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Abstract

Objective—To examine whether a caregiver's attachment style is associated with patient
cognitive trajectory after traumatic brain injury (TBI).

Setting—National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Bethesda, Maryland.

Participants—Forty Vietnam War veterans with TBI and their caregivers.

Outcome Measure—Cognitive performance, measured by the Armed Forces Qualification Test
percentile score, completed at 2 time points: preinjury and 40 years postinjury.

Design—oOn the basis of caregivers’ attachment style (secure, fearful, preoccupied, dismissing),
participants with TBI were grouped into a high or low group. To examine the association between
cognitive trajectory of participants with TBI and caregivers’ attachment style, we ran four 2 x 2
analysis of covariance on cognitive performances.

Results—After controlling for other factors, cognitive decline was more pronounced in
participants with TBI with a high fearful caregiver than among those with a low fearful caregiver.
Other attachment styles were not associated with decline.

Conclusion and Implication—Caregiver fearful attachment style is associated with a
significant decline in cognitive status after TBI. We interpret this result in the context of the neural
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plasticity and cognitive reserve literatures. Finally, we discuss its impact on patient demand for
healthcare services and potential interventions.

Keywords

attachment style (AS); caregiver; cognitive reserve; fearful; neural plasticity; traumatic brain
injury (TBI)

Traumatic brain injury (TBI) is a worldwide health and socioeconomic concern.
Approximately 3.2 to 5.3 million Americans are currently living with a TBI-related disorder.
Fourteen percent of combat veterans sustained a brain injury during the Vietnam War,! and
294,172 active-duty individuals sus tained a TBI during OEF (Operation Enduring
Freedom)/OIF (Operation Iragi Freedom)/OND (Operation New Dawn) conflicts
(2000-2013).2 In the Vietnam War, there were more gunshot and fragment wounds (35% of
the injuries vs 19% in OEF/OIF), whereas blast-related injuries were more prevalent during
OIF/OEF combat (81% vs 65% during the Vietnam War).3 As a consequence, there were
more penetrating TBIs during the Vietnam War, whereas OIF/OEF injuries were mainly
mild or moderate closed-head injuries with only 1.4% being penetrating TBIs.#° Individuals
with a TBI are often faced with physical, cognitive, and social limitations that may persist
for their lifetime. These limitations are challenging not only for the individual but also for
family members and friends.®:” However, there are limited data concerning the impact of
caregivers on cognitive evolution of individuals with TBI.

A study by Taylor et al,® on TBI in children noted that the family's response to the new
situation may affect the recovery of the child. On the other end of the developmental
spectrum, some research has examined individuals with dementia and their caregivers,3-12
showing that a stimulating environment predicts a slower cognitive and functional decline in
this population.® Individuals with dementia are able to delay nursing home placement when
the caregiver is the spouse, is in good health, provides positive interactions, and spends less
time providing care.10:11 Also, the caregiver's attachment style (AS) plays a role in the
behavior of the individual with dementia; the more avoidant the caregiver's AS, the more
aggression and agitation are exhibited by the patient.12

Attachment style affects the way individuals cope with emotional events and interact with
others, including those to whom they are attracted.13-15 The roots of AS lie in John
Bowlby's® work on what he called the attachment behavioral system. Bowlby2® believed
that attachment behavior has a biological function such as protection and was innate in most
mammals. Also, he highlighted that an AS was established during early childhood according
to the primary attachment figure (mostly the mother) but then it remains mainly stable
throughout life, as confirmed by recent studies.2-19 Individual differences in AS were
predicted by Bowlby and then systematically studied in mother-infant relationships by Mary
Ainsworth.20 Inspired by this developmental literature, it was shown that adults can be
classified into 4 attachment categories (secure, preoccupied, fearful, and dismissing).2
Preoccupied AS is defined by a negative self-esteem and positive sociability, whereas
dismissing AS individuals present a positive self-esteem but are socially avoidant. Secure
AS consists of positive self-esteem and sociability, whereas fearful AS individuals have a
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low self-esteem and are socially anxious and avoidant.22:23 The association between
caregiver AS and behavioral outcomes in individuals with TBI has not been explored yet.

