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Effects of alternative interventions among
hospitalized, cognitively impaired older
adults

Aim: Compare within site effects of three interventions designed to enhance outcomes
of hospitalized cognitively impaired elders. Methods: Prospective, nonrandomized,
confirmatory phased study. In Phase |, 183 patients received one of three interventions:
augmented standard care (ASC), resource nurse care (RNC) or Transitional Care Model
(TCM). In Phase II, 205 patients received the TCM. Results: Time to first rehospitalization
or death was longer for the TCM versus ASC group (p = 0.017). Rates for total all-cause
rehospitalizations and days were significantly reduced in the TCM versus ASC group
(p <0.001, both). No differences were observed between RNC versus TCM. Conclusion:
Findings suggest the TCM is more effective than ASC. However, potential effects of the

RNC relative to the TCM warrant further study.
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Cognitive impairment (CI) has been reported
to add to the complex care needs of an aver-
age of 43% of hospitalized older adults in
USA, negatively affecting patients’ health
and quality of life and unnecessarily increas-
ing healthcare costs [1-6). CI also increases
an older adult’s risk for rehospitalization [7].
While often CI is associated with neurode-
generative diseases including Alzheimer’s dis-
ease [8], it can result from of a variety of medi-
cal problems such as heart failure [9], delirium
due to infections and other physical risks [3].
Many patients with CI have no prior history
of Alzheimer’s disease or other dementias [10].
The collective impact of the disturbances to
memory, orientation, executive function and
behavior common among this population
result in unique set of patient and family care-
giver needs, which are especially challenging
throughout patients’ vulnerable transitions in
health and healthcare [1].

All too often, unrecognized or poorly
managed cognitive deficits among hospital-

e evidence-based interventions

ized older adults lead to a cascade of costly
and often avoidable adverse clinical events
(e.g., falls, functional decline, incontinence,
malnutrition) that span the entire episode
of care and contribute to avoidable rehos-
pitalizations, nursing home placements or
death [2-4,10-18]. Advancing knowledge is crit-
ically important to address the distinct needs
of this growing patient population but, until
recently, has not been a major focus of rigor-
ous research. However, findings from a few
areas of inquiry related to care management
of this patient group during and following
hospitalizations suggest potential solutions.
Systematic assessment and communication
of older adults’ cognitive findings to relevant
health team members, for example, has con-
tributed to improved care outcomes [19]. The
use of hospital resource nurses with special
preparation in the clinical management of
this high-risk group also has been shown to
improve functional status of patients during
hospitalizations and significantly decrease the
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frequency and length of delirium in hospitalized older
adults [20). The Transitional Care Model (TCM), an
approach that spans hospital to home, has consistently
demonstrated enhanced care experiences and health out-
comes for cognitively intact older adults, while reduc-
ing rehospitalizations and costs; however, studies of
this care management model have excluded cognitively
impaired older adults [21-23]. Additionally, examination
of each of these interventions has been limited to com-
parisons between intervention and standard care groups.
Comparisons of the relative effects of evidence-based
care management interventions are essential to enhance
posthospital outcomes of this vulnerable population.

An earlier comparison of the effects of the afore-
mentioned interventions across sites and at same time
period (Phase I; 2006-2008) using propensity score
weighted groups revealed that hospitalized cognitively
impaired older adults who received the TCM inter-
vention had a longer time to first rehospitalization
or death [24]. In addition, when compared with older
adults receiving lower dose interventions, the TCM
intervention group had fewer rehospitalizations and
days, with the greatest impact in the first month fol-
lowing hospital discharge. This current paper reports
the effects of these alternative interventions within sites
and over time (Phase I vs Phase II; 2008—2010). The
study team hypothesized that cognitively impaired
hospitalized older adults who received the TCM, a
hospital to home intervention would, relative to other
lower dose interventions which are limited to hospital
care only, would demonstrate increased time to first
rehospitalization or death and fewer total all-cause
rehospitalizations and days.

Methods

Design

A nonrandomized, confirmatory phased design was
used to compare the effects of alternative interven-
tions implemented during two different time peri-
ods (Phase I; 2006-2008 and Phase II; 2008-2010)
(Table 1). This study design was chosen due to the
nature of the interventions, and the inability to ran-
domize subjects at the patient level. Randomization at
the patient level was not feasible due to the potential for
within site cross-contamination of the interventions at
the site level. To control for observable differences in
patient characteristics across sites in Phase I analyses,
propensity score matching was used. Phase II allowed
for confirmation of intervention differences, where
comparisons are carried out within sites over time and
account for both observed and unobserved patient and
site characteristics. No propensity score matching was
used in the Phase I to II modeling. Overall, the two-
phase approach minimized threats to the internal valid-

ity of the study. This study was reviewed and approved
by the University of Pennsylvania Institutional Review
Board.

Settings

Three hospitals in the Philadelphia area (one academic
medical center and two community hospitals) affili-
ated with one health system participated in this study.
Throughout the study period, participating hospitals
did not routinely screen patients for CI; all sites applied
a consistent set of hospital care and discharge planning
procedures.

Interventions

The intervention protocols tested in this study are sum-
marized below and detailed protocols are published
elsewhere [2s].

