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STRUCTURED ABSTRACT

PURPOSE—AIthough executive dysfunction and depression are common among ICU survivors,
their relationship has not been evaluated in this population. We sought to determine 1) if executive
dysfunction is independently associated with severity of depressive symptoms or worse mental

health-related quality of life (HRQOL) in ICU survivors, and 2) if age modifies these associations.

METHODS—In a prospective cohort (n=136), we measured executive dysfunction by the
Behavior Rating Inventory of Executive Function-Adult, depression by the Beck Depression
Inventory-11, and mental HRQOL by the Short-Form 36 (SF-36). We used multiple linear
regression models, adjusting for potential confounders. We included age as an interaction term to
test for effect modification.
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RESULTS—Executive dysfunction 3 months post-ICU was independently associated with more
depressive symptoms and worse mental HRQOL 12 months post-ICU [25t vs 75™ percentile of
executive functioning scored 4.3 points worse on the depression scale (95% CI =1.3-7.4, p=0.015)
and 5 points worse on the SF-36 (95% CI=1.7-8.3, p=0.006)]. Age did not modify these
associations (depression p=0.12; mental HRQOL p=0.80).

CONCLUSION—Regardless of age, executive dysfunction was independently associated with
subsequent worse severity of depressive symptoms and worse mental HRQOL. Executive
dysfunction may have a key role in the development of depression.
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1. INTRODUCTION

With improving mortality rates in critical care, over 1.4 million older adults survive critical
illness in the U.S. annually [1]. Survivors face burdensome sequelae of critical illness even
after acute hospitalization, suffering from physical, functional, psychiatric, and cognitive
impairment [2, 3]. Cognitive impairment, which affects over half of intensive care unit (ICU)
survivors during the first year after critical illness, is newly acquired, occurring in the young
and old alike, and persisting for years [4-6]. Although multiple cognitive domains are
affected, executive function is one of the most commonly impaired domains [7, 8].
Executive dysfunction affects 20-48% of survivors within the first year after critical illness
and may persist to at least two years after the ICU [6, 9, 10]. Executive function plays a
crucial role in planning, sequencing, problem-solving, and organizing and is essential for
higher order cognitive tasks, such as medication adherence and informed consent [11].

Executive dysfunction in other neurodegenerative pathologies has been associated with poor
outcomes—impaired instrumental activities of daily living (IADL) [12, 13], unemployment
[14, 15], medication noncompliance [16], and poor social function [17, 18]. Additionally,
among older adults with late-life depression, executive dysfunction is a predictor of more
severe depression and is associated with poor response to antidepressants, higher relapse
rates, and suicidality [19-21]. In addition to executive dysfunction, depression is also
common after the ICU, occurring in over 1 in 3 survivors within one year after critical
illness [22—24]. Despite the high prevalence of executive dysfunction in survivors of critical
illness and its known detrimental impact in other diseases, no investigations in survivors of
critical illness have evaluated executive dysfunction comprehensively and examined its
impact on mental health outcomes.

Additionally, there is conflicting evidence on the role of age in the course of depression after
the ICU. While younger age has been associated with anxiety and PTSD after the ICU, its
association with depression after the ICU has been less consistently identified [25-27].
Among over 400 medical and surgical ICU survivors, we found o/der age to be
independently associated with worse depression and mental health-related quality of life
(HRQOL) one year after the ICU [23]. Furthermore, whether older age might differentially

J Crit Care. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duggan et al.

Page 3

affect the relationship between executive dysfunction and depression or mental HRQOL has
not yet been studied.

Applying knowledge from the fields of neurodegenerative disease and late-life depression,
we first hypothesized that executive dysfunction occurring after critical illness would be
independently associated with worse depression and mental HRQOL. Second, we
hypothesized that older age would augment these associations, reasoning that older adults
may have less cognitive reserve and are more vulnerable to the negative effects of cognitive
impairment. Thus, the objectives of this study are 1) to determine if executive dysfunction at
3 months after the ICU is independently associated with severity of depressive symptoms or
worse mental HRQOL 12 months after the ICU in survivors of critical illness, and 2) to
determine if age modifies the association of executive function and severity of depressive
symptoms or mental HRQOL.

