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ABSTRACT
Introduction  Comparative effectiveness research 
(CER) often fails to create quality improvement since 
implementation of CER results in clinical practice is 
lacking. Claims-based Audit & Feedback (A&F) provides 
a resource efficient tool to stimulate implementation, 
but it is unknown whether medical professionals accept 
claims-based A&F in the context of CER. Therefore, 
in this study, we developed claims-based indicators 
using a cocreation approach and evaluated medical 
professionals’ perception regarding the validity and 
acceptability of these indicators.
Methods  Between July 2019 and November 2021, we 
used a cocreation approach with medical experts to 
develop claims-based indicators for six CER trials. The 
aim is to use the indicators for group level feedback on 
implementation of CER results to medical professionals 
across all healthcare providers in the Netherlands. To build 
the indicators, we used the most recent available Dutch 
national healthcare–related claims data of the year 2017. 
The cocreation process consisted of the following steps: 
(1) defining the target indicator, (2) selecting relevant 
claims codes, (3) testing feasibility of the indicators using 
Dutch claims data, (4) discussing results of feasibility 
testing and (5) defining the final indicators and reflecting 
on the acceptability of the indicators for feedback on 
implementation of CER results by the experts.
Results  Claims-based indicators could not perfectly 
reflect the CER population for any of the six CER trials. 
However, the cocreation process did lead to a final 
indicator that medical experts found acceptable in four 
of six cases. Recommendations of medical experts for 
improving claims-based indicators included: select 
patients with minimal over- or underestimation of the CER 
population, use proxies to identify patients, determine 
incidence rather than prevalence for chronic conditions 
and use data linkage with diagnostic test results.
Conclusion  A cocreation approach was a successful way 
to develop claims-based indicators on implementation 
of CER results, which were imperfect, but in some cases 
still acceptable as feedback to medical experts. Thus, for 
certain topics, claims data may provide a resource efficient 
data source for A&F interventions aiming to implement 
CER trials.

INTRODUCTION
Quality improvement in healthcare is 
hampered as clinical studies, such as compar-
ative effectiveness research (CER), fail to be 
implemented into clinical practice.1–3 CER 
trials aim to identify which interventions 
(treatments or diagnostics) are most effective 
or cost-effective for specific patient popula-
tions.4 If the most (cost)-effective interven-
tion is identified, this intervention should 
be implemented into clinical practice, and 
the other intervention should be de-imple-
mented. However, results of CER trials are 
slowly, or not at all, implemented into clin-
ical practice, failing to result in meaningful 
impact on both quality and costs of care.

Audit & Feedback (A&F) is an effective 
quality-improvement intervention, which 
could be used to stimulate the implementa-
tion of CER.5–7 By providing medical profes-
sionals feedback on the number of patients 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Healthcare-related claims data provides a resource 
efficient data source for Audit & Feedback (A&F) 
interventions, but claims-based A&F on implemen-
tation of comparative effectiveness research (CER) 
results may not be accepted as valid feedback by 
medical professionals.

WHAT THIS STUDY ADDS
	⇒ This study showed that using a cocreation approach 
enables the development of claims-based indica-
tors for feedback on implementation of CER results, 
which are accepted by medical professionals.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Healthcare managers and policy makers can use 
cocreation with medical professionals to develop 
claims-based indicators on CER, to stimulate imple-
mentation of CER results in practice.
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receiving the most (cost)-effective versus the other 
intervention, A&F can stimulate medical professionals 
to implement CER results.8–10 Healthcare-related claims 
data contains information on interventions performed 
by providers and thus could be used to develop A&F on 
implementation levels of CER results.11

The benefit of reusing claims data for A&F on imple-
mentation of CER results is that it offers readily available 
data.12–15 Other A&F data sources, such as quality regis-
tries or data collected specifically for A&F interventions, 
can pose additional administrative burden on profes-
sionals.16–18 Using medical record data for A&F is also 
challenging, since considerable time and costs are asso-
ciated with extracting this data. Thus, reusing claims data 
can prevent administrative burden on medical profes-
sionals through reducing cost and time related to data 
collection for A&F.

