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Abstract
Objective
To test effects on care quality of Chronic Care Model-based Parkinson disease (PD)
management.

Methods
This 2-group stratified randomized trial involved 328 veterans with PD in southwestern United
States. Guided care management, led by PD nurses, was compared to usual care. Primary
outcomes were adherence to 18 PD care quality indicators. Secondary outcomes were patient-
centered outcomemeasures. Data sources were telephone survey and electronic medical record
(EMR). Outcomes were analyzed as intent-to-treat comparing initial and final survey and
repeated-measures mixed-effects models.

Results
Average age was 71 years; 97% of participants were male. Mean proportion of participants
receiving recommended PD care indicators was significantly higher for the intervention than for
usual care (0.77 vs 0.58) (mean difference 0.19, 95% confidence interval [CI] 0.16, 0.22). Of 8
secondary outcomes, the only significant difference of the changes over time was in the positive
Patient Health Questionnaire–2 depression screen for intervention minus usual care (−11.52
[95% CI −20.42, −2.62]).

Conclusion
A nurse-led chronic care management intervention, Care Coordination for Health Promotion
and Activities in Parkinson’s Disease (CHAPS), substantially increased adherence to PD
quality of care indicators among veterans with PD, as documented in the EMR. Of 8 secondary
outcomes assessed, a screening measure for depressive symptomatology was the only measure
that was better in the intervention compared to usual care. More telephone calls in CHAPS
were the only utilization difference over usual care. While CHAPS appears promising for
improving PD care, additional iterative research is needed to refine the CHAPS model in
routine clinical care so that it measurably improves patient-centered outcomes
(NCT01532986).

Classification of evidence
This study provides Class I evidence that for patients with PD, CHAPS increased adherence to
PD quality of care indicators.
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Parkinson disease (PD), the second most common neuro-
degenerative disorder, leads to progressive loss of motor
function with secondary symptoms affecting quality of life,1

underscoring the need for integrated patient/person-centered
care.2–4 In the Department of Veterans Affairs (VA) in 2016,
about 50,000 of 110,000 veterans with PD received VA care
(Tanner and Goldman, unpublished data, 2017). To improve
VA quality of care, as measured by PD quality indicators,5 and
address gaps in PD care,6 we created a guided care manage-
ment intervention, Care Coordination for Health Promotion
and Activities in Parkinson’s Disease (CHAPS), based on the
Chronic Care Model7 and adapted from our earlier research
with patients with Alzheimer disease.8,9 Using a randomized
trial design, we implemented the CHAPS intervention and
evaluated its efficacy. We hypothesized that the care of vet-
erans receiving CHAPS would (1) meet more PD quality care
indicators as compared to usual VA care, (2) yield better
secondary outcomes: health-related quality of life, self-
efficacy, and perceptions of care quality, and (3) be feasible
to implement and sustain relative to resource utilization.

Methods
Setting, eligible participants, data collection
Full details of the study protocol and intervention design have
been published.9 In brief, this study was a randomized trial, to
obtain Class I level of evidence, of a nurse-led care manage-
ment intervention occurring at 5 VAmedical centers (Greater
Los Angeles, Loma Linda, Long Beach, and San Diego, Cal-
ifornia; and Las Vegas, Nevada). Potential participants with at
least 2 ICD-9 diagnostic codes for PD over a 12-month pe-
riod, from these 5 sites, were offered study participation on
a rolling basis.

Using the statistical software program Stata, the study pro-
grammer created randomization tables with block size of 4
and stratified by site that assigned participants in a 1:1 ratio to
either the intervention or control (usual care) arm. Patients
were invited, by letter, to participate in the study. Research
staffmembers obtained verbal consent and then patients were
enrolled as participants.

After a research staff member consented and enrolled a par-
ticipant and prior to randomization, a research interviewer
administered the baseline survey via phone. After the baseline
survey was completed, a research interviewer contacted the

project manager (PM) by telephone to inform that individual of
the new enrollment; the communication between the research
interviewer and the PM ended at that point after the patient was
enrolled. Then, the PM pulled up the randomization table that
had been generated by the study programmer prior to initiation
of the study and, working from the randomization list in se-
quence, gave that patient enrollee the next sequential randomi-
zation assignment number from the randomization table. If the
enrollee’s allocation assignment was to the intervention arm, the
PM notified the appropriate nurse care manager (NCM). This
randomization allocation sequence table was inaccessible to the
research interviewers, who were the individuals who enrolled
patients and collected study outcome data, as it was located on
a password-protected file folder on a computer to which the
research interviewers did not have access.

The research interviewer, blinded to the participant’s study
arm assignment, administered the follow-up 6-, 12-, and 18-
month surveys by telephone, to assess 6 of the 18 PD quality
of care indicators (primary outcomes) and all of the secondary
outcome measures. Within the trial’s first year, we experi-
enced a 6-month period of NCM understaffing, so we tem-
porarily halted recruitment and added an additional survey at
24 months for the first 59% (193 of 328) of enrolled
participants.