Augmented standard care

All patients at all participating sites and in both phases
were assessed for cognitive deficits by trained research
assistants (RAs) via chart reviews for documented diag-
noses of dementia or screening using a standardized
assessment tools [19]. This assessment was comprised
of valid and reliable measures of orientation, recall and
executive function [2627]. The cognitive screen was
completed within 24 h of patients’ hospital admissions,
with findings documented in patients’ medical records
and verbally communicated to the primary nurse, phy-
sician and social worker assigned to each patient within
one hour of completion (average 22 min/per patient).
The augmented standard care (ASC) was included as
part of the other two interventions.

Resource nurse care

The resource nurse care (RNC) intervention [28,29]
was implemented by hospital employed registered
nurses (RNs) who had completed web-based modules
focused on managing and transitioning hospitalized
older adults with cognitive deficits. The study team,
in consultation with clinical experts, developed the
modules [25]. The RNC extended from patient enroll-
ment to index hospital discharge. Each RN who com-
pleted the training had to achieve an 80% or higher
on the module post-test to be considered a ‘resource
nurse’ (59 out of 69 RNs completed the modules).
Nurses completed the training as part of an in-service.
Average time to complete all resource nurse train-
ing modules was 6 h. Resource nurses were assigned
to a patient after the patient-family caregiver dyad
was enrolled. Resources nurses either provided direct
care and/or coached other nonresource trained staff
nurses involved in the care of enrolled patients from
enrollment to hospital discharge [29].
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Hospital sites

A Augmented standard care
B Resource nurse care
C TCM

TCM: Transitional Care Model.

Phase | (February 2006—-March 2008)

Hospitalized, cognitively impaired older adults Research Article

Table 1. Intervention by site by phase.

Phase Il (April 2008-March 2010)
TCM
TCM
TCM

Transitional Care Model

The TCM intervention [21-23] was implemented by
master’s prepared advanced practice nurses (APNs)
and extended from patient enrollment through an
average of 2 months postindex hospital discharge [25].
APNs completed TCM-specific web-based modules
and a 1 month clinical experience individualized to
each APN’s needs. In addition, the APNs completed
the RNC training modules. The TCM intervention
combined hospital and home visits, at least one in per-
son visit with the patient to their physician(s) office
with an average of 11 visits in total and ten telephone
calls per patient. APNs were available 7 days a week for
visits and calls. The TCM intervention substituted for
traditional home care by skilled nurses.

Screening & recruitment

Weekday review of medical records of all hospitalized
patients 65 years and older was completed at the three
participating hospitals by RAs with at least bachelor’s
degrees and special role preparation in screening for CI.
Inclusion criteria at the time of enrollment included
all of the following: 65 years of age or older adult;
screened as having cognitive deficits; hospitalized at
one of three hospital sites, lived within a 30-mile radius
of admitting hospital, spoke english, was expected to
return home following hospital discharge and had a
family caregiver also willing to enroll. Exclusion cri-
teria included any of the following: undergoing active
treatment for cancer, stroke or end-stage renal disease,
enrollment in hospice; or untreated substance abuse
or psychiatric condition (all documented in medical
records).

Patients met the cognitive impairment screening
threshold if they had a documented diagnosis of demen-
tia or were assessed by RAs as having cognitive deficits
that may impact transition in care [130]. Specifically,
deficits in orientation and recall were assessed using the
Six Item Screener (SIS) [26]. Scores of four or less on the
SIS indicated deficits in orientation and recall. Patients
who passed the SIS (SIS >4) were further evaluated for
deficits in executive function using a clock drawing
task (CLOX1) [27]. Patients with five or more errors on
this 15-point assessment scale were considered to have
deficits in executive function (defined as decision mak-
ing ability, memory, attention, focus) which is required

for an individual to be able to organize, plan and com-
plete everyday tasks [27]. Eligible patients and their
family caregivers were approached by RAs; interested
patients provided assent and family caregivers provided
informed consent for the patient and themselves.

In total, 52% (1884/3635) of patients assessed
for cognitive impairment during the two phases of
this study were identified as having cognitive deficits
(Table 2). Among those identified with CI, 66.1%
(1246/1884) met all other inclusion and exclusion
criteria. Among eligible patients, 536 patient-family
caregiver dyads (43.0%) enrolled in the study; lack
of interest in research on part of patients or family
caregivers was the primary reason for deciding not to
enroll (details published elsewhere [25]). In total, 40
(7.5%; 40/536) patient-family caregiver dyads were
identified as ineligible after enrollment and excluded
from the analyses. Of the remaining 496 patient-
family caregiver dyads, the primary reasons for attri-
tion were: withdraw (7.1%; 35/496), lost to follow-up
(4.2%; 21/496), death (before discharge from hospi-
tal or immediately after discharge with no follow-up
data, 3.6%; 18/496) and inability to complete the
TCM intervention (3.0%; 15/496; e.g., patient moved,
enrolled caregiver died, unable to complete home vis-
its). There were no significant differences in baseline
characteristics between the final sample and those lost
to attrition. The attrition rate was consistent with rates
reported in other clinical trials having a similar patient
population [2223]. Finally, at one hospital (site B)
19 patients received the ASC only intervention prior to
the roll out of the RNC. Because the aim of the study
was to make within site comparisons by intervention,
and was powered such that each site would receive a
single intervention in Phase I, these 19 patients were
not included in this set of analyses.

Outcome variables

Time to first rehospitalization or death, total number
of all-cause rehospitalizations and days rehospital-
ized over time (Phase I vs Phase II) were the primary
outcomes.

Time to first rehospitalization or death
Time was measured from date of the index hospital
discharge to the time of an event (e.g., first rehospi-
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Table 2. Enrollment and attrition by site, phase and intervention group (2006-2010), n = 388.

