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Abstract

Objective—Clinical trials in incipient and clinical Alzheimer's disease (AD) often include
informant-reported outcomes. While informant reports in AD dementia may be modulated by the
nature of participant-informant relationships, whether informant type affects reporting at earlier
disease stages is less certain. We sought to determine the effects of participant-informant
relationships on informant assessments of quality of life (QOL), functional abilities, and
behavioral symptoms in individuals with normal cognition (NC), mild cognitive impairment
(MCI), and mild-to-moderate AD dementia.

Design—Cross-sectional.

Setting—Easton Center for Alzheimer's Disease Research at the University of California, Los
Angeles.

Participants—A total of 399 individuals who met criteria for NC (n=100), MCI [amnestic
(n=125) and nonamnestic (n=61)], and AD (n=113). Participants were subdivided into groups
based on informant/participant relationships (spouse versus other).

Measurements—We examined informant effects on the Quality of Life-Alzheimer's Disease
(QOL-AD) scale, Functional Activities Questionnaire (FAQ), and Neuropsychiatric Inventory
(NPI).
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Results—After adjustments for demographic and cognitive factors, spouse informants reported
higher participant QOL in the amnestic MCI and AD groups than did other informants. No
informant effects were seen on QOL-AD ratings in the nonamnestic MCI or NC groups or on the
FAQ or NPI in the MCI and AD groups.

Conclusions—~Participant-informant relationships may modulate informant responses on
subjective measures such as the QOL-AD in both incipient and clinical AD. Clinical trials that use
informant measures may need to address these effects.

informant; study partner; quality of life; mild cognitive impairment; Alzheimer's disease

Introduction

Alzheimer's disease (AD) is a neurodegenerative condition characterized by progressive
cognitive deficits, behavioral abnormalities and functional disabilities. Since cognitive
impairment may distort insight and limit the reliability of self-report by persons with mild-
to-moderate AD dementia or earlier stages of the disease such as mild cognitive impairment
(MCI), most diagnostic guidelines recommend that informant measures be included in
evaluations (1, 2). Therefore, informant-based tools have been developed to measure
behavioral symptoms (3), functional abilities (4), and quality of life (QOL) (5). These scales
are frequently included in the assessment batteries used in clinical trials of potential AD
therapeutics.

While informant reports represent an important source of information regarding disease
progression (6), they also have limitations due to their subjective nature. Informant factors,
such as age, education level, living situation, caregiver burden, and mental health may affect
informant reports (7-10). Additionally, the nature of the relationship between the participant
and informant may modulate informant assessments. Spouse informants view QOL of
participants with AD dementia more favorably than do adult child informants (9-11).
Likewise, differences in spouse versus non-spouse informant reports of cognition, behavior,
function, and disease progression have also been reported (8, 12-14). However, other studies
have failed to find evidence for effects of the relationship between the informant and
participant on the discrepancy between patient and caregiver reported QOL (15) or rates of
disease progression (16).

Current clinical trials of potential AD therapeutics are increasingly focused on individuals at
earlier stages of disease progression such as MCI (17). Interventions initiated in the MCI
stage of AD progression may be more effective than those initiated after the onset of
dementia. However, the impact of the participant-informant relationship on informant
measures in MCI is less well understood.

In this study, we examined the effects of spouse versus other informant types on informant
reports for research participants with normal cognition, MCI, and mild-to-moderate AD
dementia on assessments of behavioral symptoms, instrumental activities of daily living, and
QOL. Based on prior work, primarily in AD dementia, we hypothesized that spouse
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informants would report less severe behavioral symptoms and functional impairments (14)
and better QOL (9-11). We also sought to determine whether different patterns of informant
effects would emerge amongst different cognitive subtypes of MCI.

Methods

Research Participants

Participants were part of an ongoing study at the Mary S. Easton Center for Alzheimer's
Disease Research at the University of California, Los Angeles (UCLA). We analyzed data
from participants' first study visit. Volunteers and patients were recruited from the
community and through the Memory Disorders Clinics at UCLA Medical Center, Olive
View-UCLA Medical Center, and the Marina Campus of the Centinela-Freeman Medical
Center. Inclusion criteria included: 1) participant age = 50 years old, 2) diagnosis of normal
cognition (NC), MCI, or mild-to-moderate AD dementia [AD group; Mini-Mental Status
Exam (MMSE) scores = 10], and 3) consistent participation of a single reliable informant.
Diagnoses were determined via multidisciplinary consensus conference, and were based on
physician interviews, neuropsychological testing, and neurological examinations.
Participants in the AD group met criteria for AD dementia as defined by Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V) (18) and National

Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and
Related Disorders Association (NINCDS/ADRDA) criteria (19). Participants in the MCI
group met modified Petersen criteria: 1) subjective cognitive complaints, 2) essentially intact
activities of daily living, 3) objective cognitive impairment, and 4) absence of dementia (17).
The neuropsychological testing battery included assessments of memory, attention,
language, visuospatial, and executive function as previously described (20). Participants
were considered cognitively impaired if their score on at least one test in any domain was =
1.5 standard deviations below published normative means. MCI participants were
categorized as amnestic (AMN) or non-amnestic (NON) based on the presence or absence of
memory impairment. Global cognitive functioning was assessed using the MMSE (21).

Informant Assessments

The spouse informant group included informants identified as a spouse or domestic partner.
All other informants (adult children, grandchildren, nieces/nephews, cousins, siblings,
friends, paid caregivers) were included in the other informant group.

Informants were queried with the Quality of Life-Alzheimer's Disease Scale (QOL-AD) (22)
to separately evaluate the QOL of both the participant (p-QOL) and themselves (i-QOL) in
13 domains: physical health, energy, mood, living situation, memory, family, marriage (or a
close relationship), friends, self as a whole, ability to do chores, ability to have fun, financial
capabilities, and life as a whole (range 1-4 for each domain). Participants were also asked to
evaluate their own QOL (s-QOL) using these same metrics. Average QOL scores were
calculated using valid responses, and participants missing scores for more than 2 domains
were excluded from subsequent analyses. Higher average QOL scores indicate better QOL.
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Behavioral symptoms were assessed with the Neuropsychiatric Inventory (NPI) (23), for
which informants report the presence, frequency (range 1-4), and severity (range 1-3) of 12
categories of behavioral symptoms: delusions, hallucinations, agitation/aggression,
depression/dysphoria, anxiety, elation/euphoria, apathy/indifference, disinhibition,
irritability/lability, aberrant motor behavior, sleep and nighttime behavior disorders, appetite/
eating changes. If symptoms in a particular category were reported, frequency and severity
scores were multiplied to generate a composite score for that category. Composite scores
from each symptom category were summed to generate a total NP1 score (range 0-144).
Higher scores total NPI scores indicate greater behavioral symptomatology.

Functional abilities were assessed with the Functional Activities Questionnaire (FAQ) (24),
in which informants report participants' abilities to perform 10 categories of instrumental
activities of daily living (writing checks, paying bills, keeping financial records; assembling
tax or business records; shopping alone; playing a game of skill; making coffee or tea;
preparing a balanced meal; keeping track of current events; attending to and understanding a
television program, book, or magazine; remembering appointments, family occasions,
medications; and traveling out of the neighborhood; score range 0-3 for each category).
Higher FAQ scores in each category indicate greater dependence. Activities that had never
been performed prior to the onset of cognitive decline, or for which the informant had
insufficient information were not scored. Participants were excluded from subsequent
analyses if values were missing for more than 2 categories. Mean FAQ item scores were
calculated from all category scores with valid responses as previously described (25).

Data Analysis

Ethics

Results

Statistical analyses were performed using SPSS Statistics 23.0 for Mac (IBM, Armonk NY).
Demographic variables within each diagnostic group were compared between informant
types using unpaired t-tests for continuous variables and chi-square tests for categorical
variables. MMSE and informant indices were initially compared within each diagnostic
group between informant types using unpaired t-tests. Multiple linear regression was
subsequently used to determine the contributions of demographic, cognitive, and informant
variables to the informant assessments on the NPI, FAQ, and QOL-AD. Reference
conditions for categorical variables used in the regression analyses were as follows: sex-
male; ethnicity- non-Hispanic White; informant- spouse. Separate paired t-tests were used to
compare s-QOL and p-QOL scores within each diagnostic group.

Both participants and their informants provided written consent, as approved by the
Institutional Review Boards at UCLA and each individual site.