Of 38 PD indicators, we chose a subset of 18 indicators that
represented the range of categories of all 38 indicators, so
that all indicator domains were covered except for a single
diagnosis confirmation-related indicator (which would not
have been applicable to most of our sample, who had di-
agnosed PD for more than a year). In addition, we selected
these specific 18 indicators based on (1) their feasibility of
measurement from medical records or from survey and (2)
the extent to which they were a focus of the intervention
protocol. Six of these indicators were measured through the
participant survey and 12 from the electronic medical record
(EMR) review.

A research nurse reviewed outpatient EMR notes with PD-
related information through 18 months after a participant’s
enrollment date. Baseline adherence to PD quality indica-
tors was not collected. To assess the reliability of data ab-
straction, 2 raters independently reviewed a 25-patient
random sample. Interrater agreement was assessed using
the Cohen kappa statistic.

Glossary
CAHPS = Consumer Assessment of Healthcare Providers and Systems; CHAPS = Care Coordination for Health Promotion
and Activities in Parkinson’s Disease;CI = confidence interval; EMR = electronic medical record;HUI3 =Health Utilities Index
3; ICD-9 = International Classification of Diseases–9; IRB = institutional review board; MOS = Medical Outcomes Study;
NCM = nurse care manager; OR = odds ratio; PACIC = Patient Assessment of Chronic Illness Care; PD = Parkinson disease;
PHQ = Patient Healthcare Questionnaire; PM = project manager; SDMM = Siebens Domain Management Model; VA =
Veterans Affairs; WHO-5 = WHO Well-being Index–5.
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Intervention fidelity measures were (1) NCM coverage,
defined as the percent of days a veteran was in the study and
NCM was available; (2) number of initial CHAPS in-
tervention assessments; (3) receipt of health care note-
books; and (4) number of follow-up encounters, including
yearly structured reassessments, all measured through EMR
abstraction and research logs for the same 18 months as
above.

Intervention
The guided care management intervention, CHAPS, con-
sisted of NCMs collaborating with site PD specialists to
provide comprehensive care. The NCMs used (1) a tele-
phone-administered structured and comprehensive assess-
ment using Microsoft Access with embedded algorithms for
identifying 28 problem areas, (2) evidence-based practice in
the CHAPS model containing 3 components: care protocols
as derived from practice guidelines (where they exist) and
expert consensus where they do not,5 and veteran priorities
and preferences,10 (3) communication tools (VA’s patient
portal MyHealtheVet and personalized health care note-
book), and (4) documentation templates to provide co-
ordinated, patient-centered care.9 NCMs were registered
nurses with education ranging from associate degree through
nurse practitioner. Initial assessments were done after study
enrollment and identified PD-related problems and topics for
each veteran. NCMs then developed action plans with
patients that included problem-specific interventions such as
information, problem-solving collaboratively, and clinical
referrals. NCMs had problem-specific care plans to refer to for
management options. The first follow-up call was within ap-
proximately 1 month, and then every 6 months or sooner, as
needed. The follow-up calls monitored how patients were
doing and their follow-through of interventions, including
self-management activities.

CHAPS assessment, problems/topics, follow-up notes, and
patient notebooks were organized by the Siebens Domain
Management Model (SDMM), a comprehensive 4-domain
clinical framework (I. Medical/Surgical Issues; II. Mental
Status/Emotions/Coping; III. Physical Function; IV. Living
Environment).11 The health care notebook contained the
CHAPS assessment, education sheets, a patient-specific “My
Action Plan,” and text explaining notebook purpose and
options for how to use it.9,12

Outcome measures
The study’s primary goal was adherence to PD quality indi-
cators as measured across 9 categories: (1) communication,
education, and continuity; (2) health maintenance; (3) reg-
ulatory reporting; (4) assessment of nonmotor symptoms and
falls; (5) assessment and counseling about PD medication
side effects; (6) management of motor symptoms; (7) man-
agement of nonmotor complications of PD; (8) use of non-
pharmacologic approaches and therapies; and (9) palliative
care.13

Secondary outcomes covered health-related quality of life
(Health Utilities Index 3 [HUI3]),14 speech, drooling,
swallowing and eating (Unified Parkinson’s Disease Rating
Scale Activities of Daily Living),15 social support (Medical
Outcomes Study [MOS] Social Support Scale),16 self-
efficacy (General Self-Efficacy Scale),17 perceptions of care
quality (Consumer Assessment of Healthcare Providers and
Systems [CAHPS]), and the Patient Assessment of Chronic
Illness Care (PACIC),18,19 and self-reported depression
screeners (WHO Well-being Index–5 [WHO-5], Patient
Healthcare Questionnaire [PHQ]–2 , and PHQ-9 adminis-
tered to participants who had a score of 3 or higher on the
PHQ-2).10,20–22

For CHAPS process evaluation, a convenience sample of in-
tervention veterans, in the last several months of the study,
answered questions about their CHAPS experience after
completing their final survey. NCMs and providers completed
an anonymous survey about their impressions of CHAPS.

