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Abstract

Background High continuity of care (COC) is associated with better clinical outcomes among older adults. The
impact of amyloid-3 PET scan on COC among adults with mild cognitive impairment (MCI) or dementia of uncertain
etiology is unknown.

Methods We linked data from the CARE-IDEAS study, which assessed the impact of amyloid-3 PET scans on out-
comes in Medicare beneficiaries with MCl or dementia of uncertain etiology and their care partners, to Medicare
claims (2015-2018). We calculated a participant-level COC index using the Bice-Boxerman formula and claims from
all ambulatory evaluation and management visits during the year prior to and following the amyloid-f3 PET scan.
We compared baseline characteristics by scan result (elevated or non-elevated) using standardized differences. To
evaluate changes in COC, we used multiple regression models adjusting for sociodemographics, cognitive function,
general health status, and the Charlson Comorbidity Index.

Results Among the 1171 cohort members included in our analytic population, the mean age (SD) was 75.2 (5.4)
years, 61.5% were male and 93.9% were non-Hispanic white. Over two-thirds (68.1%) had an elevated amyloid-8 PET
scan. Mean COC for all patients was 0.154 (SD = 0.102; range = 0-0.73) prior to the scan and 0.158 (SD = 0.105; range
= 0-1.0) in the year following the scan. Following the scan, the mean COC index score increased (95% Cl) by 0.005
(—0.008, 0.019) points more for elevated relative to not elevated scan recipients, but this change was not statistically
significant. There was no association between scan result (elevated vs. not elevated) or any other patient covariates
and changes in COC score after the scan.

Conclusion COC did not meaningfully change following receipt of amyloid-3 PET scan in a population of Medicare
beneficiaries with MCl or dementia of uncertain etiology. Future work examining how care continuity varies across
marginalized populations with cognitive impairment is needed.
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care continuity may influence not only the patient experi-
ence, but also risk of adverse clinical events. Results from
clinical trials [8] and observational studies [9] suggest
that higher care continuity is associated with improved
outcomes, and that this association may be particularly
important in older adult populations [10, 11]. Associa-
tions appear to persist for observed continuity in both
primary care and specialty care settings, each of which
has been shown to be associated with lower risk of inpa-
tient and ED visits [12].

Given that patients with dementia typically have a high
comorbidity burden and often receive care from multi-
ple providers in the ambulatory setting [13], COC may
be especially important for reducing unnecessary uti-
lization and improving outcomes. Receiving results of
an amyloid-B PET scan could theoretically impact diag-
nostic uncertainty, subsequent care-seeking patterns
and, as a result, care continuity for people with MCL
However no studies to date have examined changes in
COC following amyloid-p PET scan. . Additionally, care
partners for persons with dementia often play an impor-
tant role in clinical decision-making and care-seeking
behavior. However, whether care partner perception of
care involvement meaningfully influences COC has not
been well-defined. We evaluated associations between
amyloid-p PET scan results (elevated amyloid plaque lev-
els can be indicative of Alzheimer’s disease) and changes
in COC from the year prior to the scan to the year fol-
lowing the scan, as well as variation in these associations
by care partner-perceived communication with the care
team. We hypothesized that COC would change follow-
ing a receipt of amyloid-p PET scan, with greater changes
among those with an elevated scan result due to reduc-
tions in care-seeking given the greater certainty of AD
diagnosis.

Methods

Data sources

Our analysis linked data from two sources. The first data
source was the Caregivers’ Reactions and Experience, a
supplemental study of the Imaging Dementia Evidence
for Amyloid Scanning Study (CARE-IDEAS) (www.
ideas-study.org). “IDEAS study participants who had a
care partner and indicated willingness to be contacted
about an additional study were included. Of 3717 IDEAS
study participants who agreed to be contacted, 2228 scan
recipients and 1872 of their care partners (the “dyad”)
completed CARE-IDEAS baseline surveys” [14] Amy-
loid scans in the IDEAS study were interpreted based
on FDA guidelines by imaging specialists as elevated
(cortical tracer retention) or non-elevated (white matter
retention only) [15]. The second data source was Medi-
care inpatient, outpatient, carrier and Master Beneficiary
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Summary File (MBSF) institutional files for the observa-
tion period from 2015 through 2018. For this analysis, we
used claims from the one-year period preceding and fol-
lowing each participant’s amyloid-p PET scan date. We
excluded participants with the following characteristics:
(1) without complete patient-partner dyad baseline sur-
vey data; (2) uninterpretable or missing amyloid-p PET
scan results; (3) death within one year of the scan; (4)
without continuous fee-for-service Medicare coverage in
the year prior to and following the scan; and (5) missing
information on the care partner-perceived communica-
tion with the care team measure, or CAPACITY commu-
nication domain. Because COC is less meaningful with
fewer healthcare encounters, we additionally excluded
participants with fewer than 4 claims for healthcare
encounters in either of the 1-year periods before and
after the scan.