Demographics

Demographic data for NC, MCI, and AD participants with spouse versus other informants
are shown in Table 1. Participants with spouse informants were generally younger, more
likely to be male and non-Hispanic White, and had more years of formal education than
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those with other informants, though not all comparisons were significant for each diagnostic
group. These demographic disparities were most pronounced in the AD group. By
definition, all participants with spouse informants were either married or living as married.
Lower proportions of participants with other informants were married (NC: 19.6%, MCI:
20.8%, AD: 22.2%). Demographic data for spouse versus other informants are shown in
Table 2. Compared to other informants, spouse informants were generally older, more likely
to be male and non-Hispanic White, and had more years of formal education, though again,
not all comparisons were significant for each diagnostic group. Across diagnostic groups,
virtually all of the spouse informants lived with their respective participants. Significantly
lower rates of co-residence were seen with other informants. Collectively, adult children
were the most common other informants, and their proportion of the other informant group
increased across diagnostic groups from NC (32.6%) to MCI (42.9%) to AD (74.6%).

Informant effects on the NPI, FAQ, and QOL-AD

Unadjusted spouse- and other informant-reported NP1, FAQ, and p-QOL scores for each
diagnostic group are shown in Figure 1. Unpaired t-tests revealed higher total NPI scores for
NC participants with spouse versus other informants [Figure 1A; 498)=2.32, p=0.022].
There were no differences on mean FAQ item scores between informant types for any of the
three groups (Figure 1B). Unpaired t-tests indicated that p-QOL ratings (Figure 1C) for
participants with spouse informants were significantly higher in AD [£111)=3.29, p=0.001],
but this difference fell just short of significance in MCI [{184)=1.95, p=0.053].

Because participants in the spouse and non-spouse informant groups varied across a number
of factors, separate multiple linear regression analyses were used to identify which
cognitive, demographic, and informant variables influenced NPI, FAQ, and QOL-AD
ratings. In these adjusted analyses, NC participants with spouse informants continued to
have higher NP1 scores than those with other informants (Supplementary Table 1). There
were no effects of informant type on global NPI in the MCI or AD groups or the FAQ for
any of the diagnostic groups (data not shown). For the QOL-AD analyses, i-QOL was
included as a covariate to address the possibility that informants' views of their own QOL
could modulate their assessments of their participants' QOL (26). As expected, i-QOL and p-
QOL scores were positively correlated in the NC, MCI, and AD groups [NC: /(98)=0.647,
p<0.001; MCI: n(184)=0.542, p<0.001; AD: 1(111)=0.508, p<0.001]. After adjusting for
MMSE, participant demographics, and informant factors, spouse informants reported higher
p-QOL than other informants in the MCI and AD groups, but not in the NC group (Table 3).
Within the other informant groups, comparisons between informants who co-resided with
their participants versus those who did not co-reside failed to demonstrate any effects of co-
residence on p-QOL in any of the three diagnostic groups either before or after adjustments
for demographic and cognitive factors (data not shown).

We also sought to determine whether s-QOL ratings differed between participants with
spouse versus other informants. Overall, paired t-tests indicated that s-QOL and p-QOL
scores were similar in the NC [£99)=1.02, p=0.31] and MCI [4185)=-1.81), p=0.071]
groups and that s-QOL scores were significantly higher than p-QOL scores in the AD group
[4111)=-6.73, p<0.001]. Unpaired t-tests revealed significantly higher s-QOL ratings from
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participants with spouse informants in the MCI [14{184)=2.655, £=0.009] and AD groups
[4110)=3.306, £=0.001], but not in the NC group [£98)=0.412, p=0.682]. These informant-
related differences in s-QOL within the MCI and AD groups persisted after adjusting for
MMSE and demographic variables via multiple regression analyses (Table 4). There were no
informant-related differences in i-QOL in any of the three diagnostic groups, either before
(Table 2) or after (data not shown) adjustments for demographic differences.

Informant effects on MCI subtypes

MCI has been subdivided into cognitive subtypes (17). Although prior work from our group
did not reveal significant differences in p-QOL between amnestic and non-amnestic MCI
(27), potential informant effects were not examined in that study. We addressed this question
by performing a two-way analysis of variance, which showed no overall effect of MCI
subtype [F(1,182)=0.62, p=0.43] or informant type [A1,182)=0.49, p=0.48] on p-QOL
scores. However, there was a significant interaction between these variables [F
(1,182)=13.00, p <0.001], prompting additional analyses of informant effects on p-QOL
within the AMN and NON subgroups. Demographic data for the MCI subgroups are shown
in Table 5. In the AMN subgroup, participants with spouse informants were significantly
more likely to be non-Hispanic White [X2(125):11.88, p=0.001]. In the NON subgroup,
participants with spouse informants were more likely to be male [X2(61):14.59, p<0.001].