However, it is unknown whether claims-based A&F 
provides a suitable source for A&F on implementa-
tion of CER results. While claims data have been used 
for A&F interventions in the past,19–24 a review suggests 
claims-based A&F may be less effective in creating quality 
improvement than A&F based on other data sources.25 
A possible explanation for the lower effectiveness of 
claims-based A&F is that professionals may not accept 
claims data as clinically representative.26 27 Claims data 
are collected for re-imbursement purposes and thus 
require less clinical detail than medical records or quality 
registries, which inform clinical decision making.28 Due 
to the high aggregation level of claims codes, patient 
populations identified in claims data can reflect clinically 

heterogeneous groups.13 14 26 A&F interventions aim for 
quality improvement, by changing providers’ clinical 
behaviour. To effectively change providers’ behaviours, 
it is considered imperative that professionals accept the 
data on which they receive feedback.15 29 It is unknown 
whether medical professionals accept claims-based A&F 
on implementation of CER results.

While claims data have limitations as a source for A&F, 
the advantages of using claims data for A&F on CER are 
important, as the need to implement CER results is high 
and claims data provide the most resource efficient source 
for A&F on CER. Therefore, in this study, we developed 
claims-based indicators using a cocreation approach and 
evaluated medical professionals’ perceptions regarding 
the validity and acceptability of these indicators.

METHODS
Between July 2019 and November 2021, we conducted a 
cocreation approach (figure 1) to develop claims-based 
indicators for six CER trials from varying specialties. This 
cocreation method was developed for this study, as we 
found no previous published methods to develop claims-
based indicators for CER specifically. Therefore, we 
developed a systematic cocreation approach, which used 
elements of established methods for developing guide-
line indicators, but was adapted for the CER context.30

Cocreation was defined as collaboration with stake-
holders, in this case medical professionals, during the 
research process to inform process iterations to the 
desired outcome, in this case the claims-based indicators. 

Figure 1  Cocreation approach. CER, comparative effectiveness research
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Thus, cocreation allows to use stakeholders’ opinions 
not merely as research data, but to inform the research 
process and outcome.31 Methods for developing guide-
line indicators are not fully applicable for CER trials, as 
we do not select, assess and prioritise indicators from 
guidelines. Instead, an indicator which presents the 
implementation level of a CER outcome is defined by 
the population under study in the CER trial. Thus, a CER 
indicator should present the volume of patients with the 
diagnosis and characteristics receiving the interventions 
as defined by the CER study (figure 2). The cocreation 
approach was based on the agreement of study authors.

Aim is to use the indicators for group level feedback on 
implementation of CER results to medical professionals 
across all healthcare providers in the Netherlands.

Patient or public involvement
Patients were not involved in this study. We involved 
medical professionals during the cocreation process, as 
they are the target audience for the claims-based A&F on 
CER developed in this study.

The medical professionals were not involved in the 
development of the research question, but the research 
question was informed by previous qualitative research 
among other medical professionals. In the role of prin-
cipal investigator of the CER trials, the medical experts 
will be responsible for national dissemination of the CER 
trials results when the trials are complete. The claims-
based A&F developed in this study can be used by the 
medical experts and their professional associations to 
stimulate implementation of CER results to healthcare 
providers.

Cocreation process
The cocreation approach involved five steps, which were 
followed for each CER trial. To prevent bias, the cocre-
ation process was performed for CER studies which are 
currently in the patient inclusion phase; thus, results 
are unknown, and it is yet unclear which treatment is 
most (cost)-effective. Participants in the cocreation 
approach were medical experts (n=14), from six different 
specialties and five different hospitals in the Netherlands, 
who were each involved in one of the CER trials. For two 
trials, there were three medical experts involved in the 
respective cocreation process; for four trials, there were 
two medical experts involved in the respective cocreation 
process. The majority of the medical experts (86%, n=12) 
was a practicing physician. All medical experts were a 
principal investigator or an executive researcher in one 
of the CER trials. The principal investigators are acknowl-
edged by their scientific medical association(Dutch: 
‘Wetenschappelijke Vereniging’) as national medical 
experts of the CER study. All steps with medical experts 
were conducted in an online or face-to-face meeting in 
which researchers VW and EvdH or GH were present. All 
meetings were audio- or videorecorded. Furthermore, 
two Dutch national organisations specialised in claims-
based benchmarking VEKTIS and DHD were involved, to 
perform feasibility testing.

