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Abstract

Background: To assess the quality of integrated diabetes care, we should be able to follow the patient throughout
the care path, monitor his/her care process and link them to his/her health outcomes, while simultaneously link this
information to the primary care system and its performance on the structure and organization related quality indica-
tors. However the development process of such a data framework is challenging, even in period of increasing and
improving health data storage and management. This study aims to develop an integrated multi-level data frame-
work for quality of diabetes care and to operationalize this framework in the fragmented Belgium health care and data
landscape.

Methods: Based on document reviews, iterative working group discussions and expert consultations, theoretical
approaches and quality indicators were identified and assessed. After mapping and assessing the validity of existing
health information systems and available data sources through expert consultations, the theoretical framework was
translated in a data framework with measurable quality indicators. The construction of the data base included sam-
pling procedures, data-collection, and several technical and privacy-related aspects of linking and accessing Belgian
datasets.

Results: To address three dimensions of quality of care, we integrated the chronic care model and cascade of care
approach, addressing respectively the structure related quality indicators and the process and outcome related indi-
cators. The corresponding data framework is based on self-collected data at the primary care practice level (using the
Assessment of quality of integrated care tool), and linked health insurance data with lab data at the patient level.

Conclusion: In this study, we have described the transition of a theoretical quality of care framework to a unique
multilevel database, which allows assessing the quality of diabetes care, by considering the complete care continuum
(process and outcomes) as well as organizational characteristics of primary care practices.

Keywords: Primary care, Routinely Collected Data, Quality of Healthcare, Type 2 Diabetes, Integrated Delivery
Systems

Background

Type 2 Diabetes (T2D) is one of the leading causes of
death in the world with 3.7 million deaths/year [1]. In
Belgium, 6.1% of the population is diagnosed with dia-
betes [2]. Effective interventions for prevention and
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control are available and are relatively straightforward
from a technical point of view. There are already sev-
eral international [3, 4] and national evidence-based
guidelines [5—8] regarding the management of diabetes
and the development of quality indicators (QI) [9] to
monitor and assess the quality of diabetes care is pri-
oritized by the Organization for Economic Coopera-
tion and Development (OECD) [9]. However, T2D care
remains socially and organizationally complex, and suc-
cessful implementation and follow-up of the guidelines
is still not self-evident [10]. It requires lifelong follow-
up and self-management along a continuum of care:
patients need to be tested, diagnosed, linked to care,
treated, followed up, and supported to achieve glycemic
control. Unfortunately, a substantial amount of people
are lost at each of these steps, leading to sub-optimal
uptake of high-quality care [11].

These gaps in the continuum of care are related to both
demand (patient) and supply (healthcare organization)
side characteristics. At the demand side, research has
indicated that people living in socio-economically vul-
nerable conditions are significantly more likely to be lost
alongside the continuum of care [11]. This contributes
to the growth of health inequalities that health systems
were designed to address but failed to do [12]. At the sup-
ply side, differences exist between providers in how they
treat their patients and how they organize their practices,
especially in primary care, where the biggest volume of
T2D patients is treated [13, 14]. Therefore, assessing the
quality of T2D care, investigating differences in this qual-
ity between patient groups and different types of primary
care practices and explaining these differences are highly
relevant.

Following Donabedian’s landmark model [15-18],
quality of care has three dimensions: 1) structure; 2) pro-
cess; and 3) outcomes. The first dimension [15] is about
how care is organized. It refers to the elements that form
the basis of the healthcare system, including the accessi-
bility of care facilities [19, 20], an adequate mix of human
resources [21], up-to-date equipment [22], a well-work-
ing health information system (HIS), and integrated poli-
cies. The second dimension addresses the questions on
the medical interaction (at a technical and interpersonal
level). It refers to the completeness, continuity, and func-
tional quality of activities for diagnosis and treatment.
The third dimension covers the intermediate health out-
comes and/or the end results of the healthcare or inter-
vention. These are rather indirectly related to the care
provider’s actions and the organization of care, and are
much more influenced by other factors such as patient
characteristics and the environmental context [23]. These
three dimensions are especially relevant for the quality of
chronic care, such as diabetes care [13, 24, 25].
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In order to get a comprehensive overview of the mul-
tidimensional quality of care for a chronic disease such
as T2D, one needs complex data —i.e. data on structure,
process and outcome of a continuum of care. Ideally one
should follow the patient (demand side) along this care
continuum to assess the process and outcomes of pri-
mary healthcare. In addition, information on the organi-
zation of healthcare (supply side) is required to assess
the performance of structure related QIs. These data at
patient and primary care practice level should also be
linkable to further investigate the impact of structure
related factors on the performance of the care process
and outcomes.