Continuity of care

We conceptualized care continuity as dispersion of care
across multiple providers, as evidenced by healthcare
encounters with distinct clinicians. We used the Bice-
Boxerman formula to calculate a participant-level care
continuity score based on claims from all ambulatory
evaluation and management visits in Medicare claims
during the year prior and the year following receipt of the
amyloid-B PET scan [16]. The score ranges from 0 to 1,
with a score of 0 indicating no continuity of care (all visits
to unique providers) and 1 indicating perfect continuity
of care (all visits to the same provider). Visits on the date
of the scan (+/— 1 day) were excluded from the COC cal-
culation because they are related to the study rather than
usual care.

Statistical analysis

We compared baseline characteristics by scan result
using standardized differences for means and propor-
tions. To evaluate changes in COC before and after the
scan, we used multiple regression models adjusting for
participant age, sex, race, education, cognitive function
(TICS-M), general health status, the Charlson Comor-
bidity Index, and included an indicator for scan result
(elevated vs. not elevated amyloid plaque level). Elevated
amyloid plaque levels can be indicative of Alzheimer’s
disease [17]. To evaluate whether associations changed
with caregiver-perceived communication with the care
team, we used data from the communication domain of
CAPACITY, a validated measure of caregiver-perceived
quality of communication with the health care team [18].
We assessed for an interaction between caregiver-per-
ceived communication and scan result on care continuity
by including an interaction term for the communication
domain score and elevated vs. not elevated scan result
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in the regression model. Missing covariate data were
addressed using a missing category for categorical vari-
ables and simple imputation to the mean for continu-
ous variables. Analyses were performed in SAS v9.4. The
CARE-IDEAS study was approved by the Brown Univer-
sity Institutional Review Board (#1606001534).

Results

There were 1171 cohort members included in our ana-
lytic population. The mean age (SD) was 75.2 (5.4) years,
61.5% of cohort members were male and 93.9% were
non-Hispanic white (Table 1). Over two-thirds of cohort

Table 1 Study participant characteristics (baseline survey data)
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members (68.1%) had an elevated amyloid-p PET scan.
Compared with those without an elevated scan, patients
with an elevated scan were less likely to be college-edu-
cated and had a lower mean TICS-M score (19.7 vs.
22.5). Those with an elevated scan were also less likely to
have hypertension, active depression, or be current/for-
mer tobacco users than those with a not elevated scan.
Mean Charlson Comorbidity Index scores were slightly
lower among cohort members with an elevated scan
than those with a non-elevated scan (2.66 vs. 3.09). Care
partner characteristics, including general health status
and CAPACITY communication domain score, were

