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Comparison of evidence-based
interventions on outcomes of hospitalized
cognitively impaired older adults

Aim: This article reports the effects of three evidence-based interventions of varying
intensity, each designed to improve outcomes of hospitalized cognitively impaired
older adults. Patients & methods: In this comparative effectiveness study, 202 older
adults with cognitive impairment (assessed within 24 h of index hospitalization) were
enrolled at one of three hospitals within an academic health system. Each hospital
was randomly assigned one of the following interventions: Augmented Standard
Care (ASC; lower dose: n = 65), Resource Nurse Care (RNC; medium dose: n = 71) or
the Transitional Care Model (TCM; higher dose: n = 66). Since randomization at the
patient level was not feasible due to potential contamination, generalized boosted
modeling that estimated multigroup propensity score weights was used to balance
baseline patient characteristics between groups. Analyses compared the three groups
on time with first rehospitalization or death, the number and days of all-cause
rehospitalizations per patient and functional status through 6-month postindex
hospitalization. Results: In total, 25% of the ASC group were rehospitalized or died by
day 33 compared with day 58 for the RNC group versus day 83 for the TCM group. The
largest differences between the three groups on time to rehospitalization or death
were observed early in the Kaplan—Meier curve (at 30 days: ASC =22% vs RNC = 19%
vs TCM = 9%). The TCM group also demonstrated lower mean rehospitalization rates
per patient compared with the RNC (p < 0.001) and ASC groups (p = 0.06) at 30 days.
At 90-day postindex hospitalization, the TCM group continued to demonstrate lower
mean rehospitalization rates per patient only when compared with the ASC group
(p = 0.02). No significant group differences in functional status were observed.
Conclusion: Findings suggest that the TCM intervention, compared with interventions
of lower intensity, has the potential to decrease costly resource use outcomes in the
immediate postindex hospitalization period among cognitively impaired older adults.
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Cognitive impairment complicates the care
of an estimated 20—43% of older adults hos-
pitalized in the USA and adds substantially
to total annual healthcare costs [1-6]. Approx-
imately 60% of hospitalized patients identi-
fied as having cognitive impairment have no
prior history of dementia [7]. Whether cogni-
tive impairment is due to a neurodegenera-
tive disease (e.g., Alzheimer’s disease) (8], an
acute multifactorial syndrome (e.g., delir-
ium) (4] or a progressive chronic condition
(e.g., heart failure) 9], the resulting distur-

bances in memory, orientation and behav-
ior create a set of unique patient needs and
exacerbate the burden of episodes of acute ill-
ness for patients, their family caregivers and
healthcare clinicians [1].

Acutely ill cognitively impaired older
adults are especially vulnerable to systems
of care that too often ignore their unique
needs [7.10-12]. Unrecognized or poorly man-
aged cognitive deficits commonly trigger
a cascade of costly, adverse clinical events
(13] during and following hospitalizations,
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including increased rates of falls, functional decline,
incontinence, malnutrition, rehospitalizations, nurs-
ing home admissions and mortality [2-5.7.14-19]. While
available evidence offers a few solutions, particularly
in the detection and management of delirium risk
during hospitalizations [20-22], the nature and inten-
sity of interventions needed to enhance posthospital
outcomes of this vulnerable population are not known.

Hospital-based strategies that have demonstrated
promise include: systematic assessment and report-
ing of older adults’ cognitive findings to health team
members [23] and use of hospital resource nurses with
special preparation in the clinical management of this
high-risk group [21.24]. The Transitional Care Model
(TCM), an approach that spans hospital to home,
has consistently demonstrated reduced rehospitaliza-
tions and improvements in experience of care and
health outcomes for cognitively intact older adults
(25-27]. However, the TCM has not been tested among
cognitively impaired older adults, nor has the model
been compared with other evidence-based approaches.
This comparative effectiveness clinical trial tested the
following hypothesis: compared with interventions
limited to hospital settings, a hospital to home inter-
vention based on the TCM would decrease avoidable
rehospitalizations and improve or maintain the func-
tional status of hospitalized cognitively impaired older
adults through 6 months after the initial (heretofore
‘index’) hospital discharge (NCT00294307) [28]. This
article reports primary patient outcomes observed on
the first 202 patients enrolled in this National Insti-
tute of Aging (R01-AG023116) and Marian S Ware

Alzheimer Program funded clinical trial [29].

Patients & methods

Study design

In this prospective comparative effectiveness study,
one of three interventions of varying intensity was
randomly assigned to one of three hospitals within a
single health system, enabling cross-site comparisons
(30]. Random assignment at the patient level was not
possible due to potential within-site contamination.
For example, one intervention utilized advanced prac-
tice nurses (APNs) while another relied upon regis-
tered nurses (RNs) without master’s degrees; this lacter
group of nurses were often deployed to multiple units
throughout the hospital. Thus, the potential existed
that APNs and RNs implementing two of the interven-
tions being compared could have directly or indirectly
influenced the care of the same patients during their
hospitalizations (see the ‘Interventions’ section). To
assure comparable groups, generalized boosted mod-
eling was used to create multigroup propensity score
(PS) weights (see the ‘Statistical analyses” section) [31].