Animal models show compelling evidence that enriched environments induce neurogenesis,
synaptogenesis, and dendritic growth, which potentially propel recovery after a brain
injury.2425 Living in an enriched environment enhances damage-induced neurogenesis in
the adult brain28 and has been shown to slow functional deterioration in neurodegenerative
disorders, such as in a rat model of Huntington disease.?’ Interestingly, a recent study of
adult rats showed that an enriched environment has a protective effect on glutamate
excitotoxicity, reducing oxidative damage.28 In contrast, an impoverished environment has a
negative impact on neural plasticity. For instance, rats that live in a traditional laboratory
cage develop hippocampal atrophy.29 There are few such studies on nonhuman primates, but
in adult marmosets, exposure to a complex environment for 1 month enhanced the length
and complexity of dendrites and increased dendritic spines and synaptophysin in the
hippocampus and frontal cortex.30

Regions preferentially involved in anxiety, for example, the hippocampus, prefrontal cortex
(PFC), and amygdala, are particularly plastic and capable of transformation as a result of
activity and experience.2931.32 Adaptive plasticity observed in the hippocampus and medial
PFC (mPFC) is reversed or inhibited by chronic stress, which also causes dendritic atrophy
in the mPFC and hippocampus, and hypertrophy in the amygdala.32 The PFC and the
amygdala are also some of the most common brain areas affected in TBI.33

In humans, cognitive reserve, the apparent result of lifetime intellectual activity, influences
the timing of cognitive decline in aging and delays clinical progression in neurodenerative
disorders.34:35 Intelligence, education, and occupation are associated with increased synaptic
density, neurogenesis, and synaptic plasticity.3435

We hypothesize that the caregiver plays a key role in determining the richness of the
individual's environment, thereby affecting the trajectory of long-term cognitive change after
TBI. Anxious individuals experience increased distress, as has been shown among
melanoma survivors.23 This suggests that a caregiver with a fearful AS might not only limit
social interactions of individuals with TBI but also increase stress in the environment with a
resultant negative effect on plastic or protective processes or capacities important for
recovery or preservation of cognitive capacities in individual with TBI across the life span.
We hypothesize that cognitive decline in an individual with TBI, which is greater than in
controls,! could be exacerbated if his or her caregiver has a high fearful AS than if his or her
caregiver has a low fearful AS. While the current observational study could not be used to
determine a causal relationship between AS and cognitive decline, we sought to establish
whether an association could be detected.

METHODS

Participants

A subgroup of male participants was selected from the Vietnam Head Injury Study (VHIS),
a prospective and wide-ranging study of veterans who sustained brain damage from
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penetrating head injuries (TBI) during the Vietnam War. The VHIS consists of 4 phases that
stretched over more than 40 years. Phase 1 occurred during the Vietnam War (1967-1970)
and included medical records of 1221 veterans who survived the first week post-TBI. Phase
2 occurred between 1981 and 1984 at the Walter Reed Army Medical Center and was a
follow-up of 520 individuals with TBI among the initial 1221 participants collected in phase
1. Phase 3 occurred from 2003 to 2006 at the National Naval Medical Center (Bethesda,
Maryland), with an extensive neuropsychological follow-up of 199 individuals with TBI. In
phase 4 (2008-2012), participants and their caregivers came to the National Institute of
Neurological Disorders and Stroke of the National Institutes of Health (NINDS/NIH),
Bethesda, Maryland, for a 5-day study. The caregivers completed a series of questionnaires
and an interview.

From the 134 phase 4 participants with penetrating injuries, we selected individuals if (a)
they had a documented induction Armed Forces Qualification Test (AFQT) score
(preinjury), (b) they were accompanied by a caregiver during their phase 4 evaluation, (c)
the care-giver had known the individual since preinjury or within 5 years postinjury (mean
years since caregiver and participant with TBI knew each other: 42.10 £ 6.57 years). The
final sample consisted of 40 couples (see Table 1). All veterans had completed the
AFQT-7A upon military induction and during VHIS phase 4.

All participants gave written informed consent, and the study was approved by the
institutional review board of the NINDS/NIH, Bethesda, Maryland.

