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Abstract
Background An innovative, integrative care model for people with Parkinson (PRIME Parkinson) has gradually been 
implemented in a selected region of the Netherlands since 2021. A prospective evaluation of this model (PRIME-NL 
study) was initiated in parallel, spanning the year prior to implementation (baseline) and the implementation period. 
Following publication of the original study protocol, the COVID-19 crisis delayed implementation of the full PRIME 
Parkinson care model by two years and hampered the recruitment of study participants.

Objective To describe which methodological adjustments were made to the study protocol because of these 
developments.

Methods We compare various outcomes between a region where PRIME Parkinson care was implemented 
(innovation region) versus the rest of the Netherlands (usual care region). We use healthcare claims data of virtually 
all people with Parkinson in the Netherlands and annual questionnaires in a representative subsample of 984 people 
with Parkinson, 566 caregivers and 192 healthcare professionals. Four major methodological adjustments had to be 
made since publication of the original protocol. First, we extended the evaluation period by two years. Second, we 
incorporated annual process measures of the stage of implementation of the new care model. Third, we introduced a 
real-time iterative feedback loop of interim results to relevant stakeholders. Fourth, we updated the statistical analysis 
plan.

Discussion This manuscript provides transparency in how the design and analyses of the evaluation study had to be 
adapted to control for external influences in a dynamic environment, including eruption of the COVID-19 crisis. Our 
solutions could serve as a template for evaluating other complex healthcare interventions in a dynamic environment.

Keywords Complex intervention, Integrated Care Model, Parkinson’s disease, Parkinsonism, Design, Statistical analysis 
plan
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Introduction
Parkinson’s disease (PD) is the second most common 
neurodegenerative condition, and its prevalence is 
growing rapidly [1]. The needs of people with Parkin-
son (PwP), including PD and atypical parkinsonism, are 
not met optimally by current care models. Based on the 
needs of PwP, their relatives and healthcare profession-
als, we proposed a new care model termed PRIME (Pro-
active and Integrated Management and Empowerment 
in Parkinson’s Disease) [2]. Our four hypotheses are that 
the model will improve (I) the health of PwP, (II) the 
experienced quality of care by PwP and their informal 
caregivers and (III) the work-life balance for healthcare 
professionals, (IV) without raising the total costs of care. 
These hypotheses reflect the four-fold aim of this evalua-
tion, which collectively referred to as the ‘quadruple aim’ 
[3].

The new care model introduced various healthcare 
innovations in a stepwise fashion, which are being imple-
mented in the South-East region of the Netherlands from 
2021 onwards. The PRIME-NL study compares vari-
ous outcomes between the region where this care model 
was implemented (innovation region) and the rest of the 
Netherlands (usual care region). The data sources include 
healthcare claims data of virtually all PwP in the Neth-
erlands plus annual questionnaires obtained in a repre-
sentative subsample of 982 PwP, 566 caregivers and 192 
healthcare professionals. The rationale and design of that 
prospective observational evaluation was published ear-
lier [4].

However, following the publication of the original 
study protocol, we faced unforeseen challenges. In the 
first two years since this project started, the coronavirus 
disease 2019 (COVID-19) outbreak emerged, which had 
an enormous impact on global healthcare. For example, 
waiting times for diagnostics and elective care increased. 
The COVID-19 pandemic impacted our project in vari-
ous ways. First, it delayed the implementation of the 
new care model, because of attrition of personnel and 
because meetings as well as in-person pilot assessments 
had to be cancelled. Second, it delayed the recruitment 
for the questionnaire-based study, which resulted in a 
smaller than planned sample size for the questionnaire 
study. In addition, we have gained a lot of experience dur-
ing implementation and evaluation period, which also 
resulted in additions to the study protocol.

The purpose of this paper is to outline the methodolog-
ical adjustments that had to be made since the publica-
tion of the original protocol. We aim to be transparent 
about such modifications to enhance scientific integrity 
and validity. We hope that this will inspire the design 
of other healthcare evaluations by providing insights 
into real-life challenges in an observational healthcare 

evaluation that is being implemented and evaluated in a 
highly dynamic environment.

Methods
We will illustrate how the PRIME Parkinson care model 
is operationalized, explain the changes to the original 
study protocol and describe the prespecified statistical 
analyses in detail.

