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Abstract

Background: Dyadic enrollment of a participant and study partner is required in mild cognitive
impairment (MCI) clinical trials, despite participants being functionally independent. Research
examining how the study partner requirement impacts MCI trials remains limited.

Methods: Using the Alzheimer’s Disease Cooperative Study donepezil and vitamin E MCI trial
data, we quantified the proportions of enrolled spouse, adult child, and other dyads. We used
multinomial regression to identify which baseline participant characteristics (age, sex, race and
ethnicity, apolipoprotein E (APOE) e4 status, education, residence type) were associated with
dyad type.

Results: Among 769 randomized dyads, 73% were spousal, 14% adult child, and 13% other
dyads. Adjusting for multiple comparisons, underrepresented racial and ethnic background (e.g.,
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comparing Hispanic to non-Hispanic White participants: adult child vs. spouse odds ratio,
OR=5.9; 95% CI: 2.09, 16.5; other vs. spouse OR=5.0; 95% CI: 1.83, 13.4), female sex, age,
non-house residence, and APOE e4 non-carriage were each associated with a higher odds of
having an adult child, as well as an other, study partner at enroliment.

Discussion: Increasing participation among non-spousal dyads may facilitate more inclusive and
representative MCI trial samples.

Background

Clinical trials enrolling people living with Alzheimer’s disease (AD) dementia universally
require dyadic enrollment of a participant and study partner. Study partners are vital to trial
success.! They provide transportation, report medical history and adverse events, ensure
compliance with medications and study visits, and serve as informants for trial outcome
measures.1~3 Additionally, study partners may serve as surrogate providers of informed
consent and play a critical role in the decision to participate in trials.# Previous examinations
of AD dementia trials reveal consistent patterns of enrollment by dyad type in which

spousal dyads outnumber non-spousal dyads by a ratio of 2:1,° despite a predominance of
non-spousal caregivers, including over 50% adult children,® in the United States.

In an effort to intervene earlier in disease, AD trials now include patients with mild cognitive
impairment (MCI). MCl is defined as performance on cognitive tests that is below that
expected based on age and education norms, but does not result in functional impairment

or fulfill criteria for dementia.” Though individuals with MCI are functionally independent,
MCI trials still require participants to enroll with a study partner, given that several key trial
outcome measures were adopted from AD dementia trials and require an informant.

The impact of the study partner requirement in MCI trials is less understood than it is for
AD dementia trials. We examined potential relationships between dyad type and baseline
participant characteristics. Such findings may better inform future trials including designs,
recruitment efforts, and generalizability of results. To this end, we had three aims in this
study: (1) to quantify enrollment in an MCI trial by dyad type; (2) to identify participant-
level characteristics associated with study partner type at baseline; and (3) to compare
baseline participant-level characteristics across dyad types. To achieve these objectives,
we performed retrospective analyses using data from the phase 3 Alzheimer’s Disease
Cooperative Study (ADCS) trial of donepezil and vitamin E as potential disease-slowing
treatments for MC1.8

Study Methods

Data source

The ADCS donepezil and vitamin E MCI trial began in 1999 and was completed in 2004.
Eligible participants were 55 to 90 years old, had baseline Mini-Mental State Examination
(MMSE) scores from 24 to 30, Clinical Dementia Rating (CDR) global scores of 0.5, and
had a study partner at baseline who spent at least 10 hours per week with the participant
and agreed to ensure the participant’s compliance with study drug, report adverse events,
and attend all study visits. In total, 790 participants were randomized at one of 72 sites
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in Canada or USA to one of three arms: Donepezil, Vitamin E, or Placebo. The primary
outcome of the trial was time from randomization to clinical diagnosis of possible or
probable AD (dementia) based on the National Institute of Neurological and Communicative
Disorders and Stroke - Alzheimer’s Disease and Related Disorders Association criteria.?
Participants were followed for a maximum of 3 years post-randomization with visits
scheduled at baseline, month 3, and every six months from month 6 to month 36. All 769
randomized participants who had a baseline assessment were included in this study to form
the full analysis set population. Baseline refers to participant or study partner information
recorded at the screening or baseline study visits, although data were available only for those
participants randomized in the study. Data used in the preparation of this manuscript were
obtained from the University of California, San Diego ADCS Legacy database.