2. MATERIAL AND METHODS
2.1. Study Population and Setting

The BRAIN-ICU study is a multicenter, prospective cohort study conducted at Vanderbilt
University Medical Center and St. Thomas Hospital in Nashville, Tennessee.

The BRAIN-ICU study enrolled patients upon admission to the surgical or medical ICU for
respiratory failure, cardiogenic shock, or septic shock. Detailed exclusion criteria for the
BRAIN-ICU study have been reported [4]. Most pertinently, patients at high risk for
preexisting cognitive impairment due to neurodegenerative disease, recent cardiac surgery,
anoxic brain injury, or severe dementia were excluded. Screening for cognitive impairment
was completed with the Short Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE; on a scale from 1.0 to 5.0, with 5.0 indicating severe cognitive impairment) [28].
Patients with IQCODE scores of 3.3 or more were assessed by certified evaluators with the
Clinical Dementia Rating (CDR) scale (with scores ranging from 0 to 3.0, and higher scores
indicating more severe dementia) [29]. Patients with a CDR score of 3.0 were excluded.

Patients were followed up at 3 and 12 months with neuropsychological battery and mental
health assessment. Part-way through the BRAIN-ICU study, executive function testing was
added to the neuropsychological battery. For our study, we included only patients with
executive function testing at 3 months. We excluded patients who were missing depression
or HRQOL assessment at 3 months, as we adjusted for this variable in the multivariable
regression analysis.

2.2. Covariates

We collected baseline patient characteristics upon ICU admission: age, race, gender, marital
status, years of education, employment status, baseline IQCODE, history of depression and
other mental health illnesses as reported by a proxy, Charlson comorbidity score [30], and
activities of daily living (ADL) and IADL using the Katz Activities of Daily Living [31] and
Pfeffer Functional Activities Questionnaire [32]. In-hospital characteristics collected
included admission diagnosis, ICU type, severity of illness according to the Sequential
Organ Failure Assessment (SOFA) score [33], duration of mechanical ventilation, days of
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delirium, days of coma, days of sepsis, stroke, ICU length of stay, hospital length of stay,
and discharge destination. On our follow-up questionnaire, we also collected self-reported
information on whether psychiatric treatment (either medications or therapy) was received
since the last follow-up.

2.3. Executive Function

At 3 and 12 months after the ICU, we performed executive function and mental health
assessments. Executive function was assessed by two measures: the Behavior Rating
Inventory of Executive Function-Adult (BRIEF-A) [34], a subjective, self-reported measure,
and the Trail Making Test B (Trails B) [35], an objective, observed measure. The BRIEF-A
is a reliable and valid standardized rating of executive functioning in everyday life for adults
that measures a broad range of executive function subdomains (inhibition, set shifting,
emotional control, self-monitoring, initiation, working memory, planning, task monitoring,
and organizing). The BRIEF-A has been shown to detect subtle executive function problems
in patients with mild cognitive impairment and pre-clinical Alzheimer disease when
neuropsychiatric testing has been normal [36]. It has a self-report version completed by the
patient and an informant-report version completed by a family member. Both versions
include the same 75 items that provide an overall score reported as an age- and gender-
adjusted T-score (range 0-100, mean = 50, SD = 10, higher score is worse), with impairment
defined as T-score =65. We administered the BRIEF-A self-report version to the patient.

Additionally, we administered the BRIEF-A informant-report version to a family member.
We included the informant version to address the concern that a patient with cognitive
impairment may not provide a reliable report of executive function, as the BRIEF-A is a
subjective measure of executive function. We determined the correlation between executive
function scores from the self-report and informant-report versions, as this has not been
studied in survivors of critical illness.

The Trails B is a valid and reliable neuropsychological test administered by research
personnel that quantifies a narrower spectrum of executive function (divided attention and
set shifting) as well as visual processing speed [35]. Scores are reported as age-, sex-, and
education-adjusted T scores (range 0-100, mean=50, SD=10, lower score is worse), and
impairment is defined as T-score <35. Trails B has robust psychometric properties and is
effective in identifying cognitive impairment and in distinguishing those with and without
this condition, with sensitivities and specificities of this reported to be in the 70s and 80s,
respectively [37].