Participant screening & recruitment

Trained research assistants (RAs), bachelor’s pre-
pared nurses or social workers, reviewed the medi-
cal records of all patients 65 years and older admit-
ted to the participating hospitals to determine basic
eligibility. Potentially eligible patients included hos-
pitalized, community-dwelling older adults (=65
years) who planned to return home, lived within 30
miles of admitting hospital, spoke English and had
a family caregiver willing to enroll in the study. All
eligible patients also had to demonstrate evidence of
cognitive impairment during their index hospitaliza-
tion assessed by the RAs via abstracting documented
diagnoses of dementia from medical records or in-
person screening of deficits in orientation, recall or
executive function. The goal of the screening was not
to diagnose a cognitive disorder but rather to iden-
tify cognitive deficits that could influence a patient’s
ability to manage healthcare needs following the
transition to the community. Patients with a diag-
nosis of dementia who met all criteria were eligible
to enroll with no additional assessment. For all other
patients, deficits in orientation and recall were identi-
fied using the Six-Item Screener (patients with two
or more errors, scores <4 were eligible) [32]. Patients
with fewer than two errors on the Six-Item Screener
were further assessed for executive function deficits
using the CLOXI, clock drawing task [33]. Patients
with five or more errors out of 15 possible points on
the CLOX1 (scores £10) were eligible. Patients receiv-
ing hospice services, undergoing treatment for cancer,
stroke or end-stage renal disease, or with untreated
psychiatric problems were ineligible. Eligible patients
and family caregivers were offered the opportunity to
enroll in the study immediately after identification of
a dementia diagnosis or positive screening for cogni-
tive deficits. Enrolled patients provided assent and
family caregivers provided written informed consent
to participate in this University of Pennsylvania (PA,
USA) Institutional Review Board-approved study.
Intervention group assignment was based on index
hospitalization site.

Interventions

Throughout the study period, participating hospi-
tals applied similar admission, care and discharge
planning procedures. None of the hospitals rou-
tinely screened patients for cognitive impairment.
All interventions included screening, reporting and
documenting cognitive deficits (Augmented Standard
Care; ASC). ASC and Resource Nurse Care (RNC)
were hospital-based only; the TCM extended from
hospital to home. The protocols are summarized
below and detailed elsewhere [34].
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Augmented Standard Care

Within 24 h of each patient’s index hospitalization,
cognitive screening was completed by RAs; delirium
assessment continued throughout hospitalization.
Within 2 h of assessments, RAs verbally communi-
cated enrolled older adults’ cognitive findings to nurses,
physicians and social workers assigned to patients and
documented findings in patients’ medical records.

Resource Nurse Care

Hospital employed RNs implemented the RNC inter-
vention, which extended from patient enrollment to
index hospital discharge. Prior to implementing the
intervention, 69 RNs volunteered to complete web-
based modules focused on managing and transitioning
hospitalized cognitively impaired older adults; mod-
ules were developed by the study team in consultation
with clinical experts (34]. The RNs who had success-
fully completed post-test (scores 80% or higher) were
considered ‘resources nurses’ (59 out of 69 completed).
These resources nurses provided direct care and/or
coached other nurses involved in the care of enrolled
patients during the hospital stay 35]. Throughout the
study, resource nurses also participated in seminars
provided by study team members on issues relevant to
cognitive impairment.

Transitional Care Model

Master’s prepared APNs implemented the TCM inter-
vention, which extended from patient enrollment
through an average of 2 months postindex hospital dis-
charge (34]. In addition to the orientation designed for
resource nurses, APNs successfully completed TCM-
specific web-based modules and individualized clinical
experiences. The TCM protocol consisted of hospital
and home visits, at least one physician follow-up visit,
telephone outreach and 7 days a week availability; the
intervention supplemented care of hospitalized patients
and substituted for skilled RN home care [34]. Two full
time and one part-time APN implemented the TCM
protocol.

Outcome variables

Primary rehospitalization outcomes were: time to first
rehospitalization or death and total number and days
of all-cause rehospitalizations. Time to first rehospital-
ization or death was measured from date of index hos-
pital discharge to date of event (e.g., rehospitalization
or death) or last interview for censored patients. Data
on all-cause rehospitalizations were initially reported to
RAs during in-person interviews with caregivers and
subsequently independently validated using medical
records from all rehospitalization sites. If discrepan-
cies between caregivers’ reported rehospitalizations and

review of medical records were noted (e.g. differences in
dates of service) the medical record data were utilized.
Deaths were confirmed through the Social Security
Death Index. Number of all-cause rehospitalizations
and days rehospitalized per patient were assessed at
30-day increments through 6 months postindex hospital
discharge. Rehospitalization rates per patient were cal-
culated per time period using the total number of hos-
pitalizations divided by the total days at risk (e.g., non-
hospitalized and alive days) multiplied by time period
days. Data on patients’” functional status were collected
by RAs via in-person interviews with caregivers at base-
line, 2, 6, 12, and 26 weeks postindex hospitalization.
Functional status data included basic activities of daily
living (BADLs; the patient’s ability to conduct self-care)
(37 and instrumental activities of daily living (IADLs;
the patient’s ability to perform higher level activities
such as using the telephone, medication management
and household chores) [38]. Lower scores on both scales
indicate increased functional deficits.

