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Abstract

Objective—To evaluate the association between brain structural markers and caregiving strain
among older informal caregivers.

Design—A secondary data analysis combining data from the Caregiver Health Effects Study
(1993-1994) and the Cardiovascular Health Study MRI examination (1992-1994).

Setting—Four United States communities.
Participants—Co-residing spousal caregivers (n=237, mean age=76.2, standard deviation=2.2).

Measurements—Visually-rated ventricular and white matter (WM) grades from MRI,
caregiving strain defined as “emotional or physical strain associated with providing care” for any
of 12 activities of daily living (ADLS) and instrumental activities of daily living (IADLS), plus
measures of caregiving characteristics and caregiver's health.

Results—Overall, 56% of caregivers reported strain. We detected an interaction where strain was
very common (>82%) among caregivers who helped with 24 IADLs, regardless of WM grades,
and among caregivers with the worst WM grades (WM grades >4), regardless of the number of
IADLs they helped with. Among caregivers helping with <4 IADLs, having WM grades >4 was
associated with a 55% higher prevalence ratio for reporting strain. This association remained
statistically significant but was most markedly attenuated by adjustments for: care recipient's
memory and behavioral problems, caregiver's depression symptoms, and caregiver's ADL
impairment.

Conclusions—Caregiving strain is very common among older informal caregivers who provide
help with many IADLs, and among caregivers who help with fewer IADLS, but have manifest
signs of white matter pathology. Modern quantitative-neuroimaging studies are needed to evaluate
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whether more subtle variability in brain structure confers caregiving strain and the related health
consequences.

In the United States alone, there are approximately 14.7 million providers of informal care
for older adults with disabilities (1). Prior research from the Caregiver Health Effects Study
(CHES) has shown that not all, but some, caregivers experience negative health
consequences (2-4). Specifically, the CHES found that caregivers who did not report
significant strain related to caregiving (i.e., non-strained caregivers) had similar mortality
risk when compared with non-caregivers (2). Non-strained caregivers and non-caregivers (3)
also had similar levels of depression symptomology. On the other hand, caregivers
experiencing strain had higher mortality risk (2), greater depression symptom levels (3), and
larger increases in depression symptoms over time (4).

Depression is consequential among older caregivers and preventing caregiver depression is
an important public health priority. Depression negatively impacts quality of life (5) and
increases the risk for both dementia (6) and mortality (7). In caregivers, depression can also
decrease the quality of care delivered (8). Replacing older adults' informal caregiving
services with skilled or unskilled workers, respectively, would cost an estimated 162 or 56
billion dollars per year (9). Since caregiver's depression risk is potentiated by strain (4) and
emotional distress (10), caregivers with these characteristics represent those in the greatest
need of pathophysiologically informed interventions for depression prevention.

To rationally inform depression prevention approaches for older strained caregivers, there is
a need to understand the biological basis shared between caregiving strain and depression.
At the core of late-life depression's putative pathophysiological mechanisms is brain
structural pathology affecting connectivity (for a recent review, see (11)). In 1997, the
‘vascular depression’ hypothesis was forwarded, positing that cerebrovascular pathology
affecting white matter may “predispose, precipitate, or perpetuate a depressive syndrome in
many elderly patients” (12). Recently, potential mechanisms linking cerebrovascular
pathology to depression have been described (13). Several studies have demonstrated that
cerebrovascular disease is associated with: the course of depression symptoms and disorders
(14-25), reduced white matter integrity (26, 27), brain hypoperfusion (28, 29), and altered
brain function (30, 31), e.g., heightened activation in response to an affective reactivity task
(32). In light of these findings, when exposed to caregiving demands, older adults with
significant brain structural pathology (e.g., cerebrovascular disease) may be unable to
effectively manage the demands, and may be more likely to experience difficulty or distress
delivering care (i.e., caregiving strain).