2.4. Depression

Depression was assessed by the Beck Depression Inventory-I1 (BDI), a self-reported
measure with 21 items providing a score from 0 to 63. Scores of 14-19 correlate with mild
depression, 20-28 with moderate depression, and 29-63 with severe depression. The BDI is
a valid and reliable tool with good internal consistency, test-retest stability, and sensitivity
and specificity for major depressive disorder [38, 39]. The minimally important clinical
difference is 3 [40].
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2.5. Mental HRQOL

Mental HRQOL was assessed at 3 and 12 months by the Mental Component Score of the
Short-Form 36 (SF-36) [41]. The SF-36 provides an age- and gender-adjusted T-score
(mean=50, SD=10) with higher scores indicating better HRQOL. We also examined the
SF-36 mental subscales (vitality, role-emotional, social function, mental health) as narrower
measures of domains within mental HRQOL. The subscales together comprise the Mental
Component Score. The minimally important clinical difference is 5 [42].

2.6. Statistical Analysis

We used descriptive statistics to characterize the study population and to determine outcome
measures. Measures of central tendency and dispersion are reported as medians and
interquartile ranges (IQR). We used proportions to characterize categorical variables. We
define executive dysfunction as 1.5 standard deviations worse than the mean on either the
BRIEF-A (= 65) or the Trails B (< 35). We categorized the BDI score into minimal (0-13),
mild (14-19), moderate (20-28), or severe (29-63) depression.

To test whether executive dysfunction at 3 months was independently associated with
severity of depressive symptoms (BDI score) at 12 months, we used a multiple linear
regression model with the BRIEF-A score as the independent variable. We adjusted for
potential confounders selected a priori, including age, gender, marital status, comorbidity,
severity of illness, days of delirium, and whether psychiatric treatment was received between
hospital discharge and 3-month follow-up. Since depression at baseline may influence
depression score at 12 months, we included BDI score at 3 months as a covariate. In
sensitivity analyses, we used two separate models, one using the Trails-B score as a
continuous variable and a second that dichotomized executive dysfunction as present or
absent (present if either BRIEF-A = 65 or Trails B < 35). For each model using a continuous
independent variable, we report the difference in BDI score at 12 months between those at
the 25t vs 75™ percentile of executive functioning at 3 months. For the model that
dichotomizes executive dysfunction, we report the difference in BDI between those with vs
without executive dysfunction.

Similarly, to test whether executive dysfunction at 3 months was independently associated
with worse mental HRQOL at 12 months, we used a multiple linear regression model for
each outcome: SF-36 Mental Component Score and each subscale (vitality, role-emotional,
social function, and mental health). We performed sensitivity analyses using separate models
for the Trails B score and executive function as a dichotomous variable based on the BRIEF
and Trails B, as above. We adjusted for potential confounders selected a priori, including
age, gender, marital status, comorbidity, severity of illness, days of delirium, whether
psychiatric treatment was received between hospital discharge and 3-month follow-up, and
for each respective mental HRQOL score or subscale at 3 months in each model.

For each outcome, distribution was examined for normality, and proportional odds model
was used if normal assumption was not met.

To address the concern that a patient with cognitive impairment may not provide a reliable
report of executive function, we determined the correlation between the respondent BRIEF-
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A (patient) and the informant BRIEF-A (family) scores using Spearman’s correlation. We
also stratified this analysis by an objective measure of executive function (Trails B < 35 or
>35).

The BRAIN-ICU study was approved by the Vanderbilt University IRB.
3. RESULTS

Of the 826 patients enrolled upon admission to the ICU, 151 died in the hospital and 39
withdrew from the study in the hospital. Detailed enrollment is available in Figure S1. A
total of 356 were discharged from the hospital before 2009 when executive function testing
was added to the follow-up testing. Of the 280 patients eligible for this study, 38 died before
3-month follow-up. At 3 months after the ICU, 178 of 217 (82%) underwent cognitive
testing that included executive function testing. At 12 months after the ICU, 153 of 177
(86%) underwent follow-up. Seventeen patients were excluded for missing either dependent
variable (BDI or SF-36 at 12 months), resulting in a final study population of 136.

Table 1 shows characteristics of the study population at ICU admission and at 3 months after
the ICU. Median age was 59 years. Seven percent had preexisting cognitive impairment
based on the IQCODE. Ten percent had impairments in IADL and none had impairments in
ADL. Thirty-seven percent had a history of ever having depression, and 12% had a history
of non-depressive psychiatric illness.