VEKTIS is commissioned by the Dutch association of 
Health Insurers (Dutch: Zorgverzekeraars Nederland) 
and receives claims data from all Dutch Health insurers 
on healthcare in primary, secondary and tertiary care, 
including private clinics. VEKTIS has data coverage of 

Figure 2  Hypothetical example of claims-based indicator for feedback on implementation of comparative effectiveness 
research (CER) results per hospital
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99% of insured healthcare in the Netherlands). DHD 
(Dutch Hospital Data) is commissioned by the associ-
ations of hospitals (NVZ) and association of academic 
hospitals (NFU). DHD collects claims data for 99% of 
hospitals in the Netherlands.

The cocreation process comprised the following five 
steps: First, we asked the medical experts to define the 
target indicator based on the CER trial protocol as the 
volume of patients receiving the hypothesised most 
(cost)effective intervention (numerator) as a portion of 
the total volume of patients both studied interventions 
(denominator) in a given year.

Second, we asked the medical experts to select Dutch 
claims diagnostic codes and intervention codes which 
reflect the patient population and interventions of the 
CER trial. For this, we presented the medical experts with 
publicly available lists of Dutch claims codes and asked 
them to select relevant codes.32 Based on this selection, 
we defined a concept claims-based indicator for each 
CER trial.

Third, indicators were tested for feasibility. The organ-
isations who specialise in claims-based benchmarking 
calculated the indicators as the proportion of patients 
with the hypothesised most (cost)-effective intervention 
for each medical specialist care provider (hospital or 
private clinic) in the Netherlands in the year 2017. Data 
for the year 2017 were used as this was the first full year for 
which claims data were complete at the beginning of this 
study. Healthcare-related claims data in the Netherlands 
are specifically developed for national use and comprise 
patient-level data with billing codes including a claims 
diagnostic code and an intervention code (similar to a 
Diagnosis-Related-Group type of structure); prescribed 
drugs; and sociodemographic data such as age and sex.32

Fourth, we held a meeting with the medical experts 
to discuss the results of the feasibility test and to collect 
recommendations for improvement of the concept 
claims-based indicator. We presented the selection of 
claims codes used to develop the indicator and the 
results of the feasibility test to the medical experts. 
We asked the experts to reflect on validity in terms of 
content validity of the indicator and the face validity of 
the results. Content validity refers to whether an indi-
cator measures what it intends to measure and was in 
this case defined as: does the claims-based indicator, 
considering the definitions of the selected claims codes, 
reflect the CER population or a different patient popu-
lation?33 34 Face validity was defined as whether results 
of feasibility testing (patient volume per treatment 
on national level and provider level) were considered 
plausible based on the experts’ professional experience 
and existing literature.33 The experts were then asked 
whether they had recommendations for improving the 
claims-based indicator (e.g., by including or excluding 
other claims codes). If the experts had no recom-
mendation to improve the claims-based indicator, we 
concluded the indicator development process. In case 
the experts did have recommendations to improve 

the claims-based indicator, we repeated steps (2), 
(3) and (4) until they could not generate further 
recommendations.

As the fifth and final step, we asked the experts again 
to reflect on the validity of the final indicator in terms of 
content validity and face validity and whether they would 
accept the indicator for feedback on implementation of 
CER results. Acceptance was based on verbal informal 
consensus between the medical experts and was defined 
as whether they accepted the results of feasibility testing 
as valid feedback on implementation levels of CER results.

Selection of CER trials
We selected CER trials based on the following criteria: (1) 
the CER trial is supported by the national professional 
society of the respective medical specialty (Each medical 
speciality in the Netherlands is represented by a profes-
sional society, called the “academic society” (Dutch: 
Wetenschappelijke Vereniging)); (2) the CER trial is an 
ongoing trial; thus, it yet unknown which is the most 
(cost)-effective treatment; and (3) the CER trials are from 
diverse clinical specialties and medical topics.

At the time of this study, there were 42 CER trials in 
the Netherlands which met the first two criteria. We 
purposively selected eight diverse trials and invited these 
research teams for participation in our study.

One research team declined participation in the cocre-
ation process before finalising the inclusion process 
for their CER trial, because they were concerned about 
possible influence on the inclusion process of the CER 
trial. Furthermore, we ended collaboration with one 
research team because the CER trial was discontinued for 
lack of inclusions. Thus, the final selection included six 
CER trials (see table 1).