Clinical assessment

Measures

Participants underwent assessments of their global functioning (Functional Status
Questionnaire3%), personality (NEO-Five Factor Inventory3”), posttraumatic stress disorder
(Mississippi PTSD [posttraumatic stress disorder]38), depression (Beck Depression
Inventory3%), memory (Wechsler Memory Scale*), language (Boston Naming Test*! and
Token Test*2), executive functions (from the Delis-Kaplan Executive Function System*3:
Verbal Fluency, Sorting Test, Trail Making Test), and visual perception (Visual Object and
Space Perception Battery44). Also, caregivers’ depression (Center for Epidemiological
Studies Depression Scale)*® and burden (Zarit Burden Inventory)*® were evaluated.

Armed Forces Qualification Test—The AFQT-7A contains 100 multiple-choice
questions on word knowledge, arithmetic word problems, object function matching, as well
as mental imagery. Fifty minutes is allowed for completion. The difference in the AFQT
percentile score from preinjury to phase 4 was used as the measure of cognitive trajectory.
AFQT correlates strongly with the Wechsler Adult Intelligence Test” and has a good
validity and reliability (0.7 and 0.73, respectively).48

Relationship Questionnaire and Relationship Scale Questionnaire—The
Relationship Questionnaire (RQ) is a measure of adult attachment based on a 4-category
model: secure, preoccupied, dismissing, and fearful.2 In this model, secure attachment
consists of a positive view of self and others, preoccupied attachment is a negative view of
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self but a positive view of others, dismissing attachment is a positive view of self and
negative view of others, and fearful attachment is a negative view of self and other.4%50 The
RQ consists of 4 paragraphs; participants rate how much each of the 4 paragraphs represent
them on a 7-point Likert scale. The Relationship Scale Questionnaire (RSQ) is a similar
measure that contains 30 statements in which participants respond on a 5-point Likert scale
to the extent that each statement is consistent with their feelings about close relationships.13
The participants with TBI and their caregiver completed both questionnaires. A recent study
confirmed good test-retest short-time reliability and internal consistency, as well as a solid
factor analysis.>!

A combination of the RQ and RSQ scores for each person, on each of the 4 ASs, was used to
establish a continuous rating.13 Continuous indexes were obtained by first converting the
raw scores for each AS on the RQ and the RSQ to standardized z-scores.

Computed tomographic acquisition and analysis

Computed tomographic (CT) scans were acquired on a GE Medical Systems Light Speed
Plus CT scanner in helical mode. Images were reconstructed with 1-mm overlapping slice
thickness and a 1-mm interval. Lesion volume was determined from CT scans by manual
tracing using the Analysis of Brain Lesion (ABLe) software52:53 implemented in MEDx
(Medical Numerics Inc, Sterling, Virginia) with enhancements to support the Automated
Anatomical Labeling atlas. The tracing was performed by a trained neuropsychiatrist and
then reviewed by J.G., an experienced observer, who was blind to the results of the clinical
evaluations. A consensus judgment determined the final outline of the lesion. On the basis of
the lesion volume, we determined the percentage of volume loss [lesion volume (cm3) x
100/total brain volume (cm3)].

Statistical analysis

We used IBM SPSS (version 16 for Mac, www.spss.com) and applied a level of significance
of P < .05 (2-tailed) to all analyses and a Bonferroni correction to analyses of covariance
(ANCOVAS) (a level of significance for P < .013). We report the effect size when the
analyses reached the level of significance.

On the basis of our hypothesis, we split the patient-caregiver pairs by the median score of
the caregiver fearful AS and placed them into a “high fearful” (HF) or “low fearful” (LF)
group. To compare the LF and HF groups on demographic, clinical variables, percentage of
brain volume loss, and AS (i.e., secure, fearful, dismissing and preoccupied) of the caregiver
and the participants with TBI, we used independent-samples t tests.

To examine the association between cognitive trajectory of participants with TBI and
caregivers’ fearful AS, we ran a 2 x 2 ANCOVA on cognitive performances (mean AFQT
percentile scores) with trajectory (preinjury, postinjury) as a within-subjects factor and AS
(LF, HF) as a between-subjects factor. Caregiver secure and dismissing ASs, as well as
caregiver depression and NEO Conscientiousness variable of participants with TBI were
integrated as covariates in the model (the only measures, with caregiver fearful AS, that
were significantly different between LF and HF).
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Also, we controlled for the other AS by repeating the aforementioned analysis 3 more times,
each time using a different AS as the between-subjects factor and the remaining behavioral
variables that differed significantly between LF and HF as covariates.