3.1. Executive Dysfunction and Depression

At 3 months after the ICU, 33 (26%) patients had executive dysfunction according to the
BRIEF-A and 36 (27%) according to Trails B. Median (IQR) BRIEF-A T-score was 56 (47—
65), or half a standard deviation worse than population norms, and median (IQR) Trails B T-
score was 42 (35-49), almost one standard deviation worse than population norms. At 12
months after the ICU, median BDI score was 9, and 39 (31%) survivors met criteria for
depression (BDI1=14). The multiple linear regression model showed that executive
dysfunction at 3 months after the ICU, as measured by the BRIEF-A, was independently
associated with worse severity of depressive symptoms at 12 months after controlling for
age, gender, marital status, comorbidity, severity of illness, days of delirium, whether mental
health treatment was received by 3 months, and depression at 3 months (Figure 1). The 25t
compared to the 75t percentile of executive functioning at 3 months was associated with 4.3
worse points on the BDI at 12 months [95% CI (1.3, 7.4), p=0.015] (Table 2).

The sensitivity analysis that defined executive dysfunction in two alternative ways did not
show a statistically significant association between executive dysfunction and severity of
depressive symptoms (see Table S1).

3.2. Executive Dysfunction and Mental-HRQOL

At 12 months after the ICU, median (IQR) mental HRQOL scores on the SF-36 were as
follows—Mental Component Score 55 (41-60), social function 51 (40-57), vitality 43 (33—
50), mental health 53 (44-60), and role-emotional 55 (24-55). Executive dysfunction at 3
months after the ICU as measured by the BRIEF-A was associated with worse mental
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HRQOL at 12 months for the Mental Component Score and each subscale, after adjusting
for age, gender, marital status, comorbidity, severity of illness, days of delirium, whether
psychiatric treatment was received between hospital discharge and 3-month follow-up, and
mental HRQOL at 3 months (Figure 2). The 25M compared to the 75t percentile of
executive functioning at 3 months was associated with worse mental HRQOL for the Mental
Component Score and each subscale (Table 2).

Results from the sensitivity analysis that defined executive dysfunction by the Trails B score
found no significant association between executive dysfunction at 3 months and mental
HRQOL scores (Mental Component Sore or any of the subscales) at 12 months (see Table
S1). Similarly, the sensitivity analysis that defined executive dysfunction as either present or
absent did not show an association between executive dysfunction and any of the mental
HRQOL scores at 12 months.

3.3. Correlation between Self-reported BRIEF-A and Informant BRIEF-A

The correlation between the respondent BRIEF-A (patient) and the informant BRIEF-A

(family) scores was found to be fair (Spearman rho=0.48). The correlation for those who
scored poorer on an objective test of executive function (Trails B score < 35) was better

(rho=0.57) than for those who scored > 35 (rho = 0.32) at 3 months.

3.4. The Role of Age

Age was not found to modify the association of executive function and severity of
depression symptoms or mental HRQOL when we included age as an interaction term
(Table 3).

4. DISCUSSION

This multicenter, prospective cohort study showed that executive dysfunction at 3 months
after the ICU is independently associated with both worse severity of depressive symptoms
and worse mental HRQOL at 12 months after the ICU. To our knowledge, this is the first
prospective study conducted examining this association. Moreover, among studies
examining cognitive impairment more broadly, this is the only one to account for depression
status at baseline, which can potentially confound the relationship between cognitive
impairment and depressive symptoms. We suspect the magnitude of these associations
between executive dysfunction and depression and mental HRQOL is not only statistically
significant, but also clinically relevant. The lowest 25! percentile compared to the 75t
percentile of executive function had depression scores that were 4.3 points worse and mental
HRQOL scores that were 5 points worse, both of which meet the threshold for the minimally
important clinical difference of 3 and 5, respectively [40, 42].