VA utilization data were abstracted during EMR review. This
included outpatient visits (by provider type), emergency de-
partment visits, telephone calls, other non-face-to-face con-
tacts, and VA hospitalizations.

Analytic sample size, statistical power, and
enrollment sample size
The sample size calculation was based on the primary out-
come of guideline adherence to 38 PD indicators, expressed
as the mean across the study participant group of the per-
patient proportion of applicable guideline measures for
which there was adherence.9 Using a medium effect size of
0.4 (Cohen d), similar to other chronic disease studies,
significance level of 0.05 and power of 90%, we calculated an
analytic sample size of 266 (133 in each arm). Using an
estimate of 80% study sample retention rate, the target
enrollment was 167 in each arm for a total of 334. The figure
shows flow of enrollment, allocations, follow-up, and ana-
lytic sample.

The actual number of indicators measured was 18 and not 38.
This change has no effect on the sample size because the
number is the denominator of the primary outcome of
proportion/percent adherence.

Analysis
Distributions of baseline characteristics between usual care
and intervention arms were compared using the 2 group t test
for continuous measures and χ2 test or Fisher exact test for
categorical data. For the primary outcome, the average pro-
portion of 18 PD indicators met was compared between the 2
arms using a 2-group t test, in an intent-to-treat analysis.
Changes in secondary outcomes were assessed from baseline
to the veteran’s final survey (24-month survey for the first 193
participants and 18-month survey for the remaining 135
participants).
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For the secondary outcomes, we analyzed data in 2 ways.
Outcomes were compared using 2 time points (the baseline
survey and final survey) and using repeated-measures
mixed-effects models (SAS PROC MIXED) that included
all time points (baseline, and then 6, 12, 18, and 24 months)
based on an intent-to-treat analysis. Missing values were
imputed with the last-value-carried-forward method.
Covariates of site and NCMnoncoverage (% of days veteran
was in the study when there was no NCM available) were
included in all models. For each outcome, 2 covariance
structures were modeled: autoregressive (assumes meas-
urements for the same individual become less correlated as
they were further apart in time) and compound symmetry
(assumes the correlation between observations is constant,
regardless of the time lapse between measurements). For

each outcome, the model with the lowest Akaike In-
formation Criterion23 was selected. The key p value was the
interaction term of time by study arm.

Four sensitivity analyses were run on secondary outcomes.
Two adjusted the repeated measures model for missing data
due to terminations and incomplete survey collection. The
model was adjusted by including predicted probabilities as
a covariate, where the predicted probabilities were derived
from logistic models with covariates of age, race, HUI3, and
MOS Social Support scores at baseline. The third sensitivity
analysis excluded participants who did not complete their final
survey. The fourth sensitivity analysis replaced the categorical
measure of time (survey) with a continuous measure of time
defined as number of days the survey was conducted after the

Figure Flow diagram of enrollment and randomization and terminations

PD = Parkinson disease; VA = Veterans Affairs.
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baseline survey. Post hoc analyses assessed for baseline dif-
ferences between those who completed the study and those
who did not. A 5% significance level was used throughout and
2-sided tests were used as applicable.

For the primary outcome (average of proportions) effect size,
Cohen d was used to describe the standardized mean

difference of the effect. The confidence interval (CI) was
bootstrapped. All secondary outcomes’ effect sizes, except
PHQ-2, used partial η2 using the output from PROCMIXED.
The CI was bootstrapped. For the PHQ-2, a repeated meas-
ures model with proportions, the odds ratio (OR) was con-
verted to an effect size and the CI for the OR to a SE.24

Analyses were performed with SAS 9.4 statistical software
(SAS Institute, Cary, NC).

Standard protocol approvals, registration, and
patient consent
Institutional review board (IRB) approvals were obtained on
November 9, 2011, for all 5 sites. The IRB waived the re-
quirement for documentation of written consent and allowed
verbal consent. This study is listed in ClinicalTrials.gov as
NCT01532986, registered on January 13, 2012.

Data availability policy
We cannot share adequately de-identified data (i.e., by the
time we de-identify data to the degree that would be accept-
able, too many key covariates are taken out, given how one
can re-identify veterans with enough social or personal de-
mographic and area information).

Results
Of 452 eligible veterans invited to participate, 328 enrolled
and were randomized and stratified by site from August 2012
through October 2015 (figure). Study enrollment retention
rate was 83%. Survey response rates were 92%, 78%, 74%, and
69% at 6, 12, 18, and 24 months, respectively, collected
through March 2017. There were no serious adverse events
related to the study.

Surveys took, on average, 34 minutes to administer. Response
rates and terminations from the study did not differ between the
intervention and usual care arms (p value > 0.05 for each). EMR
notes were abstracted for 97% (317 of 328) of the participants.
Eleven participants had no relevant EMR notes. On average, 6.7
notes were abstracted per participant with an average of 5.1 in
usual care and 8.3 in the intervention. NCM notes comprised
36% of the intervention notes. The mean kappa for agreement
between the 2 nurses was 0.86 (range 0.57–1.00).