Enrollment summary Phase | (February 2006—March 2008) Phase Il (April 2008-March 2010)
Site A Site B* Site C Site A Site B Site C

Intervention ASC RNC TCM TCM TCM TCM

Enrolled in study 61 94 96 88 85 88

Determined ineligible* 3 3 12 8 5 8

Attrition:

— Withdrew 5 8

- Lost to follow-up 6 9 1

- Died before first 2 5 2

follow-up/in hospital

- Incomplete intervention 0 9 2

- Other (e.g., moved out of 0 0 1 1

state, caregiver died)

Final sample by site and 46 71 66 69 68 68

intervention

Total final sample by phase 183 205

*In total, 19 additional patients were enrolled at this site that received the ASC intervention only. Because the aim of the study was to make within site comparisons

by intervention, and was powered such that each site would receive a single intervention in Phase I, these 19 patients were not included in this set of analyses.

*Patients’ eligibility changed for two reasons: new ineligible diagnosis identified during index hospitalization or discharge from index hospitalization changed to

long-term placement in a nursing home.

ASC: Augmented standard care; RNC: Resource nurse care; TCM: Transitional Care Model.

talization or death) or last interview for censored
patients. Data on all rehospitalizations were collected
from patients and family caregivers and independently
confirmed through medical records’ review. Reported
deaths were confirmed in the Social Security Death
Index online. A total of 23 patients died during the
study period (eight in Phase I and 15 in Phase II).
Among the 23 patients that died, 12 were rehospital-
ized at least once prior to death. Among the remain-
ing 11 patients, eight were enrolled in hospice at the
time of death and three died during a rehospitaliza-
tion. There were no differences in the analyses with or
without these deaths, therefore all data are included as
an event for these analyses.

Total number of rehospitalizations & days
rehospitalized

The number of all-cause rehospitalizations and days
rehospitalized per patient were assessed in 30-day
increments through 6 months postindex hospital
discharge.

Independent variables

Baseline sociodemographic patient characteristics
(e.g., age, sex, race, living situation) and family care-
givers characteristics (e.g., relationship to patient), as
well as patient clinical data were collected via in-person
interviews by RAs and supplemented by chart abstrac-
tions (Table 3). Cognitive status was assessed using

the Mini Mental State Examination (MMSE) [31] and
Confusion Assessment Method (CAM) [32] for delir-
ium. The presence of depressive symptoms was assessed
using the Geriatric Depression Scale 33) if MMSE 216
or the Cornell Scale for Depression in Dementia [34]
if MMSE <16. Time burden associated with caregiv-
ing was assessed using a subscale of Caregiver Burden
Inventory [35]. All assessment tools were selected on the
basis of use of the scale with a similar population in
the USA and evidence in the literature for its use with
individuals with CI (e.g., Geriatric Depression Scale
(36-38]; CAM [3.20.3239]; Cornell Scale for Depression
in Dementia [34.40]; Caregiver Burden Inventory [35]).

Statistical analyses

Descriptive statistics regarding patients’ and family
caregivers” baseline characteristics, including frequen-
cies and percentages for categorical variables, and
means, standard deviations and ranges for continu-
ous variables are presented in Table 3. Comparisons
between Phase I and Phase II groups at each hospi-
tal site were conducted using chi-square tests, Fisher’s
exact tests and two sample t-tests, as appropriate. All
variables with a p-value 0.10 or less were included in
subsequent modeling [41.42].

A multivariable analysis of time to first rehospital-
ization or death using accelerated failure time (AFT)
modeling with a loglogistic distribution was used to
examine differences between alternative interven-
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tions over time for each of three hospital sites (A, B
or C) (43]. This parametric approach was chosen over
the commonly used Cox proportional hazards model
because the underlying assumption of proportional
hazards was not met [44]. Patients alive and remain-
ing free from hospitalization were censored at study
completion. The association of primary interest is rep-
resented by (exp[-f]) and estimates the acceleration
in time to first rehospitalization or death for patients
in Phase II compared with Phase I [43]. Individual
Kaplan—Meier curves [45] of the time to first rehospital-
ization or death were generated for each site comparing
Phase I to II by intervention type. Log rank tests [46]
were used to compare the survival curve distributions
by intervention and the Wilcoxon (Breslow) test was
used to test for statistical differences early in the sur-
vival curves [47]. Poisson generalized estimating equa-
tions (log link) and linear mixed models relying on an
exchangeable covariance matrix were used to model
the number of rehospitalizations per patient as well
as log transformed rehospitalization days per patient
through 6 months [48,49]. Poisson modeling controlled
for varying days at risk for rehospitalization over time
and accounted for correlation between observations for
the same person. Estimates of phase by intervention
group effects, along with their interaction with time,
are presented for each phase by site. The association
of primary interest for all-cause rehospitalizations is
represented by (exp[f]) and expresses the relative rate
in hospitalizations in Phase II relative to Phase I. The
association of primary interest for all-cause rehospital-
ization days is also represented by (exp[f]) and esti-
mates the ratio of geometric means for days hospital-
ized for Phase II compared with Phase 1. Predicted
model estimates were used to graphically describe
longitudinal changes.