In this cohort, over one in four survivors of critical illness had executive dysfunction at 3
months. It is likely that these deficits were new as a result of critical illness, as we found
only 7% had preexisting cognitive impairment and 10% were impaired in IADLS prior to
admission. Executive dysfunction is profoundly disruptive to functioning and is associated
with poor outcomes in patients with primary psychiatric and neurodegenerative disease [12—
18], but the impacts of executive dysfunction after critical illness have not yet been studied.
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A recent randomized clinical trial of a primary care management intervention in ICU sepsis
survivors proved ineffective at improving mental HRQOL [43]. In light of our findings that
patients with executive dysfunction are at increased risk for worsening mental health
outcomes, we suspect targeting executive dysfunction may make such an intervention more
effective. We propose that survivors of critical illness undergo routine screening for
executive dysfunction, and that those with executive dysfunction be closely monitored for
mental health problems, as they appear to be at high risk for these. Additionally, in survivors
of critical illness with depression, it may be beneficial to target executive dysfunction
therapeutically with cognitive rehabilitation, cognitive stimulation, or goal management
training.

These findings both confirm and extend previous studies that have identified associations
between cognitive impairment and poor mental health outcomes. In a cross-sectional study
of 46 ARDS survivors, Rothenhausler and colleagues performed cognitive testing in the
domains of memory and attention at a median of 6 years after the ICU; cognitive impairment
was associated with both disability and impaired HRQOL in the role-physical and social
function subscales [44]. In another cross-sectional study of 79 survivors of ARDS, Christie
and colleagues performed a neuropsychiatric battery of 9 tests across a broader range of
domains and found an association between cognitive impairment and both impaired mental
HRQOL and worse anxiety [7]. While a higher prevalence of depression occurred in the
group with cognitive impairment (41%) vs those without (31%), this difference was not
statistically significant. The cross-sectional designs of these studies preclude one from
making inferences about causality or mechanism of the relationship between cognitive
impairment and HRQOL, disability, or anxiety.

Only one study to our knowledge has used a prospective design to examine whether
cognitive impairment predicts depression. Hopkins and colleagues enrolled 74 ARDS
survivors and found that alcohol dependence, female gender, and younger age predicted
depression at 1 year after the ICU [25]. The only variables that continued to predict
depression at 2 years were depression at 1 year and cognitive impairment at 1 year.
However, cognitive impairment may be a symptom of depression, and this study was unable
to distinguish whether cognitive impairment was merely a marker or a cause of worse
depression. In contrast, we were able to adjust for depressive symptoms at the time of
cognitive assessment at 3 months, and we still found an independent association of executive
dysfunction with severity of depressive symptoms. This supports our conclusion that
executive dysfunction may be more than a mere marker for worse depression.

Although we cannot conclude that executive dysfunction is the cause of worse mental health
outcomes, it seems plausible that executive dysfunction may play a key role in the
development and/or progression of depressive symptoms and mental HRQOL. Three
potential mechanisms are feasible. First, a direct effect of executive dysfunction via
decreased cognitive reserve is possible. Recovery from stressful events, such as critical
illness, requires cognitive flexibility and higher order thinking to navigate the “new normal”
that patients often experience in the form of Post-Intensive Care Syndrome, defined as new
or worsening impairments in physical, cognitive, or mental health status arising after critical
illness and persisting beyond acute hospitalization [2]. Executive dysfunction may leave
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one’s brain more vulnerable to the stresses of life that follow critical illness with less
capacity to heal itself and cope with stressors. Second, an indirect effect of executive
dysfunction via mediator deficits is possible. As has been shown in other non-critically ill
populations, executive dysfunction may result in impairments—functional decline [12, 13],
unemployment [14, 15], medication noncompliance [16], and poor social function [17, 18]
—each of which may independently contribute to depressive symptoms. Third, executive
dysfunction and depression may be a result of a common hit. Critical illness may cause a
direct injury to the brain that predisposes to executive dysfunction, depression, and other
unmeasured confounders. The prefrontal cortex has been implicated in the pathogenesis of
both executive dysfunction and depression [45], and animal studies support the hypothesis
that inflammation and/or hypoxemia may play an important role [46].

These findings also add to the knowledge on the role of age in the course of depression after
the ICU. There is conflicting evidence, with some studies reporting that younger age [25] is
associated with worse depression after critical illness, whereas evidence from BRAIN-ICU
found older age [23] to be associated with worse depression after critical illness. We had
hypothesized that in older adults, executive dysfunction would have more severe
consequences than in younger adults because of a higher vulnerability of the aged brain. Yet,
among these patients, we did not find that age modified the association between executive
dysfunction and either depression or mental HRQOL. We do believe that the role of age in
the relationship between executive dysfunction and mental health should be further explored
in other populations and settings.

