both executive dysfunction (ED) measured by performance-based tasks, and
dysexecutive behavior (DB) measured by behavioral rating scales, contribute to late-life
depression and co-morbid disability. There is a modest positive association of ED and DB, but less
is known about their relative contributions to core aspects of neuropsychiatric conditions, and
whether they provide unique or redundant information.

Methods—Latent variable analyses were applied to ED, DB, depression, and disability data from
220 older patients with major depression and ED who had been enrolled in a psychosocial
treatment study of depression. ED measures included the Trail Making Test, part B (TMB), Stroop
Color Word Interference Test (CWIT), and Hopkins Verbal Learning Test-trail one (HVLT-1).
The executive dysfunction scale from the Frontal Systems Behavior Scale (FrSBe), self and other-
rated, served as the ratings-based measure of DB.

Results—The measurement model, with all four latent variables related to one another
demonstrated good fit (RMSEA = .06). In the structural models, DB was associated with both
depression ($=.61) and disability (=.42), while ED was associated with depression ($=.43) but
not with disability (= .16). Social problem-solving accounted for 49% of the influence of DB on
late-life depression, while ED was not related to social problem-solving.

Conclusion—ED and the lesser studied DB measures offer unique and complementary
information. DB was robustly associated with late-life depression and disability. Patients with
depression and executive dysfunction may be more likely to develop disability when they exhibit
dysexecutive behavior and social problem-solving difficulties.
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Introduction

Depressed older adults often have executive dysfunction.l:2 The clinical expression of
executive dysfunction includes disorganization, mental inflexibility, disinhibition, and poor
problem-solving.3 Executive dysfunction (ED) predicts poor response of late-life depression
to antidepressants,*-6 and may play a key role in its pathophysiology. -8 Amongst
heterogeneous ED measures, those of verbal fluency, and response inhibition have been
predicting poor response of late-life depression to antidepressants most consistently.®

Executive function is related to both cognitive and social/emational dimensions of
functioning. ? It has been defined as the ability to organize a sequence of actions toward a
goal, 19 or as the ability to activate and inhibit response sequences guided by internal neural
representations whereby the frontal lobes “select’” contextually appropriate behavior from a
range of behavioral ‘programs’ or routines.! Most single neuropsychological tests are
largely insufficient to capture the many dimensions of ED. For this reason, it is common
practice in clinical neuropsychology to administer several different tests to ‘capture’ ED in
each patient.1?

A three-dimensional model of performance-based measures of executive functions has
received empirical support.13:14 This model incorporates shifting of mental set with updating
of information in working memory, and response inhibition. 13 A subsequent functional
imaging investigation identified neural correlates for each of the executive function
dimensions as well as for the common underlying factor.14 Studies using hierarchical factor
analysis report that a common executive function factor accounts for much more of the
variance among measures than do the specific factors.1® There is evidence for the validity of
executive function composite scores.16 It is less clear how the common aspects of distinct
dimensions of executive function, constructed from multiple tasks, might relate to
neuropsychiatric disease, relative to the more commonly used verbal fluency or response
inhibition tasks.

Dysexecutive behavior (DB) measures were developed to address the concern that brief
performance-based procedures might lack ecological validity, or, the capacity to predict day-
to-day functioning. 1/ DB measures also have the advantage of ease of administration and
interpretation, and could be administered in psychiatric waiting rooms, unlike performance-
based executive function measures.” The Frontal System Behavior Scale (FrSBe)!819 is a
questionnaire that measures DB associated with frontal subcortical deficits such as apathy,
executive dysfunction and disinhibition. Although the authors use the label ‘executive
dysfunction’ for one subscale they mean ratings of function in daily life as opposed to
performances measured in the laboratory. Meta-analysis indicates that DB and ED measures
are only modestly associated with one another in child and adult attention-deficit/
hyperactivity disorder and in a heterogeneous group of neurologic patients, suggesting that
they are measuring fairly distinct constructs,2%-21 and could make unique contributions to
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neuropsychiatric disease. DB measures have also been shown to be predictive of poor
antidepressant drug response. ’ It has been theorized that performance-based executive
functions measure algorithmic processes, concerned with the efficiency and effectiveness of
information processing, while the DB rating-based measures capture the more reflective
dimension of goal-setting and decision-making.2? Both ED and DB have been associated
with loss of autonomy in neurologic patients,?! indicative of their relevance to late-life
depression.