Independent variables

Patients’ and family caregivers’ baseline sociodemo-
graphic and psychosocial characteristics, and patients’
clinical characteristics were collected via in-person
interviews by RAs and supplemented by chart abstrac-
tions (Table 1). Standardized instruments were used to
assess cognitive status (Mini-Mental State Examina-
tion [MMSE] (39] and Confusion Assessment Method
(22]), presence of depressive symptoms (Geriatric
Depression Scale [40] if MMSE 216 or the Cornell
Scale for Depression in Dementia [41] if MMSE <16),
and time burden associated with caregiving (subscale
of Caregiver Burden Inventory [42]).

Statistical analyses

Descriptive statistics (Table 1) characterize the patients
and caregivers studied, including frequencies and per-
centages for categorical variables, and means, stan-
dard deviations, and ranges for continuous variables.
Comparisons between the three interventions groups
were conducted using y? tests, Fisher’s exact tests and
one-way analysis of variance.

Generalized boosted modeling for estimation of PS
weights [31] was used to control for observed confound-
ing factors, balancing baseline patient characteristics
between groups, and strengthening causal inferences
(43.44]. PSs represent the estimated probabilities of
patients receiving the ASC versus RNC versus TCM
intervention protocols, conditioned upon the set of
observed covariates presented in Table 1. Covariates
were selected based on observable characteristics asso-
ciated with health and resource use among acutely
ill older adults identified in prior research [25-27] and
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Table 1. Patient and family caregiver nonclinical and clinical characteristics (unweighted; n = 202).

— Missing; n (%)

- Missing; n (%)

— Spouse
— Adult child

Age, M = SD (range); years

— Other relative/friend/other (e.g., godchild)

Percentages may not add to 100 due to rounding.
ASC: Augmented Standard Care; M: Mean; RNC: Resource Nurse Care; SD: Standard deviation; TCM: Transitional Care Model.

Variables ASC (n = 65)
Patient variables

Male; n (%) 26 (40.0)

Age, M = SD (range); years 80.8 + 6.4 (68-98)
White; n (%) 33 (50.1)
Patient lives alone; n (%) 18 (27.7)
Medical history of dementia; n (%) 14 (21.5)
Coexisting conditions, M £ SD (range); n 5.0 2.3 (1-11)
Hospitalizations in prior 6 months, M = SD (range); n 0.8 + 1.1 (0-5)
Delirium present; n (%) 12 (18.5)

— Not assessed; n (%) 2(3.1)

Mini Mental State Examination; M + SD (range) 22.9 + 4.8 (9-30)
—Unable to complete; n (%) 2(3.1)

Basic activities of daily living; M + SD (range) 4.4 +1.9 (0-6)
Instrumental activities of daily living; M + SD (range) 4.8 +2.4 (1-8)
— Missing; n (%) 3(4.6)
Depressive symptoms present; n (%) 16 (24.6)

— Missing; n (%) 3(4.6)

Index Hospitalization Diagnosis'; n (%):

— Cardiac/pulmonary 17 (26.2)

— Orthopedic/mechanical fall 18 (27.7)

— Neurologic 7 (10.8)

— Gastrointestinal/genitourinary 12 (18.5)

— Endocrine/Metabolic 11 (16.9)
Caregiver variables

Male; n (%) 14 (19.7)

1(1.5)

Caregiver Burden Inventory:
—Time subscale; M £ SD (range)

8.0 + 5.9 (0-20)
2(3.1)

Relationship to patient:

20 (30.8)
35(53.8)
5(15.4)

60.4 + 12.8 (34-87)

