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A B S T R A C T

Objective: To explore the impact of resiliency factors on the longitudinal trajectory of depressive symptoms in
patients admitted to the Neuroscience Intensive Care Unit (Neuro-ICU) and their family caregivers.
Materials and methods: Patients (N= 102) and family caregivers (N= 103) completed self-report assessments of
depressive symptoms (depression subscale of the Hospital Anxiety and Depression Scale; HADS-D) and resiliency
factors (i.e., mindfulness and coping) during Neuro-ICU hospitalization. The HADS-D was administered again at
3 and 6 months after discharge. The Actor-Partner Interdependence Model (APIM) was used to assess patient-
caregiver interdependence.
Results: Baseline rates of clinically significant depressive symptoms were high among patients (23%) and
caregivers (19%), and remained elevated through 6-months. Higher depressive symptoms predicted higher levels
of symptoms at the subsequent timepoint (ps < 0.05). Higher baseline mindfulness and coping were associated
with lower levels of depressive symptoms at all timepoints (ps < 0.001). APIM analysis showed that one's own
higher baseline mindfulness was associated with concurrent levels of depressive symptoms in a partner
(p < 0.05).
Conclusions: Depressive symptoms in Neuro-ICU patient-caregiver dyads are high through 6 months.
Mindfulness is protective against depressive symptoms and interdependent between patients and caregivers.
Early, dyadic, mindfulness-based interventions may prevent the development of chronic depression in both
patients and caregivers.

1. Introduction

Admission to the Neuroscience Intensive Care Unit (Neuro-ICU) for
an acute neurological injury often occurs without warning and is as-
sociated with substantial emotional distress not only for patients but
also for their informal caregivers (i.e., family and close friends who
provide help with the recovery process) [1], who have little time to
adjust to the new demands placed on them. A recent meta-analysis
showed that nearly one-third of general ICU patients reported clinically
significant depressive symptoms after their hospitalization [2]. A large,

longitudinal study of patients admitted to the ICU with acute re-
spiratory distress syndrome shows that 36% experience clinically sig-
nificant depressive symptoms 6 months after hospitalization [3], and
that nearly one-third experience prolonged symptoms up to 5 years
later [4]. Reported rates in caregivers of general ICU patients are
comparably high (4–36%) 6 months after the patient's discharge [5].
While two cross-sectional studies reported rates of clinically significant
depressive symptoms of 24–69% [6,7] in caregivers and 24% [6] in
patients, without prospective longitudinal research the trajectory of
depression for patients and caregivers after Neuro-ICU hospitalization
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remains unknown. With depression affecting not only the patients' own
physical and emotional recovery, but also their caregivers' abilities to
provide quality care for their loved ones [8,9] untreated symptoms can
ultimately lead to greater morbidity and mortality in both patients and
caregivers [10–12]. Therefore, further characterization of depressive
symptoms in Neuro-ICU patients and their informal caregivers has
profound long-term health implications.

Resiliency is a biopsychosocial construct defined as the ability to
adapt and recover when faced with adversity [13]. Two of the most well
studied resiliency factors are mindfulness (the awareness of the present
and ability to remain in the given moment nonjudgmentally [14] and
coping (the ability to use cognitive and emotional strategies to deal
with stressful situations [15]. Both mindfulness [16] and coping
[15,17] are associated with a variety of positive physical and mental
health outcomes in medical populations, including lower depressive
symptoms in patients with motor neuron disease and their caregivers
[18,19]. In the Neuro-ICU, cross-sectional studies demonstrated that
higher mindfulness and coping were negatively associated with de-
pressive symptoms and global emotional distress [20] and positively
associated with quality of life in patients and their caregivers [21].
However, the long-term impact of these modifiable resilience factors on
psychological distress in dyads of Neuro-ICU patients and their informal
caregivers remains unknown.