In the last decades, and especially since the St Vincent
Declaration in 1989 [26] —a joint effort to reduce the bur-
den of diabetes by listing measures to be taken by nations
and organizations— a broad consensus on the importance
of reliable health information has grown, together with a
proliferation of individual health information registration
and storage. This gave rise to a series of initiatives aimed
to establish and improve monitoring and control systems
for quality assurance of diabetes health care provision
(e.g. DiabCare [27], EUDIP [28], EUCID [29], EUBIROD
[30], PaRIS [31]). One of its merits is the development of
a set of basic indicators for the quality of diabetes care,
which are feasible to collect on a national scale and par-
ticularly suitable for monitoring and assessing quality of
care over time and across health systems. These indica-
tors are, however, mostly unlinked, based on aggregated
data, stratifiable to only a few basic patient characteris-
tics (such as, for instance, gender and age) and cover only
process and outcome related measures, making them less
adequate for investigating differences in quality of care
between patient groups and types of primary care prac-
tices and to explain these differences. This is important
since health systems increasingly are evaluated for their
performance to reduce inequity between groups.

The linkage of the three QIs remains thus challenging,
also within the recent innovations in HIS. Until now, it
has only been done at a small scale (in a few health cent-
ers, hospitals or intentionally collected for a study project
[21, 32]) and at aggregated levels making it impossible
to study quality differences between patient groups and
primary care organizations, or in countries with a very
well-structured HIS, for example where a comprehensive
diabetes register is available [33] (such as in Sweden [34,
35], the UK [36], Denmark [37], and Toronto [38]).

Especially in fragmented healthcare systems with a
similarly complex health data landscape, the develop-
ment process of such a data framework is constrained
by conceptual, organizational, technical, and legal bar-
riers. Conceptually, a standardized language of patient
health information registration (electronic health records
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(EHRs)) is still lacking between different registration
systems and health services. At the organizational level,
these EHRs are often not stored or made accessible at
a central database or platform and need to be manu-
ally extracted and collected. Or they are only provided
at the aggregated level (e.g. primary care practice level,
regional level), which may lead to wrong interpreta-
tions of observed quality differences, hiding differences
in patients’ needs. As alternative to EHRs, several stud-
ies rely on health insurance data. In these data, however,
outcome related quality information is mostly lacking,
as the majority of clinical outcomes are rarely registered
for administrative purposes. Many information is thus
stored but in a fragmented way without an overall vision,
such that discussions on monitoring datasets are pre-
ceded by discussions about the relevance, priority, fea-
sibility and validity of the data included in such datasets
[39]. This then results in technical, legal and ethical chal-
lenges when researchers attempt to get access to the data
and to link the datasets (e.g. data matching procedures,
data protection issues, etc.) [40].

In this study, we aim to address these challenges by
developing and operationalizing a multilevel data frame-
work for the quality of T2D care, in the context of a
highly fragmented health system without a national dia-
betes register [33], as is the case in Belgium. The study
addresses the following research questions: 1) How do
we measure and link the structure, process and outcomes
of integrated diabetes care?; 2) Which data sources are
available and what are their strengths and limitations?;
and 3) How do we design and operationalize an inte-
grated diabetes care database, allowing quality assess-
ment and the analysis of differences in quality between
patients groups and primary care practices.

Methods

Study setting

This study is part of a larger research project SCUBY
‘SCale-UP Diabetes and hYpertension care in Bel-
gium, Cambodia and Slovenia’ [41]. The current study
is approved by the Ethical Committee of the University
Hospital Antwerp (ref. 20/06/069) and all methods were
performed in accordance with the relevant guidelines
and regulations (Declarations of Helsinki).

In Belgium, healthcare providers and patients enjoy a
high degree of autonomy in their choice of service utili-
zation and care provider, which has led to a fragmented
system of individualized care [19, 20]. Patients are not
obliged to register at one General Practitioner (GP) and
GPs can choose their financing system (fee-for-service
(FFS) or capitation) and how they organize their prac-
tice (solo versus group, multi- versus monodiscipli-
nary). This complexity and high degree of autonomy is
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also reflected in the Belgian HIS and data landscape. At
the primary care level, various EHR systems co-exist
and the major aim of these systems is to facilitate medi-
cal record-keeping for the GP. Health care professionals
only share limited information with each other and the
exportation of EHR data to administration or quality
control institutions is no routine. A recent development
is the incentivization for adequate registration [40] of a
limited number of indicators, such as the percentage of
people in a diabetes care trajectory or the number of
COVID diagnoses [42].