Our sensitivity analysis that measured executive function with Trails B instead of BRIEF-A
found no association between executive dysfunction and mental health outcomes. Three
potential explanations arise. First, although the Trails B has been shown to be sensitive in
detecting executive dysfunction [37], the BRIEF-A may be an even more sensitive marker of
milder executive dysfunction. In MCI and preclinical Alzheimer disease, the BRIEF-A has
detected executive dysfunction when neuropsychiatric testing has been normal [36]. The
BRIEF-A also measures more subdomains of executive functioning, whereas Trails B
measures fewer. Second, the BRIEF-A may identify more clinically significant executive
dysfunction since it ascertains real-world difficulties with functioning. It is possible that the
more clinically significant executive dysfunction (detected by the BRIEF-A) increases the
risk for depression and impaired mental HRQOL. Third, the BRIEF-A may be identifying
patients with depression who have negative cognitive biases and as a result report more
difficulty with functioning than a non-depressed patient. This is possible given over one in
three of our population reported a history of ever having depression. However, the BRIEF-A
has been validated to detect executive functioning and not depression [35].

The strengths of this study include being a longitudinal prospective study, having a broad
study population of general medical and surgical ICU survivors which increases
generalizability, and having detailed baseline neuropsychological status. Yet, this study has
several potential limitations. First, although our follow-up rate was above 85%, we may be
underestimating the prevalence of executive dysfunction and depression since these patients
may be less likely to follow up. Second, we measured depression and executive dysfunction
with self-reported tools, which may differ from what an objective evaluator determines.
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However, these self-reported measures are valid as well as important because they are
patient-centered, allowing us to better understand the patient’s experience. Additionally, the
self-reported measures are also limited in that cognitively impaired patients may lack
awareness of their deficits and report normal executive function. However, we found that the
informant’s responses to the BRIEF-A correlated with the patient’s responses, and in those
who were impaired by the objective measure of executive function, this correlation was even
stronger. Third, our small sample size precluded us from excluding patients already
depressed at 3 months, making it impossible to determine if executive function is a true risk
factor for incident depression. However, we included depression or mental HRQOL score at
3 months as a covariate for each respective linear regression model, thus modeling the
impact of executive dysfunction on depressive symptoms or mental HRQOL irrespective of
baseline status.

5. CONCLUSION

Executive dysfunction and depression are common after critical illness, affecting up to half
and one-third of survivors, respectively. We found that executive dysfunction at 3 months
after the ICU is independently associated with more severe depressive symptoms and with
worse mental HRQOL at 12 months after the ICU. We did not find that age modifies the
associations between executive dysfunction and depression or mental HRQOL, although
there was a non-statistically significant trend showing younger patients with executive
dysfunction had worse depression scores at 12 months compared to older patients. Future
research is needed to fully elucidate the relationship between executive function and mental
health outcomes and the impact of age in this relationship. Studies evaluating the
effectiveness of cognitive therapy or rehabilitation should evaluate depression and mental
HRQOL as secondary outcomes, since executive function may impact these outcomes.
Additionally, a better understanding of the neurobiological mechanisms underlying
executive dysfunction and depression could guide effective management strategies that could
potentially apply to other patient populations where both executive dysfunction and
depression co-occur, such as in those with dementia, traumatic brain injury, and depression.
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Figure 1. The Association of Executive Function at 3 Months and Depressive Symptoms at 12
Months

Worse executive function at 3 months was independently associated with worse severity of
depressive symptoms at 12 months, after adjusting for age, gender, marital status, years of
education, Charlson comorbidity score, severity of illness, days of delirium, whether
psychiatric treatment was received between hospital discharge and 3-month follow-up, and
severity of depressive symptoms at 3 months.