Study Objectives

While ED and DB measures may predict poor response of late-life depression to
antidepressants, less is known about how these diverse measures operate together, or how
they are associated to late-life depression and the disability, which have been linked
emprically.?2 The study aim is to use a latent variable approach to assess the degree of
association of all these variables, and the extent of the influence of ED and DB on late-life
depression and disability.

METHODS

Sample

Participants were community-dwelling older adults (minimum age of 60), with an average
age of 73 (M = 72.97, SD = 7.74) recruited primarily through radio station advertisements,
senior center and healthcare provider referrals, community talks, and internet advertisements
on ‘Craigslist’.

A total of 653 individuals were initially screened for eligibility with 220 participants
randomly assigned to receive one of two forms of psychosocial treatment.23 Sixty-five
percent of the sample were female, 87% were Caucasian, 7% were African American, 4%
were Asian, and less than 1% were either American Indian, Pacific Islander, or “other”.
Regarding ethnicity, 7% of participants were Hispanic. The average number of years of
education was 15.25, the average age of depression onset was 55.8, and the average number
of depressive episodes was 2.2.

Study procedures were approved and reviewed by the institutional review boards of Weill
Cornell Medical College (Cornell) and the University of California at San Francisco.

Inclusion/Exclusion Criteria

Inclusion criteria for the study were: age (minimum age of 60 with no upper limit), DSM-1V
diagnosis of major depressive disorder (as determined by the Structured Clinical Interview
for DSM Disorders—SCID; and by a Hamilton Depression Rating Scale -HDRS;2* of 20 or
higher corresponding to severe or very severe depression, a minimum score of 24/30 on the
Mini Mental Status Exam (MMSE) (to assure lack of global cognitive impairment/
dementia), raw scores below 33/37 on the Initiation/Perseveration subscale of the Mattis
Dementia Rating Scale (DRS-IP),2% and raw scores below 25 on the Stroop Color Word Test
(SCWT).26 DRS-IP and SCWT cutoff scores are indicative of executive dysfunction in this
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age group, and have been consistent with unfavorable response to anti-depressant
medications in the study population. 4

Individuals were excluded from the study if they had a severe medical illness (e.g.
metastatic cancer), were taking medications that may cause depression (e.g. steroids), were
completely incapable of performing activities of daily living based on interview response to
the Multilevel Assessment Instrument,28 were receiving psychological help and/or
pharmacological interventions for depression, expressed active suicidal ideation, had a
diagnosis of psychotic depression (based on the SCID), had a diagnosis of any other Axis |
disorder, besides major depressive disorder or generalized anxiety disorder, were substance
abusers, suffered from dementia (based on MMSE score <24 or DSM diagnosis), or had a
history of head trauma; factors which, if present, would potentially interfere with study
treatment and findings.