At baseline, there were no significant differences in sociodemo-
graphic characteristics (p > 0.05; table 1). In addition, we com-
pared the 2 study arms in baseline secondary outcome measures
and found no differences (p > 0.05; table 2). Final surveys were
completed by 71% of usual care participants and 67% of in-
tervention participants. There were no differences in race/
ethnicity, primary language spoken, education, or employment
between participants who completed their final survey and those
who did not, but those who did not complete the final survey had
a higher mean age (72.9 [SD 9.5] vs 69.3 [SD 9.6] years) and
represented a higher proportion of men compared to the group
who did complete the final survey (103 [100%] vs 216 [96.0%]).

Table 1 Sociodemographic characteristics (n = 328)

Usual care
(n = 166)

Intervention
(n = 162)

Age, y, mean (SD) 71.3 (9.2) 69.6 (10.1)

Male, n (%) 164 (98.8) 155 (95.7)

Race/ethnicity, n (%)

African American 11 (6.6) 9 (5.6)

Asian American 0 3 (1.9)

First Nation or Alaskan Native 3 (1.8) 2 (1.2)

Caucasian or Euro-American 131 (78.9) 125 (77.2)

Hispanic or Latino 16 (9.6) 21 (13.0)

Native Hawaiian or other Pacific
Islander

3 (1.8) 0

More than one race 1 (0.6) 0

Other 1 (0.6) 2 (1.2)

Primary language spoken, n (%)

English 162 (97.6) 162 (100.0)

Spanish 4 (2.4) 0

Education, n (%)

More than 4 years college degree 23 (13.9) 33 (20.4)

4 years college graduate 28 (16.9) 32 (19.8)

Some college or 2-year degree 76 (45.8) 61 (37.7)

At least high school graduate or
equivalent

34 (20.5) 23 (14.2)

Some high school 5 (3.0) 12 (7.4)

Eighth grade or less 0 1 (0.6)

Employment, n (%)

Working for pay full-time 4 (2.4) 6 (3.7)

Working for pay part-time 8 (4.8) 14 (8.7)

Working as a homemaker in my
own home

1 (0.6) 0

Unemployed but looking for work 2 (1.2) 4 (2.5)

Cannot work because of health
disability

35 (21.2) 39 (24.2)

Retired 115 (69.7) 98 (60.9)

p Value > 0.05 for all comparisons between usual care and intervention.

Neurology.org/N Neurology | Volume 92, Number 16 | April 16, 2019 e1835

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://ClinicalTrials.gov
http://neurology.org/n


Also, participants who did not complete their final survey had
significantly worse HUI3 (0.38 [SD 0.3] vs 0.49 [0.3]) and
PACIC scores at baseline than those who did complete the final
survey (2.08 [SD 0.7] vs 2.33 [SD 0.9]).

Intervention fidelity included 68% median NCM days of
coverage (interquartile range, 47%–100%), and 86% of in-
tervention arm participants (140 of 162) received an initial
assessment. Participants had a median number of 3 contacts
after the initial assessment (interquartile range, 1–4).
However, 15% (n = 21) of the intervention arm veterans had
no contact with an NCM after the initial assessment and 14%
(n = 20) had only 1 additional contact. Health care note-
books were received by 100% of participants with initial
assessments.

The mean time spent with veterans for the initial CHAPS
assessment was 120 minutes (SD 78, range 10–352 minutes).
Mean encounter time was 28 minutes (SD 20, range 3–120
minutes). The mean time for yearly structured reassessment
was 34 minutes (SD 32, range 8–120 minutes).

The mean of the proportion of indicators for which care was
adherent per veteran at 18 months after enrollment was 0.77
for the intervention group and 0.58 for the usual care group
(difference in mean proportion, 0.19 [95% CI 0.16, 0.22])
(table 3). A higher adherence for the intervention group was
found in 6 of the 9 categories: assessment of nonmotor
symptoms and falls (table 4); assessment and counseling on
PDmedication side effects; management of motor symptoms;
management of nonmotor complications; use of non-
pharmacologic approaches and therapies; and palliative care.
Adherence for the usual care arm in the communication/

education/continuity category was 0.72 compared to 0.67 in
the intervention arm (95% CI −0.088, −0.002; p = 0.0371). A
sensitivity analysis calculating mean proportion adherence at
the arm level, as opposed to at the patient level, revealed
similar results (analysis not shown).

Of changes in secondary outcomes between baseline and final
survey (either 18 or 24 months) (table 5). only the PHQ-2
(depression screener) was statistically significant, favoring the
intervention arm (−11.52 [−20.42, −2.62]; p = 0.0130). Other
secondary outcomes changed within each arm from baseline
to the final survey, but not between arms.