In the AMN group, unpaired t-tests indicated that participants with spouse informants had
higher p-QOL [£123)=3.88, p<0.001] and s-QOL [£123)=3.93, p<0.001] scores than those
with other informants. These differences persisted after adjusting for MMSE, demographic,
and informant (for p-QOL) variables via multiple linear regression analyses (Table 6). In
contrast, in the NON group, similar p-QOL and s-QOL scores were seen in spouse versus
other informants with both unpaired t-tests [p-QOL: 459)=1.65, p=0.11; s-QOL.: {59)=0.66,
p=0.51] and multiple linear regression analyses (data not shown).

QOL-AD item analyses for AMN and AD groups

We then investigated which specific p-QOL items showed the most pronounced informant-
related differences in the AMN (Figure 2A) and AD (Figure 2B) groups. Unpaired t-tests in
the AMN group revealed significantly higher scores amongst participants with spouse
informants on the physical health [{123)=-4.37, p<0.001], energy [{123)=-3.57, p<0.001],
and life as a whole [4123)=-3.56, p=0.001] items after Bonferroni correction for multiple
comparisons (critical £<0.004). When separate multiple linear regression analyses adjusting
for MMSE, demographic factors, and i-QOL were performed for each item, participants
with spouse informants had higher scores on the physical health, energy, friends, and life as
a whole items after Bonferroni correction (Supplemental Table 2).

Unpaired t-tests in the AD group revealed significantly higher scores amongst participants
with spouse informants on the mood [{111)=-3.10, p=0.002], living situation [{111)=-3.07,
p=0.003], family [(111)=-3.21, p=0.002], and marriage [4100)=-5.15, p<0.001] items after
Bonferroni correction. Subsequent multiple linear regression analyses indicated that
participants with spouse informants had higher scores on the family and marriage items after
Bonferroni correction (Supplemental Table 2).
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Discussion

The purpose of this study was to examine whether spouse and other informants differentially
evaluate people with NC, MCI, and mild-to-moderate AD dementia using three informant
measures (QOL-AD, NPI, and FAQ). Compared to other informants, spouse informants
reported better p-QOL for MCI and AD participants, but not for NC participants (after
adjustments for demographic, cognitive, and informant factors). In contrast, no consistent
informant effects were seen on the NP1 or FAQ in the MCI or AD groups. These findings
suggest that participant-informant relationships can modulate some informant measures
collected in studies of cognitively impaired participants.

Informant effects on p-QOL ratings in MCl and AD

The tendency of spouse informants to report higher p-QOL relative to adult child caregivers
has been previously reported for people with dementia (9, 10). Our results extend these
findings to informants for participants meeting diagnostic criteria for MCI. This trend may
be due to systematic differences in the way informants assess p-QOL. Increased burden
amongst adult child caregivers has been associated with lower p-QOL ratings (9), suggesting
that caregiver burden and depression influence p-QOL ratings (28, 29). However, it remains
uncertain whether adult children actually experience greater caregiver burden than spouses
(9, 13, 30). QOL assessments may also be impacted by the informant's interpretation of the
QOL-AD questions (i.e. ability to assume the participant's perspective as opposed to their
own) (5, 31, 32). Spouses may be more likely to assess QOL from the participant's
perspective, because of their shared life experiences and the more interdependent and
emotionally connected nature of their relationship (13).

It is also possible that participants with spouse informants actually have better QOL. Both p-
QOL and s-QOL ratings were higher in the AMN and AD participants with spouse
informants than those with other informants. If p-QOL differences were primarily driven by
informants' perception of QOL, one might expect similar s-QOL ratings and divergent p-
QOL ratings. Instead, the parallel nature of p-QOL and s-QOL ratings in the AMN and AD
groups suggests that participants with spouse informants may indeed have better underlying
QOL. In general, social relationships enhance the QOL of people with dementia (33-35).
However, adult children may have a more distant relationship with their cognitive impaired
parent, and their caregiving roles may conflict with their other responsibilities (11). In
contrast, spouses, particularly those who participate as informants in research studies, may
be more committed to and capable of nurturing a cognitively impaired partner (11, 13).

Informant effects in MCI subtypes

Within the MCI group, informant effects for p-QOL ratings were seen with participants in
the AMN subgroup, but not in the NON subgroup. Spouses may be more accurate than adult
children in assessing the memory function of patients with MCI and AD (8, 12). While such
findings might suggest that the discrepancy between informant effects in the AMN and NON
subgroups could be driven by the memory p-QOL item (i.e. other informants might
overestimate the degree of memory deficits in the AMN group), this item was rated similarly
by spouse and other informants in the AMN subgroup. Nevertheless, memory impairment
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may be more salient than other cognitive deficits, particularly for non-spouse informants. As
such, the presence of memory symptoms could result in broader reductions in perceived
participant QOL amongst non-spouse informants, particularly since no informant effects
were seen in the NC or NON groups.

