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Abstract

INTRODUCTION—The importance of home research study visit capacity in Alzheimer’s disease
(AD) studies is unknown.

METHODS—AII evaluations are from the prospective Adult Changes in Thought study. Based on
analyses of factors associated with volunteering for a new in-clinic initiative, we analyzed AD risk
factors and the relevance of neuropathological findings for dementia comparing all data including
home visits, and in-clinic data only. We performed bootstrapping to determine whether differences
were greater than expected by chance.

RESULTS—Of the 1,781 people enrolled 1994-1996 with =1 follow-up, 1,369 (77%) had in-
clinic data, covering 61% of follow-up time. In-clinic data resulted in excluding 76% of incident
dementia and AD cases. AD risk factors and the relevance of neuropathological findings for
dementia were both different with in-clinic data.
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DISCUSSION—L.imiting data collection in AD studies to research clinics alone likely reduces
power and also can lead to erroneous inferences.

Keywords

Home research study visits; research clinic study visits; missing data; bias; prospective studies;
cohort studies; longitudinal studies; inference; dementia; neuropathology

1. Introduction!

Many studies do not include capacity for home study visits. Home visits add staff travel
time, expense, and complexity to study administration. Despite these burdens there is a
modest literature encouraging home visit capacity for studies of older people [1-5]. These
papers emphasize benefits of increasing underrepresented ethnic diversity [2] or larger
samples [6]. One paper suggests home visit capacity may improve generalizability [1]. To
our knowledge, the relevance of home visit capacity for validity of findings in dementia
studies has not been addressed.

We recently invited a active study participants who had agreed to brain autopsy and were
thus especially prone to volunteer to consider a new initiative that included data collection in
a research clinic — but not at home — and an MRI scan. Our study participants are
particularly interested in research [7]. We analyzed factors associated with volunteering. As
we will show, whether the previous study visit was at home or at the research clinic was the
most important factor associated with volunteering. These findings led us to consider the
importance of home study visit capacity. We analyzed data from the the Adult Changes in
Thought (ACT) study original cohort, for whom we have 20 years of follow-up. We
considered the data we would observe if we lacked home visit capacity. We focused on risk
factors for AD and associations between autopsy neuropathological findings and dementia
during life.

2. Methods

2.1. Parent study description, ethical considerations, and funding

Detailed methods for ACT have been published [8-10]. The original cohort enrolled 1994—
1996 included 2,581 randomly selected dementia-free people age =65 who were members of
Group Health, a Washington State health care system. An additional 811 participants were
enrolled 2000-2003, and in 2005 we began continuous enroliment. Participants are
evaluated at 2-year intervals at a research clinic or in their home at the participant’s choice to
identify incident dementia cases. Other than location (i.e., home vs. clinic), study visits are
identical.

All active participants with autopsy consent — regardless of enrollment cohort — were eligible
to be invited to consider a new initiative, as detailed below. Subsequent risk factor and
neuropathological analyses reported here are from the original cohort enrolled 1994-1996.

Labbreviations: ACT: Adult Changes in Thought. AD: Alzheimer’s disease. CASI: Cognitive Abilities Screening Instrument.
CERAD: Consortium to Establish a Registry for Alzheimer’s Disease. HR: Hazard ratio. MNAR: Missing not at random.
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Study procedures were approved by Institutional Review Boards of Group Health and the
University of Washington. Participants provided written informed consent.

ACT is supported by the National Institute on Aging, which had no role in study design; in
the collection, analysis, and interpretation of data; in the writing of the report; or in the
decision to submit the paper for publication.

2.2. Dementia identification

Participants were assessed at home or in clinic for dementia every 2 years with the Cognitive
Abilities Screening Instrument (CASI), for which scores range from 0 to 100 and higher
scores indicate better cognitive functioning[11]. Participants with scores of 85 or less
underwent further evaluations, including a clinical examination and a battery of
neuropsychological tests; dementia evaluations are in the participant’s home regardless of
the location of the triggering visit. Results of these evaluations, laboratory testing, and
imaging records were reviewed in a consensus conference, where research criteria were used
to identify cases of dementia [12] and probable or possible AD [13]. Dementia-free
participants continued with scheduled follow-up visits.