There is mounting evidence suggesting that patients' and their in-
formal caregivers' psychological functioning is interdependent and that
the dyad (i.e. the patient and caregiver together) should be considered
as a unit [22–24]. Much of this work has looked at psychological dis-
tress and resilience in cancer patients and their partners [24–27], but
increasingly, the dyadic framework has been used to characterize psy-
chiatric symptoms in general ICU patients and their caregivers [28,29].
Recently, a cross-sectional study of Neuro-ICU patients and their care-
givers found that depressive symptoms are interdependent between
dyad members, and that one's own mindfulness was inversely related to
one's partner's depressive symptoms [6]. Without prior longitudinal
studies, however, the long-term interplay of depressive symptoms and
resilience factors in Neuro-ICU survivors and their informal caregivers,
as well as the significance of the dyad in the development of chronic
depressive symptoms remain unclear.

The present study aims to fill this knowledge gap by characterizing
the trajectory of depression from hospitalization to 6 months post-dis-
charge for both Neuro-ICU patients and caregivers, as well as under-
stand the relationship among psychosocial resiliency factors (mind-
fulness and coping) and symptoms of depression among dyads.
Specifically, we first estimate rates of clinically significant depression in
patient-caregiver dyads during initial hospitalization (i.e., baseline), as
well as at 3- and 6-months post-discharge from the Neuro-ICU. Second,
we explore the associations between patients' and caregivers' own
baseline resiliency (i.e., mindfulness and coping) on both their own
depressive symptoms and their partners' depressive symptoms. We
hypothesize that (1) for both patients and caregivers, one's own base-
line depressive symptoms will predict higher levels of own depressive
symptoms at future time points, while resiliency factors will be asso-
ciated with lower own depressive symptoms; and (2) one's own de-
pressive symptoms and resiliency factors at baseline will be associated
with one's partner's baseline and chronic (i.e. at 3- and 6-month follow
up) depressive symptoms.

2. Methods

2.1. Participants and procedures

Patients admitted to the Neuro-ICU at a major academic medical
center in Boston, MA, and their informal caregivers were recruited as
part of a prospective, longitudinal study between March 2015 and
August 2016. All study procedures were approved by the local
Institutional Review Board and consent was provided by all

participants. Patients and caregivers were approached in their hospital
room and screened based on the inclusion criteria: 1) at least 18 years
of age, 2) English literacy and fluency, 3) Neuro-ICU hospitalization
within the past 2 weeks, and 4) caregiver determined to be the primary
source of informal care following hospitalization. Patients were cleared
for research participation by their medical staff. Dyads who consented
to participate in the study completed baseline self-report demographics
and psychosocial measures during inpatient enrollment. Follow-up
questionnaires sent at 3- and 6-monts after hospital discharge were
administered through the secure electronic data collection platform
REDCap [30].

2.2. Measures

2.2.1. Sociodemographics
Dyads self-reported age, gender, race and ethnicity, marital status,

highest level of education, primary employment status, and relationship
(family member vs. romantic partner).

2.2.2. Depression
The Hospital Anxiety and Depression Scale depression subscale

(HADS-D) [31] includes 7 items that assess depression symptoms over
the last week. Responses choices range from 0 (“not at all” or “rarely”)
to 3 (“all of the time” or “very often”). Items are summed to generate a
total score (range 0–21), with higher scores indicating greater depres-
sion symptoms. Scores ≥8 were considered indicative of clinically
significant depression.

2.2.3. Mindfulness
The Cognitive Affective Mindfulness Scale – Revised (CAMS-R) [32]

is a 12-item measure that assesses four domains of mindfulness: ob-
serving, describing, awareness, and non-judgment. Response choices
ranged from 1 (“rarely”/“not at all”) to 4 (“almost always”). Items are
summed to generate a total score (range 12–48), with higher scores
representing greater mindfulness.

2.2.4. Coping
The Measure of Current Status-A (MOCS-A) [33] is a 13-item

questionnaire that assesses perceived ability to utilize adaptive coping
strategies – relaxation, recognizing stress, restructuring thoughts, as-
sertiveness, and choosing appropriate responses. Items are scored on a
5-point Likert scale of 0 (“I cannot do this at all”) to 4 (“I can do this
extremely well”), with higher scores indicating higher self-perceived
coping status. The sum of all items represents the total score (range
0–52), with higher scores indicating greater perceived coping ability.