RNC (n=71) TCM (n = 66) p-value
24 (33.8) 26 (39.4) 0.71
80.9 + 6.4 (65-98) 79.4 +6.6 (68-96) 0.97
15 (21.1) 33 (50.0) <0.001
17 (23.9) 18 (27.3) 0.86
20 (28.2) 8 (12.1) 0.07
4.5+ 2.6 (0-11) 5.7 £2.5(1-12) 0.62
0.99 = 1.3 (0-5) 1.3 +2.4(0-11) <0.001
21 (29.6) 12 (18.2) 0.15
3(4.2) 0(0)
20.9 + 1.2 (4-30) 21.7 £ 5.9 (2-30) 0.006
4 (5.6) 0 (0)
4.3 +2.1(0-6) 4.4 +1.9 (0-6) 0.54
4.2 +£2.9(0-8) 5.3+2.6(0-8) 0.26
4 (5.6) 4(6.1)
16 (22.5) 8(12.1) 0.25
3(4.2) 9 (13.6)
25 (35.2) 35 (53.0) 0.005
14 (19.7) 4(6.1) 0.005
10 (14.1) 10 (15.2) 0.74
11 (15.5) 7 (10.6) 0.44
11 (15.5) 10 (15.2) 0.74
15 (23.1) 17 (25.8) 0.70
61.0 + 14.0 (36-93) 60.6 + 12.9 (34-85) 0.73
3(4.2) 8(12.1)

0.22
7.3 £6.9 (0-20) 7.2 £5.5(0-19)
4 (5.6) 10 (15.2)

0.58
19 (26.8) 20 (30.3)
35 (49.3) 33 (50.0)
17 (23.9) 13 (19.7)

cognitive impairment characteristics (e.g., MMSE [39]
and Confusion Assessment Method [22]). The success
of PS modeling is generally based on whether balance
on covariates is achieved and is typically assessed by
computing the standardized bias for each covariate [45].

Since the study included older adults with cognitive
impairment resulting from multiple causes, three cogni-
tive variables (i.e., diagnoses of dementiaand/or delirium
and MMSE score) were included in the PS adjustment.
Prior to adjustment, group differences in race, number
of hospitalizations in prior 6 months, MMSE scores and

index hospitalization for cardiac/pulmonary diagnoses
or orthopedic/mechanical falls were observed. Fol-
lowing PS-weighted adjustment, bias was significantly
reduced for all variables except race and index hospi-
talization diagnoses of orthopedic/mechanical falls
(e.g., standardized bias estimates exceeded 0.20). These
covariates were included in all multivariable models to
further control for imbalances.

PS-weighted mean outcome estimates were used to
graphically describe longitudinal changes [46]. A multi-
variable analysis of time to first rehospitalization or
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death using PS-weighted accelerated failure time mod-
eling with a loglogistic distribution was used to exam-
ine group differences [47]. This parametric approach
was chosen over the commonly used Cox proportional
hazards model since the underlying assumption of pro-
portional hazards was not met [48]. Patients alive and
remaining free from hospitalization were censored
at study completion. Acceleration factors [exp“P] for
intervention groups were estimated [47]. A PS-weighted
Kaplan—Meier curve of the time to first rehospitaliza-
tion or death was generated [49]; the log rank test was
used for to compare the survival curve distributions of
the groups [50], and the Wilcoxon (Breslow) test was
used to test for statistical differences early in the sur-
vival curve [51]. Comparisons of PS-weighted predicted
rehospitalization rates were accomplished within the
general linear modeling framework. Pair-wise differ-
ences in rehospitalization rates were evaluated using
post hoc Tukey—Kramer tests. PS-weighted Poisson
generalized estimating equations (log link) and linear
mixed models relying on an exchangeable covariance
matrix were used to model the number of rehospital-
izations per patient, as well as log-transformed rehos-
pitalization days per patient and functional status over
6 months [52,53. PS-weighted Poisson modeling con-
trolled for varying days at risk for rehospitalization over
time and accounted for correlation between observa-
tions for the same person. The linear time effects within
each group aligned well with rehospitalization data.
Functional status models fit well with nonlinear qua-
dratic time effects. Estimates of hospital-based inter-
vention group effects, along with their interaction with
time, are presented relative to the TCM group. The
relative rate for total number of rehospitalizations and
the ratio geometric means for total days rehospitalized
and function measures were calculated and presented
[exp®]. To account for missing data (Table 1), imputed
means (continuous variables) and modes (categorical
variables) were used for PS modeling.

Results

A total of 1923 patients met basic eligibility criteria, of
which 7% (125 out of 1923) had a diagnosis of dementia
documented in their medical records and the remain-
ing 1798 were screened for cognitive deficits. A total
of 50% of patients screened had deficits in orientation,
recall or executive function (892 out of 1798). Among
the 1017 potentially eligible patients, only 692 (68%)
of patients and their family caregivers fully met the
inclusion criteria for the study (Figure 1). Of this group,
40% (275 out of 692) enrolled in the study. A total of
19 patients were determined to be ineligible after being
consented. In total, 54 patients of the remaining 256
were subsequently lost to attrition (20%) (Figure 1).

The final sample included 202 patients, each with an
enrolled caregiver. At enrollment, 21% (42 out of 202)
had a documented diagnosis of dementia, 41% (83 out
of 202) had deficits in orientation and recall and 38%
(77 out of 202) had deficits in executive function. A
total of 22% of the final sample also screened positive
for delirium (45 out of 202) during the index hospi-
talization. Patients with a diagnosis of dementia were
more likely to screen positive for delirium (44% [19
out of 43] vs 15% [23 out of 159] without dementia;
p < 0.001). Overall, 4% (eight out of 202) of the sam-
ple died within 180 days of index hospital discharge
(3% ASC; 5% RNC; 2% TCM, unweighted Fisher’s
exact test, p = 0.25).