On the basis of a median split on caregivers’ fearful AS z-scores, 20 patient-caregiver pairs
were assigned to the LF and 20 pairs to the HF group. There were no significant differences
between the groups on demographic, clinical, or total percent volume loss (see Table 2).

The ANCOVA evaluating the association between cognitive trajectory of participants with
TBI and care-givers’ fearful AS showed a significant interaction effect for trajectory x AS
(F1,34 =9.328; P = .004) (effect size: 77 = 0.215) but no main effect for trajectory (F134=
4.252; P = .047) or for AS (F1 34 = 0.508; P = .481). The covariates, dismissing AS (F1 34 =
0.597; P = .445), secure AS (F1 34 = 1.962; P = .170), caregiver depression (F1 34 = 1.167; P
=.288), ness and NEO Conscientious-(F1 34 = 1.237; P = .274), were not significantly
related to trajectory. Post hoc analysis showed that participants with TBI with HF caregivers
performed significantly worse 40 years postinjury than at preinjury (t;g = 4.360; P < .001),
whereas participants with TBI with (see LF caregivers were stable (t;9 = 0.545; P = .592)
Figures 1 and 2).

Secure, preoccupied, and dismissing ASs

Using secure caregiver AS as a between-subjects factor, we found a main effect for
trajectory (F1 34 = 8.554; P = .006; 77 = 0.201) but no main effect for AS (F134=0.037; P
= .849), nor a significant interaction effect for trajectory x AS (F1 34 = 3.455; P =.072).

Using dismissing caregiver AS as a between-subjects factor, we found no main effects for
trajectory (F1 34 = 5.555; P =.024) or AS (F1 34 = 0.056; P = .815), nor a significant
interaction effect for trajectory x AS (Fj 34 = 0.355; P = .555).

Finally, using preoccupied caregiver AS as a between-subjects factor, we found a main
effect for trajectory (F1 34 = 8.554; P = .006; 77 = 0.201) but no main effect for AS (Fraa=
0.037; P = .849), nor a significant interaction effect for trajectory x AS (F1 34 =3.455; P =.
072).

DISCUSSION

In a 40-year follow-up study, we investigated the association between caregiver AS and the
cognitive decline of a homogeneous population of participants with TBI: US males of
similar age and education, who sustained their TBI during combat in Vietnam and who
knew their caregivers for 42 years on average. Our results indicate that participants with TBI
whose caregiver scored high on fearful AS (as measured at follow-up) had a significantly
larger cognitive decline from preinjury to the present. Since we used an observational study
design and the AS and the final cognitive outcome were measured concurrently, it is not
possible to draw firm conclusions regarding causal relationships. The relationship observed
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could be due to a third unmeasured variable, and it is also conceivable that cognitive decline
led to a more fearful AS. However, we can consider several alternative hypotheses.

On the basis of animal and human research on neural plasticity and cognitive reserve, we
predicted that a fearful AS would be associated with cognitive decline in individuals with
TBI, possibly by depriving persons with TBI of the protective effect of more positive styles.
In line with our prediction, participants with TBI whose caregiver scored high on fearful AS
showed a significantly greater degree of cognitive decline than those whose caregiver scored
low on fearful AS.

By being generally more anxious and avoiding social situations, it is likely that HF
caregivers’ increased stress in the environment of participants with TBI and reduced the
richness of social activities of participants with TBI. In contrast, LF caregivers may allow
participants with TBI to be challenged more and increase the richness of their environments.

The consequences of environmental complexity on brain recovery and cognitive decline
have been thoroughly studied in animals24:25.28.30.54.55 and show the protective effect of
complex housing by modulating the damage-induced neurogenesis and dendritic
growth.24-26:30.54 These findings in rodents are supported by research on nonhuman
primates.30 Cognitive enrichment not only is a protective factor for cognitive decline but
also potentially improves cognition in aging populations via cognitive stimulation.®8 In
addition, some authors argued that if participants engaged in cognitively stimulating
activities such as completing puzzles, reading, or learning new games or activities as they
are aging or postinjury, this would increase their cognitive reserve.>”:58 Interestingly, the
large effect size found for the association between caregivers’ AS and cognitive decline of
individuals with TBI is equal to or even greater than the medium to large effect size found in
cognitive reserve studies,>9:60

Factors other than the caregiver certainly influence cognitive decline and might have
confounded the group differences we report. However, we found no signifi-cant between-
group differences for AS participants on language (naming, comprehension), executive
functions (mental flexibility, verbal fluency, abstract reasoning), memory or visual
perception, posttraumatic stress disorder, functional status, or brain volume loss at their
phase 4 evaluation.