2.3. Autopsy consent

Information about postmortem brain examination procedures is made available at study
visits; participants are invited to provide consent for brain autopsy. Between 25-30% of
ACT participants have consented to autopsy.

2.4. Section 1: Factors associated with volunteering for an ancillary study that involved an
in-clinic visit and MRI

We asked 145 active ACT participants with current autopsy consent to consider a new
initiative that included in-clinic data collection and an MRI. We analyzed associations
between volunteering and a variety of factors as listed in Table 1. Medical comorbidity was
estimated using RxRisk [14] and Charlson [14] scores. We used Fisher’s exact test, t-tests,
or Wilcoxon’s rank sum tests, as appropriate. All variables with a univariate p<0.20 were
candidates for a multivariate logistic regression model where volunteer status was the
dependent variable. We controlled multivariate models for age and sex.

2.5. Section 2: Importance of home visits for analyses of AD risk factors

We constructed two data sets from the original cohort: one with all data (the “all data”
dataset), and the second excluding home visit data (the “clinic only” dataset). We modeled
probable or possible AD [15]. We used Cox models with age as the time axis [16] and
included age at baseline as a covariate. We evaluated the factors shown in Table 2. We
compared hazard ratios from the “all data” and “clinic only” datasets using a bootstrapping
procedure. The “clinic only” data are a subset of the “all data” dataset, so different findings
could be due to the smaller sample. We therefore drew (with replacement) random subsets of
the “all data” dataset that were the same size as the “clinic only” dataset. Each randomly
drawn dataset has the same size as the “clinic only” dataset, so different sample sizes do not
drive results. In each drawn dataset, we performed the same risk factor analyses. We
determined the proportion of drawn datasets with hazard ratios more extreme than those of
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the “clinic only” dataset. The bootstrap p values indicate the proportion of drawn datasets
with more extreme findings than the “clinic only” dataset, which help us understand whether
“clinic only” and “all data” hazard ratios differ more than expected by chance alone.

2.6. Section 3: Importance of home visits for analyses neuropathological findings and
dementia

We considered the 347 members of the original cohort who died and came to autopsy as of
November 2014. We required the most recent study visit to be within two years of death for
people who died without a diagnosis of dementia to minimize dementia misclassification.
Again we constructed two datasets, one in which people with dementia could have that
diagnosis on the basis of either a home or research clinic study visit, and people who died
without dementia had a home or research clinic study visit within two years of death (the
“all data” dataset), and a second dataset limited to those who died without a diagnosis of
dementia and had a research clinic visit within two years of death, and those who died with
dementia had that diagnosis made at a research clinic visit (the “clinic only” dataset). Details
of the neuropathology protocols have been published [17, 18]; microscopic evaluations are
performed blinded to clinical information. We considered neuritic plaques as rated by
CERAD criteria (2 or 3 vs. 0 or 1), neurofibrillary tangles as rated by Braak and Braak
criteria (5 or 6 vs. 0-4), hippocampal sclerosis (present vs. absent), amyloid angiopathy (any
Vvs. none), neocortical Lewy bodies (any vs. none), cerebral cortical microinfarcts (any vs.
none), deep cerebral microinfarcts (any vs. none), and cystic infarcts (any vs. none).

We modeled all-cause dementia [12] as the dependent variable. We used Poisson regression
adjusted for age at death, sex, and education, and used robust variance estimates. We used
bootstrapping to determine whether findings were significantly different; each sample was
the same size as the “clinic only” sample.

We used Stata 14.0 (StataCorp, College Station, TX) for all analyses.

3. Results

3.1. Section 1: Factors associated with volunteering for an in-clinic and MRI ancillary study

Of the 145 ACT participants invited to consider an additional study requiring a research
clinic visit and an MR, 61 (42%) volunteered and 84 (58%) did not volunteer.
Characteristics stratified by volunteer status and univariate comparisons are summarized in
Table 1. In multivariate analyses, only whether the most recent study visit was at home vs. in
the research clinic was independently associated with volunteer status when controlling for
age and sex, with an adjusted odds ratio (OR) of 2.51 (95% confidence interval [CI] 1.06,
5.93; p = 0.036). The adjusted OR for the shopping IADL was 3.65 (95% CI 0.99, 13.46,
p=0.051). Shopping and home visits were highly correlated; when we put both in the model,
both ORs were attenuated and neither was statistically significant.