PRIME Parkinson care
PRIME Parkinson care is operationalized as a home, 
spoke and hub model (Supplementary Material A). This 
model comprises the following core elements: (a) special-
ized Parkinson’s nurses who operate across the patients’ 
total care network and play an important role in coordi-
nation and integration of care; (b) regional teams which 
include specialist neurologists and a network of spe-
cially trained allied health professionals (ParkinsonNet); 
(c) an expertise center that supports Parkinson’s nurses 
and regional teams; and (d) self-management and active 
involvement in decision-making (empowerment) by well-
informed patients [2]. This complete model is supported 
by various technology products and a range of central-
ized services, such as reliable information services, to 
support PwP and professionals.

The elements and services of this home, spoke and hub 
model are implemented in the South-East region of the 
Netherlands. In previous publications, we termed this 
region the PRIME region [4, 5]. However, from now on 
we will call this the innovation region, because of pos-
sible confusion with the name of the evaluation study. 
The new care model was implemented in a stepwise fash-
ion, starting from 2021. In Fig.  1, we visually illustrate 
the timeline of implementation of all innovations of the 
new care model. We did not yet reach full implementa-
tion of all innovations, and expect to reach this in June 
2025. Full implementation indicates the integration of 
innovations in routine regional clinical practice. Moment 
in time of full implementation is different for each hos-
pital, depending on the possibilities per hospital. We 
developed the healthcare innovations from 2019 onwards 
in an iterative process, adhering to principles of design 
thinking [6]. Adopting a design thinking approach, 
enables PwP, caregivers and healthcare professionals to 
give input throughout the entire development process, 
which has led to changes in the intervention during the 
project phase. A detailed description on the operational-
ization of the care model will be published elsewhere.

Changes to the initial protocol
We made several changes to the initial protocol. Four 
major methodological adjustments were made since 
publication of the original protocol. First, the evalua-
tion period has been extended by two years. Second, we 
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incorporated annual process measures of the stage of 
implementation of the new care model. Third, a real-time 
iterative feedback loop of interim results to stakeholders 
has been effectuated. Fourth, we updated both the statis-
tical analysis plan and the methodology of the qualitative 
work regarding the evaluation of the PRIME Parkinson 
care model.

Extension of the evaluation period
First, the evaluation period had to be prolonged by two 
years because the COVID-19 crisis delayed the imple-
mentation of the new care model. Specific examples 
include the absence of personnel due to illness, restric-
tions in physical meetings during the lockdown, and 
slowing of the development of innovations with PwP and 
their caregivers. We therefore assume that PRIME Par-
kinson care was ineffective in the first year of evaluation 
(2021).

The COVID-19 crisis also caused a delay in the recruit-
ment process of the PRIME-NL questionnaire study. In 
total, 984 PwP (414 in innovation region; 570 in usual 
care region), 566 caregivers (240 in innovation region; 
326 in usual care region) and 192 healthcare profession-
als (67 in innovation region; 125 in usual care region) 
were recruited. These numbers were somewhat smaller 

than the original target sample size of 1200 PwP, 600 
caregivers and 250 healthcare professionals. The recruit-
ment process was completed in December 2020 and we 
do not plan to continue recruitment to reach the original 
target sample size.

To account for the delay and the smaller recruitment 
numbers, we have extended the study duration by two 
years (2024 and 2025). For the questionnaire-based study, 
we added two further follow-up assessments, resulting 
in a total of five follow-up measures between 2021 and 
2025, i.e., one at baseline and five follow-up assessments 
at 12, 24, 36, 48 and 60 months. We complemented this 
with medical claims data collected during the same 
time frame. The updated power calculations given this 
extended study duration are presented in Supplementary 
Material B.

Incorporation of process measures
Since 2022, we have incorporated process measures of the 
implementation of the new care model in the innovation 
region. The implementation process was evaluated by 
adding specific questionnaire items which assess famil-
iarity, usage and experiences concerning each health-
care innovation. The latter is based on the Net Promotor 
Score (NPS), an easy way to assess user satisfaction with 

Fig. 1 Timeline of development and implementation of the PRIME Parkinson care model. Dotted lines indicate development period, light-colored lines 
indicate pilot implementation in a subgroup and dark-colored lines indicate full implementation of the innovation in the innovation region. Full imple-
mentation indicates integration of innovations in routine regional clinical practice in the intervention region. Moment in time of full implementation is 
different for each hospital, depending on the possibilities per hospital. Innovations are linked to the solutions of the logic model [3]
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one question and is therefore widely used in business and 
healthcare worldwide [7].