It is also possible that participants predisposed to particular cognitive trajectories might have
become paired with caregivers with particular ASs. Although individuals, regardless of their
own AS, are overall more attracted by secure individuals, some studies found other patterns
of attraction.161 Those with an insecure AS are more likely to be attracted by insecure
partners than secure individuals. In the current study, we didn't find any significant
difference between LF and HF participants’ AS and personality traits.

There have been very few studies that have examined interventions to modify AS; this
limitation may be due to AS being considered a trait. A recent study by Kinley and Reyno®2
found increased secure attachment and decreased fearful attachment after 6 weeks of
intensive group psychotherapy. Another intervention that could be explored is cognitive-
behavioral therapy, as it has shown short-term and long-term efficacy for anxiety.®3 Since
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fearful AS is associated with anxiety disorder,54 it might be valuable to treat anxiety in
caregivers in the hope of protecting or enhancing cognition in participants.

The study has some limitations. While the VHIS sample has many advantages, such as
homogeneity and baseline data, it may limit the generalizability of the results to populations
more diverse in terms of sex, age, race, and socioeconomic status. Moreover, the study
design did not allow for conclusions regarding the direction of the association between
cognitive decline and AS, nor does it allow inference of causal relationship. Although we
showed a large effect size of the association between caregivers’ AS and cognitive trajectory
of participants with TBI, we are unsure of the mediator factor(s) of this association. An
interesting research direction would be to analyze caregiver's behavioral data, measuring, for
example, how much the caregiver controls the environment of participants with TBI or how
much the caregiver protects the participant with TBI. Finally, the association between
caregivers’ AS and specific cognitive functions could not be determined because of the
limitations of the AFQT; we were not able to address this issue. Our participants with TBI
were older than 60 years at the time of this evaluation. On the basis of our extensive 1-week
inpatient evaluation, we did not detect symptoms of dementia in this cohort but we were
able to document exacerbated cognitive decline that was dependent on a number of factors
such as lesion characteristics, prein-jury cognitive status, presence or absence of epilepsy,
and so on.

CONCLUSION

Animal and human literature on neural plasticity supports the fact that a stimulating
environment enhances neurogenesis, synaptogenesis, and dendrite growth. Similarly, a
deprived environment has negative effects on neural plasticity and can reduce cognitive
reserve. Care-givers exercise important effects on the environment of individuals with TBI
beyond providing physical, social, and emotional support. In the current study, we found an
association between caregivers’ AS and cognitive trajectory of individuals with TBI. While
caregiver burden and coping have been studied extensively, we urge future research to also
take into account the possible effects of the caregiver on recovery and maintenance of
functional abilities. Also, it might be prudent to evaluate caregivers along with individuals
with TBI after the injury in order to develop cost-effective caregiver interventions targeting
AS, thereby potentially reducing long-term cognitive decline in the patient.
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Cognitive performances measured with AFQT over time. Mean values and standard error of
the mean for the AFQT percentile scores are shown for the participants with TBI of the low
and high fearful caregiver groups at preinjury and 40 years postinjury. AFQT indicates
Armed Forces Qualification Test; TBI, traumatic brain injury.
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Figure 2.
Individual cognitive decline slopes of the 20 participants with TBI of the high fearful group.