2.3. Statistical analyses

All analyses were completed using SPSS version 24 (IBM Corp,
2016). First, patient and caregiver characteristics were assessed using
measures of central tendency. We then examined univariate relation-
ships between patient and caregiver variables using Pearson's correla-
tion, chi-square analyses, and paired sample t-tests, as was determined
appropriate. An alpha level of 0.05 and two-tailed tests were used to
determine statistical significance. Effect size was categorized as small,
medium, or large based on Pearson r values of 0.10, 0.30, and 0.50
[34].

We tested our hypotheses with the Actor-Partner Interdependence
Model (APIM) [35,36]. APIM is an analytic design that simultaneously
models the effects of one individual's predictor values on their own
outcomes (actor effects) and one's partner's outcomes (partner effects),
while accounting for the fact that one's own and one's partner's vari-
ables are interrelated. APIM has been used to understand the inter-
dependence of psychological distress longitudinally in non-ICU [37]
and ICU [28] populations, and cross-sectionally in the Neuro-ICU [6].
In the current study, APIM is used to determine the longitudinal effects
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of a patient or caregiver's depression (continuous HADS-D score) and
resiliency (continuous MOCS-A and CAMS-R scores) on their own
psychological outcomes (actor effect), or on a partner's psychological
outcomes (partner effect) at all timepoints (i.e. baseline, 3, and
6 months). We used contrast tests to determine whether there was a
significant difference in patient and caregiver actor effects. We repeated
this process for partner effects. If the contrast test resulted p < 0.05,
the actor effect or partner effect was deemed significantly different for
patients and caregivers, so effects were reported and analyzed sepa-
rately. If p > 0.05, the actor effect or partner effect was deemed to be
not significantly different between patients and caregivers, so pooled
effects are reported and analyzed. (See Fig. 1.)

3. Results

3.1. Characteristics of patients and caregivers

For this prospective study, 114 patient-caregiver dyads were en-
rolled (patients n= 102, 89%; caregivers n= 103; 90%) (Table 1). 102
patients and 103 caregivers from 108 different dyads (96 were com-
plete patient-caregiver dyads, 6 patients were without caregivers, and 6
caregivers were without patients) completed measures and were in-
cluded in this analysis. Measurement completion rates were 94% at
baseline, 77% at 3-month follow up, and 71% at 6-month follow up.
Most patients were enrolled within 1–2 days of Neuro-ICU admission.
Caregivers were most commonly the patient's partner. Cerebrovascular
diseases, including ischemic and hemorrhagic stroke (35%), in-
tracranial tumors (30%) or other structural lesions (8%), were the most
common neurological diagnoses for this sample.

3.2. Patients and caregivers' psychological factors

Coping and mindfulness scores did not significantly differ between
patients and caregivers (Table 2). At baseline, rates of clinically sig-
nificant depressive symptoms were high and were not significantly
different between patients and caregivers (23% and 19%, respectively).

Rates of clinically significant depressive symptoms remained high pa-
tients (24% and 26% at 3 and 6 months, respectively) and caregivers
(19% and 20% at 3 and 6 months, respectively). Patients were more

Fig. 1. Actor-Partner Interdependence modeling (APIM) for resilience factors and depression symptoms at baseline, 3, and 6 months. Values represent standardized
beta coefficients. Only significant paths shown.

Table 1
Demographic and medical characteristics of Neuroscience ICU patients
(n = 102) and their informal caregivers (n = 103).

Patients Caregivers

Demographic/Medical Characteristic n (%) n (%) t or X2 df
Age (M[SD]) 52 (17) 53 (14) −0.471 92
Gender (female) 48 (47) 65 (63) 5.011a 1
Race/ethnicity (non-Hispanic white) 83 (81) 92 (89) 2.744 1
Education (some college or more) 76 (75) 82 (80) 0.556 1
Marital status (married/cohabitating) 70 (69) 86 (83) 6.423a 1
Employment (full-time) 52 (51) 60 (58) 1.105 1
Diagnosis, n (%)
Cerebrovascular
Stroke/Hemorrhage 38 (35)
Brain aneurysm (unruptured) 3 (3)
Other vascular 2 (2)

Structural
Tumor 32 (30)
Lesion/brain mass 9 (8)

Other
Traumatic brain injury 5 (5)
Seizure 4 (4)
Other/> 1 diagnosis 11 (10)
Not reported 4 (4)