Furthermore, the roles of neurologists and Parkinson’s 
nurses has been shifted and extended within the new 
care model. This process is evaluated by extracting the 
number of consultations and the duration thereof from 
hospital systems.

In addition, we are preparing qualitative studies to 
obtain insight in various components of the new are 
model, including —but not limited to—shifts in the roles 
of PD nurses and neurologists and the work-life balance 
of healthcare professionals involved in the model. The 
qualitative studies will entail semi-structured interviews 
in a subgroup of healthcare professionals in the innova-
tion region. We will publish the methodology of the qual-
itative studies separately in due time.

Annual feedback of interim results to stakeholders
Throughout the innovation and implementation pro-
cess, we have experienced the value of incorporating key 
stakeholders in the development process. We therefore 
incorporated a feedback loop of process measures and 
interim results of the main analyses to key stakehold-
ers in the care model, such as healthcare innovators and 
healthcare professionals. The main reason is to engage 
those stakeholders in the care model as much as possible 
throughout the implementation period and beyond. This 
dynamic strategy of soliciting ongoing feedback is quite 
unlike in clinical studies (which are typically character-
ized by a fixed protocol that is maintained throughout 
the trial), as such intercurrent feedback itself can affect 
the outcomes of the evaluation. By contrast, however, 
this strategy has previously been deployed to enhance the 
uptake of other healthcare innovations that relied in part 
on behavioral change, including the PD specialized allied 
health network named ParkinsonNet that is operational 
in the Netherlands [8, 9]. The rationale for this strategy is 
that this information feedback loop is part of the model 
itself [10], and will thus also be incorporated in potential 
future scaling efforts following the current evaluation 
period. Process measures will also be fed in real-time to 
healthcare innovators, to finetune innovative solutions 
(Fig.  2), for example by increasing awareness of certain 
products through additional implementation efforts. 
Feedback is provided during regular meetings between 
the innovation and evaluation team and an annual proj-
ect meeting with other important stakeholders.

Importantly, the results of the process measure analy-
ses and interim analyses have no bearing on the publica-
tion of the final results of the evaluation study. We will 
submit the results of the prespecified statistical analysis 
plan, which is presented in Sect.  2.3, for publication no 
later than 1 year after completion of the final assessment 

year, irrespective of whether the results are in line with 
the hypotheses of the study.

Further operationalization of outcomes
We have previously described the quantitative out-
come measures both within the healthcare claims-
based data and questionnaire-data of PRIME-NL study 
[4]. The quantitative outcome measures are summa-
rized in Table  1. In Supplementary Material C and D, 
we provide additional details on how the outcomes are 
operationalized.

Statistical analyses
Primary- and secondary analyses
We previously described the statistical analyses for the 
primary outcome of this study, but then also indicated 
that we would later publish a detailed statistical analysis 
plan. Here, we provide this update, including our analyti-
cal approach and sample size calculations for secondary 
outcomes [4]. Previously, we assumed the standardized 
difference between groups to be linear over time. How-
ever, given practice effects and delays in implementing, 
this assumption may not be true and either a threshold 
or curvilinear effect may be present. Therefore, we will 
explore including exponential terms in the regression 
models. We previously proposed to use negative bino-
mial regression models in the primary analysis, on the 
assumption that the outcome data will be over-dispersed. 
We will now estimate the outcome variance and if this 
is equal or smaller than the mean, we will use Poisson 
regression. Otherwise we will revert to our initial inten-
tion of negative binomial regression models. For the sec-
ondary analyses, we will use generalized mixed-effects 
models for all outcome measures. In the models, the 
region of care (innovation region or usual care region), 
time, and their interaction (region of care * time) are the 
independent variables and the outcome measure is the 
dependent variable. We will adjust for potential covari-
ates (described in [4] and visualized in a Directed acyclic 
graph in [5]) as fixed effects. Random intercepts and ran-
dom slopes over time for participant ID will be included. 
The regression coefficient and corresponding p-value for 
the interaction term describes the difference in annual 
change in the outcome measure between regions. We will 
consider p < .05 for the interaction term between time 
and region as statistically significant.