RESULTS
Summary of results
Using the cocreation approach, we developed claims-
based indicators for all six CER trials (table  2) 
(resulting indicators are presented in online supple-
mental file 1). For none of the six CER trials, claims 
data contained all information needed to directly 
identify the CER population. The medical experts 
gave several recommendations to improve the indica-
tors: select patients with minimal over- or underesti-
mation of the CER population, use proxies to identify 
patients, determine incidence rather than prevalence 
for chronic conditions and use data linkage with diag-
nostic test results. Despite improving the indicators 
through multiple iterations, none of the final claims-
based indicators perfectly reflected the CER popula-
tion. In four cases (Proclion, CAPP, MIRA2, STONE), 
the inaccuracy between the final claims-based indi-
cator and the CER population was minimal; thus, the 
indicator was accepted by the experts for feedback on 
implementation level of CER results.

https://dx.doi.org/10.1136/bmjoq-2023-002542
https://dx.doi.org/10.1136/bmjoq-2023-002542
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Recommendations to develop claims-based indicators
Select patients with minimal over- or underestimation of the CER 
population
Claims data did not provide sufficient detail to 
perfectly identify the CER populations. However, the 
medical experts were able to select patient popula-
tions based on claims diagnoses codes that closely 
resembled the CER populations. Inclusion of certain 
patient populations could lead to an overestimation 
of the true CER population, while excluding patient 

populations could lead to an underestimation of the 
true CER population. The medical experts chose the 
combination of claims codes that led to minimal over- 
or underestimation of the CER population. In other 
words, if exclusion of a population led to a small 
underestimation of the CER population, while inclu-
sion of that population would lead to a large overes-
timation of the CER population, the population was 
excluded. For example, for the Proclion trial, some 
patients are coded under claims diagnostic code 

Table 1  Research topics of the CER trials

CER trial
Trial registration 
number* Research question Patient population Intervention

CAPP NL9371 What is the most (cost)-
effective treatment for 
children with complex 
appendicitis: operative or 
conservative treatment?

Children of 0–18 
years with complex 
appendicitis with/without 
infiltrate/abscess

	► Operative
	– Laparoscopic
	– Open procedure

	► Conservative

Proclion NA† What is the most (cost)-
effective treatment for 
patients with critical 
ischaemia of the legs: 
operative or conservative 
treatment?

Patients of ≥18 years with 
critical ischemia of the 
legs

	► Operative
	– Laparoscopic
	– Open procedure

	► Conservative

DART NL6201 What is the most (cost)-
effective treatment for 
elderly with an intra-
articular distal radius 
fracture type C: operative 
or conservative treatment 
?

Patients of ≥65 years with 
intra-articular distal radial 
fracture type C

	► Operative
	► Conservative

MIRA2 NL7817 What is the most effective 
treatment for woman with 
heavy menstrual bleeding: 
endometrial ablation or 
combined treatment of 
endometrial ablation with 
hormonal IUD?

Patients of 25–60 years 
with heavy menstrual 
bleeding

	► Endometrial ablation
	► Endometrial ablation 
combined with 
hormonal IUD

STONE NL8128 What is the most (cost)-
effective treatment for 
patients with obstructive 
kidney stones: double J 
or nephrostomy catheter?

Patients of ≥18 years with 
obstructive kidney stones

	► Double J catheter
	► Nephrostomy 
catheter

Growth hormone NL6440 What is the most (cost)-
effective treatment for 
children with idiopathic 
growth hormone 
deficiency that have 
normal growth hormone 
levels mid-puberty: 
continued growth 
hormone treatment or 
discontinued growth 
hormone treatment?

Patients of 10–18 years 
with idiopathic growth 
hormone deficiency

	► Continued growth 
hormone treatment

	► Discontinued growth 
hormone treatment

*From the Netherlands Trial Register.
†Not registered due to observational study character.
CER, comparative effectiveness research; IUD, intrauterine device.
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Table 2  Results of cocreation process per CER trial

CER trial

Step 1 Step 2 Step 4 Step 5.1 Step 5.2

CER population and 
intervention

Claims code 
available in dutch 
claims data version 
2018 | Y/N/P*

Alternative dutch 
claims codes selected 
to develop final 
indicator

Final indicator 
accurate 
representation of 
CER population?

Final indicator accepted 
by medical experts for 
A&F on implementation 
of CER results?

Proclion PP PP PP No, underestimation 
of patients registered 
under claims code 
diabetic foot

Yes

	► Patients≥18 years 	► Yes 	► N.A.