Point estimates and the 95% confidence interval for this relationship are shown by the solid
line and the gray band, respectively. Executive function was determined using the Behavior
Rating Inventory of Executive Function-Adult (BRIEF-A), a subjective, self-reported
measure of executive functioning in everyday life, and is reported as an age- and gender-
adjusted T-score with mean (xSD) of 50+10. The vertical dashed line delineates the age- and
gender-adjusted population mean score of 50. Severity of depressive symptoms was
determined using the Beck Depression Inventory-11 (BDI), a self-report measure of
depression. The BDI provides a score ranging from 0 to 63. The horizontal dashed line
indicates the cutoff score for depression. Scores of 14-19 correlate with mild depression,
20-28 correlate with moderate depression, and 29-63 correlate with severe depression.
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Figure 2. The Association of Executive Function at 3 Months and Mental Health-Related Quality
of Life at 12 Months

Worse executive function at 3 months was independently associated with worse mental-
health related quality of life at 12 months, after adjusting for age, gender, marital status,
years of education, Charlson comorbidity score, severity of illness, days of delirium,
whether psychiatric treatment was received between hospital discharge and 3-month follow-
up, and mental-health related quality of life at 3 months. Point estimates and the 95%
confidence interval for this relationship are shown by the solid line and the gray band,
respectively. The horizontal dashed lines show the general population mean on the Short-
Form 36 (SF-36). Executive function was determined using the Behavior Rating Inventory
of Executive Function-Adult, a subjective, self-reported measure of executive functioning in
everyday life, and is reported as an age- and gender-adjusted T-score with mean (xSD) of
50+10 and higher score indicating worse executive function. The vertical dashed line shows
the BRIEF-A score of the population mean. Panel A shows the SF-36 Mental Component
Score, reported as an age- and gender-adjusted T score with mean (£SD) of 50+£10 and lower
score indicating worse mental health-related quality of life. Panel B shows the individual
models using each of the SF-36 mental subscales at 12 months, which together comprise the
Mental Component Score.
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Table 1
Baseline Characteristics of Study Participants

n=136 3 month follow-up
Demographics
Age—years [median(IQR)] 60 (50-66)
Race—no. (%)

White 123 (90)

Black 13 (10)
Male sex—no. (%) 72 (53)
Married—no. (%)? 81 (61)
Employed at ICU admission—no. (%) 37(27)
Years of education [median(IQR)] 12 (12-14)
Baseline clinical status
Disability?

ADL—no. (%) 0

IADL—no. (%) 14 (10)
Preexisting cognitive impairment—no. (%)¢ 9
History of depression—no. (%) 50 (37)
History of non-depression psychiatric illness—no. (%) 17 (12)
Charlson comorbidity index [median(IQR)]¢ 2(1-4)
In-hospital characteristics
Admission diagnosis—no. (%)

Sepsis, ARDS due to infection or septic shock 46 (34)

CHF/cardiogenic shock 11 (8)

Airway protection 11 (8)

COPD/asthma 9(7)

Hepatobiliary/pancreatic surgery 9(7)

ARDS without infection 7(5)

Other surgery 23(17)

Other medical diagnosis 20 (15)
ICU type—no. (%)

Medical 76 (56)

Surgical 60 (44)
Modified SOFA—median(IQR) 4.8(36-70)
Mechanical ventilation

No. of patients—(%) 123 (90)

No. of days—median(IQR) 1.8(0.3-4.8)
Delirium

No. of patients—(%) 94 (68)

No. of days -median(IQR) 2 (0-5)

Ever septic—no (%) 88 (65)
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n=136

3 month follow-up

Stroke in hospital—no. (%)
ICU length of stay in days—median(IQR)
Discharge Destination—no. (%)

Home

Inpatient rehab

Nursing Home

Long-term acute care

Other hospital

Cognitive state at 3 months

BRIEF-AT
Score—median(IQR)
Impaired—no. (%)
Trails BY
Score—median(IQR)
Impaired—no. (%)
Psychological state at 3 months
BDI score—median(IQR)/7
Mild depression (BDI 14-19)—no. (%)
Moderate depression (BDI 20-28) —no. (%)
Severe depression (BDI 229) —no. (%)
New mental health medications received—no. (%)

New mental health therapy received—no. (%)

Mental HRQOL 3 months’
SF-36 score—median(IQR)
Mental Component Score
Social Function
Vitality
Mental Health

Role-emotional

4(Q3)
4.4 (2.0-10.0)

84 (62)
34 (25)
8 (6)
9(7)
1(1)

56 (47-65)
33 (26)

42 (35-49)
36 (27)

10 (5-15)
18 (14)
14(11)
11 (8)
22 (16)
14 (10)

55 (41-60)
51 (40-57)
43 (33-50)
53 (44-60)
55 (24-55)

a . . . .
Marital status was assessed by questionnaire at 3 month follow-up.