Sensitivity analyses
We have added several sensitivity analyses. Because of 
the observational nature of our study, we were not able 
to randomize participants between groups and there-
fore certain types of bias may occur. Earlier work [5] 
concluded that our groups differ slightly in terms of age 
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and disease duration. Therefore, we will use a propensity 
score matching procedure in sensitivity analyses.

Also, we will repeat the main analysis after incorpo-
rating inverse probability weighting to account for these 
regional differences in age and disease duration, to quan-
tify the influence of potential selective inclusion of par-
ticipants by region as much as possible.

We are aware of changing healthcare strategies and 
innovations in both the innovation and control region, 
with possible “contamination” due to our pragmatic real 
world evaluation. For example, in other areas of the Neth-
erlands, a different innovative healthcare model has been 
introduced which focuses on intensive inpatient reha-
bilitation of patients who are on the brink of permanent 
nursing home admission [11]. Therefore, we will repeat 
the main analysis on the population health dimension, in 
which we will exclude people potentially receiving other 
complex healthcare interventions that we are aware of 
in the Netherlands as a sensitivity check. We will do this 
based on their four digit postal code.

Separately, we will explore the intervention effect as a 
time-varying covariate.

Furthermore, we will examine region-specific mortality 
rates. If these are different between the PRIME Parkinson 
region and usual care region, we will conduct a sensitivity 
analysis to account for competing risk bias [12].

Recruitment for our study occurred during the 
COVID-19 pandemic. Different phases of this pandemic 
in the Netherlands have been described in a previous 
publication [13]. To rule out that the moment of recruit-
ment during the pandemic had an impact on selective 
dropout or main outcomes, we will conduct a sensitivity 
analysis. In this sensitivity analysis, we will divide partici-
pants into 3 strata based on their recruitment date. These 
3 strata will reflect participants recruited during (1) the 
so called “first-wave” of the pandemic, (2) the period 
between the “first-wave” and the “second-wave” and (3) 
the “second-wave” of the pandemic. We will determine 
whether the main outcomes and selective dropout differ 
between those strata.

Fig. 2 Evaluation of process indicators. From 2022, we annually evaluate process indicators, indicated by the blue-colored cycles. Based on these evalu-
ations, we will finetune implementation strategies where necessary
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Table 1 Measurable outcome measures
Dimension Outcome Instrument/Source

Primary analysis
Population health Primary Healthcare claims

Number of parkinsonism-related 
complications

Vektis

Secondary analysis
Population health Primary Questionnaire

Quality of life Parkinson’s Disease Questionnaire-39 [14]
Secondary Questionnaire
Depressive symptoms Beck Depression Inventory
Anxiety State Trait Anxiety Inventory for Adults
Autonomic symptoms SCales for Outcomes in PArkinson’s disease - auto-

nomic dysfunction
Cardinal motor features Numeric rating scale for bradykinesia, tremor, rigidity, 

postural imbalance
Freezing New Freezing of Gait Questionnaire
Acceptance of Illness Acceptance of Illness Scale
Coping strategy Ways of Coping Questionnaire for Parkinson’s Disease
Activities of Daily Living Academic Medical Center Linear Disability Score
Cognitive performance Telephone Montreal Cognitive Assessment (MoCA)

Patient experience Primary Questionnaire
Experience of Integrated Care Patient Assessment of Chronic Illness Care+(PACIC+)
Secondary Questionnaire
Experience of Continuity of care Nijmegen Continuity of care questionnaire
Self-management Patient Activation Measurement (PAM)
Patient empowerment Self-designed questionnaire
Being well-informed Single items

Caregiver experience Primary Questionnaire
Caregiver burden Zarit Caregiver Burden Inventory
Secondary Questionnaire
Quality of life of caregiver Parkinson’s Disease Questionnaire-Carers
Coping strategy of caregiver BriefCOPE
Empowerment/self-management Caregiver Patient Activation Measure
Perceived social support Multidimensional Scale of Perceived Social Support

Work-life balance for healthcare 
professional

Primary Questionnaire

Professional wellbeing Professional Fulfillment Index
Secondary Questionnaire
Shared decision making Shared decision making
Experience of integrated care Assessment of chronic illness care