	► Critical ischemia of 
the legs

	► Partly 	► Peripheral Arterial 
Occlusive Disease 
stage 3 and 4, 
exclusion of patients 
with diabetic foot

INT INT INT

	► Operative open 
procedure

	► Yes 	► N.A.

	► Operative endoscopic 
procedure

	► Yes 	► N.A.

	► Conservative 	► Partly 	► Selection of newly 
diagnosed patients

STONE PP PP PP No, overestimation of 
patients with ureter 
stone that do not 
suffer from obstructive 
kidney disease

Yes

	► Patients≥18 years 	► Yes 	► N.A.

	► Obstructive kidney 
disease

	► Yes 	► Ureter stone and/or 
Kidney stone with 
exclusion of same 
day surgeries for 
other diagnoses

INT INT INT

	► Double J catheter 	► Yes 	► N.A.

	► Nephrostomy catheter 	► Yes 	► N.A.

MIRA2 PP PP PP No, overestimation 
of patients who 
suffer from menstrual 
disorder, but not 
heavy menstrual 
bleeding; and 
overestimation 
of patients who 
had therapeutic 
hysteroscopy, but not 
endometrial ablation

Yes

	► Patients 25–60 years 	► Yes 	► N.A.

	► Heavy menstrual 
bleeding

	► No 	► Menstrual disorder

INT INT INT

	► Endometrial ablation 
(EA)

	► No 	► Therapeutic 
hysteroscopy (TH)

	► EA and hormonal IUD 	► No 	► TH and same day 
IUD placement

CAPP PP PP PP No, overestimation 
of patients who do 
not have complex 
appendicitis, but 
simple appendicitis 
with complications

Yes

	► Patients 0–18 years 	► Yes 	► N.A.

	► Complex appendicitis 	► Partly 	► Appendicitis, 
proxy length of 
stay for complex 
appendicitis

	► with or without 
infiltrate/abscess

	► Partly 	► No alternative code 
available

INT INT INT

	► Conservative 	► Yes 	► N.A.

	► Operative open 
procedure

	► Yes 	► N.A.

	► Operative endoscopic 
procedure

	► Yes 	► N.A.

Continued
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‘diabetic foot’, while the majority of patients coded 
under claims diagnostic code ‘diabetic foot’ are not 
the Proclion population. Thus, exclusion of patients 
with claims diagnostic code ‘diabetic foot’ resulted in 
a smaller inaccuracy of the Proclion population.

Use proxies to identify patients
In our study, we used three proxies to identify CER popu-
lations: (1) length of admission as a proxy for disease 
severity, (2) combination of diagnostic and intervention 
codes as a proxy for the intervention and (3) exclusion 
of patients based on medical history/same day interven-
tions. Using these proxies enabled us to give a more valid 
representation of the CER populations: length of admis-
sion ≥3 days was used for the CAPP trial to distinguish 
patients with complex appendicitis (the CER population) 
from patients with simple appendicitis (<3 days of admis-
sion). For one CER trial (MIRA2), the intervention studied 
(endometrial ablation) was not captured within claims 
data. Only a more generic intervention code (therapeutic 

hysteroscopy) was available in claims data, which includes 
irrelevant interventions. The experts proposed using 
the combination of this generic intervention code, with 
the diagnostic code menstrual disorder as a proxy for 
the studied intervention endometrial ablation. We used 
exclusion of medical history/same day interventions to 
identify the CER populations of the Growth Hormone 
and STONE trial, respectively. For the Growth Hormone 
trial, claims data did not capture whether patients suffer 
from an idiopathic growth hormone deficiency or have 
a known cause for the deficiency. Thus, we excluded 
known causes of growth hormone deficiency based on 
medical history, to create a more valid representation of 
the CER population. For the STONE trial, claims data did 
not capture whether patients suffered from an obstruc-
tive ureter/kidney stone. Thus, we excluded patients 
who underwent same day interventions for other obstruc-
tive disorders, such as tumours, to create a more valid 
representation of the CER population.

CER trial

Step 1 Step 2 Step 4 Step 5.1 Step 5.2

CER population and 
intervention

Claims code 
available in dutch 
claims data version 
2018 | Y/N/P*

Alternative dutch 
claims codes selected 
to develop final 
indicator

Final indicator 
accurate 
representation of 
CER population?

Final indicator accepted 
by medical experts for 
A&F on implementation 
of CER results?