Over the last decade, several efforts to increase harmo-
nization and interoperability in the Belgian health infor-
mation landscape have been initiated, such as the national
electronic health (eHealth) action plan in 2008 and
healthdata.be in 2015. eHealth is a federal government
agency whose mission is to support a well-organized,
mutual electronic service, data transfers and informa-
tion exchange between all actors in the healthcare sector,
with a focus on data security and privacy protection of
the patient and the healthcare provider [43]. Since 2018,
this online data portal also has a personal health viewer
(called ‘mijngezondheid.be’), where patients can consult
their health information after registration [44]. Health-
data.be as part of eHealth aims to centralize and improve
clinical registries in a new data platform. This platform
currently collects data for more than 150 clinical regis-
tries, from multiple sources such as primary care facili-
ties, laboratories, and hospitals, and each with multiple
information systems or EHR [40]. However, there are still
ongoing projects, where the centralization and integra-
tion of data at patient and health service level covering
different dimensions of health, health care and costs and
in a GDPR-proof way, remain challenging.

In contrast to several other European countries, Bel-
gium has no comprehensive diabetes registry [45]. In
2001 the ‘Initiative for Quality improvement and Epide-
miology in Diabetes’ (IQED) was launched [46, 47]. This
project is based on the principles of Diabcare (a WHO
dataset on diabetes) [27] and assesses and monitors the
quality of diabetes care through regular data collection
among individuals with diabetes who require specialized
treatment and are followed-up in hospital-based cent-
ers [46, 47]. This quality assurance project also provides
individualized feedback, helping the centers to improve
their quality of care [. Although this dataset is very useful
for a subgroup of insulin-dependent patients, the current
study is focusing on integrated care mainly delivered at
the primary care level to all (pre) diabetes type 2 patients,
including patients with mild symptoms, as especially
among this group of patients, early detection and appro-
priate follow-up is necessary to overcome exaggeration of
their symptoms and complaints.
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Study design

We used a case study approach by focusing on chronic
care for T2D patients, but the proposed methodology
and the development of the measurement and multilevel
data framework can also be relevant for the assessment
of the quality of chronic care in general or other specific
types of chronic care. We relied on a phased approach
(presented in Fig. 1): phase 1) development of a meas-
urement framework for quality of care; 2) mapping of
relevant health data sources; 3) designing the data frame-
work and operationalizing the indicators, 4) construc-
tion of the dataset and 5) formulating research questions
and building the corresponding analysis models for the
dataset.

Research methods

Phase 1 — We started with a document review on models
for integrated chronic care and systems of quality assess-
ment covering and linking the three quality dimension.
An explorative review on documents and guidelines for
integrated chronic care models and quality assessment
instruments was done, using Medline and PubMed data-
bases. The search combined various terms for quality of
chronic care and integrated care, dimensions of quality of
care, care assessment and quality indicators. In addition,
we searched on the websites of governmental entities
(e.g. Scientific institute for public health [Sciensano], Bel-
gian Health Care Knowledge Center [KCE], etc.) in Bel-
gium and other international relevant organizations such
as the World Health Organization (WHO), the OECD
and International diabetes federation (IDF). During a

Page 4 of 17

working group discussion with the international SCUBY
research team of experts the theoretical frameworks were
assessed on their usefulness for our research objectives.
The end result of this phase is a measurement framework
for quality of care at a theoretical level (Table 1).

Phase 2 — Before moving on to the practical imple-
mentation of this framework, an inventory was made of
all health information systems in Belgium related to the
delivery of the integrated care package. This was achieved
through qualitative research: we started with an explora-
tive document review to get a first idea of all relevant data
bases available in Belgium and thereafter we had seven
key informant interviews with responsible people of the
largest data providers and with people who develop and
manage health information systems: the Flemish general
practice-based morbidity registration network (Intego),
Sciensano, the largest Belgian health insurance (CM),
the Intermutualistic Agency (IMA), a clinical research
database in out-of-hours care (iCAREdata) and medical
labs. During the interviews, we discussed the character-
istics of the datasets (type of data, period, period, target
population and representativeness, content, advantages
and disadvantages), especially in the light of our research
objectives. We were also guided by the key informants
to other datasets and projects that are available in Bel-
gium and could be relevant for our research objective.
The document review and interviews were used as input
for the mapping exercise, which was done to assess the
different health information systems — in order to see
whether all data required to monitor the integrated care
package are available — and the options to connect these