Data analysis/statistical methods

The primary outcome of this study was dyad type. We classified dyad types based on

the relationship of the study partner to the participant with MCI: spouse, adult child,

or other study partner. Based on previous analyses in dementia, we classified daughters,
daughters-in-law, sons, and sons-in-law as adult child study partners, and anyone who was
neither a spouse nor an adult child (e.g., sibling, friend, paid caregiver) as other study
partners. Secondary outcomes were baseline participant characteristics, namely participant
age (years), sex as a biological variable (female vs. male), race and ethnicity, apolipoprotein
E (APOE) 4 carrier status, education (years), and residence type. Due to sparsity for
combinations of race and ethnicity and study partner type, we collapsed race and ethnicity
from six to five categories: American Indian or Alaskan Native (AIAN), other, or unknown;
Asian or Pacific Islander; Hispanic; non-Hispanic Black; and non-Hispanic White. Due to a
similar sparsity issue, we collapsed residence type from seven to three categories that reflect
similar living situations: house; condominium/apartment/trailer; and retirement community/
assisted living/other.

For descriptive analyses, we reported the mean + standard deviation (SD) for continuous
characteristics, including study partner age and education, and counts with column
percentages for categorical characteristics (ordered by descending frequency based on total
counts), including marital status. We produced violin plots to compare the distributions of
baseline study partner time spent with participant (hours per week) by dyad type.

For the primary analysis, we used multinomial regression to simultaneously model the
relative odds of having an adult child vs. spouse study partner and the relative odds of
having an other vs. spouse study partner. The predictors of interest included the baseline
participant characteristics previously mentioned except for marital status. The category
with the largest observed proportion for a multicategory variable served as the reference
group in inferential analyses (e.g., non-Hispanic White for race and ethnicity; and house
for residence type). We reported the estimated odds ratios (OR) and corresponding 95%
confidence intervals (Cl) from unadjusted analyses and adjusted analyses for pre-specified
potential confounding factors and independent risk factors for study partner type (i.e., a
prioribelieved to be casually associated with study partner type and not causally associated
with the predictor of interest). These adjustment factors included participant age, female sex,
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racial and ethnic background, APOE e4 carrier status, education level, and residence type.
Baseline study partner characteristics were a priori conjectured to be neither confounding
factors nor independent risk factors of the outcomes, and hence were not included as
covariates in the inferential model. To test whether the relative odds of adult child vs.
spousal dyads was the same as the relative odds of other vs. spousal dyads, we computed

a global pvalue based on a multivariate Wald test. For the primary analysis, we fit a
multinomial regression model including all six predictors of interest described above and
performed a multivariate Wald test for each predictor (six pre-specified analyses in total).

To account for multiple comparisons, instead of the typical Bonferroni correction,19 which
tends to yield conservative inference (i.e., the type 1 error rate is lower than the pre-specified
statistical significance level a), we used a Holm-Bonferroni correction! because it is

less conservative while still maintaining the family-wise type 1 error rate of a and has

more statistical power. To this end, instead of the typical two-sided statistical significance
threshold of a = 0.05 (when not adjusting for multiple comparisons) or the Bonferroni
correction (a single common statistical significance threshold of 0.05/6 = 0.008 would have
been used to compare each of the six pvalues), the Holm-Bonferroni threshold depended on
the rank (A) of the p value after ordering the six p values from smallest to largest, 0.05/(6 - &
+ 1), corresponding to thresholds of 0.008, 0.01, 0.013, 0.017, 0.025, 0.05, respectively.

In secondary analyses, we compared baseline participant characteristics across dyad types.
For continuous outcomes, we used linear regression with robust standard errors2 to model
the difference in means. For categorical outcomes, we used either logistic regression (for
binary outcomes) or multinomial regression (for outcomes with at least three categories) to
simultaneously model the relative odds of each non-reference category versus the reference
category. We pre-specified potential confounding factors and independent risk factors for
each outcome. For participant age as the outcome, we adjusted for participant sex, APOE &4
carrier status, and racial and ethnic background. Since a prioriwe did not believe that any
of the available data are independently causally associated with sex or race and ethnicity, no
adjusted analyses were performed when these were outcome variables. For APOE 4 carrier
status as the outcome, we adjusted for participant sex and racial and ethnic background.