DART PP PP PP No, overestimation of 
patients with patients 
who have other wrist 
fracture other than 
distal radial fracture 
Type C

No, large gap with target 
population	► Patients≥65 years 	► Yes 	► N.A.

	► Distal radial fracture 	► No 	► Wrist fracture

	► Intra-articular 	► No 	► No alternative code 
available

	► Type C 	► No 	► No alternative code 
available

INT INT INT

	► Conservative 	► Yes 	► N.A.

	► Operative 	► Yes 	► N.A.

Growth- 
hormone (GH)

PP PP PP No, impossible to 
detect mid-puberty 
characteristic and 
not fully possible to 
distinguish patients 
with known causes 
from GH deficiency 
from idiopathic GH 
deficiency

No, results do not 
compare to existing 
quality registration and 
hard difficult to interpret

	► Patients in 
mid-puberty

	► No 	► Patients between 
10–18 years

	► with Idiopathic GH 
deficiency (GHD)

	► No 	► Growth hormone 
deficiency with 
exclusion of a 
number of specific 
causes of growth 
hormone deficiency

	► and normal GH 
stimulation test result

	► No 	► GH stimulation test 
executed during 
mid-puberty age 
range

INT INT INT

	► GH suppletion 	► Yes 	► N.A.

	► Discontinuation of GH 
suppletion

	► Yes 	► N.A.

*Yes=claims code/ICD-10 code exists, no=claims code/ICD-10 code does not exist, partly=claims code/ICD-10 code similar
CER, comparative effectiveness research; ICD-10, International Classification of Diseases, Tenth Revision; INT, Intervention; IUD, intrauterine device; 
PP, patient population; T, treatment.

Table 2  Continued
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Determine incidence rather than prevalence for patients with 
chronic conditions
To give a valid representation of implementation levels 
of CER results, it is necessary to correctly classify patients 
into the numerator versus the denominator of the indi-
cator; thus, it is important to distinguish which patients 
have received which intervention. For one CER trial 
(Proclion), the experts raised that there were such clas-
sification issues, as patients often belonged to both inter-
vention groups. First, the chronic character of the condi-
tion (critical ischemia) hampers the ability to classify 
patients as conservative versus operative, as patients who 
received operative treatment remain under follow-up, 
which is registered under conservative claims codes. 
Thus, patients who have received operative treatment 
in 1 year, but remain under follow-up, could be misclas-
sified as having received only conservative treatment. 
Furthermore, as patients can receive multiple follow-up 
appointments in a year, this may create an overestimation 
of the conservatively treated proportion of patients. To 
resolve these issues, the experts suggested to determine 
incidence, rather than prevalence for these patients. 
Newly diagnosed patients in a given year were identified 
and subsequently were classified as operatively treated if 
they received operative treatment within 12 months of 
first diagnosis, while patients who did not receive oper-
ative treatment within 12 months of first diagnosis were 
classified as conservatively treated. This process excludes 
patients who remain in follow-up after operative treat-
ment and thereby gives a more accurate reflection of the 
portion operatively treated patients versus conservatively 
treated patients.

Second, the experts raised that the condition occurs 
bilateral. Thus, patients may receive conservative treat-
ment for one limb, while they receive operative treat-
ment for the other limb. Dutch claims data currently do 
not contain information on the side of the condition. 
However, the experts accepted the incidence of patients 
as indicative of implementation of CER results, under the 
assumption that treatment patterns are not significantly 
different for the first leg and the second leg.

Use data linkage with diagnostic test results
Diagnostic test results, including blood test results and 
X-ray results, would be necessary to accurately identify 
the patient population of several CER trials (Growth 
Hormone, DART, CAPP, STONE). For example, we were 
unable to identify patients for the Growth Hormone trial 
as being ‘mid-puberty’, as this is not a diagnosis, but a clin-
ical state which is not described in claims data.However, 
claims data only encompass information on whether a 
diagnostic test is performed, but not the results of the 
test. Thus, in our study, we were unable to accurately 
identify these CER populations. The experts suggested to 
use data linkage of claims data and diagnostic test results 
to identify patients.

Reasons for non-acceptance of claims-based indicators for 
CER
For two cases (DART and Growth Hormone), the experts 
did not find the final indicator acceptable for A&F on 
implementation of CER results.