Measurement Procedures

Analysis

Participants underwent an extensive pre-treatment evaluation conducted by trained research
assistants (RAs) that included ED, DB, depression and disability measures. Performance-
based ED measures included the response inhibition condition of the Color Word
Interference Stroop Test?’, the Trail Making Test part B29 involving cognitive flexibility,
and the Hopkins Verbal Learning Test-Trial One,3 involving learning strategy. The
executive dysfunction subscale of the FrSBe,18 both self and other-rated (by the RA) served
as the ratings-based measure of DB and has a Cronbach’s alpha of .92.18 Indicators of
depression included The Hamilton Depression Rating Scale (21-item),24 Beck Depression
Inventory (BDI)3! and the Neuroticism Extroversion Openness- Five Factor Inventory
neuroticism subscale (NEO-N).32 The World Health Organization Disability Assessment
Scale Il (WHODAS II) seven subscale scores were used to assess functional status. The
Social Problem-Solving Inventory-Revised (SPSI-R), demonstrated to correlate with self-
report of depression, was included in the event that follow-up analyses of related aspects of
depression were needed.33

Latent variable analyses were conducted using AMOS 20.0.34 Chi-square goodness of fit
adjusted for degrees of freedom (CMIN and CMIN/DF), comparative-fit index (CFl), and
root-mean-square error of approximation (RMSEA) were used to assess model fit.3°
Conclusions about model fit were derived from consideration of all measures; no single
measure was considered a “gold standard.”3¢ To assess the significance of individual and
unique associations of latent variables to late-life depression or disability the maximum
likelihood estimates were used at or below statistical threshold (p < .05), and the
standardized regression weights at or below statistical threshold (p< .05) were used to
compare degree of association.

The study aims to use confirmatory factor analysis with structural equation modeling to
better understand the inter-relationship of the latent variables of ED, DB, late-life depression
and disability. The ED latent variable will consist of measures of mental switching, response
inhibition and memory updating to robustly represent the factor common to ED
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measures.13-15 First, a measurement model was evaluated to assess the degree to which
indicators loaded on their respective constructs, and, the degree to which latent variables
were related to each other and represented distinct, but, perhaps related constructs. Second, a
structural model evaluated the influence of the ED and DB latent variables on late-life
depression and disability, interpreted by the standardized regression weights.

RESULTS

Pre-analysis
ED, DB, late-life depression and disability variables were all normally distributed (see Table
1).

Aim One. The Measurement Model

To understand the inter-relationship of ED, DB, latelife depression, and disability a
measurement model was created in which all four latent variables were set as related to one
another (see Figure One). To set the metric of latent variables, the first factor loading of
each variable was set to 1. Model fit was good (x2(df =84) = 151.72, Cmin/df = 1.8, CFI = .
89, RMSEA =.06). All indicators were significantly associated to their latent variable (ps <.
001; factor loadings of above .4, with the exception of WHODAS-2 with a factor loading

of .33 for getting around). The estimated correlation coefficients for the latent variables
displayed a range of associations from nil (disability and ED) to modest to moderate (late-
life depression and disability)(see Table Two).

Aim Two. The Structural Model: The influence of DB and ED on late-life depression and
disability
Directional paths from DB and ED to late-life depression and disability were specified to
evaluate the influence of each variable on late-life depression and disability while
controlling for the level of the other variable.

Both DB and ED remained significantly associated with late-life depression when
controlling for the other (DB: b = .13, 95%CI = .07 to .19, CR! = 4.19, B = .61, p <.001; ED:
b =-.02, 95%CI = .00 to .04, CR=-.272, § = .43, p <.01,). When both DB and ED were set
to be associated with late-life depression more variance was explained in that latent variable
(multiple squared correlation = .43).

With both latent variables predicting disability, only DB exhibited a significant association
(DB: b=.05, 95%CI =.03t0 .07, CR=3.98, § = .42, p<.001; ED: b =.00, 95%CI =0 to 0,
CR=-.272, B=.16 ns,). When disability was set to be associated only with DB the variance
explained declined slightly (.15), and variance was unexplained when set to be associated
only with ED (.00).

1cR = Critical Ratio, which is computed by dividing the estimate, or b, by the standard error of the estimate. With large samples4 the
critical ratio follows the standard normal distribution with +/- 1.96 setting the critical regions to evaluate statistical significance.
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Post-hoc evaluation of the associations between DB and ED and association to latelife
depression: Social problem solving as an intervening variable

As both DB and ED demonstrated unique associations to late-life depression, the hypothesis
that they were not related to late-life depression in the same way was explored. It was
hypothesized that the variance in late-life depression associated with DB would be
accounted for by social problem solving, while the variance in late-life depression associated
with ED would not.