3.2. Section 2: Importance of home visits for analyses of AD risk factors

Of the 2,581 people in the original cohort, 2,321 had =1 follow-up visit, and 1,781 had
complete covariate data and comprise the “all data” dataset. These individuals completed
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9,005 follow-up visits, with 18,063 person-years of follow-up time (10.1 years per person on
average). There were 608 incident dementia cases and 479 incident AD cases.

Of the 1,781 people in the “all data” dataset, 1,369 (77%) had baseline and =1 follow-up
visits in the clinic; they comprise the “clinic only” dataset. The remaining 392 people had no
in-clinic follow-up visits. Considering only the 1,369 people who had in-clinic data, this
cohort amassed 5,506 in-clinic follow-up visits with 10,969 person-years of follow-up time
(8.0 years per person on average). There were 147 incident dementia cases and 117 incident
AD cases (24% of all dementia and AD cases) identified following in-clinic study visits; all
the remaining 461 dementia cases were identified following home visits.

AD risk factors are shown in Table 2. With the “all data” dataset, we observed significant
associations for age, education, and APOE genotype. With the “clinic only” dataset, we
observed significant associations for age, cerebrovascular disease, APOE genotype, and
medical comorbidity, but not education. Bootstrap results shown in the right hand column
suggest differences in hazard ratios between the “all data” dataset and the “clinic only”
dataset were larger than could be explained by chance alone for age, diabetes,
cerebrovascular disease, APOE genotype, and medical comorbidity. For example, for APOE
€4 genotype, the hazard ratio for AD was 1.66 in the “all data” dataset, and 2.28 in the
“clinic only” dataset, which had fewer people and less person-time of follow-up. The
bootstrap results shown in the right hand column of Table 2 (p=0.008) suggest this
difference in hazard ratios was very unlikely to be due to chance (see Figure).

3.3. Section 3: Importance of home visits for analyses of neuropathological findings

The “all data” dataset for autopsy analyses included 347 people. Of these, 170 (49%) had
dementia. In-clinic data were available in the relevant time window (within two years of
death for those who died without dementia, and at the time of dementia diagnosis for those
who died with dementia) for 88 people (25%); the remaining 259 people (75%) died
following a home-based rather than a clinic-based study visit. Only 35 of the 170 people
who died with dementia (21%) died following an in-clinic study visit; the other 135 people
with dementia (79%) died following a home study visit.

Associations between neuropathological findings and dementia are shown in Table 3. With
the “all data” dataset, all neuropathological findings were associated with dementia. With
the “clinic only” dataset, most of the relationships were stronger, but few were statistically
significant. Bootstrapping analyses suggested that differences in odds ratios for Braak stage,
hippocampal sclerosis, cerebral cortical microinfarcts and cystic infarcts were larger than
expected based on chance alone.

4. Discussion

In this report we focused on the capacity for home visits, an under-appreciated study design
characteristic that may be critical for validity of dementia studies. In Section 1, we evaluated
data from inviting active study participants with autopsy consents to consider a new
initiative that required an in-clinic study visit. In multivariate analyses, the only salient
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factor associated with volunteering for the new initiative was whether the previous study
visit was in the clinic or at home.

These findings led us to consider the relevance of capacity for home research study visits.
We used data from ACT’s original cohort, for whom we have 20 years of follow-up data and
excellent completeness of follow-up [19]. With these data we performed analyses with all of
the data including those from home study visits, and repeated the same analyses limiting
ourselves to the data collected at our research clinic. For our purposes, we treated results
from the entire data set as accurate, and used bootstrapping analyses to determine whether
findings from the clinic-only dataset were more different from those of the entire dataset
than expected due to chance.