For participant education level as the outcome, we adjusted for participant age, sex, and
racial and ethnic background.13 For participant residence type as the outcome, we adjusted
for participant age, sex, racial and ethnic background, and marital status. Unadjusted and
adjusted analyses were reported, as indicated above, along with a corresponding point
estimate (e.g., difference in means or odds ratio) and 95% CI. As these secondary analyses
served to support the primary analysis findings, no formal statistical significance tests were
conducted, and hence the secondary analyses did not factor into the multiple comparisons
correction noted above.

There were no missing data for study partner type or baseline participant characteristics.
Two participants had missing baseline study partner characteristics: one spouse study partner
had missing age; and one adult child study partner had missing age and years of education.
This had no impact on the inferential analyses performed. Also, we assessed potential
influential observations using delta betas and Cook’s distance.14 We found no qualitative
differences in the effect sizes based on sensitivity analyses in which we removed potentially
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influential observations. Hence, no participants were removed in the reported analyses. All
analyses were performed using R version 4.0.3 for Mac 0S.1°

Among 769 randomized participants included in this study, 560 (73%) enrolled with a
spouse study partner, 109 (14%) enrolled with an adult child study partner, and 100 (13%)
enrolled with an other study partner. Table 1 summarizes baseline participant and study
partner characteristics. Overall, the mean age of participants was 73.0 £ 7.3 years; 45.8%
were female; 92.1% were non-Hispanic White; 55.1% were APOE &4 carriers; 73.6% lived
in a house; and 77.6% were married. Participants with spouse study partners were 72.4
years old. Most were male, non-Hispanic White, APOE &4 carriers, and lived in a house.
Participants with adult child study partners were 75.6 years old on average. Most were
female, non-Hispanic White, lived in a house, and were widowed. Fewer than half were
APOE &4 carriers. Participants with other study partners were 73.9 years old on average.
Most were female, non-Hispanic White, lived in a house, and were either widowed or
divorced. Forty-two percent were APOE &4 carriers. On average, spouse study partners were
older (69.5 years) than adult children (45.9 years) and other (64.4 years) study partners.
Figure 1 summarizes baseline study partner time spent with participants by dyad type. On
average, spouses spent 94.3 hours per week with the participant compared to 23.4 hours per
week for adult children and 35.1 hours per week for other study partners.

Table 2 summarizes unadjusted and adjusted multinomial regression analyses with

dyad type as the primary outcome. In unadjusted analyses, each of the six baseline
participant characteristics was associated with dyad type. In analyses adjusting for potential
confounding factors and independent risk factors, we found that participant age, female sex,
underrepresented racial and ethnic background, APOE &4 non-carrier status, and non-house
residence type were each associated with a higher odds of having an adult child as well

as an other study partner, respectively (spouse study partner as the reference group in each
case). For example, comparing Hispanic to non-Hispanic White participants, we estimated
the odds of having an adult child study partner to be 5.9-fold higher (OR=5.9; 95% ClI: 2.1,
16.5) and the odds of having an other study partner to be 5.0-fold higher (OR=5.0; 95% ClI:
1.8, 13.4), compared to having a spouse study partner, respectively.

Regression analyses for each of the secondary outcomes are summarized in Table 3. We
found that dyad type was associated with several secondary outcomes including participant
age, female sex, racial and ethnic background, and APOE &4 carrier status. For example, we
estimated the odds of a participant identifying as Hispanic to be 4.4-fold higher for adult
child dyads (OR=4.4; 95% CI: 1.8, 10.7) and 5.1-fold higher for other dyads (OR=5.1; 95%
Cl: 2.1, 12.5), compared to spousal dyads. For brevity and ease of exposition, we omitted
residence type from the table. No statistically significant difference was observed between
dyad type and residence type.
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Discussion

To our knowledge, this is among the first reports to examine the characteristics of participant
dyads in MCI clinical trials. In the donepezil and vitamin E MCI trial, nearly three-quarters
of participants enrolled with a spouse study partner. The proportion of non-spouse study
partners was evenly split between adult child and other study partners. We found that
underrepresented racial and ethnic backgrounds (i.e., being of non-White race or Hispanic
ethnicity), age, and APOE e4 non-carrier status were associated with a higher odds of
having a non-spouse study partner. These findings may have implications to MCI trial
recruitment strategies and inclusion/exclusion criteria, as well as study statistical power and
generalizability of results.