A social problem solving latent variable, consisting of the five SPSI-R subscales as
indicators was added to the measurement model. All SPSI-R indicators were significantly
associated to their latent variable (ps <.001; factor loadings ranged from .46 to .75). Overall
model fit for the measurement model when adding the social problem solving latent variable
was adequate (x2(df =160)=299.67. Cmin/df = 1.87, CFI = .87. RMSEA = .06, AIC =
439.665). Next, a structural model estimating both direct paths from DB (path ¢’pg) and ED
(path ¢’gp) to late-life depression and indirect paths from these variables through social
problem solving (path b) was evaluated. Model fit declined slightly (y2(df=162)= 321.58,
Cmin/df = 1.98, CFI = .85, RMSEA = .07, AIC = 457.58). Regarding paths from the
predictors (DB and ED, paths apg and agp, respectively) to the intervening variable (social
problem solving), DB (B= -.63, p <.001), but not ED (B = .14, ns) was meaningfully
associated with social problem solving. In this model social problem solving was
meaningfully associated with late-life depression (path b, = -.44, p<.01).

While controlling for social problem solving both DB and ED continued to be meaningfully
directly associated with late-life depression (bc’gg = -.02, 95%CI = -.04 to -.0004, CR =
-2.48, 3 =-.36,p=.01;; bc’pg = .05, 95%CI = .01 t0 .09, CR=2.24, = .29, p = .03). We
estimated the indirect paths by computing the product of the coefficients for path a and path
b (ab). We evaluated the statistical significance of these indirect paths using the on-line
software program RMediation3 to compute the 95% confidence intervals (Cls) for the ab
estimates. As estimates of the strength of the indirect paths, we computed the ratio of the
total effect from each predictor to the outcome (c’ +ab) that was accounted for by the
indirect effect (ab).38 The indirect path from DB to late-life depression through social
problem solving was statistically significant (abpg = .05, 95%CI = .02 to .092), which
accounted for 49% of the relationship between DB and late-life depression. The indirect
path from ED to late-life depression through social problem solving was not statistically
significant (abgp = -.003, 95%CI = -.009 to .001) and accounted for 14% of the relationship
between ED and late-life depression. This suggests that the association between DB and
late-life depression was partly accounted for by social problem solving, while the
association between ED and late-life depression was not.

2The distribution of product terms (e.g., a*b indirect effect) often do not follow a normal distribution. Therefore, the confidence
interval of estimates for indirect effects are asymmetric. The recommended manner for determining statistical significance is to
compute the 95% confidence interval if adopting an alpha of .05. A confidence interval for and indirect effect that does not include
zero indicates statistical significance.
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DISCUSSION

The principal finding of this study is that dysexecutive behavior and executive dysfunction
are distinct constructs, each associated with severity of late-life depression, but only
dysexecutive behavior is associated with disability. Social problem-solving capacity
accounted for nearly half of the variance in the association of dysexecutive behavior with
late-life depressive symptoms. To our knowledge, this is the first report of an association of
dysexecutive behavior to disability in patients with late-life depression and executive
dysfunction (estimated r of .35).

The finding that DB predicts disability has intuitive appeal. The measures of DB (FrSBe)
and disability (WHODAS-II) are both reports of abnormal or undesirable behavior. So it is
plausible to expect that one predicts the other. Despite its ecological and predictive
validity,21:39 ED was not significantly associated with disability in this study. At least two
reasons may explain the lack of association. First, all subjects had executive dysfunction.
The lack of subjects with intact executive function performance at a normal level may have
obscured the relationship of ED measures to disability. Second, ED as assessed in this study
was based on performance in paper and pencil and computer tests designed to test the
function of circumscribed neural networks. Such tests may not account for betweennetwork
compensatory mechanisms. Unlike ED (as measured here), DB describes complex
behaviors, which are the final product of dysfunction in individual networks plus the overall
compensatory coordination by the brain. Taken together, these findings suggest that patients
with late-life depression and executive dysfunction may be more likely to develop disability
when they exhibit dysexecutive behavior.