Variable Overall Elevated Not elevated p-value
N 1171 798 373
Continuity of care change
Pre-scan, mean (SD) 0.15(0.10) 0.16 (0.10) 0.15(0.10) 38
Post-scan, mean (SD) 0.16 (0.11) 0.16 (0.10) 0.15(0.11) 07
Change score, mean (SD) 0.00 (0.11) 0.00 (0.17) -0.00 (0.11) 23
Patient characteristics
Age, mean (SD) 75.17 (5.35) 75.60 (5.30) 74.27 (5.35) <.001
Male 720 (61.5%) 480 (60.2%) 240 (64.3%) a7
Non-Hispanic white 1099 (93.9%) 750 (94.0%) 349 (93.6%) 78
Education BA
High school graduate or less 76 (15.0%) 1 (16.4%) 45 (12.1%)
Some college 297 (25.4%) 190 (23.8%) 107 (28.7%)
Bachelor’s degree 292 (24.9%) 204 (25.6%) 88 (23.6%)
Graduate degree 406 (34.7%) 273 (34.2%) 133 (35.7%)
Bachelors degree or higher 698 (59.6%) 477 (59.8%) 221 (59.2%) 86
Cognitive functioning (TICS-M), Mean (SD) 20.59 (6.12) 19.72 (6.19) 22.47 (5.54) <.001
Patient medical history
Chronic kidney disease 37 (3.2%) 24 (3.0%) 13 (3.5%) 66
Hypertension 611 (52.2%) 397 (49.7%) 214 (57.4%) 01
Atrial fibrillation 114 (9.7%) 74 (9.3%) 40 (1 0.7%) 44
Ischemic heart disease 131 (11.2%) 93 (11.7%) 8(10.2%) 46
Chronic obstructive pulmonary disease 33 (2.8%) 18 (2.3%) (4 0%) 09
Diabetes 163 (13.9%) 102 (12.8%) 61 (16.4%) .10
Active depression 221 (18.9%) 136 (17.0%) 85 (22.8%) 02
Prior history of stroke or TIA 7 (10.0%) 75 (9.4%) 42 (11.3%) 32
Congestive heart failure 27 (2.3%) 16 (2.0%) 11 (2.9%) 32
Multiple sclerosis * * * 13
Parkinsons 20-30 (1.7-2.6%) 14 (1.8%) * 30
Traumatic brain injury 66 (5.6%) 45 (5.6%) 21 (5.6%) 99
Bipolar affective disorder 7 (1.5%) * * 02
History of acute myocardial infarction 49 (4.2%) 31 (3.9%) 18 (4.8%) 45
Dyslipidemia 554 (47 3%) 371 (46.5%) 183 (49.1%) 41
Epilepsy or seizure disorder 29 (2.5%) 18 (2.3%) 11 (2.9%) 48
Patient uses or has used tobacco 220 (18.8%) 136 (17.0%) 84 (22.5%) 03
Charlson Comorbidity Index, mean (SD) 2.80(2.32) 266 (2.22) 3.09 (2.48) 01
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Table 2 Care partner characteristics
Variable Overall Elevated Not elevated p-value
N 1171 798 373
Care partner characteristics
Age, mean (SD) 71.04(9.11) 7149 (8.82) 70.07 (9.65) 02
Male 366 (31.3%) 260 (32.6%) 106 (28.4%) 15
Non-Hispanic white 1099 (93.9%) 755 (94.6%) 344 (92.2%) 1
Education 83
High school graduate or less 153 (13.1%) 103 (12.9%) 50 (13.4%)
Some college 342 (29.2%) 229 (28.7%) 113 (30.3%)
Bachelor’s degree 316 (27.0%) 214 (26.8%) 102 (27.3%)
Graduate degree 360 (30.7%) 252 (31.6%) 108 (29.0%)
Bachelors degree or higher 676 (57.7%) 466 (58.4%) 210 (56.3%) 50
Working full- or part-time 275 (23.5%) 190 (23.8%) 85 (22.8%) 70
General health status (self-assessed) 25
Excellent 191 (16.3%) 143 (17.9%) 48 (12.9%)
Very good 512 (43.7%) 346 (43.4%) 166 (44.5%)
Good 324 (27.7%) 211 (26.4%) 113 (30.3%)
Fair 112 (9.6%) 76 (9.5%) 30-40 (8.0%-10.7%)
Poor 30-40 (2.5-3.4%) 22 (2.8%) *
General health status (self-assessed), mean (SD) 2.39(0.96) 2.36 (0.97) 2.45(0.93) 09
CAPACITY: communication domain score, mean (SD) 3.07 (0.69) 3.09 (0.68) 3.02(0.71) 12

comparable among those with elevated and not elevated
scan results (Table 2).

Mean COC for all patients was 0.154 (SD = 0.102;
range = 0-0.73) prior to the amyloid-p PET scan
and 0.158 (SD = 0.105; range = 0-1.0) in the fol-
lowing year. Pre- and post-scan COC ranges were
similar among those with elevated and non-elevated
scans. Following the scan, the mean COC index score
increased (95% CI) by 0.005 (—0.008, 0.019) points
more for elevated relative to not elevated scan recipi-
ents, but this change was not statistically significant.
After the scan, the COC index score declined for 48.0%
of study participants and increased for 50.2% of par-
ticipants. These percentages were comparable among
participants with elevated and not elevated scans.

The association between patient and care partner
covariates and post-scan changes in COC are displayed
in Table 3. Increasing comorbidity burden, as repre-
sented by the Charlson Index, was associated with
increases in continuity of care post-scan. There was
no association between scan result (elevated vs. not
elevated) or any other patient covariates and changes
in COC score after the scan. Likewise, none of the
care partner covariates examined were associated with
statistically significant changes in COC post-scan.

Inclusion of the CAPACITY communication domain
score in regression models did not materially change
results, and no interaction between the communica-
tion score and scan result was observed.

Discussion

In this study, we linked Medicare claims data to the
CARE-IDEAS cohort to evaluate changes in care conti-
nuity before and after amyloid-p PET scan and examined
whether COC changes varied for people with elevated vs.
not elevated scan results and for those with better car-
egiver-health care team communication. Our three main
findings are as follows: (1) mean care continuity overall
increased slightly following the scan, but this change was
not statistically significant; (2) pre-post changes in care
continuity were comparable for those with elevated and
not elevated scan results; and (3) caregiver communica-
tion with the care team did not appear to modify pre-
post changes in care continuity.