Discharge status, n (%)
Discharge to home 69 (64)
Discharge to rehabilitation facility 31 (29)
Deceased at discharge 1 (1)
Not reported 7 (6)

Relationship to patient, n (%)
Spouse/partner 71 (66)
Parent 14 (13)
Child 14 (13)
Sibling 5 (5)
Not reported 4 (4)

a p< 0.05.
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likely to report a clinically significant degree of symptoms at 3 months
than caregivers (p=0.005). Individuals who were married/cohabitating
had lower baseline depressive symptoms (p=0.038). Those without
college education had higher levels of depressive symptoms at 3 and
6 months than their respective counterparts (p=0.012 and p= 0.006,
respectively). Last, patients' degree of depressive symptoms differed by
diagnosis, with those having a cerebrovascular diagnosis exhibiting
higher levels of depressive symptoms (3mo M = 5.19), than those with
structural (3mo M = 3.36) or other diagnoses (3mo M = 3.72; F
(2) = 4.14, p = 0.015).

3.2.1. Effects of own psychological factors on own depressive symptoms
(actor effects)
3.2.1.1. Bivariate analysis. Table 3 presents bivariate correlations
between depressive symptoms and resilience variables. For patients
and caregivers, baseline depressive symptoms were significantly
correlated with depressive symptoms at follow up (ps < 0.05).
Depressive symptoms were negatively correlated with mindfulness
and coping variables at baseline and 3 months in patients
(ps < 0.001) and at all time three timepoints in caregivers
(ps < 0.001). The observed effect sizes for both patients and
caregivers were medium to large (r > 0.30).

3.2.1.2. Dyadic analysis. Table 4 summarizes actor effects from APIM
analyses for this sample. Baseline mindfulness and coping scores for
both patients and caregivers significantly predicted one's own degree of
depressive symptoms measured as the HADS-D continuous score at all
three timepoints (baseline, 3-, and 6-month follow-up; ps < 0.001).
Baseline depressive symptoms also significantly predicted continued
presence at follow-up time points (ps < 0.001). Actor effects were
equivalent for patients and caregivers.

3.2.2. Effects of partner's psychological factors on depressive symptoms
(partner effects)
3.2.2.1. Bivariate analysis. Table 3 presents bivariate correlations
between patient and caregiver factors. Caregiver depressive symptoms
at 3 months were significantly correlated with patient depressive
symptoms at 3 and 6 months with a small to medium effect size
(r ≤0.30; ps < 0.04). There were no other significant correlations
between patient and caregiver symptoms. Patients' mindfulness was
negatively correlated with caregivers' baseline depressive symptoms
(p=0.04). However, one's own coping was not associated with partner's
depressive symptoms at any timepoint.

3.2.3. Dyadic analysis
Table 4 presents partner effects from APIM analyses for this sample.

For both patients and caregivers, baseline mindfulness predicted part-
ner's degree of depressive symptoms (HADS-D continuous score) at
baseline (p=0.03), but not at 3-, and 6-month follow-up (ps > 0.09).
This partner effect was equivalent from patients' mindfulness to care-
givers' depressive symptoms, and from caregiver's mindfulness to pa-
tients' depressive symptoms. No other partner effects were significant.

4. Discussion

We found that during ICU hospitalization, 23% of patients and 19%
of caregivers reported clinically significant levels of depressive symp-
toms. Rates of clinically significant symptoms remained high over time
in patients and caregivers. The increase risk in depression observed in
patients can be explained in 2 major ways. First, permanent deficits in
cognitions and function are often unknown at hospitalization but may
become clear in the months after discharge when acute rehabilitation is
generally completed. Among stroke patients, degree of functional and
cognitive impairment has consistently been found to be a predictor of

Table 2
Psychological characteristics of Neuroscience ICU patients and their family caregivers.

