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Does study partner type impact the rate of Alzheimer’s disease
progression?
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1Mary S. Easton Center for Alzheimer’s Disease Research, Department of Neurology, David
Geffen School of Medicine at UCLA, Los Angeles, CA
2Department of Medicine, David Geffen School of Medicine at UCLA, Los Angeles, CA
3University of Pennsylvania, Perelman School of Medicine, Departments of Medicine, and
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Abstract
Most patients with Alzheimer’s disease (AD) do not have a spouse. Despite this, the majority of
AD research participants enroll with a spouse study partner. It remains unclear if differences
between AD patients who do and do not have a spouse may bias study results. In this study, we
examined whether AD patients with different study partner types (spouse vs adult child)
demonstrate different rates of disease progression over two years on three outcome measures
commonly used in AD research, including clinical trials. We used data from the National
Alzheimer’s Coordinating Center Uniform Data Set to examine disease progression in participants
age 55–90 with probable AD dementia. We examined disease progression as measured by the
Clinical Dementia Rating Scale-Sum of the Boxes score, the Mini Mental Status Examination, and
the Functional Assessment Questionnaire. Analyses were performed on data for all available
eligible participants from the NACC UDS and after performing a propensity-matching model to
better account for inherent differences between the populations of interest. Propensity matching
was successful only when models did not include age and gender. For both propensity-matched
analyses and those of all available data, we did not observe any differences between the study
partner populations for any outcome measure. These results suggest that, if investigators can
improve in recruiting AD patients with adult child caregivers to research, the implications to study
results may be minimal.
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Introduction
Reports from the Alzheimer’s Association suggest that more than 17 million Americans care
for patients with Alzheimer’s disease (AD) and that AD patients more often receive care
from non-spouse than spouse caregivers [1]. The quality of care that AD patients receive is
likely to have substantial impact on their health and caregiver intervention can improve
patient healthcare outcomes, including cognition [2–5]. For example, in one randomized
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trial, AD patients whose caregivers were trained to deliver cognitive therapy showed a mean
2.9-point benefit on the AD Assessment Scale-cognitive subscale (ADAS-cog) over 25
weeks, relative to AD patients whose caregivers were assigned to a control group [6].
Examination of the population-based Cache County Dementia Progression Study found that
among possible and probable AD patients, adjusting for age, neuropsychiatric symptoms,
disease duration, and baseline severity, those with spouse caregivers experienced a 1.7
point-per-year slower decline measured with the Clinical Dementia Rating scale-Sum of
Boxes (CDR-SB) and a 1.2 point-per-year slower decline on the Mini-Mental Status Exam
(MMSE), relative to those with adult child caregivers [7].

In addition to their critical role in ensuring the health and safety of AD patients, AD
caregivers play a vital role in AD research, especially clinical trials of new treatments. AD
caregivers serve as trial study partners; they ensure informed consent and trial compliance
and serve as the primary informant for a variety of trial outcomes. Recent analyses of AD
clinical trials showed differences in the rates of participation and trial completion, based on
AD patients’ study partner type [8]. These analyses also observed trends toward differences
in the rate of decline on the MMSE and ADAS-cog between study partner groups, but with
slower progression observed among those with adult child study partners.

Current AD trials are often designed with the goal of demonstrating disease modification,
that is, slowing of the rate of cognitive and functional decline in participants randomly
assigned to active study medication. To adequately plan such studies, power calculations
must be performed based on an anticipated effect size of the treatment under study and the
expected decline over time of those assigned placebo. Differences in the rate of decline due
to the type or quality of caregiver could impact trial planning and results. In this study, we
used data from the National Alzheimer’s Coordinating Center Uniform Data Set (NACC
UDS) to examine whether differences in AD progression exist based on the AD participant’s
type of study partner. We hypothesized that participants with adult child study partners
would progress more rapidly than those with spouses.