For the DART trial, the claims-based indicator presented 
a population (>12 000 patients with wrist fractures) which 
was three times larger than the actual CER population 
(~4500 patients with distal radial fracture type C). Also, 
the indicator ratio (numerator-denominator) was consid-
ered inaccurate. Thus, the experts assessed this indicator 
as not acceptable for A&F on implementation of CER 
results. For the Growth Hormone trial, the experts also 
did not accept the indicator as the indicator volume and 
the indicator ratio were inaccurate, due to the inability to 
identify whether patients were ‘mid-puberty’.

DISCUSSION
The aim of this study was to develop claims-based indica-
tors using a cocreation approach and to evaluate medical 
professionals’ perceptions regarding the validity and 
acceptability of these indicators.

For none of the CER trials, claims-based indicators 
accurately reflected the CER population. However, by 
using the cocreation approach, we were able to improve 
the validity of the indicators by selecting the patients with 
minimal over- or underestimation of the CER population, 
using proxies to identify patients and determining inci-
dence rather than prevalence for patients with chronic 
conditions. As a result, the medical experts accepted four 
of six claims-based indicators for feedback on implemen-
tation of CER results. The experts only accepted claims-
based indicators for CER trials if they considered the 
difference between the claims-based indicator, and the 
CER population was minimal and if the indicator ratio 
(numerator–denominator) seemed accurate.

This study primarily focused on the feasibility of using 
claims data to develop quality indicators and whether the 
resulting claims-based indicators are acceptable to physi-
cians, the intended users. Various methods are used for 
quality indicator development in healthcare, with various 
types of end results.30 35 36 Evidence-based approaches 
are employed when scientific evidence or guidelines on 
quality of care are available. Consensus-based approaches, 
such as Delphi- or RAND studies, are employed for clin-
ical topics lacking scientific evidence or when patient 
perspectives are desired. Furthermore, a combination 
between evidence-based and consensus-based approaches 
is often used.36–41 Many studies use these approaches 
solely focus on the identification, selection and prioriti-
sation of indicators, often resulting in a merely theoret-
ical description of an indicator.36 42–44 However, quality 
indicators are only relevant when they are used in prac-
tice to measure performance. Therefore, the feasibility 
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of building indicators with new data or existing data is a 
crucial attribute in indicator development.35 38 45

For the development of indicators, we followed a meth-
odology similar to that of Blozik et al,30 which employs 
an evidence-based approach to indicator development, 
including feasibility testing using claims data. Unlike 
Blozik et al, we did not focus on the identification, selec-
tion and prioritisation of indicators. Instead, we devel-
oped single process indicators directly defined by the CER 
studies. The definition of the indicators in this study can 
therefore be categorised as an evidence-based approach 
to indicator development.35 This study employed a cocre-
ation method for feasibility testing.

Other methods for feasibility testing include formal 
validity testing in which sensitivity and specificity of indica-
tors are tested against data like medical records or admin-
istrative data.35 45 46 In this type of validity testing, claims 
data are easily discarded as a source for quality indica-
tors, since claims data lacks detail which is often needed 
to identify patient populations.45 47 Other studies employ 
purely qualitative feasibility testing in which participants 
are asked to describe whether they find indicators feasible 
to implement.48 Similar to Blozik et al,30 this study used 
real-world claims data to develop indicators. In contrast 
to Blozik and other studies, we did not employ Likert 
scales to assess the feasibility of indicators.49 50 Instead, we 
used face-to-face meetings in which validity of results were 
discussed. This qualitative approach allowed to create an 
in-depth understanding of physicians’ reasoning when 
assessing validity of the indicators.

In our study, the medical experts accepted A&F with 
a minimal level of over- or underestimation of the CER 
population. As in other studies, it was not fully clear what 
level of data accuracy is sufficient for medical profes-
sionals to accept A&F.51 Also, acceptance of A&F is not 
merely determined by the objective quality of the data, but 
also by recipients’ perceptions of the data accuracy. Other 
studies found that medical professionals were more likely 
to accept data as accurate when the feedback showed high 
performance, when recipients have an internal locus of 
control and when the feedback is not used in a punitive 
manner.10 51–55 Thus, whether claims-based A&F will be 
accepted by medical professionals presumably remains 
recipient- and context dependent.