Rehospitalizations
Time to first rehospitalization or death
The TCM group experienced a longer time to first
rehospitalization or death than the ASC and RNC
groups (25th percentile for ASC: 33 days vs RNC: 58
days vs TCM: 83 days). While the log rank test for
overall differences approached significance (p = 0.06),
the Wilcoxon (Breslow) test for eatly differences sug-
gests that this effect was driven by differences between
the curves during the 90-day postindex hospital dis-
charge (p = 0.02, see Figure 2 for Kaplan—Meier esti-
mates). Based on 95% Cls, the difference in time to
first rehospitalization or death at 30 and 60 days was
statistically significant at p < 0.05 for the ASC ver-
sus TCM groups (i.e., no interval overlap). Employ-
ing similar confidence limits, marginal differences
between the RNC and TCM groups at 30 days were
observed (i.e., confidence limits met at 14% for the
TCM group upper limit and RNC group lower limit).
There were no differences between the ASC and RNC
groups on time to first rehospitalization or death.
Findings from the loglogistic accelerated failure time
model (Table 2) estimate that progression to rehospi-
talization or death was accelerated for the ASC group
by a factor of 1.75 in comparison to the TCM group
([exp“P]:[exp®*®] = 1.75; p = 0.05) and a factor of 1.93
for the RNC group compared with the TCM group
([exp“P]:[exp®9] = 1.93; p = 0.02).

Number of all-cause rehospitalizations per
patient

At 30-day postindex hospital discharge, the total num-
ber of rehospitalizations (unweighted) was highest
among the ASC group (15 out of 66) followed by the
RNC group (14 out of 71) and lowest among the TCM
group (six out of 66). Over time, the TCM group dem-
onstrated consistently fewer rehospitalizations, with
the largest differences in the unweighted cumulative
data seen through 90 days (Figure 3).
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017 met cognitive impairment eligibility criteria:

— 892 with deficits in orientation, recall or executive
function

— 125 with a diagnosis of dementia

25 did not meet other eligibility criteria:
— 117 unable to reach a caregiver
— 63 unable to identify a caregiver
— 71 patients discharged

'692 met all eligibility criteria'

— 74 change in diagnosis, prognosis or
discharge plan

417 not enrolled:
— 160 patients not interested in participating in research

275 enrolled in at hospital and provided site-specific
dose intervention

— 128 caregivers not interested in participating in
research

— 10 patients/caregivers felt they did not need the services

— 18 patients refused permission to contact caregiver

— 2 patients stated they were “too ill” to participate

— 99 no reason for refusal

‘ 96 TCM group '

94 RNC
group
€1 RNC group'

determined ineligib
(e.g., nursing home

placement or diagnosi
hange

(e.g., nursing h
placement or d

6 attrition:
— 4 withdrew
— 6 lost to follow-up

— 6 withdrew

— 5 died

‘71 RNC group'

determined ineligib

— 9 lost to follow-up

2 determined ineligible
(e.g., nursing home

placement or diagnosis
hange)

ome
iagnosi

84 TCM group

i

8 attrition:

— 5 withdrew

— 1 lost to follow-up
— 2 died

— 9 incomplete interventio
— 1 other

‘66 TCM group'

Figure 1. Consolidated Standards of Reporting Trials diagram of eligibility, enroliment and attrition from 2006 to 2008.
ASC: Augmented Standard Care; RNC: Resource Nurse Care; TCM: Transitional Care Model.

Based on post hoc-weighted pair-wise comparisons
over the 0-30-day time period, the TCM group dem-
onstrated lower least square mean rehospitalizations
per patient than the RNC (p < 0.001) and ASC groups
(p = 0.06) (Supplementary Table 1; see online at www.
futuremedicine.com/doi/suppl/10.2217/cer.14.14).
In the 0-90-day time period, the TCM group dem-
onstrated significantly lower rehospitalizations per
patient estimates than the ASC group (p = 0.02) but
not RNC group (p = 0.14). The mean estimated rates
per patient through 180 days were 73 versus 77 versus
64% for the ASC versus RNC versus TCM groups,
respectively.

While the mean number of rehospitalizations in the
TCM group was fairly consistent over time (Figure 4),
the ASC and RNC groups demonstrated higher esti-
mates early on with slowing of rehospitalization rates
over time although not statistically significantly differ-
ent. The overall rate for total number of all-cause rehos-

pitalizations in the ASC group was 2.13-fold that of the
TCM group (p = 0.10) and 1.70-times higher in the
RNC group versus the TCM group (p = 0.26; ASC vs
TCM: [exp"7®] = 2.13; RNC vs TCM: [exp®?] = 1.70;
Table 2).