The latent variables of ED and DB appeared to represent distinct constructs with a modest
association with each other (estimated correlation coefficient of .22).19 This observation is
consistent with the conclusions of a recent meta-analysis of 20 samples of adults and
children, and in a heterogeneous group of neurologic patients.2%21 Amongst neurologic
patients ED and DB were both independently related to disability (loss of autonomy). 21 ED
represents computational resources, including the efficiency and accuracy of mental
processes. In contrast, DB is a measure of impairment in higher order functions such as
motivated behavior, inhibition of inappropriate behavior, decisionmaking, goal-setting, and
prioritizing. These processes support the expression of the individual’s values and approach
to life.40 The association of DB to social problem-solving is consistent with this
conceptualization of DB.

Both the DB and ED latent variables were distinctly associated with the latent variable of
late-life depression (s of .61 and .43, respectively, while controlling for each other). A
greater part of the variance in the depression latent variable was accounted for when it was
associated with both DB and ED (multiple squared correlation of .43). Severity of DB and
ED deficits both predict poor response of late-life depression to antidepressants.*®:” These
observations suggests that severity of late-life depression, ED and DB are part of a distinct
clinical complex with unique prognostic significance.
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Our findings should be viewed in the context of their limitations. All participants in this
analysis had major depression and executive dysfunction. Therefore, our findings cannot be
generalized to a broader population of depressed or non-depressed older adults. Further, the
restricted range of both depression and ED measures, and that there were no participants
without some degree of ED, could lead to under-estimation of strength of associations and
the relative robustness of DB measures. Nevertheless, the cut-offs were such that there was
variability, perhaps more than could be found in a dementia sample, lending credence to
utility. In addition, the cross-sectional nature of the design precludes us from drawing causal
conclusions. However, the findings of this analysis set the stage for longitudinal research to
evaluate the temporal dynamics in the relationships among depression, dysexecutive
behavior, executive dysfunction and disability.

In conclusion, DB and ED measures can contribute distinct and complementary information
in the assessment and the treatment of the older depressed patient. DB emerged as a more
predictive behavioral measure, relating to both severity of depression and disability, while
ED related only to depression. These findings underscore the clinical value of assessing
dysexecutive behavior, because some dysexecutive behaviors can be targeted with
appropriate behavioral interventions.
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Figure One.
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Measurement model of Executive Dysfunction, Dysexecutive Behavior, Late-Life
Depression, and Disability.
ED- executive dysfunction: Trail Making Test B; Stroop Color Word Interference
Condition; Hopkings Verbal Learning Test Trial 1
DB- dysexecutive behavior: Frontal Systems Behavior Scale- research assistant and patient
rating of executive dysfunction

LLD- late-life depression: Hamilton Rating Scale for Depression; Beck Depression
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VWh-PS

Inventory, Neuroticism Extroversion and Openness Five Factor Inventory neuroticism

subscale

Disability: WHODAS-II getting around, getting along with others, work, understanding and
communicating, self-care, life activities, participating socially
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Estimated Correlation Coefficients (r) of the Latent Variables

Table 2

Variable Name Executive Dysfunction | Dysexecutive Behavior | Late-life depression | Disability
Executive Dysfunction | -- 20* 26" 04*
Dysexecutive Behavior | -- - 48" 35**
Late-life depression - - - 56°*

Disability

Correlation coefficients estimated by structural equation model, degrees of freedom=84.

*
p<.05.

*%

p<.05.
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