AFQT indicates Armed Forces Qualification Test; TBI, traumatic brain injury. Participant
with TBI 20 is an outlier but it is not unheard of for someone to show improvement over a
lifetime of experience. In his case, he completed his GED after leaving the military (which
means after his pre-injury AFQT). He also reported experiencing some difficulties with
english and reading while in school. In the post-injury AFQT, his vocabulary subscore is
about the same than his arithmetic one. Although we don't have the detail of his pre-injury
AFQT, we can speculate that he might have improved greatly his semantic knowledge in the
meanwhile.
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Table 1

Demographic characteristics of the entire sample (40 participants with TBI and 40 caregivers)

Mean (SD)
Participants with TBI
Age,y 63.28 (3.404)
Education, y 13.97 (1.915)
Handedness (right:left) 37:3
Gender (male:female) 40:0
Loss of consciousness
None n=13
Momentary n=5
1-15 min n=8
15minto1d n=>5
>1d n==6
Unknown n=3
Posttraumatic amnesia
None n=20
<lh n=2
lhto<ld n=0
ldto<lwk n=7
lwkto<1mo n=>5
>1 mo n=4
Unknown n=2
Caregivers
Age, y 61.52 (3.948)
Education, y 13.75 (2.072)
Gender (male:female) 3:37
Relation to participant with TBI (spouse:sibling:friend) 36:3:1

Abbreviations: SD, standard deviation; TBI, traumatic brain injury.
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TABLE 2

LF (n=20), mean (SD) HF (n=20), mean (SD) Statistics, P
Participants with TBI
Age,y 63.85 (4.38) 62.70 (1.98) 201
Education, y 14.15 (2.11) 13.80 (1.74) 570
Handedness (right:left) 16:4 17:3 .667
Secure AS (zscore) 0.099 (0.974) -1.134 (0.727) .398
Fearful AS (zscore) —0.243 (0.580) 0.215 (0.903) .065
Preoccupied AS (z score) —0.243 (0.750) 0.155 (0.811) 116
Dismissing AS (zscore) —0.003 (0.894) 0.068 (0.989) .813
NEO Neurotic 44.300 (9.370) 49.25 (15.172) 222
NEO Extrovert 50.60 (9.779) 45.40 (12.592) 153
NEO Openness 44.60 (9.422) 45.15 (8.425) .847
NEO Agreeable 50.40 (10.065) 49.60 (12.424) 824
NEO Conscientiousness 54.95 (10.650) 46.65 (13.747) 0392
Functional Status Questionnaire 96.50 (18.763) 92.30 (20.846) .507
Mississippi PTSD (total raw) 73.35 (21.3555) 84.30 (26.821) 161
Beck Depression Inventory 5.35 (7.527) 10.65 (10.358) .073
Wechsler Memory Scale (total Memory scaled score) 95.10 (19.523) 95.84 (15.446) .993
Boston Naming Test (total raw) 53.00 (6.936) 53.47 (5.531) .816
Token Test (total correct) 97.05 (5.424) 97.37 (2.543) .817
Verbal Fluency (letter, raw) 28.05 (12.931) 28.25 (9.358) 931
Sorting Test (combined description composite scaled score) 10.20 (3.04) 9.68 (2.89) .590
Trail Making Test (number letter set loss error) 0.40 (0.821) 0.21 (0.419) 374
Visual Object and Space Perception Battery 19.20 (1.056) 19.74 (0.562) .057
Total percent volume loss, cm?3 3.9 (4.69) 2.51(2.30) .243
Caregivers
Age,y 62.15 (4.660) 60.9 (3.076) 323
Education, y 13.65 (1.872) 13.85 (2.300) 765
Gender (male:female) 2:18 1:19 .545
Relation to participant with TBI (spouse:sibling:friend) 17:2:1 19:1:0 486
Center for Epidemiological Studies 7.20 (8.40) 13.10 (7.45) 0242
Depression Scale
Zarit Burden Inventory 15.45 (13.617) 21.35(13.743) 181
Secure AS (zscore) 0.411 (0.855) —-0.372 (0.818) 0052
Fearful AS (zscore) -0.725 (0.327) 0.646 (0.786) <0012
Preoccupied AS (z score) —-0.083 (0.941) 0.014 (0.810) 731
Dismissing AS (zscore) —-0.452 (0.740) 0.408 (0.901) 0022
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Abbreviations: AS, attachment style; HF, high fearful; LF, low fearful; PTSD, posttraumatic stress disorder; SD, standard deviation.
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Descriptive and inferential statistics (mean and standard deviation) of demographic, neuropsychological, and
psychiatric data of the LF and HF groups



1duosnuely Joyiny 1duosnuepy Joyiny 1duosnuey Joyiny

1duosnuepy Joyiny

Guevara et al.

a . TSR,
Measures that survived statistical significance.
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