That the majority of participants enrolled with a spouse study partner is consistent with

AD dementia trials®16 and other MCI research.1”-20 The current data do not explain the
apparent recruitment bias. It is possible that MCI participants lacking a spouse may have
been differentially excluded.?l. Unfortunately, screening data were not available to examine
this possibility. Alternatively, the seemingly skewed rates of spousal dyad participation may
be related to differential decision-making among dyad types.# In AD dementia trials, Cary
and colleagues?? found that spousal caregivers were associated with a higher willingness

to participate in trials. Similarly, in another MCI study, spousal dyads tended to make a
decision about enrolling in a trial in partnership, but non-spousal dyads tended to have
relatively lower agreement and availability.23 These findings may indicate that, as in AD
dementia trials, the study partner requirement is a barrier to recruitment in MCI trials for at
least some dyads.

Unfortunately, enrolled samples in AD trials?4:25 and in clinical trials in general suffer
from gross underrepresentation of several racial and ethnic groups. Based on the 2021
Alzheimer’s Disease Facts and Figures Special Report Race, Ethnicity and Alzheimer’s

in America® and the 2020 Profile of Older Americans,26 among the estimated 6.2 million
individuals aged 65 years or older with AD dementia in the US, 66% identify as White,
19% identify as Black, and 10% identify as Hispanic. The donepezil and vitamin E trial,

in contrast, enrolled predominantly non-Hispanic White participants (92%)—with only 4%
Hispanic and 2% non-Hispanic Black participants—a sample unlikely to be representative
of the true MCI population.2” More recently, the aducanumab clinical trials of individuals
with MCI due to AD or mild AD had 97% (Study 103, proof-of-concept), 75% (Study
301, phase 3), and 78% (Study 302, phase 3) White participants randomized.28 Nearly
thirty years ago, the National Institutes of Health (NIH) Revitalization Act of 1993 led

to the NIH Policy and Guidelines on the Inclusion of Women and Minorities in Clinical
Research.2? Yet, underrepresentation still plagues clinical research. The US Food and Drug
Administration’s guidance documents on the collection of racial and ethnic background
information3° and enhancing diversity3! in clinical trials are recent efforts to address
underrepresentation. Increasing enrollment of diverse racial and ethnic groups in MCI trials
is imperative to identify whether benefit-to-risk ratios may differ according to racial and
ethnic background (i.e., differential safety or efficacy profiles due to effect modification

by race and ethnicity).32 We observed that participants from each underrepresented racial
and ethnic background (four distinct groups: AIAN, other, or unknown; Asian or Pacific

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2023 April 29.
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Islander; Hispanic; non-Hispanic Black) were associated with a higher odds of having a
non-spouse study partner. Additionally, we found that having a non-spouse study partner
was associated with a higher odds of being from a specific underrepresented racial and
ethnic background. These associations are consistent with observations in AD dementia
trials® and may suggest that one way to address the lack of representativeness of racial and
ethnic backgrounds in enrolled samples is to implement recruitment strategies to increase
enrollment of non-spousal dyads. We also found that participants with an adult child or other
study partner were associated with less frequently living in a house. This may indicate that
these participants were of lower socioeconomic status than their counterparts with spouse
partners. If their study partners were similarly of relatively lower socioeconomic status,

this could have had implications to their ability to take time off from work or to travel

to the study site for participation in visits. Implementing methods that make it easier for
non-spouse study partners to participate, such as remote consenting and data capture through
telephone or online approaches may therefore be key to increasing representation of these
groups. Another interesting possibility is that these individuals may less frequently qualify
to serve as study partners based on protocol-defined requirements (e.g., spending at least 10
hours per week with the participant for the donepezil and vitamin E trial). This possibility,
and the potential implications of reducing the requirements to be an eligible study partner to
trial data integrity warrant further study.