Brain structural pathology may be associated with vulnerability to experience caregiving
strain and the associated negative health consequences. Therefore, in the current work, we
tested whether brain structural measures are associated with the presence of strain among
older caregivers by performing a secondary analysis of data combined from the CHES and
Cardiovascular Health Study (CHS) MRI examination. We hypothesized that caregivers with
MRI-evidence of brain structural pathology, in particular MRI markers of cerebrovascular
disease that have been previously been linked to depression (see above), would be more
likely to report strain.
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Furthermore, since the negative health consequences of caregiving (including the experience
of caregiving strain) vary based on the duration and intensity of the caregiving role (33), we
also explored how caregiving characteristics related to the likelihood of caregivers
experiencing strain. Brain structure may only be related to strain in certain caregiving
contexts. Therefore, we assessed whether associations between brain structural markers and
caregiving strain differed depending on caregiving characteristics, including the amount of
care being delivered and the extent of behavioral problems exhibited by the care recipient.
We also evaluated whether specific characteristics of caregiver's health attenuated
associations between brain structural measures and caregiving strain, e.g., as potential
mediators or confounders of the relationship between brain structural measures and
caregiving strain.

We performed a secondary data analysis combining data from the CHES (performed in
1993-1994) and the initial Cardiovascular Health Study (or CHS) MRI Study (performed
from 1992-1994). Previous publications have described recruitment and inclusion/exclusion
criteria for the parent CHS (34, 35) and CHS MRI study (36, 37). Briefly, starting in 1989,
the CHS enrolled 5,888 adults aged 65 years and older from four communities (Forsyth
County, NC; Pittsburgh, PA; Sacramento County, CA, and Washington County, MD) using
Medicare eligibility lists and a stratified random sampling approach. Exclusion criteria were:
institutionalization preventive of participation; the presence of terminal illness; the inability
to walk, communicate, or give informed consent; plans to leave the study area within three
years. An MRI examination was performed on 3,660 (62%) of CHS participants between
1992 and 1994. Participants with contraindications for MRI were excluded.

Details of the ancillary CHES and recruitment, which was conducted in 1993-1994, have
been described previously (3). Briefly, CHS participants who were married and co-residing
with their spouse were eligible for the CHES. Caregivers were defined as those whose
spouse had at least one of twelve ADL and IADL difficulties “due to physical or health
problems or problems with confusion,” and who provided care to this spouse for at least one
of the identified difficulties. The six ADL difficulties were: (1) walking around the home,
(2) getting out of bed or a chair, (3) eating, (4), dressing, (5), bathing, (6), toileting. The six
IADL difficulties were: (1) heavy house work, (2) light house work, (3) shopping, (4)
preparing meals, (5) managing money and bill payments, and (6) using the telephone.
Caregivers were classified as those experiencing strain (vs. those not) based on whether they
reported any emotional or physical strain associated with providing care. The CHES
included 138 non-strained and 179 strained caregivers. The analytic sample utilized in the
current report consisted of the subset of these caregivers who had useable MRI data (see
Figure 1; n=105 non-strained caregivers and n=132 strained caregivers). Seventy-five
percent of caregivers in the CHES contributed an MRI Scan, compared with 62% of CHS
participants overall. The proportion of caregivers who reported strain did not differ by MRI
participation status (Chi-Square value=0.35, df=1, p=0.56).
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Brain structure—MRI collected in the CHS included T1-weighted, T2-weighted, and
spin-echo spin-density-weighted sequences. Images were visually rated by board-certified
radiologists as described and illustrated previously (36, 37) using a standardized grading
system for ventricles (ranging from grade O, slit-like, to grade 9, markedly enlarged) and
white matter (ranging from grade 0, no signal abnormalities, to grade 9, elevated signal
intensity in almost all white matter). A previous report from the CHS found this visual-
rating protocol yielded inter-reader and intra-rater agreement, respectively, within one grade
of 92% and 94% for ventricular grades and 86% and 97% for white matter grades (37).
Ventricular and white matter grades were examined both continuously and categorically, as
has been done previously, categorizing ventricular grades as <2, 3, 4, =5, and white matter
grades as <1, 2, 3, =4 (38).