Changes in secondary outcomes in the repeated-measures
analysis also showed less depressive symptomatology as
measured by the PHQ-2 in the intervention arm relative to
usual care arm (p = 0.005, data not shown). Each time point
in the intervention arm showed decreased symptoms com-
pared to baseline (data not shown). In contrast, in the usual
care arm, only at 12 months were symptoms less than
baseline. All the remaining time points (6, 18, and 24
months) had increased depressive symptoms compared to
baseline (data not shown). Sensitivity analyses for the
repeated-measures analysis of the PHQ-2, controlling for
baseline age, race, HUI3, and MOS Social Support, showed
the findings remained significant in all analyses (data not
shown).

The MOS Social Support scale was better in usual care
compared to intervention in the primary repeated-measures
analysis (p = 0.037), but there were no between-group dif-
ferences for any of the 4 sensitivity analyses (data not shown).
None of the other 6 secondary outcome measures were

Table 2 Secondary outcome measures at baseline (n = 328)

Outcome Range and direction of score Usual care (n = 166) Intervention (n = 162)

HUI3,14 mean (SD) −0.36 (worst) to 1 (best) 0.48 (0.3) 0.43 (0.3)

UPDRS Activities of Daily Living: speech,
drooling, swallowing, and eating,15 mean (SD)

0 (best) to 16 (worst) 4.44 (2.9) 4.68 (3.1)

MOS Social Support scale,16 mean (SD) 1 (worst) to 5 (best) 3.91 (0.9) 4.07 (0.8)

General Self-Efficacy Scale,17 mean (SD) 10 (worst) to 40 (best) 33.97 (5.1) 34.17 (5.5)

CAHPS,18 mean (SD) 0 (worst) to 100 (best) 58.72 (33.4) 53.42 (34.9)

PACIC,19 mean (SD) 1 (worst) to 5 (best) 2.34 (0.9) 2.15 (0.8)

WHO-5,20 mean (SD) 1 (worst) to 25 (best) 14.19 (5.8) 13.14 (5.9)

PHQ-2,21 n (%) Score ≥3 13 (7.8) 22 (13.6)

PHQ-9,22,a mean (SD) 0 (best) to 27 (worst) 12.33 (4.4)b 14.45 (3.9)b

Abbreviations: CAHPS = Consumer Assessment of Healthcare Providers and Systems; HUI3 =Health Utilities Index 3;MOS =Medical Outcomes Study; PACIC =
Patient Assessment of Chronic Illness Care; PHQ = Patient Healthcare Questionnaire; UPDRS = Unified Parkinson’s Disease Rating Scale; WHO-5 =WHOWell-
being Index–5.
p Value > 0.05 for all comparisons between usual care and intervention.
a The PHQ-9 was only administered to participants who had a score of 3 or higher on the PHQ-2.
b The sample size for the PHQ-9 for usual care is n = 13 and for intervention is n = 22; i.e., those ≥3 for PHQ-2.
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different in either the primary repeated-measures analysis or
any sensitivity analyses (data not shown).

The effect size for the primary outcome, average proportion of
indicators met, was 0.49 (95% CI 0.39–0.59). For the sec-
ondary outcome, PHQ-2 depression screener, it was −0.62
(95% CI −1.11 to −0.13). The effect sizes for all other sec-
ondary outcomes were nonsignificant.

For process evaluation, surveys of 28 intervention arm
veterans indicated that 70% (19 of 28) reported their
NCM helped them to manage their PD and 77% (20 of 28)
reported their NCM helped them to be safe and active.
Clinician feedback surveys were received from 7 out of 8
NCMs and 10 of 12 neurologist/PD specialists who
interacted with the NCMs. Overall, 82% (14 of 17)

reported “CHAPS assessments, administered by CHAPS
Nurse Care Managers, have provided information that will
improve how I take care of my patients” and 71% (12 of
17) reported the “CHAPS Program (i.e., intervention)
provides recommendations that are useful to help me care
for my patients with PD.”

The only difference in utilizationwas a higher number of average
telephone calls per patient in the intervention arm (3.02 [2.2])
compared to usual care (0.11 [0.4]) (p < 0.0001) (table 6).

Discussion
The CHAPS intervention achieved improved adherence to
a wide-ranging set of PD quality indicators, thus supporting

Table 3 Primary outcomes: mean proportion of recommended care indicators met per eligible participants

Indicator category
No. of
indicators

Usual care Intervention Difference
intervention
minus usual care
(95% CI)n

Mean
(SD) n

Mean
(SD)

All indicators 18 166 0.58
(0.14)

162 0.77
(0.16)

0.19 (0.16 to 0.22)a

From evaluation survey

Communication,b education, and continuity 5 166 0.72
(0.19)

162 0.67 (0.2) −0.05 (−0.09 to −0.00)a

Health maintenancec 1 166 0.89
(0.32)

162 0.87
(0.34)

−0.02 (−0.09 to 0.06)

From medical record abstraction

Reportingd 1 14 0.07
(0.27)

50 0.32
(0.47)

0.25 (−0.02 to 0.51)

Assessment of nonmotor symptoms and fallse 1 159 0.60
(0.23)