Disability in activities of daily living (ADL) was determined by the Katz. Disability in instrumental activities of daily living (IADL) was
determined by the Pfeffer Functional Activities Questionnaire (FAQ) score using a validated cutoff score of = 9.

Page 18

cThe Short Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) ranges from 1 to 5, with a score of 3 indicating no change in

cognition over the past 10 years, a score lower than 3 indicating improvement, and a score higher than 3 indicating decline in cognition, as
compared with 10 years before. A score = 3.6 indicates preexisting cognitive impairment.

Scores on the Charlson comorbidity index range from 0 to 33, with higher scores indicating a greater burden of illness; a score of 1 or 2 is

associated with mortality of approximately 25% at 10 years.

EScores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24 (from 0 to 4 for each of six organ systems), with higher scores
indicating more severe organ dysfunction. We used a modified SOFA score, which excluded the Glasgow Coma Scale components, since coma was

included separately in our models.
f

The BRIEF-A is reported as age- and gender-adjusted T-scores; impairment is T-score =65.
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gThe Trails B is reported as age-, sex-, and education-adjusted T-scores; impairment is T-score<35.

hThe Beck Depression Inventory-11 (BDI) ranges from 0-63. Scores of 14-19 correlate with mild depression, 20-28 moderate depression, and 29—
63 with severe depression.

IMentaI health-related quality of life was measured using the Short Form-36 (SF-36), which provides age- and gender-adjusted T-scores with lower
scores indicating worse health-related quality of life.
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Table 2

Association of Executive Dysfunction at 3 Months With Severity of Depressive Symptoms and Mental Health-
Related Quality of Life at 12 Months

n=136 Difference in score®  Odds of worse scoreP p
(95% CI) (95% ClI)
Depressive Symptoms® 43(13,7.4) - 0.02

Mental HRQOL Y

Mental Component Score -5.0 (-8.3,-1.7) - 0.006
Vitality -2.6(-5.5,0.2) - 0.07
Mental Health -2.7 (-4.7,-0.10) - 0.004
Social Function - OR0.33 (0.17,0.64)  0.005
Role-emotional - OR 0.26 (0.10, 0.65) 0.01

aDifference in score reported is from comparing the median of those scoring in the 2sth percentile on the BRIEF-A (T-score=47) versus the median

of those scoring in the 75th percentile (T-score=65).
Proportional odds models were used for social function and role-emotional subscales due to their non-normal distribution.
c . . . - .
Depressive symptoms were measured by the Beck Depression Inventory-11 (BDI). Higher BDI score indicates more severe depressive symptoms.

dMentaI health-related quality of life is measured using the SF-36. Lower SF-36 score indicates worse HRQOL.
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Table 3

Effects of Executive Dysfunction at 3 Months on Severity of Depressive Symptoms and Mental Health-
Related Quality of Life at 12 Months Modified by Age

n=136 Difference in score? (95% CI) p
50 years-old 67 years-old
Depressive Symptoms? 56(22,9.1)  27(-09,63) 0.2

Mental HRQOL®
Mental Component Score  —4.6 (-8.3,-0.8) -4.8(-9.0,-0.6) 0.80

Vitality -23(-55,09) -38(-74,-0.1) 0.76
Mental Health -14(-41,13) -29(-59,0.1) 055
Social Function? 0.27(0.13,056)  0.40 (0.16,1.00) 0.58
Role-emotional? 0.24(0.09,0.64) 0.22(0.06,0.86) 0.9

aDifference in score is reported comparing the median of those scoring in the 25th percentile on the BRIEF-A (T-score=47) versus the median of

those scoring in the 75th percentile (T-score=65). Multiple linear regression was used, except where outcomes were not normally distributed (social
function and role-emotional), in which case proportional odds models were used. All models included age as an interaction term.

b . . . - .

Depressive symptoms were measured by the Beck Depression Inventory-I1 (BDI). Higher BDI score indicates more severe depressive symptoms.
C . L . -

Mental health-related quality of life is measured using the SF-36. Lower SF-36 score indicates worse HRQOL.

Proportional odds models were used for social function and role-emotional subscales due to their non-normal distribution. Odds ratios are
reported.
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