With this strategy, we considered AD risk factors (Section 2). Limiting ourselves to data
collected in the clinic reduced sample size by 23%, reduced follow-up time by 39%, and
reduced the number of dementia and AD cases by 76%. Power is not the only concern,
however. Limiting ourselves to data collected in the clinic led to significantly over-
estimating the relevance of several risk factors, including age and APOE £4 genotype.
Disparate findings for cerebrovascular disease were especially concerning. With the “all
data” dataset this factor was not a significant predictor of AD (HR = 1.29, p=0.13), while
with the “clinic only” dataset, the importance of this factor was significantly over-estimated
(bootstrap p=0.006), and it was a significant predictor of AD (HR = 2.42, p=0.002). If we
consider “all data” dataset results to be accurate, using the “clinic only” dataset would lead
us to falsely identify this covariate as an AD risk factor.

In Section 3, we performed similar analyses of associations between neuropathological
findings and dementia in those with autopsy data. Limiting to data collected in the clinic had
large effects on power, as sample size was reduced by 75%. Limiting to data collected in the
clinic also resulted in significantly over-estimating the relevance of several
neuropathological findings.

Missing data lead to important challenges to inference in observational studies. Limiting
ourselves to subsets of data necessarily reduces power to find associations. From the
perspective of obtaining valid inference, the finding that we would come to different
conclusions if we only had in-clinic data is much more concerning. Significantly discrepant
findings between the “all data” and “clinic only” datasets as demonstrated by bootstrap
results in Section 2 and 3 provide evidence that data missing due to the lack of home study
visit capacity are missing not at random (MNAR).

This result has important implications. Results from studies with data that are MNAR are
biased — they provide the wrong answer — and we do not know the direction of the bias.
Compared to the “all data” dataset findings, whose results we are treating as accurate, with
the “clinic only” dataset we found significantly inflated estimates for associations of several
factors with risk for AD (e.g. age, APOE genotype, cerebrovascular disease) at the same
time we identified other factors where lack of power led to false negative conclusions (e.g.
education). Similarly, in the neuropathology analyses, missing data led to markedly reduced
power, such that findings for CERAD, neocortical Lewy bodies, and deep cerebral
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microinfarcts were not significantly associated with dementia. At the same time, findings for
Braak stage, hippocampal sclerosis, cerebrocortical microinfarcts, and cystic infarcts were
significantly over-estimated compared to results from the “all data” dataset.

It may be difficult for people who are frail, physically ill, and/or cognitively impaired to
travel to clinic settings, so it is not a surprise that data are missing in studies that lack home
research study capacity. What may be a surprise is that we have no idea whether associations
found using data from a study with only in-clinic data collection are over- or under-
estimated compared to what we would find if we had more complete data by having capacity
for in-home visits. If we only had data collected in a research study setting, we could not
predict the magnitude or the direction of bias due to missing data.

This finding is concerning for specialty clinic-based studies or community-based studies that
require research clinic study visits. Whether phone-based ‘visits” could also be used should
be studied.

As shown in Section 1, about a quarter (17 of 64, 27%) of those we invited to consider the
new initiative whose previous study visit had been at home did volunteer. This finding could
be used to suggest that our analyses may overstate the case to some extent, as about a quarter
of those who in fact had home study visits may have been able to attend a research clinic
study visit. A hypothetical in-clinic only study could categorize participants in each wave as
“not reluctant in-clinic attendees,” “reluctant in-clinic attendees” who would have chosen a
home visit if that had been available, and “unable to attend clinic”. Studies that include
capacity for home visits obtain data from all three groups, but cannot distinguish between
the second group (who could have attended an in-clinic visit if that was the only option) and
the third group, since both of those groups of people would be seen at home. Studies that
lack capacity for home visits obtain data only from the first two groups, and do not typically
distinguish between those groups. Even if people in the second group and people in the third
group are very similar to each other (which we strongly doubt but do not know), and even if
such studies ascertain how easy or difficult it was for participants to come to clinic, these
results are not typically used in analytic plans to try to address the challenges that arise from
the data from the third group that are MNAR. These considerations may be responsible for
some of the important differences identified in results from specialty clinic convenience
samples compared to those from population-based studies [20, 21], though the relevance of
home study visit capacity had not been previously emphasized.

An intriguing possibility is raised by our finding in section 1 that needing help with
shopping performed similarly to home vs. clinic study visits. For studies that lack home
study visit capacity, it may be possible to develop an analytic scheme that incorporates
weights based on modeling the shopping IADL that could in part address challenges raised
by data that are MNAR.