Variable Patients Caregivers Comparison

Mean SD Range Mean SD Range t df

Mindfulness 36.09 7.37 18–48 36.81 7.43 20–48 −0.79 1377
Coping 31.90 11.77 2–52 32.42 11.21 0–51 −0.27 653
HADS depression score
Baseline 4.97 4.66 0–21 4.03 4.03 0–18 1.74 758
3 months 4.59 4.87 0–21 3.8 3.97 0–15 1.33 235
6 months 4.8 5.42 0–21 3.57 4.35 0–15 1.61 165

% with clinically significant depressive symptoms n (%) n (%) X2 df
Baseline 23 (23) 20 (19) 3.60 1
3 months 24 (24) 20 (19) 8.05⁎ 1
6 months 27 (26) 21 (20) 4.27⁎⁎ 1

⁎ p<0.05.
⁎⁎ p<0.001.

Table 3
Bivariate correlations of psychological resilience factors and depressive symptoms for Neuroscience ICU patients and their family caregivers.

Variable 1 2 3 4 5 6 7 8 9 10

1. Patient baseline depressive symptoms 1
2. Patient 3-month depressive symptoms 0.315⁎ 1
3. Patient 6-month depressive symptoms 0.380⁎⁎ 0.636⁎⁎ 1
4. Patient coping −0.491⁎⁎ −0.335⁎⁎ −0.194 1
5. Patient mindfulness −0.457⁎⁎ −0.429⁎⁎ −0.368⁎⁎ 0.625⁎⁎ 1
6. Caregiver baseline depressive symptoms 0.244 0.233⁎ 0.241 −0.122 −0.257⁎ 1
7. Caregiver 3-month depressive symptoms 0.121 0.333⁎ 0.260⁎ −0.060 −0.221 0.545⁎⁎ 1
8. Caregiver 6-month depressive symptoms 0.130 0.241 0.253 −0.044 −0.113 0.541⁎⁎ 0.734⁎⁎ 1
9. Caregiver coping −0.107 −0.076 −0.088 0.100 0.135 −0.605⁎⁎ −0.399⁎⁎ −0.355⁎⁎ 1
10. Caregiver mindfulness −0.132 −0.096 −0.099 0.091 0.106 −0.559⁎⁎ −0.363⁎⁎ −0.355⁎⁎ 0.796⁎⁎ 1

⁎ p<0.05.
⁎⁎ P<0.001.
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depression [38,39], so distress over persistent deficits may contribute
the observed increase in rates of clinically significant symptoms over
time and overall higher rates in patients than in caregivers. Second,
depression among neuro-critical care patients is complicated by biolo-
gical confounds associated with the actual brain injury and may drive
post-stroke depression [39], adding to the discrepancy between patient
and caregiver rates. Our finding that patients with admission diagnoses
of cerebrovascular disease showed a higher rate of clinically significant
depressive symptoms lends support to this hypothesis. Third, as a si-
milar increase in depression symptom incidence at 3 months has been
shown in general ICU populations [40], it may be that this is the natural
progression of emotional distress in patients recovering from a severe
critical illness.

In line with our hypothesis, we found that higher levels of depres-
sive symptoms predicted higher levels of depressive symptoms at sub-
sequent timepoints in both patients and caregivers. This is supported by
previous work that affirmed existing depression was a strong predictor
for continued symptoms over time [41]. For patients and caregivers,
own baseline mindfulness and coping skills were associated with lower
levels of depressive symptoms at all time points, which is consistent
with previous studies in ICU patients and families [20]. Mindfulness,
specifically, may be protective as it helps stop rumination on negative
thoughts [42], which can contribute to the development of depressive
symptoms.

APIM is a crucial tool that facilitates the analysis of patients and
their caregivers as a dyad unit, rather than as separate entities. In this
study, the APIM dyadic approach allows us to detect both cross-sec-
tional and longitudinal effects that one dyad member's symptoms and
skills has on the other member. We observed that one's own baseline
mindfulness predicts concurrent level of baseline depressive symptoms
in one's partner. As more mindful individuals tend to me more skilled at
tuning into their own psychological states and emotional needs [16],
they might similarly be attuned to their partner, and therefore more
able facilitate positive interpersonal interactions and adaptive coping to
protect against depressive symptoms during the early adaptation to
illness. Later, as negative thought processes become more fixed and
chronic, a mindful partner's support may be less helpful in augmenting
symptoms. This may represent an early critical period in which mind-
fulness-based dyad interventions may be most potent in preventing
depressive symptoms.