Covariates—We selected covariates based on conceptual reasoning regarding their
potential relationships with brain structure and caregiving strain. We considered caregiving
characteristics measured in the CHES as potential confounders or moderators of the
association between brain structure and caregiving strain, including: the frequency of
behavioral problems in care recipients from the Memory and Behavior Problems Checklist
(39), and the total number of recipient ADL and IADL (separately) impairments which the
caregiver provides help with. Because the association of brain structure and caregiving strain
may be apparent only in the context of certain caregiving characteristics, we examined
whether any of these caregiving characteristics moderated the associations being studied.

The parent CHS collected relevant health information at study year 6, which was conducted
from 1993-1994, at roughly the same time that the caregiver data was collected. From this
data, we selected covariates that we conceptualized as potential confounders between the
association of brain structure and caregiving strain. These included: age, gender, race (white
vs. non-white), education (number of years), and diabetes status (defined as no diabetes,
diabetes with oral hypoglycemic use only, or diabetes with any insulin use). We also selected
several covariates which we conceptualized as potential confounders, but could potentially
also be on the causal pathway between (mediators), or a downstream of (consequences), any
brain structure-caregiving strain associations. These covariates included: current smoking;
number of alcohol drinks per week; self-reported hypertension; systolic and diastolic blood
pressure (averages of two readings each, with systolic and diastolic treated separately); use
of hypertension medication; global cognition (measured with the Modified Mini-Mental
State Examination (40)); psychomotor processing and attention (measured with the Digit
Symbol Substitution Test (41)); depression symptom severity (measured with the 10-item
Center for Epidemiologic Studies Depression Scale (42)); caregivers having at least one
ADL or IADL impairment, separately, from the lists above; physical activity (the number of
blocks walked per week); and, separately, self-reports of daytime sleepiness, trouble falling
asleep, and night-time awakening.

Statistical Analysis

We first assessed whether continuously expressed ventricular or white matter grades differed
between strained and non-strained caregivers using independent sample T-tests. We also
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used Chi-Squared tests to assess whether there were differences in the proportion of
caregivers reporting strain across the ventricular and white matter grade categories. Next, we
examined whether the identified associations differed based on caregiving characteristics
using Poisson regression. Odds ratios do not provide an accurate estimate of the prevalence
ratio when the outcome is highly prevalent (43), and since caregiving strain is a common
outcome in our sample, we estimated prevalence ratios. We used a Poisson distribution and a
robust variance estimator to avoid known convergence issues (44) in modeling the presence
of caregiving strain (vs. no caregiving strain) as the dependent variable, entering as
independent variables continuous measures of brain structure, caregiving characteristics, and
their interactions. To illustrate the interaction detected, we report the percentage of
participants with caregiving strain stratifying by both relevant brain structural marker and
the moderating caregiving characteristic identified. Finally, we evaluated whether the
identified association between brain structure and caregiving strain was attenuated by
adjusting for each covariate separately. All models were adjusted for study site.

Descriptive information, stratified by the presence of caregiving strain, is shown in Table 1.
Compared with non-strained caregivers, strained caregivers were more often female, had
greater levels of depression symptom severity, more often had =1 IADL impairment, and
more often had complaints of night-time awakening (among other trends observed). Strained
caregivers provided for care recipients with more frequent memory and behavioral problems
and delivered care for a significantly greater number of ADLs and IADLSs on average.

Crude differences in brain structural measures between strained and non-strained

caregivers

Strained caregivers tended to have higher white matter grades when compared with non-
strained caregivers (Table 2), and there were significant differences in the proportion of
caregivers reporting strain by white matter category (p=0.01, Chi-Sq=10.52, df=3). As
shown in Figure 2A, this difference was driven by caregivers with white matter grades >4,
among whom caregiving strain was more common. Ventricular grades were not associated
with caregiver strain when expressed continuously (as shown in Table 2) or categorically
(p=0.38, Chi-Sq=3.06, df=3).