Other associations observed here may impact trial outcomes. For example, we found that
having a non-spouse study partner was associated with older participant age. In dementia
trials, older age is associated with slower rates of cognitive decline, potentially reducing
trial power.33:34 Alternatively, older age may be associated with slightly increased risk of
progression from MCI to dementia,3® so inclusion of older participants may increase power
in trials with a design similar to the ADCS donepezil and vitamin E trial. In any case,
lessening the restrictions on age may improve generalizability of results since older age is
the most essential risk factor for MCI and AD dementia and constitutes the overwhelming
majority of cases (now and in the future).6:36-38

Having a non-spouse study partner was also associated with a lower odds of being an APOE
e4 carrier. APOE ¢4 carriers have a higher risk than do non-carriers of developing AD
dementia.3® Yet, the literature on APOE prevalence and risk among underrepresented racial
and ethnic groups is mixed and remains limited. While larger studies consistently find higher
risk for AD among APOE e4 carriers,:39-41 the prevalence of APOE &4 carriage varies
among and within racial and ethnic groups®-3° and the relationships with MCI4243 and AD
biomarkers are complex.#* Thus, it is not entirely clear what the implications of increasing
enrollment of non-spousal dyads, especially those from underrepresented racial and ethnic
groups, would be to study power in MCI trials.

Our study had several limitations. First, the trial data source is approximately two decades
old. Yet, the observed rates of participation and associations with participant characteristics
are unique contributions to the MCI trials literature not previously reported. Current MCI
trials typically enrich for AD biomarkers, a construct referred to as MCI due to AD* or
prodromal AD.%6 We lacked data to consider the implications of these biomarker criteria.
Furthermore, factors that impact study partner type are likely to include those beyond

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2023 April 29.
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the available data, such as comorbidities, socioeconomic status, family size, geographic
proximity to the participant, and study partner employment status and other responsibilities
that could restrict availability. We did, however, have the ability to adjust for what are likely
to be some of the largest confounding factors that play a role in the estimated associations.
In the donepezil and vitamin E trial, gender was recorded as female or male. We recognize
that gender and sex are separate constructs;4” when this trial was recruiting, distinctions
between gender and sex were less common. For our analyses, we assumed that gender
recorded as female or male was meant to represent biological sex. Lastly, we did not have
the screening data for individuals who were not randomized, which would have allowed us
to compare reasons for screen failure across dyad types.

Enrolling a representative sample from the target patient population is paramount

for external validity of MCI trial results. We found associations between participant
characteristics (race and ethnicity, age, and APOE e4 carrier status) and dyad type. One
way to improve representativeness by race and ethnicity in MCI trials is to continue

efforts to identify and overcome barriers for non-spousal dyads. In planning future trials,
investigators may wish to consider the pros and cons of potential inclusion/exclusion criteria
and recruitment strategies based on baseline participant characteristics and study partner
type. The resultant distributions of study partner dyad types may have implications to
inclusivity, power, and generalizability. Hence, we recommend sponsors and investigators
consider the following when designing future MCI trials:

. Expand recruitment strategies to include: open-access screening programs*8 (to
improve chances of identifying individuals who may not be seen at a research-
affiliated clinics), community-based strategies*® (to recruit from sites including
churches and senior centers), and population-based methods such as random
digit dialing.

. Modify eligibility criteria as appropriate, especially with respect to what
determines an eligible study partner, to limit potential barriers for study partners
to enroll in trials.

. Reduce the burden on study partners of enrolling and staying in trials via
remote consenting, in-home treatment administration (e.g., for infused therapies),
incentives and compensation for time on study and time off work, and online or
telephone assessments whenever possible.%0
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Figure 1:

Violin plots of baseline study partner time spent with participant (hours/week; range: 0-99
hours/week) by dyad type. Number of participants and mean + SD of time spent are reported

by dyad type.
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Baseline participant and study partner characteristics by dyad type.

Table 1.