Our results in Section 2 suggest the relevance of APOE €4 genotype to AD risk may be over-
estimated in studies that only include research clinic data collection. An earlier report that
compared research clinic vs. community-based dementia cases found higher proportions of
research clinic cases had one or more APOE ¢4 alleles [22]. A subsequent study
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demonstrated that APOE genotype was less useful in the diagnostic workup of people from a
community-based setting than had been reported previously in the literature derived from
specialty clinic convenience samples [23]. Our current findings provide further support for
the notion that the importance of APOE genotype may be somewhat attenuated in samples
that most closely reflect the underlying population of community-dwelling older people
compared with samples that are limited to specialty clinic convenience samples. It should be
appreciated that APOE genotype is an important predictor of AD risk in our study; our
finding was that the magnitude of that association was significantly larger from the “clinic
only” subset of our participants.

Our findings should be considered in the context of limitations. There is some attrition
despite including home visits. Our completeness of follow-up index [19] is exemplary but
not perfect. It is not known whether similar healthy participant bias may influence the results
that we observe. We doubt that would be the case due to the overall low rates of study
attrition, but cannot rule out that possibility. If anything, these considerations reinforce our
conclusion regarding the importance of home visit capacity for collecting data from older
adults, as we suspect that differences between clinic-only parameter estimates and those that
would have been obtained from the complete data — including not only people with home
visits (evaluated in our study but not in specialty clinic convenience sample studies) but also
people who dropped out of the study (not evaluated in either our study or specialty clinic
convenience sample studies) — would be even larger than those we found. Unmeasured and
residual confounding are always possibilities in observational studies. Underrepresented
ethnic diversity of our sample is somewhat restricted, though the demographic makeup of
our study cohort reflects that of King County. Home visit capacity has been specifically
advocated as a means of increasing underrepresented ethnic participation in dementia studies
[2]; we suspect our conclusions might be stronger in settings with higher ethnic minority
representation.

Our findings strongly support the importance of home visit data collection capacity in the
design of observational studies of dementia and neuropathology in older adults. Studies that
only include research clinic data collection may lead to biased conclusions. These results
suggest that new studies at the design stage should consider incorporating home visit data
collection capacity despite its expense and administrative complexity. Existing studies
should routinely report on this important detail of study design in reports of study findings.
Studies that lack home study visit capacity should specify that as a possible limitation, and
should be cautious in interpreting study findings.
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Research in Context
Systematic review

The authors reviewed the literature using traditional (e.g., PubMed) sources. A few
publications address the importance of home research study visit capacity for studies of
older people. These relevant citations are appropriately cited. None focused on validity of
findings from dementia studies.

Interpretation

Our findings suggest home research study visit capacity is important for power. We also
found that home research study visit capacity may be important for validity, as
extrapolating from in-clinic only data led to erroneous conclusions regarding AD risk
factors and the relevance of neuropathological findings on dementia risk.

Future directions

The manuscript suggests that home research study visit capacity should be strongly
considered at the study design stage. Reports from all studies should include information
about whether the study had home research study visit capacity. Studies that lack home
research study visit capacity should be very cautious in drawing conclusions.
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Figure.
Histogram of bootstrap results for association between one or more copies of APOE &4

alleles and risk of Alzheimer’s disease*

* For each risk factor considered in Table 2, we sampled with replacement from the “all
data” dataset a sample of people the same size as the “clinic only” dataset, and performed
Cox regression on that dataset of the association between the risk factor and risk of
Alzheimer’s disease. We captured the beta coefficients from those models; exponentiated
beta coefficients from these models are hazard ratios. We repeated this procedure 10,000
times for each risk factor. This graph shows results for APOE genotype. The red vertical line
at 0.507 was the result we obtained with the entire “all data” dataset; this value is the natural
logarithm of 1.66. The red vertical line at 0.824 was the result we obtained with the “clinic
only” dataset; that value is the natural logarithm of 2.28. The graph shows that the
bootstrapping results are normally distributed with a central tendency very close to the
observed value from the entire “all data” dataset; the observed result from the “clinic only”
dataset is far from that value, and only a very few of the 10,000 sampled datasets had values
that extreme. These 10,000 beta coefficients were used to arrive at the p-value of 0.008
shown in Table 2.
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