Number of all-cause rehospitalization days per
patient

The generalized estimating equation model revealed that
the profile for total number of all-cause rehospitalization
days for the ASC group was 6.23-times higher than the
TCM group (Table 2; [exp®]:[exp?*9] = 6.23; p = 0.06)
and the RNC group was 3.35-times higher than the
TCM group ([exp®]:[exp?2V] = 3.35; p = 0.20). While
the longitudinal profile for all-cause rehospitalization
days differed significantly between the ASC and TCM
groups (p = 0.05), the profile for RNC and TCM groups
was not statistically different over time (p = 0.28). Dose
effects were seen in the 0-90-day time period, with the
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TCM group having a relatively low number of all-cause
rehospitalization days through 6 months (Figure 5).

Functional status

There were no statistically significant differences
between the intervention groups in mean functional
status scores through 26 weeks for BADLs and IADLs
(Table 2). Of note, visually the mean BADL and IADL
scores were higher (indicating improved function from
baseline) in the TCM group than the ASC and RNC
groups’ early postindex hospitalization (Figure 6A & B).

Discussion

To our knowledge, this is the first reported study
comparing the effectiveness of three evidence-based
interventions varying in nature and intensity on the
postdischarge outcomes of cognitively impaired older
adults hospitalized at multiple sites for common medi-
cal or surgical conditions. These findings are especially
important given the projected growth of the population

Research Article

of older adults coping with multiple chronic conditions
complicated by cognitive impairment [s].

When compared with lower-dose hospital-based
interventions, the TCM increased time to first rehospi-
talization or death among enrolled patients (Figure 2).
At 30-day postindex hospitalization, the PS -weighted
Kaplan—Meier estimates of the proportion of patients
who were rehospitalized or died (ASC: 22% vs RNC:
19% vs TCM: 9%) are similar to 30-day postindex
hospitalization findings in the most recent RCT of
the TCM with cognitively intact older adults (control:
26% vs TCM: 13%) [27]. Thus, findings reinforce that
both cognitively intact and impaired high-risk older
adults may benefit from interventions more closely
aligned with patients’ acute care experiences. In addi-
tion, rehospitalization rates and stays during the first
90 days following discharge suggest that cognitively
impaired older adults may require a higher intensity
care management intervention to assure care continuity
among multiple clinicians and across settings.

100
--e--- ASC
= —m—- RNC
o] —4— TCM
-]
2
T 75
6
o
o
N
S
‘s
(7] 50 — ——n
g T e
= e 8
°s | i
s
S 25
o
Wilcoxon (Breslow) test, p = 0.022; Log-rank test, p = 0.055
0 T T T T T T
0 30 60 90 120 150 180
Days

Kaplan—-Meier estimates by time point

30 days; %

Intervention CLTERD

90 days; %

120 days; % 150 days; % 180 days; %

(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
ASC 22 (17-30) 33 (26-41)  34(28-42)  38(31-46)  42(34-50) 45 (38-53)
RNC 19 (14-27)  28(21-36) 36 (29-45)  41(33-49) 47 (39-55) 48 (40-57)
TCM 9 (5-14) 19 (14-26)  26(20-34)  33(26-41)  38(31-47) 38 (31-47)

Figure 2. Time to first all-cause rehospitalization or death for three intervention groups using propensity

score-weighted Kaplan—-Meier curves (n = 202).

ASC: Augmented Standard Care (lowest dose) intervention; RNC: Resource Nurse Care (medium dose)
intervention; TCM: Transitional Care Model (highest dose) intervention group.
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Table 2. Adjusted propensity score-weighted multivariable models of rehospitalization and function

outcomes over time.

Outcome Parameter estimate (95% Cl) p-value
Time to first rehospitalization or death

ASC group -0.56 (-1.10 to -0.01) 0.05
RNC group -0.66 (-1.22 to -0.11) 0.02
TCM (reference) - -
Rehospitalizations

ASC group 0.76 (-0.14-1.66) 0.10
RNC group 0.53 (-0.39-1.45) 0.26
TCM (reference) - -
Time (weeks) -0.02 (-0.06-0.02) 0.32
Interactions:

Time x ASC -0.05 (-0.11-0.01) 0.1
Time x RNC -0.03 (-0.09-0.03) 0.37
Days rehospitalized

ASC group 1.83 (-0.07-3.74) 0.06
RNC group 1.21 (-0.65-3.07) 0.20
TCM (reference) -

Time (weeks) -0.03 (-0.09-0.03) 0.35
Interactions:

Time x ASC -0.10 (-0.19 to -0.002) 0.05
Time x RNC -0.05 (-0.15-0.04) 0.28
Basic activities of daily living

ASC group -0.28 (-0.82-0.27) 0.32
RNC group -0.33 (-0.88-0.22) 0.24
TCM (reference) -