Materials and Methods
Sample

The National Alzheimer’s Coordinating Center Uniform Data Set (NACC UDS) is a
repository for longitudinal data collected from approximately 34 current or previously NIA-
funded AD Centers nationwide (www.alz.washington.edu). The UDS was initiated in 2005.
In the current analyses, data collected on or before September 1, 2012 were examined.

Participants
To be included in these analyses, participants needed to have a diagnosis of probable AD
and to have enrolled in the NACC UDS with a spouse or an adult child (son, daughter, son-
in-law, or daughter-in-law) study partner. We restricted the population to patients age 55–90
who met criteria for dementia and had been enrolled in the NACC UDS with a working
diagnosis of probable AD, with a baseline CDR global score of 0.5 or 1.0 and MMSE
between 14 and 26. Participants were excluded if they did not have a study partner at
baseline that was a spouse or an adult child, if they experienced a change in study partner, or
if they had any subsequent diagnosis other than dementia/probable AD. Study baseline was
defined as the first eligible visit for which all criteria were met. Because the objective was to
examine longitudinal change in measures of cognition and function, we also restricted the
population to participants with at least two follow-up visits after a baseline visit in which all
other criteria were met and at least two of the MMSE, CDR and Functional Assessment
Questionnaire (FAQ) were completed.
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Ethics
All participants in the NACC UDS sign an informed consent document approved by an
Institutional Review Board (IRB). The current project received an expedited approval from
the UCLA IRB.

Study outcomes
We examined the rate of AD progression over two years as measured by three outcome
measures. Outcomes with missing data were excluded.

CDR-SB [9]—The CDR is a patient- and informant-based clinical assessment of global
cognitive and functional ability that captures and documents information in six unique
domains: memory, orientation, judgment and problem solving, community affairs, home and
hobbies, and personal care. Each domain is scored by the investigator as 0 (normal), 0.5
(questionable), 1.0 (mild dementia), 2.0 (moderate dementia), or 3 (severe dementia). The
CDR can be used as a global score of disease state, calculated with a scoring algorithm (see
http://www.biostat.wustl.edu/adrc/) or by summing the totals of the separate box scores
(CDR-SB). We examined the CDR-SB as a measure of disease progression. The CDR-SB
has recently been proposed as a potential single primary outcome measure in AD trials [10,
11].

MMSE [12]—The MMSE is the most widely used cognitive assessment tool in dementia
research. It uses a 30-point design to assess orientation, short-term and delayed recall,
calculations, language interpretation, naming, and praxis. Higher scores represent greater
cognitive performance.

FAQ [13]—The FAQ is a 10-item tool based on informant assessment of the patient’s
ability to complete activities of daily living independently, with assistance, or in a dependent
manner. Scores range from 0–30, with higher scores representing greater functional
dependence.

Study analyses
We compared the rate of progression between AD participants with spouse and adult child
partners using regression models. We identified a sample for analyses in two ways. In
addition to modeling disease progression using all available data from all eligible
participants, we performed a propensity matching design case-control study. Propensity
matching is a technique to remove much of the bias associated with research studies for
which randomization is not feasible, such as observational studies [14, 15]. It has been
previously used to compare genders [16], populations that did or did not receive treatment
[17–19], those with or without access to resources or specialist care [20–22], and a variety of
other clinical variables. For each participant (i), a propensity score was computed by
constructing a multiple logistic regression model with the equation e(xi) = Pr(Di = 1|Xi = xi),
where ei is the propensity score, Di is an indicator for study partner type, and the xi are a set
of covariates. The propensity score was modeled to account for education, race, ethnicity,
baseline scores on the MMSE, CDR-SB, and NPI, hachinski score, and whether the
participant took anti-AD medications. To be considered a match, the propensity score
needed to be within 0.05 score distance. Given the abundant number of participants with
spouse study partners, each participant with an adult child study partner was matched to two
participants with spouses if possible. Participant propensity scores without a match were
excluded from analyses. We used the SAS macro program ‘gmatch’ to carry out the
propensity matching (created by Kosanke and Bergstralh, see http://mayoresearch.mayo.edu/
mayo/research/biostat/sasmacros.cfm, accessed 04/01/13).
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For both data sets, we used scores at the second follow-up visit (1.5 to 2.5 years from
baseline visit) to calculate annualized changes from baseline for each study outcome
measure (CDR, MMSE, and FAQ). We performed multiple regression to examine the
effects on the annualized change for a number of covariates, including participant gender,
participant race, participant ethnicity, participant education, participant age, baseline scores
on the outcomes of interest and study partner gender.