Results

The final sample included 388 patients, each with
an enrolled family caregiver. At enrollment, 18.0%
(70/388) had a documented diagnosis of dementia,
43.6% (169/388) had deficits in orientation and recall
and 38.4% (149/388) had deficits in executive func-
tion. In total, 24% of the final sample also screened
positive for delirium (92/388) during the index hospi-
talization. Overall, 5.7% (22/388) of the sample died
within 180 days of index hospital discharge

Time to first rehospitalization or death

Figure 1 provide visual comparisons of Kaplan—Meier
estimates for time to first rehospitalization or death
within each site. Overall, statistically significant differ-
ences are observed when comparing ASC versus TCM

groups but not for the RNC versus TCM on the basis

Hospitalized, cognitively impaired older adults Research Article

of the Wilcoxon (Breslow) test. The largest difference
between the groups on time to first rehospitalization or
death is observed early in the Kaplan—Meier curve (at
30 days Phase I vs II - site A: ASC: 24% vs TCM: 4%);
site B: RNC: 18% vs TCM: 9%; site C: TCM: 8% vs
TCM: 10%). Based on nonoverlapping 95% Cls from
the Kaplan—Meier estimates, the difference in time to
first rehospitalization or death at 30 and 60 days is sta-
tistically significant at the 0.05 level for the ASC versus
TCM groups. No statistically significant differences are
observed in sites B and C.

Although, not statistically significant, time to first
rehospitalization or death is longer for the TCM
patients than the non-TCM patients. For site A, 25%
of the sample had a rehospitalization or died by day 33
in the ASC group versus day 90 for the TCM group.
For site B, 25% of the RNC group was rehospitalized
or died by day 58 versus day 81 for the TCM group.
Notably, at site C, where the TCM was provided in
both phases, 25% of the patients were rehospitalized
or died by day 88 (Phase I) versus day 66 (Phase II).

The loglogistic AFT model (Table 4) estimate of pro-
gression to rehospitalization or death is significantly
slower for the TCM group versus the ASC group at
site A (acceleration factor: 0.35; p = 0.02). While not
statistically significant, the progression to rehospitaliza-
tion or death is slower for the TCM group versus RNC
group at site B (acceleration factor: 0.56; p = 0.17). For
site C, the AFT model demonstrated an accelerated
progression to rehospitalization or death by a factor of
1.28 for Phase II, though not statistically significant.

Total all-cause rehospitalizations
The predicted estimates for total all-cause rehospi-
talizations over time, based on multivariable general-
ized linear modeling, are provided by site and phase
in Table 5. Mean all-cause rehospitalization estimates
for ASC versus TCM are 0.12 versus 0.06, respec-
tively. Over time, the ASC has a significantly steeper
slope than the TCM group in site A (p = 0.03). Mean
all-cause rehospitalization estimates for RNC versus
TCM are 0.12 versus 0.11, respectively. Mean all-cause
rehospitalization estimates for TCM versus TCM are
0.10 versus 0.10, Phase I versus Phase II, respectively.
The relative rate for total all-cause rehospitaliza-
tions is significantly less for the TCM group (Phase II)
as compared with the ASC group (Phase I) at site A
(exp[-2.00] = 0.14; p < 0.001; Table 5). However, there
are no statistically significant differences observed
between Phase I versus II in sites B or C (Table 5).
The relative rate for total all-cause rehospitalizations
decreases significantly over time at site A for the ASC
group (exp[-0.085] = 0.92; p < 0.001), while remain-
ing consistently low over time for the TCM group

fsg

future science group

www.futuremedicine.com

263



Naylor, Hirschman, Hanlon et al.

Research Article

180
8.0
180
VL0
980

Lo

9€0

100°0>

66'0
00°L
€€'0
€60
S0
(YA
S0°0
S8°0

Lo

anjen-d

‘|9POIA 248D [RUOIISURL] (AD] ‘UOIIRIASP PIBPURLS (S 248D 3SINU 92IN0S3Y :DNY UOIBUILIEXS 91R1S [RIUSW IUIA (JSINIA ‘Aleulino}uab/ [ uUISaIUIIISED) (ND/|D ‘218D pIepUR)S paluswbny DSy
"(s$9] 10 Q1°0 40 sanjea-d) eduediyubis bulleIISUOWDP SB}RIIBAOD J04 PAISNIPE B13M S|9POW d|qeLIBAINW ||,

(Tel) 6
(8'8) 9
(Tel) 6
(88)9
(6'99) 8€

(s€0) 9l
(00)0
(8-0)

9CFLS
(9-1)

0L FGS
(s 1
(0€-9)

I'SF8'LT
(00)0

Ly a
(8-0)

LLF0L
(€1-1)

STFLS

(9°'02) ¥1

(1'69) L

(L°L9) 9¥

(86—99)

€L%96.

(€76¢) vz

89

INDL

1l 8seyd
D 3Us

(z'sL) ol
(9oL) £
(z'sL) ol

(19) v
(0°€9) s€

(L'zL) 8
(9°2) S
(8-0)

STFES
(9-0)
6LFVY
(0)o

(0€-2)

6SFLILT

(L'zL) 8

(zzL) ol
(L1-0)
vZFEL
(z1-1)
SCTFLS
(LzL) 8
(LzL) 8
(0°0S) €€
(96-89)
99 F 6L
(7'6€) 92
99

NDL

| @seyd

100°0>
T
cLo
0€0
€9°0

o0

810

100°0>

€80
L6°0
6€°0
160
100
S0
0’0
060

LEO

anjena-d

(s1) 1
(sen)al
(1el) €L

(Tel) e
(02v) 6¢

(L'za) s1
(0)o
(8-0)

L'TFOS
(9-0)

7'l FES

(60) ¢
(0€-9)
67 FTLT
(00)0

(8°€¢€) €¢
(-0)