Time (weeks) 0.03 (0.002-0.05) 0.03
Interactions:

Time x ASC 0.03 (-0.02-0.08) 0.18
Time x RNC -0.03 (-0.07-0.01) 0.19
Time x time -0.001 (-0.001 to <0.001) 0.12
Time x time x ASC -0.001 (-0.001-0.002) 0.11
Time x time x RNC 0.001 (-0.001-0.002) 0.40
Instrumental activities of daily living

ASC group -0.53 (-1.37-0.31) 0.21
RNC group -0.83 (-1.68-0.03) 0.06
TCM (reference) 0.01 (-0.024-0.04) 0.58
Time (weeks) -0.02 (-0.08-0.04) 0.44
Interactions:

Time x ASC <0.001 (-0.06-0.05) 0.88
Time x RNC <0.001 (-0.001 to <0.001) 0.39
Time x time 0.001 (-0.001-0.003) 0.37
Time x time x ASC <0.001 (-0.001-0.002) 0.88
Time x time x RNC -0.53 (-1.37-0.31) 0.21
Time is measured in weeks for total rehospitalizations, total days rehospitalized and functional status analyses for interpretability.
All models adjusted using propensity score weights and the two variables that did not achieve balance (e.g., race and the diagnosis
group — orthopedic/mechanical fall).

ASC: Augmented Standard Care; RNC: Resource Nurse Care; TCM: Transitional Care Model.
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Figure 3. Cumulative percentage of the number of rehospitalizations over time by group. Demonstrates the
cumulative percentage of all-cause rehospitalizations over time for each intervention group using raw data. These
are not adjusted using propensity score weighting. Percentages were calculated by dividing the raw cumulative
number of all-cause rehospitalizations by the total sample size for each interventions group.

ASC: Augmented Standard Care; RNC: Resource Nurse Care; TCM: Transitional Care Model.

An important unanswered question generated by
study findings is why the effect on costly rehospital-
izations of a hospital-to-home intervention (relative to
hospital-only strategies and compared with outcomes
observed in prior randomized controlled trials of the
TCM with cognitively intact older adults) dissipates
over time. In our most recently published random-
ized controlled trial, the TCM had a significant impact
on rehospitalization rates for 6 months following the
index hospital discharge among cognitively intact older
adults 27]. At least one of the contributing factors to the
observed shorter term impact is that cognitive impair-
ment further adds to the complexity of care needs
for this population and their caregivers. A qualitative
review of individualized case studies maintained by
APNs for those in the TCM group revealed that this
patient group and their family caregivers share com-
mon ground with all high risk older adult patients but
also confront a distinct set of especially burdensome
behavioral health and social issues [54]. In addition, this
group of patients is especially challenged when required
to follow complex medication and other treatment
regimens following discharge that may place them at
earlier and increased risk for poor outcomes [2.3,16,18,19].

In addition to examining the impact of interventions
for a group that consumes a disproportionate share of

healthcare resources, a major goal of this study was to
assess the effects of interventions of varying intensity
on functional status, an outcome that matters a great
deal to older adults and their family caregivers [ss].
Though trend data suggest early improvements in basic
and instrumental ADLs for the TCM compared with
other evidence-based intervention groups, no overall
group differences in these outcomes were observed at 6
months (Figure 6A & B). Since the launch of this study,
knowledge regarding the measurement of functional

0.4 4

-e-ASC
—a-RNC
0.3 TCM

0.2+

0.1 T

Predicted mean number
of rehospitalizations

30 60 90 120 150 180
Days

Figure 4. Propensity score-weighted predicted mean
number of rehospitalizations per patient over time.
ASC: Augmented Standard Care; RNC: Resource Nurse
Care; TCM: Transitional Care Model.
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Figure 5. Propensity score-weighted predicted mean
number of rehospitalization days per patient over
time.

ASC: Augmented Standard Care; RNC: Resource Nurse
Care; TCM: Transitional Care Model.

status changes among older adults with complex chronic
conditions has advanced [s6]. The instruments used
to assess functional status in this study may not have
been sensitive enough to detect meaningful changes
in the outcome. Ongoing subgroup analyses among
those whose function improved, remained the same or
declined may further inform our understanding of each
intervention’s effects on this important health outcome.
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Figure 6. Propensity score-weighted mean basic

and instrumental activities of daily living score over
time. (A) BADL. (B) IADL. Means were adjusted for
death and hospital/skilled nursing facility stay and for
presentation we subtracted 2 for interpretation of
BADL scores ranging 0-6 [35] and IADL scores ranging
0-8 [36]. Higher scores indicate fewer functional
deficits.

ASC: Augmented Standard Care; BADL: Basic activities
of daily living; IADL: Instrumental activity of daily
living; RNC: Resource Nurse Care; TCM: Transitional
Care Model.