To examine potential differences in demographic variables between the study partner
groups, we used Chi squared tests (X2) for dichotomous variables and two sample t-tests for
continuous variables. All statistical analyses are reported with a significance level of p<0.05.

Results
Samples

The descriptive statistics for the sample included in our analyses are presented in Table 1.
Table 2 provides descriptive statistics for the study partners. Among those eligible for the
current study, there were nearly three times as many AD participants with spouse than adult
child study partners. Participants with adult child study partners were older, more often
female, more often minority race or ethnicity, and less frequently took anti-AD medications.
No differences were observed at baseline in the outcome measures of interest.

The propensity model described in the methods yielded satisfactory matching; on average
matching 1.76 AD participants with spouse partners for every participant with an adult child
partner. Importantly, when either age or gender were included in the propensity model, the
resultant distribution of propensity scores were not sufficiently overlapping to permit
adequate matching. Therefore, age and gender were not included in the final propensity
model, but were instead adjusted for in the regression models. Consequently, in the
propensity-matched sample, those with an adult child study partner remained older and more
frequently female than those with spouse study partners. They also had a lower mean level
of education (p=0.03).

Regression Models
The results of models using only propensity-matched populations and all available data are
presented in Tables 3 and 4, respectively. Neither model suggested a difference in the rate of
disease progression among the study partner types for any outcome measure. A trend toward
an effect of study partner type was observed for the MMSE, whereby decline was slower
among participants with an adult child study partner (estimate=0.38; 95% CI: −0.05, 0.80;
p=0.08; Table 4) in the model of all available data but this trend was not observed for the
propensity-matched sample analyses (estimate=0.28; 95% CI: −0.19, 0.75; p=0.23). The
Figure illustrates the observed changes for the two groups of study partner types for each
outcome measure for each data sample (propensity-matched and all available data).

For the CDR-SB and the FAQ, the baseline score predicted the rate of decline, but the
effects were in opposite directions between the two outcomes. In both models (Tables 3 and
4), a worse CDR-SB score at baseline predicted greater annualized change over two years.
For the FAQ, a worse baseline score predicted smaller change. Greater change (worsening)
in the CDR-SB was also associated with female gender in both models and with higher
education in the model of all data. Greater change (worsening) in the FAQ was also
associated with higher education in the propensity-matched model. For the MMSE, the only
significant predictor of the rate of decline was age, with younger age being associated with
more rapid decline in both models.
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Discussion
Alzheimer’s disease (AD) invariably results in decline in cognitive and functional abilities
and current clinical trials aim to demonstrate treatment-related slowing of such decline. It
remains unclear what factors impact the rate of disease progression, but factors with
systematic effects could bias trial results if not adequately controlled. Previous studies
suggested that study partner type could affect disease progression. Norton and colleagues
found that having a spouse caregiver was associated with slower rate of decline on the
ADAS-cog and the CDR-SB in the Cache County study [7]. In contrast, in a sample of AD
clinical trials, we observed a trend in which AD patients with adult child study partners
exhibited slower cognitive decline, measured with the MMSE and the ADAS-cog, relative
to those with spouse study partners, though no differences were observed in the CDR-SB or
the ADCS-ADL [8].