158 0.91 (0.2) 0.32 (0.27 to 0.36)a

Assessment and counseling on PD medication side effectsf 2 159 0.13
(0.31)

158 0.68
(0.36)

0.55 (0.47 to 0.62)a

Management of motor symptomsg 1 148 0.90 (0.3) 154 0.97
(0.16)

0.08 (0.02 to 0.13)a

Management of nonmotor complications of PDh 3 101 0.68
(0.43)

135 0.80
(0.34)

0.12 (0.02,0.21)a

Nonpharmacologic approachesi and therapies in PD
management

3 100 0.28 (0.3) 125 0.39
(0.28)

0.11 (0.03 to 0.19)a

Palliative carej 1 159 0.14
(0.35)

158 0.84
(0.37)

0.69 (0.61 to 0.77)a

Abbreviations: CI = confidence interval; PD = Parkinson disease.
a p < 0.05.
b Communication: providing written, oral communication; family, caregivers receive PD information; referral to PD advocacy, support group; comprehensive
plan agreed to; know phone numbers to call.
c Health maintenance: annual counseling on level of physical activity.
d Reporting: if excessive daytime somnolence, instructed not to drive.
e Assessment of nonmotor symptoms and falls: dementia, depression, daytime somnolence, speech difficulties, swallowing difficulties, orthostatic hypo-
tension, gastrointestinal symptoms including constipation, psychosis/hallucinations/delirium, and falls.
f Assessment/counseling on PD medication side effects: if motor fluctuations, timing levodopa and protein intake, assessed for impulse control disorder.
g Motor symptoms: assessment of motor complications (i.e., on/off) for management.
h Nonmotor complications: if sleep disturbance, full sleep history for management of sleep, orthostatic hypotension management, constipation counseling.
i Nonpharmacologic approaches: impaired activities of daily living or difficulty walking, then rehabilitation referrals; if falls, then fall evaluation; if speech
difficulty, then referrals to speech.
j Palliative care: discussion about surrogate decision-maker.
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our primary study hypothesis. Almost all PD indicators based
on medical record review showed statistically significant im-
provement whereas those collected by veteran survey did not.
Better documentation may have been one component in
meeting these PD indicators, as CHAPS NCMs’ documen-
tation was guided by the SDMM, assessment algorithms tar-
geting specific problems, and associated care plan/
intervention suggestions.9

Improvements on the PHQ-2, a depression screen, was the
only secondary patient-centered outcome that was better in
the intervention arm relative to the usual care arm, although
the WHO-5 showed no difference across trial arms. This may
be because the WHO-5 assesses for well-being or positive
symptoms rather than being framed as endorsing negative
symptoms as with the PHQ-2.

This study population had a high level of disability given
the mean HUI3 score of 0.46. While similar to another PD
VA study population (HUI3 0.45), it differs from a large
community-dwelling non-VA PD population (HUI3
0.61).25–27 Therefore, generalizability of these findings
may be limited. The magnitude of the primary outcome
findings may be conservative. Some intervention partic-
ipants had limited NCM support for periods during the
medical record abstraction time frame, 18 months after
baseline. Also, through the standardized assessment pro-
cess, more patients were assessed for potential need of
nonmotor complications and nonpharmacologic
approaches, thereby increasing the denominator of eligible
patients. Thus, the difference in proportion of indicators
met between intervention and usual care for these PD
indicators represents a conservative estimate of in-
tervention effect. Because some EMR notes used the term
“CHAPS,” the research nurse abstractor was not com-
pletely blinded. However, indicator adherence information

was being collected from both arms (table 3) using
a standardized tool that required the abstractor to look for
these data in any EMR notes.

Baseline PD quality indicator adherence measures were not
obtained. Nearly all of these care quality indicators were
specified as applicable over a time frame of 12 months or as
ongoing in the context of management changes or disease
course. So the baseline scores would provide information on
whether care quality differed at baseline across the usual care
and intervention arms, but the primary outcome of adherence
to the care quality indicators would not need to take into
account analytically the adherence over the period prior to
enrollment, as the goal for each and every indicator was
a benchmark of full adherence over the postrandomization
interval (as long as the indicator was applicable to a given
enrollee over that interval). Given this conceptualization and
the scope of study resources, we therefore focused on the
adherence to the PD quality indicators over the period
through 18 months postrandomization.

Interestingly, the PD quality indicator of communication/
education/continuity scored higher in the usual care. The VA
has been working extensively on improved oral and written
communication (i.e., printed after-visit sheets with care plan
are provided to many veterans in Parkinson’s Disease Re-
search, Education and Clinical Centers and outpatient pri-
mary care sites). However, such activities would have affected
both of our study arms equally. Another possibility is that this
is a chance finding since we made a number of comparisons
and did not adjust for multiple comparisons.