Informant effects on specific QOL-AD domains

Item level analyses of informant effects in the AMN and AD groups revealed partially
overlapping patterns of QOL-AD items affected by participant-informant relationships. In
the AMN group, participants with spouse informants had higher p-QOL scores on items
contributing to the previously identified physical well-being/health and social/environment
factors on the QOL-AD (36, 37). In the AD group, spouse informants only reported higher
p-QOL scores on items contributing to the social/environment factor, suggesting that the
breadth of these informant effects narrows with disease progression. Our analyses of
informant effects in AD dementia only included participants with mild-to-moderate disease
severity. Accordingly, it remains possible that different patterns of informant effects on the
QOL-AD may emerge in severe AD dementia.

Co-residence and p-QOL ratings

The difference in p-QOL ratings between spouse and other informants did not appear to be
attributable to participants' living arrangements, as similar p-QOL scores were reported by
other informants regardless of whether or not they lived with the participant. Co-residence
alone does not necessarily increase informants' awareness of participants' well being. Indeed,
dementia patients who live with their spouses are diagnosed at earlier stages of disease
progression than those who live with someone other than their spouse (38), reinforcing the
suggestion that spouses may be more closely attuned to cognitive and functional decline (8,
12). Both the informant's relationship to the cognitively impaired person and whether or not
they live together may affect their awareness and/or actions regarding such impairments.
Unfortunately, we were unable to more rigorously investigate potential interactions between
living situation and type of informant with this data set, since almost all of the participants in
the spouse informant group lived with their informant.

Absence of informant effects on the NPl and FAQ

In our cohort, no informant effects were seen on adjusted analyses of the NP1 or FAQ in the
MCI and AD groups. This result is consistent with a recent study of these instruments in an
MCI population (39), though a prior report did show informant effects on similar behavioral
and functional assessments in a mixed population of participants with MCI and dementia
(14). Our findings suggest that behavioral and functional assessments may be relatively
more objective than QOL ratings, and therefore less likely to be modulated by participant-
informant relationships.

Limitations and future directions

There are a few factors that may limit the interpretation of our results. Caregiver burden and
depression indices for informants, which may affect QOL-AD ratings (7, 9, 10, 28, 29), were
not collected. However, we indirectly adjusted for these variables by including informants'
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self-rated QOL in our regression analyses. While informant demographics may also
modulate QOL assessments (10, 11), they are closely correlated with the participant-
informant relationship, and thus were not further included in the regression analyses. The
effects of living situation and participant-informant relationship are also closely intertwined,
and we were unable to fully disentangle these variables, since almost all of spouse
informants lived with their respective participants. Future studies with similar numbers of
spouse and non-spouse informants in similar living situations may be needed to address this
question. Finally, our analyses were relatively underpowered for determining whether QOL
differences between participants with spouse versus other informants were due to actual
underlying differences in participants' QOL or systematic differences in informants'
impression of participants' QOL. Additional investigations with participants who have both
spouse and non-spouse informants would address this issue more directly.

Conclusions

While the significance of the participant-informant relationship in QOL-AD assessments has
previously been reported in AD populations, the analyses presented here extend this finding
to amnestic MCI. Clinical trials and other research studies in MCI and AD that use the
QOL-AD as an outcome measure should address the potential confounds introduced by
differences in participant-informant relationships, by enrolling equivalent numbers of
participants with spouse and non-spouse informants, stratifying randomization by informant
type, and/or including other analytic adjustments for this important factor.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Unadjusted scores for spouse versus other informants on A) total NPI, B) mean FAQ item,
and C) mean p-QOL item indices in the NC, MCI, and AD groups. Error bars represent
standard error of the mean. *p<0.05 versus other informant group in unadjusted

analyses; Tp<0.05 versus other informant group after adjustment for demographic, cognitive,
and informant factors. See text for details regarding specific statistical tests and degrees of

freedom.
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Figure 2.
Unadjusted p-QOL item scores in A) AMN and B) AD participants with spouse versus other

informants. *p<0.004 versus other informant group in unadjusted analyses; Tp<0.004 versus
other informant group after adjustment for demographic, cognitive, and informant factors.
See text for details regarding specific statistical tests and degrees of freedom.
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