60¥80

(z1-0)
€CFeY
(8'11)8

(299) sv

(L'v6) ¥9

(96-59)

L'L¥108

(s97) 8L

89

INDL

Il 8seyd
g 9s

(s°GL) 1L
(s°GL) 1L
(L'vi) ol
(L6l) vl
(z'sg) s¢

(s'za) 9l
(99 v
(8-0)
8CTFCY
(9-0)
LZFEY
(02)s
(0s-v)
0L¥F60C
(rv) €
(6°0€) L2
(s-0)
€1F660
(L1-0)
97FSY
(z'82) 0T
(1'94) ¥S
(6'8£) 95
(86-59)
¥'9F 608
(8°€¢€) vz
LL

DNY

| 8seyd

640
00°L
9,0
100°0>
10°0

L0

o

0c0

L1°0
L0°0
£9°0
LS°0
S0
9l'0
69°0
600

LE0

anjea-d

(0€l) 6
(8'81) €1
(9'11) 8
(rol) £
(vr9v) c€

(€7€€) €¢
(1)1
(8-0)

L'TF69Y
(9-1)

SLFOG

(0)o
(0g-1)
6'S¥9'CC
(00)0

(0°62) 0C
(6-0)

€1¥80
(01-0)

vZF6Y

(€°02) v1

(6'09) 2t

(e7€€) €¢

(z01-99)

75°'8¥ 628
(0°62) 0¢
69
INDL
1l 8seyd

V 9MS

(zsl) L
(9°6l) 6

(L8) v
(o°2g) L1
(961) 6

(9°61) 6
(rv) e
(8-1)
L'ZF90°S
(9-0)
6LFSY
(1
(0g-Sl1)
T F 0P
(ev) ¢
(9°€1) 9
(s-0)
L'LF60
(1L-1)
vZFCS
(0€L) 9
(67€L) vE
(0°£8) £L
(96-0£)
1’9508
(1'6€) 81
1%

JsY

| 8seyd

‘buipunos 01 anp Q| O} ppe 1ou Aew sabeusdiad

»Dljogelaw/auldopuy —
noS/15 -

d16ojoinaN -

Jlley [edtueydaw/dIpadoylio -

,Aieuowndyoeipied —

(%) u ‘sisoubeip uonezijeydsoy xapuj

(%) U “puasaud swolrdwdAs anissaidaqg
(%) u "BulssIn

(abuel) gs F ueaw
‘Bulnl] A[1EP JO SBIIIAIIDE [BIUBWINISU|

,(3bues) gs ¥ uesw
‘Buinl| Aj1ep 40 sanianoe diseg

(%) u ‘a19|dwod 031 3|geun

(abueu) gs ¥ ueaw "ISININ
(%) U ‘passasse 10N
(%) u quasaid wnudQg

(abuel) gs F ueaw ‘syruow-9
Jouid ul suonezijeyidsoy 4o JI3quinNN

(sbueu) gs ¥ ueaw
‘suollipuod BullsIxa0d Jo JaquinN

(%) u ‘sisoubelp ennuswaq
(%) u ‘auoj|e saAl| ualled

(%) U "3HYM

,s1edh {(abues) s F uesw ‘aby
(%) U ‘3le

(u) |esoL

9dA} uonuanialu|

sajqenep

"(88€ = u) dnoub uonuanialul pue aseyd ‘[eyidsoy Aq so13siie1deIRYD JDAIBIRD Ajlwe) pue jualed [edjuljpUOU pue [edIullD "€ d|qel

future science group

J. Comp. Eff. Res. (2016) 5(3)

264



Research Article

Hospitalized, cognitively impaired older adults

vZ'o

€00

450
040

anjen-d

‘|9POIA 24eD) [BUOIHISURI] SAID] ‘UOIIRIASP PJEPURLS (S 248D 3SINU 324N0S3Y :DNY ‘UOIBUILIEXS 31e1S [eIUaW IUIN (ISININ ‘Aleulinonuaby|eunisalulodises) /(o ‘aled piepuels pajuswbny DSy
“(ss9] 40 010 JO san|ea-d) aduediyIubIs bullelISUOWSP SIIRLIBAOD 10} PAISNpe a1aM S|9poW d|geleAI}NW ||,

(s’ 9l
(8°89) ot
(L)