In the current analyses, we did not observe differences between study partner types in the
rate of disease progression as measured by three common AD clinical trial outcome
measures. Therefore, these results do not support the implementation of stratified
randomization or inclusion of study partner type in analytic models for AD clinical trials of
potential disease modifying therapies. It is of note, however, that this study used a
methodology intended to better control for potential covariates, the propensity-matching
method, but that the inherent differences between these populations prevented the full
utilization of this analytic technique. Specifically, the substantial differences in age and
gender between AD participants with adult child and spouse study partners could not be
accounted for by propensity matching.

Our results did not replicate the findings of either of the previous discordant studies that
suggested differences in disease progression between those with adult child and spousal
caregivers/study partners. One potential mechanism to account for differences among these
studies is a sample bias. Clinical trials rarely recruit samples representative of the greater
disease-suffering population [23], including that they infrequently recruit AD patients who
lack a spouse [8]. Trial participants are typically younger, more educated, and more often
non-Latino Caucasians than the typical AD patient [24]. The level of involvement of clinical
trials (often requiring a large number of clinical visits over a series of months or years) may
limit participation to those adult child caregiver/patient dyads that are highly motivated and
have the resources to attend visits during the workweek. In contrast, the Cache County study
is a natural history study that used community-based recruitment and has a lower burden of
participation. The NACC UDS is similar to clinical trials in that recruitment is by
convenience and the enrolled sample is highly educated and largely non-Latino Caucasian.
The NACC UDS, however, requires only annual visits. Thus, the current results may be
explained by differences in the samples of patient/caregiver dyads recruited to participate.
Norton and colleagues hypothesized that motivational differences between spouse and non-
spouse caregivers result in improved lifestyle, increased cognitive engagement, and other
differences that ultimately manifest differences in the rate of AD progression. While these
differences may manifest in altered rates of progression in community populations, they may
be absent or minimized in research populations, all of whom are motivated to go beyond
standard clinical care. This contrast from the general community may be greatest in clinical
trials, where adult child caregivers must overcome additional barriers to participation.

Our results do not suggest that systematic differences in the ways that study partners assess
patient cognition and function bias assessments. Conde-Sala and colleagues recently showed
that adult child caregivers view patient quality of life (as well as their own quality of life) as
worse than do comparable spouse caregivers [25–27]. We observed no differences, however,

Grill et al. Page 5

J Alzheimers Dis. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



between the study partner groups on either outcome measures that requires study partner
input (the CDR-SB and the FAQ) or clinician-administered outcomes (the MMSE).

Differences were observed in the rates of decline, relative to baseline score, in the CDR-SB
and the FAQ. This may have been due to an increased proportion of participants achieving
maximum score on the FAQ during the study. Further research is needed to assess the
psychometric properties of these scales and the implications to AD research on disease
progression.

This study has some limitations. The NACC UDS does not require that the primary
caregiver serve as study partner. Our results could be biased if participants with a spouse
caregiver were more likely to participate in the study with an adult child as a study partner.
Though this information is not systematically captured in the UDS, we anticipate minimal
impact of this caveat since we expect that the majority of UDS participants enroll with the
primary caregiver.

An ideal design for this study would have examined six outcome measures, balancing for
clinician-based and caregiver-based metrics of cognition, function, and global performance.
The items examined were chosen for their wide use, ready interpretation, and likelihood for
demonstrating change over time. Furthermore, the NACC UDS does not administer the
ADAS-cog, the most common measure of cognition in AD trials. Nevertheless, we feel that
these results may be instructive to investigators designing future AD dementia treatment
trials.