Thus, multiple opportunities exist to enhance care
of this patient group. One that should be considered
for immediate implementation is making cognitive
assessment of older adults a standard of care. While
this study used a specific set of tools to screen for defi-
cits in orientation [32,33], recall and executive function,
there are many similar evidence-based tools that could
be incorporated into the patient assessment. In addi-
tion, enhanced preparation of all health team members
is needed to assure that the issues unique to this popu-
lation and their caregivers are addressed both during
and following hospitalizations [2.3,16,18,19].

Limitations

A number of factors may limit the generalizability of
study findings. This study was powered on functional
status as primary outcome and, consequently, the final
sample was sufficient to detect only large differences in
rehospitalization measures. This factor makes observed
differences in this latter group of metrics especially
noteworthy.

Only 40% of eligible patients enrolled. Screening
data suggested no major differences between nonen-
rolled and enrolled patients; 12% (compared with
20% of enrollees) had a diagnosis of dementia and
47% (compared with 41% of enrollees) had orienta-
tion and/or recall deficits. However, these data do not
capture, how knowledge regarding the presence of cog-
nitive deficits may have influenced patients’ and family
caregivers’ decisions to participate in this study. While
three cognitive variables were used in PS adjustment
to achieve balance among enrolled groups, our inabil-
ity to randomize at the patient level may have resulted
in biased intervention estimates resulting from unob-
servable differences among patients or the quality of
services they received.

Every effort was made to assure adherence to inter-
vention protocols. However, while ‘resource nurses’
received the prescribed orientation and successfully
completed post-tests, we have limited data to determine
if this protocol was consistently applied to patients in
this intervention group.

Finally, data comparing rehospitalization rates
observed among intervention patients with similar non-
intervention patients were available for only selected
conditions. Though limited, these data revealed few
differences between these groups. Between 2007 and
2011, for example, the mean rehospitalization rate for
Medicare beneficiaries admitted to the three hospi-
tal sites with major cardiopulmonary diagnoses (pri-
mary diagnoses for study sample) was 22% at 30 days
(36]; this rate is similar to the raw unweighted 30-day
rehospitalization rates for the non-TCM (i.e., ASC and
RNC) sites.
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Conclusion

When compared with lower intensity evidence-based
interventions, a TCM intervention implemented by
APNs that spans hospital to home lengthened the time
between index hospital discharge and rehospitalization
and decreased total all-cause rehospitalizations and
days among cognitively impaired older adults in the
short-term. Thus, this intervention has the potential to
improve outcomes for this vulnerable group of patients
while reducing their use of costly health resources.

Future perspective

In recent decades, a number of strategies designed to
improve transitions in care among at risk populations
have been demonstrated, at least in the short-term, to
improve patient outcomes and reduce rehospitaliza-
tions when compared with standard care [s4]. A prior-
ity for future work is to compare such evidence-based
transitional care strategies to determine which are
more patient and family caregiver centered, effective
and efficient overall and among specific subgroups of
patients. An important focus for such comparative
effectiveness studies will be to identify the core compo-
nents of the more effective but often multidimensional
interventions. Future studies also should compare the
impact of hospital only interventions to interventions

that included postdischarge phase on variables such
as follow-up with primary and specialist care to bet-
ter understand the contributions of such services. In
addition, studies that examine the added value of tran-
sitional care to other innovative care approaches such
as the Patient-Centered Medical home or Accountable
Care Organizations are needed.
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Executive summary

compared.

n = 66).

baseline patient characteristics between groups.

(p < 0.001) and ASC groups (p = 0.06) at 30 days.

e The effects of three evidence-based interventions of varying intensity (two hospital-based and one
hospital-to-home), each designed to improve outcomes of hospitalized cognitively impaired older adults, were

e Atotal of 202 older adults and their family caregivers were enrolled at three hospitals and assigned to one of
three intervention protocols based on index hospitalization site: Augmented Standard Care (ASC; lower dose:
n = 65), Resource Nurse Care (RNC; medium dose: n = 71), or the Transitional Care Model (TCM; higher dose:

e Generalized boosted modeling that estimated propensity score weights was used to create weights to balance

* Analyses compared three groups on time to first rehospitalization or death, number and days of all-cause
rehospitalizations, and functional status over a 6-month postindex hospitalization.

* In total, 25% of the ASC group were rehospitalized or died by day 33 for the ASC group (lower dose) versus
day 58 for the RNC group (medium dose) versus day 83 for the TCM group (higher dose).

e The largest differences between the three groups on time to rehospitalization or death were observed early in
the Kaplan-Meier curve (at 30 days: ASC =22% vs RNC = 19% vs TCM = 9%).

e The TCM group also demonstrated lower mean rehospitalization rates per patient compared with the RNC

* No significant group differences in functional status were observed.
e Findings suggest that the TCM intervention, compared with interventions of lower intensity, has the potential
to decrease costly resource use outcomes in the immediate postindex hospitalization period.
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