(0)o
(0z-0)
0SFCS
(£8-£2)
8l ¥ 895
(7'62) 0C

Il aseyd
J aus

(L6l) €L
(0°0S) €€
(€°0€) 0z

(z'sL) oL
(61-0)
LS¥F 1L
(s8-t¢€)
1'ZL F¥°09
(8°52) L1

| aseyd

S0°0

900

LEO
940

anjena-d

(€°6¢€) vT
(6°SsS) 8¢
(8'8) 9

(0)o
(0z-0)
89 F8'S
(06-8L)
TSLFLLS
(1'6l) €L

Il 9seyd
g aus

(6°€0) L1
('6¥) S€
(8°92) 61

(99) ¥
(0z-0)
LI9FEL
(£6-9€)
L'ELF6°09
(£61) ¥l

| aseyd

9€°0

69°0

€80
zs’o

anjena-d

(6°SL) LL
(8°€9) vv
(€702 ¥l

(0°0)0
(0z-0)
voFLL
(£6-5€)
T FL6S
(0'62) 0T

I 9seyd
v aus

(F0O°'€L) 9
(7'¥S) ¢
(9°2¢) S1

(rv) e
(0z-0)
09%7L
(z8-v¢)
TELFT09
(L1201

| aseyd

‘buipunos 01 aNp Q| O3 ppe 1ou Aew sabeusdiad

(PIlyo>poo “6°9)
J9Y1o/puslij/anne|al Jaylo -

PIIY> 3NpPY —

asnods —

(%) u quaned oy diysuoie|ay
(%) u ‘BuissiN —

.(3bues) gs F ueaw ‘sjeasqns
awn - Aiopuaaul uspung Janibaie) -

sieah !(sbuels) gs ¥ uesw ‘aby —
(%) u 's|eN —
:sa|qelien Janibaled

sajqenep

"(*3u0d) (88¢€ = u) dnoub uojyuanialul pue aseyd ‘|eridsoy Ag sdiasiia1deleyd JaAIBaIeD Ajlwey) pue Jualed [ediuljpuou pue [edlul "€ d|qel

265

www.futuremedicine.com

future science group



Research Article

Naylor, Hirschman, Hanlon et al.
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Figure 1. Kaplan-Meier curve of sites A, B and C.
ASC: Augmented standard care; RNC: Resource nurse care; TCM: Transitional Care Model.
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Table 4. Individual multivariable accelerated failure time models for time to first rehospitalization

or death comparing Phase | to Phase Il by intervention within each site

Site Phase | vs Il Acceleration factor (exp[-B]) 95% Cl: (exp[-B]) p-value
Lower limit Upper limit

A ASC (ref) vs TCM 0.354 0.151 0.833 0.017

B RNC (ref) vs TCM 0.556 0.239 1.297 0.174

C TCM (ref) vs TCM 1.186 0.570 2.468 0.648

Recruitment into Phase I: February 2006—March 2008; Phase II: April 2008—-December 2009. TCM all multivariable models were adjusted
for covariates demonstrating significance (p-values of 0.10 or less) in Table 1. Exp(-B) represents the acceleration factor. Interpretation
example: the time to first rehospitalization among those in the TCM group is accelerated by a factor of 0.354 times that of the ASC group.
ASC: Augmented standard care (lower); ref: Reference group; RNC: Resource nurse care (medium); TCM: Transitional Care Model (higher).

(Figure 2A). At site B, the relative rate for total all-cause
rehospitalizations decreases significantly over time for
both intervention groups (RNC: exp[-0.042] = 0.96;
p = 0.03); TCM: (exp[-0.05] = 0.95; p = 0.04)
(Table 5). Finally, at site C the relative rate for total
all-cause rehospitalizations is flat for the Phase I TCM
group but has a steeper slope (e.g., decreases signifi-
cantly over time) for Phase II TCM intervention group
(exp[-0.05] = 0.95; p = 0.04).

Total all-cause rehospitalization days

The predicted estimates for total all-cause rehospital-
ization days based on multivariable Poisson general-
ized estimating equation modeling over time by site
and phase are provided in Table 6. Mean outcome
estimates for all-cause rehospitalization days for ASC
versus TCM are 0.72 versus 0.33, respectively. Over
time, the ASC has a significantly steeper slope than
the TCM group in site A (p = 0.01). Mean outcome
estimates for all-cause rehospitalization days appear

similar for RNC versus TCM, 0.63 versus 0.70, respec-

tively. At site C, mean outcome estimates for all-cause
rehospitalization days differ from Phase I to II for the
TCM groups (0.43 vs 0.49, respectively). Over time,
the TCM Phase IT has a significantly steeper slope than
the TCM Phase I group (p = 0.02).

In multivariable modeling presented in Table 6,
the estimated geometric mean for all-cause rehospi-
talization days in Phase II (TCM) is 0.26-fold that
of Phase I (ASC) (exp[-1.34] = 0.26; p = 0.007). The
estimated geometric mean for all-cause rehospitaliza-
tion days decreases significantly over time for the ASC
group at site A (exp[-0.06] = 0.94; p = 0.002) while the
TCM group (site A, Phase II) remains consistently low
and does not change over time (exp[-0.004] = 1.00;
p = 0.76). There are no statistically significant differ-
ences observed between Phase I versus 11 in sites B or C,
see Table 6. The estimated geometric mean for all-cause
rehospitalization days for the RNC group decreases
over time (exp[-0.04] = 0.96; p = 0.05), while the TCM
group (site B, Phase II) does not change significantly
over time (exp[-0.03] = 0.97; p = 0.15). Finally, at site C

Table 5. Multivariable general linear modeling of all-cause rehospitalizations.

Site Predictor variables Phase | vs Il Relative rate (exp[f]) 95% ClI: p-value
Lower limit Upper limit
(exp[BD) (exp(B])
A ASC (ref) vs TCM 0.135 0.045 0.412 <0.001
B RNC (ref) vs TCM 1.122 0.446 2.819 0.807
C TCM (ref) vs TCM 1.688 0.647 4.404 0.285
A Time x Phase | - ASC 0.919 0.875 0.965 0.001
Time x Phase Il - TCM 1.000 0.944 1.059 0.992
B Time x Phase | - RNC 0.959 0.922 0.997 0.034
Time x Phase Il - TCM 0.950 0.903 0.998 0.041
C Time x Phase | - TCM 0.985 0.951 1.021 0.412
Time x Phase Il - TCM 0.947 0.899 0.996 0.035
Recruitment into Phase I: February 2006—March 2008; Phase II: April 2008—-December 2009. TCM all multivariable models were adjusted for
covariates demonstrating significance (p-values of 0.10 or less) in Table 1. Exp(-B) represents the relative risk for all-cause rehospitalizations
and ratio of geometric means for rehospitalization days. Interpretation example: the rate of all-cause rehospitalization among those in the
TCM group is 0.135 that of those in the ASC group. For the interpretation of the site A time x Phase | interaction: for each unit increase in
time, the rate of all-cause rehospitalization is reduced by ~8% (1-0.919 = 0.081).
ASC: Augmented standard care (lower); ref: Reference group; RNC: Resource nurse care (medium); TCM: Transitional Care Model (higher).
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Figure 2. Rehospitalizations and days rehospitalized over time by phase and site. (A) Rehospitalizations over time
by phase by site. (B) Total days hospitalized over time by phase by site.
ASC: Augmented standard care; Ph: Phase; RNC: Resource nurse care; S: Site; TCM: Transitional Care Model.