Bivariate analysis showed that caregiver depressive symptoms at
3 months correlated with patient depressive symptoms at both 3 and
6 months. It may be that following an ICU hospitalization, patients and
caregivers acclimate to their post-discharge environment in parallel
[22]. However, these findings did not bear out in APIM analysis. So,
while mindfulness may be interdependent, the more internally-oriented

nature of depressive symptoms may not impact an individual's partner
as strongly.

Our findings, along with the growing body of knowledge about
Neuro-ICU patient and caregiver psychological factors, have several
important clinical implications. First, since the incidence of depressive
symptoms in both patient and caregivers is high and remain high
through 6 months, our findings of the protective nature and mind-
fulness and coping suggest that an intervention targeted at bolstering
these resilience factors may help prevent chronic depression in patients
and caregivers. Second, since a patient or caregiver's mindfulness skills
is also protective against depression in their partner, these interventions
should be dyadic, and focus on the patient and caregiver as a unit.
Finally, the interdependence of mindfulness and baseline depression
symptoms points to a window for dyadic intervention early in the re-
covery process. Qualitatively, patients and caregivers have endorsed
interest in such an intervention [43].

A primary strength of this study is the prospective, longitudinal
design. Longitudinal data can inform how to better provide pre-
ventative care and tailored recovery programs to Neuro-ICU survivors,
even after discharge from the hospital. Our study also contributes to the
growing evidence about patient and caregiver interdependence through
our use of APIM analysis.

There are several limitations to this study. First, we required pa-
tients to be cognitively intact, a criterion which excluded the most
critically ill patients in the Neuro-ICU. Second, the use of self-report
measures may introduce biased, but was important in the Neuro-ICU for
feasibility. Finally, this study was conducted at a single, urban medical
center and the sample was homogenous in demographics such as race,
ethnicity, and education. These procedures should be replicated in a
more diverse population.

Despite limitations, strong indication that dyadic interventions
starting early in the Neuro-ICU can improve psychosocial functioning
among patients and families. Overall, these results convey important
clinical findings. First, the presence of depressive symptoms predicts
sustained symptoms at the subsequent time point in both patients and
caregivers. As mindfulness and coping are both associated with lower
inpatient symptoms of depression, early psychosocial interventions
teaching resiliency skills in the Neuro-ICU could address and prevent
the onset of chronic depression in patients and caregivers. In addition,
patient and caregiver resiliency factors were found to be inter-
dependent, which lends support to the development of dyadic resiliency
interventions. Taken together, targeting resiliency and mindfulness in
the Neuro-ICU has the potential of alleviating or preventing the onset of
depressive symptoms and prevent chronic depression in both members
of the dyadic unit.

Table 4
Actor-Partner Interdependence Models on effect of own psychological resilience factors and depressive symptoms on own and partner's symptoms.

Actor effects Partner effects

Unstandardized Standardized Unstandardized Standardized

B 95% Cl p β B 95% Cl p β

Prior Depression Symptoms
Baseline ➔ 3-month 0.419 0.292–0.546 <0.001 0.410 0.088 −0.045–0.220 0.182 0.087
3-month ➔ 6-month 0.736 0.618–0.854 <0.001 0.663 0.066 −0.062–0.194 0.430 0.059

Mindfulness
Baseline depressive symptoms −0.293 −0.367 to −0.218 <0.001 −0.494 −0.082 −0.156 to −0.008 0.031 −0.138
3-month depressive symptoms −0.249 −0.326 to −0.173 <0.001 −0.412 −0.064 −0.140–0.012 0.096 0.106
6-month depressive symptoms −0.253 −0.339 to −0.116 <0.001 −0.376 −0.041 −0.127–0.045 0.349 −0.061

Coping
Baseline depressive symptoms −0.209 −0.255 to −0.162 <0.001 −0.544 −0.023 −0.069–0.024 0.379 −0.059
3-month depressive symptoms −0.144 −0.195 to −0.093 <0.001 −0.369 −0.012 −0.063–0.039 0.585 −0.030
6-month depressive symptoms −0.121 −0.179 to −0.063 <0.001 −0.279 −0.016 −0.074–0.043 0.557 −0.036

Bold = significant effect with p< 0.05.
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