Costs of care Primary Healthcare claims
Total healthcare expenditure Vektis
Secondary Healthcare claims
Distribution of costs over community or 
hospital care

Vektis

Costs of parkinsonism-related 
complications

Vektis

Process indicators Questionnaire
Awareness of innovations Single item: Are you familiar with the innovation?
Usage of innovations Single item: Did you make use of the innovation in 

the past year?
Experience with innovations Net Promotor Score (How likely would you be to 

recommend the innovation?)
Population Health refers to the population of people with parkinsonism
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Deep brain stimulation may be a confounding factor in 
our analyses on parkinsonism-related complications and 
costs of care. Therefore, we will repeat these analyses in 
which we will exclude people who have received any form 
of device-aided therapy, including a deep brain stimula-
tion surgery, as a sensitivity check. Another sensitivity 
analysis will use not the actual costs of care (as primary 
outcome in the costs of care dimension), but compute 
total costs as claims volume times average national 
claims prices to correct for any price differences between 
hospitals.

Lastly, we will perform an exploratory analysis in which 
we repeat the main analysis in the patient- and caregiver 
experience dimension, but excluding people in the inno-
vation region who reported not using any healthcare 
innovations. We are aware that this is a biased approach 
to evaluate the utility of PRIME Parkinson care. How-
ever, this analysis serves to gain insight in the effect of the 
information resources on patient- and caregiver expe-
rience dimension rather than evaluating the utility of 
PRIME Parkinson care as a whole.

Discussion
This paper provides a transparent overview of how the 
design and analyses of the PRIME-NL study [4] have 
been adapted to control for external influences in a 
dynamic real world environment. For example, since the 
introduction of our healthcare initiative, a devastating 
pandemic occurred which necessitated a development 
of new health care strategies in both the innovation- and 
control regions. Another example was the introduction 
of complimentary healthcare innovations in other parts 
of the Netherlands, which serve as a control region for 
our innovation region – these may dilute the contrast 
between the innovation and control arms in our study. 
Typically, researchers do not make major changes to a 
study design after the start of the study as this is typically 
regarded as scientifically unsound. Making late adjust-
ments to a study protocol while the study is already ongo-
ing could be interpreted as data dredging [14]. Being an 
observational study, PRIME-NL is situated within an 
ever-changing environment that dynamically responds 
to such external influences. Instead of regarding it as a 
weakness, we leveraged the observational nature of this 
study to adapt and improve the study’s design to suit its 
dynamic environment. With these changes, however, 
also comes the responsibility to make any decisions and 
planned analyses transparent to ensure scientific integrity 
and to enhance the validity of our conclusions. We have 
committed to reporting future updates regarding the 
study’s design and analyses on the Open Science Frame-
work. This approach might serve as a template for -and 
could inspire- other studies on healthcare innovations.

Although we aimed to optimize the study design, 
there are still some remaining limitations in our updated 
design. The observational nature introduces for example 
selection bias by the inability to randomize participants. 
However, our team recently published a manuscript 
which showed that the generalizability of the PRIME-NL 
study seems to be good. For example, there is no differ-
ence in the prevalence or proportion of atypical parkin-
sonism between the intervention and usual care region 
[5]. Furthermore, PRIME Parkinson care has also been 
operationalized in the Bath area in the United Kingdom 
(PRIME-UK) as a single-centre open label randomized 
controlled trial [15].This enables us to investigate the 
utility of PRIME Parkinson care both in a real-life situa-
tion (in the Netherlands), as well as in a controlled envi-
ronment (in the United Kingdom) and triangulate our 
results. Another limitation might be any underestima-
tion in the inflation of the cost of care dimension. At the 
moment, we assume a discount rate of 3% as advised by 
Dutch economic evaluation guidelines [16], in sensitiv-
ity analyses we explore discounting costs according to 
the Dutch medical consumer price index [17]. Another 
limitation is that a ceiling effect might occur on outcome 
measures, for example on the Patient Activation Measure 
[18].

Taken together, the evaluation of a complex healthcare 
model that is implemented in the real world with external 
“perturbations” introduces challenges but also allowed 
us to adapt and improve our study design. This approach 
may be used in the design of a similar model for other 
chronic health conditions. Our solutions and transpar-
ent descriptions could both serve as a template for other 
complex healthcare evaluations.
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