Study Partner Type
Total Spouse Adult Child Other
(N=769) | (N=560) | (N=109) (N = 100)
Participant Characteristic a
Age, years 73073 724 +6.9 75.6+7.3 73.9+8.9
Female sex (vs. male) 352 (45.8) | 205 (36.6) 87 (79.8) 60 (60.0)
Race and Ethnicity b
Non-Hispanic White 708 (92.1) | 537(95.9) | 92 (84.4) 79 (79.0)
Hispanic 30(3.9) 12 (2.1) 9(8.3) 9(9.0)
Non-Hispanic Black 18 (2.3) 6(1.1) 3(2.8) 9 (9.0)
Asian or Pacific Islander 7(0.9) 2(0.4) 4(3.7) 1(1.0)
American Indian or Alaskan Native 3(0.4) 2(0.4) 1(0.9) 0(0.0)
Other or unknown 3(04) 1(0.2) 0(0.0) 2(2.0)
APOE &4 carrier (vs. non-carrier) 424 (55.1) | 329 (58.8) 53 (48.6) 42 (42.0)
Education, years 146 +3.1 148 +3.0 139+29 143 +35
Residence Type b
House 566 (73.6) | 435(77.7) | 75 (68.8) 56 (56.0)
Condominium/ apartment 150 (19.5) 95 (17.0) 22(20.2) 33(33.0)
Retirement community 33 (4.3) 21 (3.8) 7 (6.4) 5(5.0)
Trailer 12 (1.6) 5(0.9) 2(1.8) 5(5.0)
Other 5(0.7) 4(0.7) 0(0.0) 1(1.0)
Assisted living 3(0.4) 0(0.0) 3(2.8) 0(0.0)
Marital Status b
Married 597 (77.6) | 559 (99.8) | 29 (26.6) 9(9.0)
Widowed 97 (12.6) 1(0.2) 60 (55.0) 36 (36.0)
Divorced 53 (6.9) 0(0.0) 20 (18.3) 33(33.0)
Never married 21 (2.7) 0(0.0) 0 (0.0) 21 (21.0)
Unknown 1(0.1) 0(0.0) 0(0.0) 1(1.0)
Study Partner Characteristic ac
Age, years 65.5+124 | 69587 459+8.2 64.4+14.0
Education, years 145+238 144+238 152+2.3 144+29

a. . . . . o . . . .
Continuous characteristics summarized with mean * standard deviation and categorical characteristics summarized with A/ (column %).
b .
Ordered by descending frequency based on total counts.

EOne spouse study partner had missing age and one adult child study partner had missing age and education.
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Table 3.

Secondary regression analyses with baseline participant characteristic as the outcome and dyad type as the
predictor of interest.
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Predictor of Interest
Adult Child Other
Outcome? OR® (95% ClI) OR® (95% ClI) Global p¢
Racial and ethnic background (referent: Non-Hispanic White)
Unadjusted
Hispanic 4.38(1.79,10.7) 5.10 (2.08, 12.5) <.001
Non-Hispanic Black 2.92(0.72,11.9) 10.2 (3.53, 29.4) <.001
Asian or Pacific Islander 11.7 (2.11, 64.6) 3.40 (0.30, 37.9) 0.018
AIAN, other or unknown 1.95 (0.20, 18.9) 4.53 (0.75, 27.5) 0.260
Female sex
Unadjusted 6.85 (4.16, 11.3) 2.60 (1.68, 4.02) <.001
APOE e4 carrier
Unadjusted 0.66 (0.44, 1.00) 0.51 (0.33, 0.78) 0.003
Adjustedb 0.62 (0.40, 0.96) 0.48 (0.30, 0.75) 0.002
Estimatef(95% Cl) Estimatef(95% Cl) | Global p g
Age, years
Unadijusted 3.23(1.75,4.71) 1.50 (-0.34, 3.33) <.001
Adjusted® 3.97 (2.43, 5.52) 2.41(0.65, 4.18) <.001
Education, years
Unadjusted -0.94 (-1.55, -0.34) | -0.55(-1.27,0.17) 0.005
Adjusted? -0.44 (-1.08,0.20) | -0.16 (-0.83, 0.51) 0.386

a . - .
All are baseline participant characteristics.

bAdjusted for participant sex and racial and ethnic background.

cAdjusted for participant sex, APOE e4 carrier status, and racial and ethnic background.

dAdjusted for participant age, sex, and racial and ethnic background.

e_ . . - .
Estimated odds ratio (OR) from a logistic regression model.

f.. . . . .
Difference in mean outcome from a linear regression model using robust standard errors.

gBased on a multivariate Wald test (null hypothesis: no difference in the difference in means or log odds of the outcome across three dyad types).
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