the estimated geometric mean of all-cause rehospital-
ization days remains flat in Phase I (exp[0.002] = 1.00;
p = 0.78) but has a steeper slope (e.g., drops signifi-
cantly over time) for Phase II patients who received the

TCM intervention (exp[-0.05] = 0.95; p = 0.02).

Discussion
Overall study findings of a hospital to home (TCM)
intervention relative to a hospital only intervention
(ASC) for cognitively impaired hospitalized older adults
support that the more intensive cross-setting interven-
tion (TCM) had a greater effect on time to first rehos-
pitalization or death and all-cause rehospitalizations
and days than augmenting standard care. While not
statistically significant, differences between the TCM
in comparison to a hospital-based RNC intervention in
time to first event were observed. However, no differ-
ences in total rehospitalization rates and days through
6 months between RNC and TCM were identified.
These findings have several important implications for
healthcare delivery and future research.

The study’s focus on care management of older
adults with CI during vulnerable transitions from hos-

pital to home is especially noteworthy, with 10-20%
of adults 65 years and older having mild CI (often
unrecognized) [50] and the projected growth of older
adults with Alzheimer’s disease and other dementias
expected to reach approximately 14 million people
by 2050 (8. This growing patient population is at
high risk for cognitive decline, increased use of costly
healthcare resources and other poor outcome [51.52].
Unfortunately, research efforts designed to enhance
care management have traditionally excluded older
adults with cognitive deficits [53).

While this paper reports findings from confirmatory
analyses of a comparative effectiveness study of promis-
ing care strategies, rehospitalization outcomes achieved
using current care approaches provides important con-
textual information. Available Medicare 30-day rehos-
pitalization rates for common diagnoses at the three
hospitals that participated in this study allowed for com-
parisons between the rehospitalization rates observed
among study patients with similar nonstudy patients.
Between 2007 and 2011, the mean rehospitalization
rate for Medicare beneficiaries admitted to the three
hospital sites for major cardiopulmonary diagnoses was
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22% at 30 days [54]; this rate is similar to the 30-day
rehospitalization rate for the ASC group, slightly higher
than the RNC group rate and substantially higher than
the TCM group rates at each site in both phases.
Despite earlier reports suggesting improved out-
comes for this patient group [19], the lower dose hospital-
based intervention designed to provide information
regarding cognitive deficits to healthcare professionals
directly involved in each patient’s care appears to have
had little impact on time to first rehospitalization or
death and the rehospitalization when compared with
the TCM, a more intensive hospital to home inter-
vention. More recent evidence from other clinical tri-
als [21.22.55] reinforce this study finding. Assessment and
communication of cognitive findings using standard-
ized tools has demonstrated limited value in enhancing
care and outcomes of this patient group. Specifically,
researchers have reported that this information without
additional reinforcement does not change healthcare
professionals’” hospital practice behaviors [10]. While
assessing for Cl is an essential component in designing
and implementing plans of care to address the unique
needs of cognitively impaired patients transitioning
from hospital to home [s¢], this strategy alone does not
appear to have an effect on rehospitalization measures.
Study findings revealed no differences in any of
the examined rehospitalization measures between the
RNC and TCM interventions, suggesting that the
medium dose intervention is just as effective as the
higher dose intervention. When compared with the
TCM, the RNC appears to offer a more efficient path
to improving outcomes for this patient group. The
lack of both statistical and clinically meaningful dif-
ferences in total rehospitalization rates and days rein-

Hospitalized, cognitively impaired older adults Research Article

forces this interpretation. The solution suggested by
these findings is strengthening the competencies of the
hospital workforce in addressing the complex needs of
cognitively impaired patients.

These findings are inconsistent with multiple prior
studies of the TCM to standard care [21-23], including
earlier comparative effectiveness research [57). Based on
earlier findings revealing the capacity of the TCM to
address gaps in care throughout transitions from hospi-
tals to home that negatively impacted high risk groups,
the study team had hypothesized a greater positive
impact for the TCM relative to the RNC in rehos-
pitalization measures between the RNC and TCM
groups. Potential reasons for the absence of differences
were explored. For example, while group differences in
time to event (hospitalization or death) estimated by
the Kaplan—Meier curve were not statistically differ-
ent, differences between the groups are suggested (see
Figure 1, site B). Post hoc power calculations revealed
that the sample size was insufficient to demonstrate
statistical significances between the RNC versus TCM
groups on time to first event. Indeed, inadequate
power to detect statistically significant differences
was an issue for all of the rehospitalization outcomes
assessed in the RNC versus TCM groups. Thus, while
the medium dose intervention may be just as effective
as the higher dose intervention in improving posthos-
pitalization outcomes, additional adequately powered
studies are needed to confirm these findings.