Prior studies have demonstrated that low care continu-
ity adversely impacts clinical outcomes and contributes
to unnecessary utilization [10, 19]. Among other factors,
variation in care continuity is driven by access, care-seek-
ing behaviors, and communication between care provid-
ers [20, 21]. We hypothesized that care continuity would
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Table 3 Difference in changes in CoC by amyloid-f3 scan, with and without covariates
Mean difference t p-value
(95% CI: L,U)
Unadjusted
Amyloid-f scan 0.005 (—0.008, 0.019) 0.75 0453
Predictors B 95%Cl (U,L) p-value
Adjusted
Constant 0.004517 (—=0.04, 0.05) 0.8429
Elevated scan (ref = not elevated) 0.007087 (—0.01,0.02) 0.3256
Patient covariates
Age 0.000125 (=0.00, 0.00) 0.8570
TICSm —0.00015 (—0.00, 0.00) 0.7842
Male sex (ref = female) —0.00926 (=0.04, 0. 02) 04912
Bachelor’s or higher (ref = less than Bachelor’s) 0.000364 (=0 01) 0.9601
Non-Hispanic white (ref = all other) 0.009614 (—0.02, 0. 04) 0.4995
Charlson Comorbidity Index 0.003214 (0.00,0.01) 0.0256
Care partner covariates
Age —0.00036 (=0.00, 0.00) 04508
Male sex (ref=female) —0.00242 ( 0.03,0.03) 0.8685
Bachelor’s or higher (ref=less than Bachelor’s) 0.006624 (—0.01,0.02) 0.3481
Non-Hispanic white (ref = all other) —0.02064 (—0.05,0.01) 0.1467
Working, full- or part-time (ref = not working) —0.00787 (—0.03,0.01) 03721
Care partner general health (ref = excellent)
Very good 0.01170 ( 1,0.03) 0.2156
Good 0.009190 (—0.01,0.03) 0.3709
Fair 0.005612 (—=0.02,0.03) 0.6751
Poor 0.007673 (—0.03,0.05) 0.7200

change following a receipt of amyloid-p PET scan, with
greater changes among those with an elevated scan result
due to reductions in care-seeking given the greater cer-
tainty of AD diagnosis. While we found improvement
in overall care continuity post-scan, this association was
not significant, and did not differ by scan result or car-
egiver-perceived communication. The lack of observed
associations between scan result, caregiver-perceived
communication and care continuity may be due to sev-
eral factors. First, while we used a 1-year CoC assessment
period to characterize care patterns while maximizing
inclusion of study participants, patterns of CoC may dif-
fer over longer assessment periods. Second, in this cohort
of Medicare beneficiaries, healthcare access may be more
equitable than in other cohorts, resulting in more estab-
lished care patterns that is unlikely to be impacted by the
results of any single diagnostic test or procedure. Finally,
while caregiver communication with the care team rep-
resents one dimension of information flow, other dimen-
sions, such as communication across provider groups for
a complex patient population such as the CARE-IDEAS
cohort, may be more impactful but were not available in
our dataset.

Our study has several limitations worth noting. First,
our study population comprises a subsample of a larger
population of research study volunteers, the majority of
whom are white and college-educated. Given that care
fragmentation may disproportionately affect people with
lower socioeconomic strata, results may not generalize to
populations most likely to be negatively impacted by lack
of coordination [22]. Second, the Bice-Boxerman COC
score is estimated from dispersion of visits across pro-
viders and may not fully capture other important aspects
of continuity, like direct provider-to-provider commu-
nication [5], or other important aspects of care quality,
like adherence to clinical guidelines. Therefore, even a
perfect COC score may not translate to ideal care for a
given individual. Third, we chose a 1-year period before
and after the scan to ensure temporal proximity of COC
changes and limit selection bias associated with longer
observation time requirements. However, changes in care
continuity following scan results may require additional
time to become observable. Additionally, we excluded
participants who died during the follow-up period, a
population who may have had different patterns of care
continuity prior to death. Finally, while we were able to
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adjust for a detailed list of confounders using baseline
data from IDEAS, our estimates may be influenced by
residual confounding.

There is currently no consensus on the ideal level of
care continuity as measured by healthcare encounters
in patients with cognitive impairment. Future work is
needed to understand how continuity varies across popu-
lations with MCI or dementia, and whether this variation
is associated with access to and utilization of appropriate
care.

Conclusions

Continuity of care did not meaningfully change following
receipt of amyloid f PET scan in a population of Medi-
care beneficiaries with MCI or dementia of uncertain eti-
ology. Future work examining how care continuity varies
across marginalized populations with cognitive impair-
ment is needed.

Abbreviations

coC Continuity of care

PET Positron emission tomography

CAPACITY  Caregiver Perceptions About Communication With Clinical Team
Members

SD Standard deviation
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