Implementation challenges were several. Non-PD nurses
required transitioning into a proactive and PD-specialist
environment, necessitating CHAPS process education
(structured assessments, algorithms, templates, health care

Table 4 Number of participants assessed for subcomponents of Parkinson disease indicator assessment of nonmotor
symptoms and falls

Assessment: 9 subcomponents Usual care, n % Assessed Intervention, n % Assessed p Value

Depression 128 80 149 94 0.0002

Cognition 112 70 146 93 <0.0001

Excessive daytime sleepiness 23 14 135 85 <0.0001

Speech difficulties 115 72 146 92 <0.0001

Swallowing difficulties 82 52 141 89 <0.0001

Orthostatic hypotension 66 41 136 86 <0.0001

GI symptoms (including constipation) 119 74 149 94 <0.0001

Psychosis/hallucinations/delirium 97 60 148 94 <0.0001

Occurrence of recent falls 118 74 151 96 <0.0001

Abbreviation: GI = gastrointestinal.
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Table 5 Secondary outcomes for usual care and intervention arms, missing values imputed (last value carried forward)

Outcome
Range and direction
of score

Usual care
(n = 166)

Intervention
(n = 162)

Differences in
changes
from baseline
between
usual care and
intervention
(95% CI)

Change from
baseline

Change from
baseline

HUI3, mean (SD) −0.36 (worst) to 1
(best)

Baseline 0.48
(0.29)

0.43 (0.3)

Final survey 0.42
(0.32)

−0.06 (−0.10,
−0.02)a

0.39
(0.31)

−0.04 (−0.09,
0.00)a

0.02 (−0.04, 0.08)

UPDRS Activities of Daily
Living: speech, drooling,
swallowing, and eating,
mean (SD)

0 (best) to 16 (worst)

Baseline 4.44
(2.92)

4.68
(3.14)

Final survey 5.04
(3.29)

0.62 (0.22, 1.03)a 5.36
(3.17)

0.65 (0.29, 1.01)a 0.02 (−0.52, 0.57)

MOS Social Support Scale,
mean (SD)

1 (worst) to 5 (best)

Baseline 3.91
(0.92)

4.07
(0.84)

Final survey 3.95
(0.93)

0.06 (−0.07, 0.19) 4.01
(0.79)

−0.06 (−0.19,
0.07)

−0.12 (−0.30, 0.06)

General Self-Efficacy Scale,
mean (SD)

10 (worst) to 40 (best)

Baseline 33.97
(5.13)

34.17
(5.53)

Final survey 34.8 (5.3) 0.85 (0.08, 1.62)a 33.98
(5.83)

−0.03 (−0.91,
0.86)

−0.88 (−2.04,0.29)

CAHPS, mean (SD) 0 (worst) to 100 (best)

Baseline 58.72
(33.44)

53.42
(34.86)

Final survey 58.67
(33.2)

0.43 (−6.80, 7.65) 54.84
(33.43)

1.65 (−4.10, 7.39) 1.22 (−8.02, 10.46)

PACIC, mean (SD) 1 (worst) to 5 (best)

Baseline 2.34
(0.91)

2.15
(0.75)

Final survey 2.41
(0.83)

0.05 (−0.08, 0.17) 2.34
(0.84)

0.21 (0.10, 0.33)a 0.17 (0.00, 0.34)

WHO-5, mean (SD) 1 (worst) to 25 (best)

Baseline 14.19
(5.79)

13.14
(5.93)

Final survey 14.22
(6.57)

0.02 (−0.92, 0.97) 13.1
(6.75)

−0.04 (−1.06,
0.99)

−0.06 (−1.45, 1.33)

PHQ-2, mean (SD) % participants with
a score ≥3

Baseline 7.83
(2.09)

13.58
(2.69)

Final survey 16.27
(2.86)

8.43
(2.18, 14.69)a

10.49
(2.41)

−3.09 (−9.53,
3.36)

−11.52 (−20.42,
−2.62)a

Continued
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notebooks) that was new to them. Two externally related fac-
tors were that the CHAPS care management Microsoft Access
programwas not integrated within the VA EMR and a VA hiring
freeze during part of the study precluded full implementation of
CHAPS.

Study findings may have meaningful implications for clinical
care. Given that multiple PD quality indicators were met more
frequently in the intervention than usual care, implementing
CHAPS improves meeting quality of care process measures. For
example, as PD medication benefits become more limited,
meeting nonpharmacologic process measures and discussions of
palliative care become important.28–33 Also, reduction in practice
variation and better nursing role definition facilitates PD spe-
cialists’ and neurologists’ understanding of the CHAPS nursing
process. Regarding patient-centered outcomes, the positive
PHQ-2 findings merit additional study since depression has
a negative effect on function and quality of life.34,35 However,
that CHAPS did not improve other patient outcome measures
could reflect the lack of full implementation of the model due to
external factors, a lack of association between the process of care
measures we targeted and patient outcomes, and/or inefficacy of
the model for having an effect on outcomes at all or within the
time framewe followed patients. Process evaluation responses by
CHAPS veterans, providers, and NCMs support iterative re-
search. Given no major increase in health services utilization
through CHAPS over usual care except for additional telephone
calls by NCMs, a feasibility study is needed to evaluate tech-
nology, staffing, and resource costs vs benefits. Overall, this study
provides insights on care coordination and care management in
PD.28,36–40

A coordinated, nurse-led chronic care management in-
tervention, CHAPS, substantially increased adherence to PD
quality of care indicators among veterans with PD, as

documented in the EMR. Of 8 secondary outcomes assessed,
a screening measure for depressive symptomatology was the
only measure that was better in the intervention compared
to usual care arms. The higher number of telephone calls in
CHAPS was the only utilization difference over usual care.
As a result, CHAPS appears promising for improving PD
care.