In summary, the results of the current study do not suggest that differences exist in the rate
of disease progression, regardless of the means by which disease severity is measured,
between AD patients with adult child and spouse study partners. Therefore, AD clinical
trials may incur no analytic bias if they can successfully increase the rates of participation
among AD patients cared for by their adult children, a significantly underrepresented group.
These findings do, however, suggest that differences in research populations may drive
differences in study outcomes, emphasizing the need for careful design and enrollment in
AD research.
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Figure 1.
Figure Mean (± SD) scores are plotted for the groups. Triangles and solid lines represent the
spouse study partner groups. Circles and broken lines represent the adult child study partner
groups. A and B illustrate scores on the CDR-SB, C and D illustrate scores on the MMSE,
and E and F show scores for the FAQ. A, C, and E present plots of the means for all
available data, while B, D, and F are plots of the means for only the propensity-matched
data.
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Table 3

Predictors of the rate of progression 1.5 to 2.5 years from baseline among propensity matched samples.

Variable CDR-SB, estimate (95% CI) MMSE, estimate (95% CI) FAQ, estimate (95% CI)

Adult child study partner type (vs. spouse) 0.03 (−0.26, 0.32) 0.28 (−0.19, 0.75) −0.31 (−1.04, 0.42)

Female study partner gender (vs. male) 0.19 (−0.10, 0.49) −0.14 (−0.35, 0.62) 0.09 (−0.64, 0.82)

Female gender (vs. male) 0.40 (0.08, 0.71)* −0.25 (−0.76, 0.26) 0.50 (−0.30, 1.30)

Caucasian race (vs. non-Caucasian) 0.07 (−0.22, 0.36) −0.04 (−0.50, 0.42) 0.38 (−0.40, 1.15)

Latino ethnicity (vs. non-Latino) −0.10 (−0.54, 0.34) 0.61 (−0.09, 1.32) −0.49 (−1.66, 0.69)

Education 0.03 (−0.01, 0.06) 0.01 (−0.04, 0.07) 0.11 (0.01, 0.21)*

Age 0.002 (−0.01, 0.02) .04 (0.01, 0.06)* 0.01 (−0.03, 0.05)

Baseline score 0.10 (0.04, 0.16)* −0.01 (−0.07, 0.05) −0.22 (−0.26, −0.19)

NOTE: From multiple regression to examine the effects on the annualized change for a number of covariates, including participant gender,
participant race, participant ethnicity, participant education, participant age, baseline scores on the outcomes of interest and study partner gender.

*
p<0.05.
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Table 4

Predictors of the rate of progression 1.5 to 2.5 years from baseline among the total data set.

Variable CDR-SB, estimate (95% CI) MMSE, estimate (95% CI) FAQ, estimate (95% CI)

Adult child study partner type (vs. spouse) −0.05 (−0.32, 0.22) 0.38 (−0.05, 0.80) −0.34 (−0.98, 0.31)

Female study partner gender (vs. male) 0.23 (−0.05, 0.51) −0.11 (−0.55, 0.34) 0.30 (−0.36, 0.96)

Female gender (vs. male) 0.38 (0.09, 0.67) −0.38 (−0.85, 0.08) 0.50 (−0.21, 1.20)

Caucasian race (vs. non-Caucasian) 0.13 (−0.14, 0.40) −0.05 (−0.47, 0.36) 0.67 (−0.02, 1.36)

Latino ethnicity (vs. non-Latino) −0.19 (−0.58, 0.21) 0.44 (−0.17, 1.04) −0.63 (−1.63, 0.38)

Education 0.04 (0.01, 0.06)* −0.03 (−0.07, 0.02) 0.07 (−0.01, 0.14)

Age −0.00 (−0.01, 0.01) 0.04 (0.03, 0.06)* −0.01 (−0.03, 0.02)

Baseline score 0.09 (0.05, 0.14) 0.02 (−0.02, 0.07) −0.21 (−0.24, −0.19)*

NOTE: From multiple regression to examine the effects on the annualized change for a number of covariates, including participant gender,
participant race, participant ethnicity, participant education, participant age, baseline scores on the outcomes of interest and study partner gender.

*
p<0.05.
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