Interactions between caregiving characteristics and white matter grades in association
with caregiving strain

No significant interactions were detected between white matter grades and either the number
of ADLs for which care was delivered or the frequency of care recipient's memory and
behavioral problems (respectively, interaction p=0.16 (Z=-1.4) and p=0.16 (Z=-1.4)).

There was a significant interaction between continuously expressed white matter grades and
the number of IADLs for which care was delivered (p=0.015, Z=-2.4). Since the association
between white matter grades and strain was driven by caregivers with white matter grades
>4 (see Figure 2A), we illustrate this interaction by showing the percentage of caregivers
who reported strain stratified by this white matter grade level (grades >4 vs. not) and the
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level of IADL burden (see Figure 2B). We categorized the number of IADL impairments for
which care was provided as minimal (0-1 IADLs cared for), moderate (2-3 IADLs cared
for), or high levels (4-6) to help illustrate the interaction, and because the distribution of
IADL impairments for which caregivers helped was skewed right, with few participants in
the tail categories. While providing care for a greater number of IADLs was associated with
a greater proportion of caregivers having strain, the proportion with strain was high among
caregivers with white matter grades >4, regardless of the number of IADLs for which they
provided care.

Covariate attenuation of the association identified between white matter grades and
caregiving strain

As described above, the association of high white matter grades with caregiving strain was
driven by caregivers with the highest white matter grades, and was only apparent among
participants that provided care for <4 IADLSs (i.e., caregivers helping with >4 IADLs had a
high level of strain regardless of white matter grades, see Figure 2). Therefore, we evaluated
how adjustments for each covariate separately attenuated this specific association, i.e., the
relationship of white matter grades >4 (vs. <4) with the likelihood of having strain among
caregivers who provided care for <4 IADLs (Table 3). This association retained statistical
significance and was attenuated most markedly by adjustment for depression symptoms
(20% attenuation), the frequency of care recipient's memory and behavioral problems (18%
attenuation), and whether the caregiver themselves had any ADL impairments (15%
attenuation).

Discussion

We found that MRI-measured white matter pathology is associated with a greater likelihood
that caregivers report strain. Interestingly, this association was apparent only in caregivers
who provided help with <4 IADLSs. In caregivers providing care for =4 IADLSs, caregiving
strain was highly prevalent, regardless of white matter measures. Thus, caregiving strain is
common among older adults with intensive IADL caregiving demands, as well as in
caregivers who provide care for lower-levels of IADL demands, but have white matter
disease that is clearly manifest on MRI.

Histopathological studies have found that MRI-assessed white mater hyperintensities reflect
myelin damage and fluid accumulation (45, 46). White matter hyperintensites have been
previously associated with mobility (47) and cognitive impairment (48), depression (14, 18,
21-25), and mortality (49) in older adults. This includes past literature that has linked
visually-rated white matter grades to physical functioning (50), dementia (51), depression
(17), and mortality (52). As such, it is not surprising that we have now added, for the first
time, that caregiving strain belongs among the health problems associated with white matter
hyperintensities. Producing empirical evidence of this association is an important step
towards understanding the biological basis of caregiving strain, which could lead to
pathophysiologically-informed early detection and prevention approaches addressing the
burden of caregiving strain and associated consequences. In other words, these findings have
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clinical implications regarding why, and for whom, caregiving is associated with strain and
the related sequelae which include depression (4) and early death (2).