In the implementation science field, a major focus is to
elucidate how to strengthen the process-to-outcome effect.
Three factors relate to finding this effect in health care
intervention trials in which process measures are shown to
be improved: (1) How strong is the evidence/relationship
between the process quality indicator and an outcome? (2)
How appropriate/valid are the outcome measures for the
process quality indicators being acted on by the particular
intervention? (3) How long is the timeframe of a study for
capturing the effect of improving a process measure of care
quality on outcomes? These factors can be examined fur-
ther to refine the CHAPS model in routine clinical care so
that CHAPS measurably improves patient-centered
outcomes.
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Table 5 Secondary outcomes for usual care and intervention arms, missing values imputed (last value carried forward)
(continued)

Outcome
Range and direction
of score

Usual care
(n = 166)

Intervention
(n = 162)

Differences in
changes
from baseline
between
usual care and
intervention
(95% CI)

Change from
baseline

Change from
baseline

PHQ-9,b mean (SD) 0 (best) to 27 (worst)

Baseline 12.33
(4.38)

14.45
(3.85)

Final survey 12.33
(4.56)

0.25 (−1.21, 1.71) 12.54
(4.14)

−1.73 (−3.21,
−0.24)a

−1.98 (−4.20, 0.24)

Abbreviations: CAHPS = Consumer Assessment of Healthcare Providers and Systems; CI = confidence interval; HUI3 = Health Utilities Index 3; MOS =Medical
Outcomes Study; PACIC = Patient Assessment of Chronic Illness Care; PHQ = Patient Healthcare Questionnaire; UPDRS = Unified Parkinson’s Disease Rating
Scale; WHO-5 = WHO Well-being Index–5.
In contrast to the repeatedmeasures analysis, where all time pointswere included, comparisons in the above tableweremadebetween the baseline and final
surveys. In both analyses, missing values were imputed with the last value carried forward method.
a CI does not contain 0; i.e., significant change.
b PHQ-9 was only administered to participants who had a score of 3 or higher on the PHQ-2.

e1840 Neurology | Volume 92, Number 16 | April 16, 2019 Neurology.org/N

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Study funding
Supported by the Department of Veterans Affairs, Veterans
Health Administration, Health Services Research and De-
velopment Service (NRI 11–126). This work does not nec-
essarily reflect the position or policy of the Department of
Veterans Affairs or the United States government.

Disclosure
K. Connor, E. Cheng, and F. Barry report no disclosures
relevant to the manuscript. H. Siebens discloses that she uses
materials in this manuscript (Siebens Domain Management
Model, Siebens Health Care Notebook) in consulting work
with health care organizations and others. M. Lee, D. Ganz, B.
Mittman, M. Connor, L. Edwards, M. McGowan, and B.
Vickrey report no disclosures relevant to the manuscript. Go
to Neurology.org/N for full disclosures.

Publication history
Received byNeurologyAugust 9, 2018. Accepted in final formDecember
26, 2018.

Table 6 Average number of patient interactions, by visit
and provider types, from baseline to 18 months

Usual care,
mean (SD)
(n = 166)

Intervention,
mean (SD)
(n = 162)

Visit type

Outpatient 4.55 (2.8) 4.75 (2.8)

Emergency department 0.08 (0.3) 0.15 (0.5)

Telephone calla 0.11 (0.4) 3.02 (2.2)

Non-face-to-face
encounterb

0.03 (0.2) 0.06 (0.3)

Hospitalizations 0.06 (0.3) 0.05 (0.3)

Provider type

CHAPS NCM — 2.91 (2.2)

Primary care 1.18 (1.2) 1.07 (1.2)

General neurology 1.17 (1.7) 1.54 (2.0)

Movement disorder 1.64 (2.1) 1.67 (2.1)

Psychiatry 0.29 (0.8) 0.16 (0.6)

PM&R (physiatrist) 0.14 (0.4) 0.21 (0.4)

PT, OT 0.02 (0.1) 0.05 (0.2)

Speech therapy 0.08 (0.3) 0.13 (0.4)

Social work 0.08 (0.3) 0.05 (0.2)

Other medical specialty 0.27 (0.7) 0.26 (0.8)

Abbreviations: CHAPS = Care Coordination for Health Promotion and Activities in
Parkinson’s Disease; NCM = nurse care manager; OT = occupational therapist;
PM&R = physical medicine and rehabilitation; PT = physical therapist.
a p < 0.0001.
b Letters, voicemails.
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