Furthermore, if claims-based A&F is accepted by 
medical professionals, this does not guarantee effec-
tiveness of A&F in implementation of CER results. The 
effectiveness of A&F depends on many factors, such as 
frequency and timeliness of the feedback, co-interven-
tions alongside A&F and the context in which A&F is 
given. Furthermore, using claims-based A&F may pose 
the risk of incentivising medical professionals to change 
their claims registration, rather than implementing 
CER results.51 Future research should examine whether 
claims-based A&F can indeed stimulate implementation 
of CER results and whether additional measures such as 
co-interventions are needed.

Strengths and limitations
This study builds on a previous approach regarding 
indicator development30 and similarly incorporates 
a strong focus on the feasibility attribute of indica-
tors, thereby taking indicator development beyond 
a mere theoretical description.35 38 41 In contrast to 
other studies,35 42 45 we take an iterative, qualitative 
approach to feasibility testing, which allowed to 
gain an in-depth understanding of medical experts’ 
consideration for acceptance of indicators and 
allowed us to make continuous improvements to the 
indicators. Third, during development of the indica-
tors we focused on the physicians’ perspective on the 
validity of indicators, which ensured physicians were 
unable to discard indicators out of conflict of inter-
ests, while increasing the acceptability of the indica-
tors, by focusing on the perspective of the physicians 
as intended users of the indicators.10 35 Fourth, by 
defining the indicators based on the CER trials, the 
indicators are evidence based, which is seen as the 
gold standard in indicator development.35 Lastly, we 
developed claims-based indicators for a wide range 
of clinical topics from varying specialties, thereby 
increasing the general and broad utility of our results.

Both a strength and a limitation of this study are our 
approach to collaborate with national experts on the 
respective CER evaluations in development and evalua-
tion of the indicators. It is a strength because these experts 
are national authorities on this topic and possess in-depth 
knowledge of the indicators’ validity. Furthermore, their 
perspective on the acceptability of these indicators may 
be more indicative than the general professional percep-
tion as they are opinion leaders in the field, who take the 
role of creating support or resistance towards indicators. 
However, this dual role could also introduce bias, as the 
experts were involved in the development process. On 
one hand, the medical experts may be positively biased 
towards the indicators, which is in line with a previous 
study that found acceptance of feedback is increased by 
knowledge of the audit process.54 On the other hand, the 
medical experts may be negatively biased as they may be 
more critical of the indicators due to their future respon-
sibility of advocating for the accuracy of the indicators 
to their peers. Therefore, future research should test 
the generalisability of our results by examining whether 
medical professionals who are not involved in CER studies 
also accept the claims-based indicators for feedback on 
implementation of CER results.

Other limitations include that this was an explor-
atory study in which we created a limited number of 
claims-based indicators and collaborated with a limited 
number of medical experts per study for feasibility 
reasons. The number of professionals and the compo-
sition of a panel determines how indicators are rated;41 
thus, the limited number of medical experts involved 
in this study may decrease the external validity of our 
results. Furthermore, we did not formally test the 
validity of the claims-based indicators; thus, reporting 
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issues in the claims data which are unknown to the 
medical experts cannot be ruled out. However, our 
cocreation approach was designed to increase validity 
of the indicators by minimising issues with data quality 
and reporting. Our experts were selected based on 
their quantitative methodological knowledge in 
combination with expert content knowledge and rele-
vant physician experience. Before their assessment of 
indicator validity, they were made familiar with the 
aim and context of this study. We explicitly discussed 
numerators, denominators and the exclusion criteria 
for each indicator. In the Dutch setting, this should 
enable the experts to assess the content validity, infor-
mation bias, confounding and selection bias of the 
proposed indicators. The two Dutch national organi-
sation specialised in claims-based benchmarking also 
provided expert knowledge regarding the validity 
and reliability of the claims data, which increased the 
validity of our results. A selected number of studies in 
the Netherlands did formally test other claims-based 
indicators against medical charts and found those 
claims-based indicators to be valid.56–59 Finally, while 
we focused on a wide range of clinical conditions, the 
CER trials mainly involved surgical treatments, thus 
whether our results are generalisable to other clinical 
fields is unclear.

Conclusion
A cocreation approach was a successful way to develop 
claims-based indicators on implementation of CER 
results, which were imperfect, but in some cases still 
acceptable as feedback to medical experts. Thus, for 
certain topics, claims data may provide a readily avail-
able and cost-efficient data source for A&F interventions 
aiming to implement CER trials. Future research should 
examine whether claims-based A&F indicators from this 
approach are effective in increasing implementation of 
CER results.
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