The design of the current study prohibits us from establishing temporality in the association
between white matter changes and caregiving strain. That said, we suspect the extensive
white matter pathology associated with caregiving strain (white matter grades =4) developed
over a longer time-frame than the caregiving exposure. While recognizing that it is
premature to rule-out caregiving strain as a toxic exposure affecting white matter, the white
matter-caregiving strain association we observed is likely predominately due to an effect of
pre-existing white matter pathology impacting older adult's ability to manage caregiving
demands without difficulty. It is plausible that the white matter hyperintensities observed
indicate that white matter connectivity is compromised, with resulting difficulty processing,
for example, the cognitive and affective information required to complete caregiving tasks
for a disabled spouse. Interestingly, ventricular grades were not associated with caregiving
strain. These findings suggest that white matter damage may be more relevant than
ventricular enlargement (a proxy of global atrophy) to caregiving strain. However, it is also
possible that nuanced aspects of cortical morphology, which are not captured with the proxy
measure of visually-rated ventricular grades, are relevant to outcomes among informal
caregivers.

We also noted that the white matter-strain association was independent of, but partially
attenuated by, several covariates. Again, we cannot empirically ascertain whether these
characteristics preceded or resulted from white matter pathology or caregiving strain.
Nevertheless, our findings (regarding the factors that attenuated the white matter-caregiving
strain association) can be interpreted within the context of existing literature and current
conceptual frameworks. Depression, a known consequence of strain in caregivers (4, 10), is
often conceptualized as a consequence of white matter disease (11-13). Depression
symptoms attenuated the association of interest, potentially because depression is an
intermediate (mediator) between white matter pathology and caregiving strain, or a
downstream consequence of caregiving strain. Similarly, we observed attenuation when
adjusting for caregiver's own ADL impairment. Because ADL impairment in caregivers is
more likely to result from, rather than cause, white matter pathology, it again seems likely
that caregiver's ADL impairment is an intermediate between, or consequence of, the white
matter-caregiving strain relationship.

Finally, we also observed the white matter-strain association was attenuated by the
frequency of memory and behavioral problems among the care recipient. Since these
memory and behavioral problems were in the care recipient, it is unlikely that they are the
result of white matter pathology in the caregiver. Rather, we interpret these findings to
indicate that the white matter pathology associated caregiving strain likely occurs in the
context of dementia caregiving. Since these were co-residing spousal caregivers, shared
environmental or selection factors could plausibly lead to care recipient's memory and
behavioral problems (e.g., due to dementia), white matter pathology in caregivers, and the
related caregiving strain.
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Several limitations are important to note. Because our study included only older, co-residing,
spousal caregivers, our findings may not generalize to younger caregivers who do not live
with, or who do not have as long of a history sharing an environment with, their care
recipient. White matter hyperintensities are more common in older age groups (37, 53),
therefore, their relationship with caregiving strain may be limited to aged individuals. As
mentioned above, our study cannot establish temporality in the relations between brain
structure, caregiving strain, aspects of the caregiving role, and caregivers' own health
characteristics like depression symptomology. With regard to our measures, the MRI
assessments utilized are crude compared with the neuroimaging measures available today
(e.g., which quantify specific vascular markers, distributions of cortical thickness, and brain
function). We searched for other potential datasets to perform similar analyses, but found
none that had adequate caregiving assessments with more modern neuroimaging measures.
There are also some relevant factors that were not measured in the current study. These
include potential residual confounders (e.g., personality and other psychosocial factors) and
known consequences of white matter disease (e.g., executive dyfunction) that could explain
why caregivers with high white matter grades were more likely to experience strain.

In conclusion, we have provided novel evidence suggesting that white matter health may
serve as a shared biological basis related to both caregiving strain and its consequence on
mood. Our study also revealed that older adults who provide care for a large number of
IADL impairments are very likely to experience strain while doing so. However, not all of
the caregivers in our study who provided care for a large number of IADLSs reported strain.
This raises the question of what, biologically, explains why some older adults can manage a
high level of caregiving demands without experiencing strain and the associated negative
health consequences. As mentioned in our limitations section, we only assessed crude,
whole brain measures of brain structure. It remains to be seen whether subtle
neurobiological variability in key circuits determines who is able to manage a high level of
caregiving demands without difficulty and detriment to health. For example, preservation of
structure or reserve in cognitive and emotional control circuits could explain why some older
adults manage a high level of caregiving demands without experiencing strain. Alternatively,
compromised structure in circuits responsible for cognitive and emotional functions may
explain the effects of white matter observed, and why so many older caregivers experience
strain that places them at elevated risk for depression. Future longitudinal studies using
modern neuroimaging approaches will be needed to establish the extent to which variability
in brain structure determines health risk and resilience in older caregivers.
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CHS Study N = 5,888

!