Limitations

There are a number of limitations to this comparative
effectiveness study that may limit the generalizability
of the study findings. First, the study, while designed

Table 6. Multivariable general linear modeling of all-cause rehospitalization days.

Site  Predictor variables Ratio of geometric 95% Cl: p-value

Phase [ vs I means (exp(p]) Lower limit Upper limit
(exp[p]) (exp[pD)

A ASC (ref) vs TCM 0.263 0.100 0.690 0.007

B RNC (ref) vs TCM 1.031 0.314 3.392 0.960

C TCM (ref) vs TCM 2.338 0.964 5.669 0.060

A Time x Phase | - ASC 0.936 0.897 0.976 0.002
Time x Phase Il - TCM 0.996 0.972 1.021 0.761

B Time x Phase | - RNC 0.961 0.924 0.999 0.046
Time x Phase Il - TCM 0.970 0.931 1.01 0.152

C Time x Phase | - TCM 1.002 0.987 1.018 0.784
Time x Phase Il - TCM 0.953 0.914 0.992 0.020

Recruitment into Phase I: February 2006—March 2008; Phase II: April 2008—-December 2009. TCM all multivariable models were adjusted for

covariates demonstrating significance (p-values of 0.10 or less) in Table 1. Exp(B) represents the relative risk for all-cause rehospitalizations

and ratio of geometric means for rehospitalization days. Interpretation example: the rate of all-cause rehospitalization days among those in

the TCM group is 0.100 that of those in the ASC group. For the interpretation of the site A time x Phase I interaction: for each unit increase

in time, the rate of all-cause rehospitalization is reduced by ~6% (1-0.936 = 0.064).

ASC: Augmented standard care (lower); ref: Reference group; RNC: Resource nurse care (medium); TCM: Transitional Care Model (higher).
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to make within site comparisons, was only powered to
detect statistically significant differences between ASC
and TCM on time to first all-cause rehospitalization
or death. Post hoc power calculations confirm we had
sufficient power to demonstrate observed differences
between the ASC versus TCM groups at site A for the
three outcomes of interest, but were underpowered to
detect differences for RNC versus TCM groups. Sec-
ond, these within site comparisons were necessary due to
the inability to randomize at the patient level. The goal
of the within site comparisons was to account for the
unique characteristics at each site. Finally, for the reason
noted earlier in the ‘Methods’ section, 19 patients were
not included in the final analyses. To address this limita-
tion, a sensitivity analysis of the outcomes at site B with
the three groups (Phase I ASC and RNC vs Phase 1I
TCM) that included these 19 patients was conducted.
Results were similar to the data presented here.

Conclusion

In comparison to the lowest intensity hospital only
intervention (ASC), study findings suggest the TCM
has the potential to improve costly resource use out-
comes for this vulnerable group of patients and reduce
their use of costly health services. Findings also sug-
gest that the medium dose intervention (RNC) may
be as effective as the higher dose intervention (TCM)
in subsequent resource use. However, further study is

warranted to examine the effects of the RNC medium
dose intervention compared with the higher dose TCM
intervention with a larger sample. Additionally, future
research needs to focus on care management strate-
gies designed to enhance the outcomes of cognitively
impaired older adults throughout vulnerable hospital to
home transitions to determine which interventions are
more patient- and family caregiver-centered, effective
and efficient among specific subgroups of patients.
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Executive summary

e The primary study aim was to compare over time the effects of alternative evidence-based interventions of
varying intensities delivered within the same sites, with each designed to enhance postdischarge outcomes of
hospitalized cognitively impaired older adults.

e A prospective, nonrandomized, confirmatory phased study was conducted over two time periods and included

a total of 388 cognitively impaired older adults admitted to one of three hospitals.

Between 2006 and 2008 (Phase 1), 183 patients received one of three different evidence-based protocols: a

lower dose intervention (augmented standard care [ASC]); a medium dose intervention (resource nurse care

[RNC]) and a higher dose intervention (Transitional Care Model [TCM]).

e Between 2008 and 2010 (Phase I1), 205 patients received the higher dose TCM protocol.

e Primary outcome variables were: time to first rehospitalization or death (analyzed via Kaplan—-Meier estimates

and accelerated failure time models) and total number of all-cause rehospitalizations and days (analyzed via

Poisson generalized estimating equations and linear mixed models) assessed through 6 months postindex

hospitalization.

In total, 25% of patients enrolled in the ASC and RNC groups were rehospitalized or died between day 33 and

day 58 compared with days 66-90 for the TCM groups. The largest differences between the groups on this

outcome were observed within 30 days of the index hospital discharge. Time to first rehospitalization or death

was significantly longer only for the TCM group versus the ASC group (p = 0.017).

e The relative rates for total all-cause rehospitalizations and all-cause rehospitalization days were significantly
less between the ASC versus TCM groups (p < 0.001, both) but not significantly different between the RNC
versus TCM groups due to sample size constraints.

e Site comparisons suggest that the TCM, compared with a low dose intervention (ASC) of assessing cognition
and communicating data regarding cognitive deficits, is more effective in decreasing rehospitalizations.

e There were no differences on the number of rehospitalizations or days rehospitalized at the site with the
medium dose (RNC) versus higher dose (TCM) interventions. Due to inadequate sample size, the effects of the
RNC relative to the TCM on rehospitalizations warrant further study.
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