!

Caregivers in the CHES (1993-1994):
Non-strained caregivers: N=138
Strained caregivers: N=179

First MRI Study (1992-1994):

N=3660

CHES caregivers with MRI data:

Non-strained caregivers: N=105
Strained caregivers: N=132

Figure 1. Parent study samples related to the current analytic sample

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2018 June 01.




1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Smagula et al.

Page 13

100
90
80
70
60
50
40
30
20
10

Percent reporting strain

-1 2 3 ‘ >4
White matter grade categories

) White matter grades:

90  m<4 1=209) =>4 (n=28)
80
70
60
50
40
30
20

10

Percent reporting strain

0-1 (n=99) 2-3 (n=75) 4-6 (n=63)
Number of IADL for which help is provided

Figure 2. The percentage of participants reporting strain by white matter grade category (a)
overall and (b) stratified by the number of IADLs for which caregivers provide help
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Table 3
Attenuation of the association between having white matter grades =4 with caregiving
strain among participants providing care for <4 IADLs
Prevalence ratio” (95%
confidence interval) WM Percent attenuation
n grades =4 vs. not (from base model)

Base model 174 1.55(1.30, 1.83)

Base model + Age at CHS visit 6 174 1.54(1.30, 1.84) 2
Base model + Female gender 174 1.52(1.28,1.82) 5
Base model + Race (white vs. non-white) 174 1.56 (1.31, 1.86) -2
Base model + Years of education 174 1.54(1.30, 1.83) 2
Base model + Diabetes Status ™™ 167 1.55 (1.30, 1.86) 0
Base model + Smoking 165 1.52 (1.27,1.81) 5
Base model + Alcohol drinks per week 170 1.50 (1.26, 1.80) 11
Base model + Self-reported hypertension 169 1.52(1.28,1.82) 5
Base model + Systolic blood pressure 167 1.51 (1.25,1.81) 7
Base model + Diastolic blood pressure 167 1.51 (1.25,1.81) 7
Base model + Use of hypertension medication 170 1.53(1.28, 1.82) 4
Base model + Global cognition (MMSE score) 164 1.52 (1.25, 1.84) 7
Base model + Psychomotor processing/attention (DSST) 162 1.55(1.29, 1.87) 0
Base model + Depression symptoms (CES-D 10 score) 165 1.44(1.17,1.78) 20
Base model + Caregiver has 21 ADL impairment 165 1.47 (1.21,1.79) 15
Base model + Caregiver has 21 IADL impairment 167 1.49 (1.23,1.80) 11
Base model + Physical activity (blocks per week) 169 1.53(1.27,1.83) 4
Base model + Self-reported daytime sleepiness 167 1.49 (1.23,1.79) 11
Base model + Self-reported trouble falling asleep 166 1.52(1.26, 1.82) 5
Base model + Self-reported night-time awakenings 167 1.52(1.26, 1.83) 5
Base model + Frequency of recipient's memory and behavior problems 129 1.45 (1.16, 1.81) 18
Base model + Number of ADLSs care is given for 174 1.54 (1.30, 1.83) 2
Base model + Number of IADLSs care is given for 174 1.50 (1.25, 1.79) 9

Base model includes adjustment for study site;

*
Prevalence ratio for being a strained vs. non-strained caregiver;

Hok

Diabetes status was expressed as present vs. absent; N varies due to missing covariate data.
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