1. Development of a 2. Mapping of relevant 3. Designing the data framework
measurement framework »| health data sources »| and operationalization of
for quality of care measurements
\ 4
4. Construction of the dataset
4.a 4.b 4.c 4d 4.e
Sampling Collecting Application Recruitment Data linkage
primary care data at for insurance of lab’s data
. . > —> >
practices | practice level data
v
5. Formulating research questions and building corresponding analysis models for the dataset
Fig. 1 Flowchart of the phased approach of the development of the data framework and quality assessment tool
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systems allowing the linkage of the three dimensions of
quality of care (Results presented in Table 2).

Phase 3 — After our theoretical considerations on how
the structure, process and outcomes of integrated diabe-
tes care should be measured (Phase 1) and getting insight
in the state of the art regarding relevant databases avail-
able in Belgium (Phase 2), the 3rd entailed the practical
elaboration of the theoretical framework. It consists of
a design process on how to construct a joint database
that would allow an integrated analysis of the different
data elements for a study population, and the operation-
alization of the quality measures. Therefore, a document
review of the national (Domus Medica [6]) and interna-
tional guidelines (IDF [3], ADA [4], NICE [8], SIGN [5])
on T2D management and the available set of indicators
(QoC OECD set [9], DiabCare set [27]) was performed
(in contrast to the review in phase 1 the focus was on the
practical implementation). This comprehensive list of
guidelines and indicators was systematically assessed on
relevance, feasibility, and validity for monitoring the dif-
ferent dimensions of quality of diabetes care in iterative
meetings with a working group (results in Table 3). In
total three meetings were done with a multidisciplinary
working group (existing of general practitioners, epide-
miologists, public health researchers, sociologists, and
pharmacists) and one specific working group meeting on
statistical preparations.

Phase 4 — The fourth phase entailed the actual con-
struction of the date framework and dataset: data col-
lection and sampling procedure (results in Supplement
1), stakeholder discussions with the data providers
(IMA and laboratories) about which data and how they
should be delivered (format, transfer mode, etc., see S2),
and the design of the data linkage strategy together with
data experts of IMA and eHealth (results in S3). It also
included ethical approvals and data applications.

Phase 5 — As last, we discuss the analysis opportuni-
ties of the data set in a working group discussion with the
Belgian SCUBY research team.

Results

Phase 1: development of a measurement framework

for quality of care

As Donabedian prescribed [15], indicators on organiza-
tion, process and outcome are needed. For quality indica-
tors related to the organization of care, we relied on the
chronic care model (CCM). The literature review pointed
to the CCM as the most frequently used standard for the
organisation of chronic care at the primary care level. It
identifies six key health system elements in improving
primary care for chronic diseases to be optimized: the
healthcare organization, delivery system design, clinical
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information systems, decision support, self-management
support, and community resource linkages [50]. There is
growing evidence showing that primary care organisa-
tions that implement CCM produces better outcomes
for T2D patients [23]. The degree of successful imple-
mentation of the CCM is evaluated by the Assessment of
Chronic Illness Care tool (ACIC) [51, 52].

Chronic care cannot be captured by a single outcome
measure as it entails, by definition, continuous illness
management, drawing the attention to both process
and outcome indicators. In order to be able to com-
prehensively measure the chronic disease process and
outcomes, a standardized measurement tool of the
entire disease continuum thus needs to be developed
—one which incorporate all steps of T2D management
and outcomes [53, 54]. The document review guided us
towards a model known as the cascade of care (CoC).
The CoC is a model that outlines the sequential steps in
long-term care (screening, diagnosis, linkage with care,
in treatment, followed up, and under control). CoC
research has helped quantify losses of patients from
care (so-called leakages), identify the points of great-
est attrition, and target interventions to address these
losses [55]. Most studies relying on a CoC approach
are on HIV care [55]. However, recently some stud-
ies emerged that have shown its relevance for diabe-
tes care. However these are mainly performed outside
Europe —in the US [54], India [56], and South and sub-
Saharan Africa [54, 57]— which stressed the need for
studies in Belgium or other Western European coun-
tries which are so far lacking. The CoC was tested
among the working group and appreciated as a feasible
and useful tool to measure T2D outcomes in Belgium
(Flanders) [58].

The integration of both, the ‘CCM’ and the ‘CoC,
within the Structure-Process-Outcome paradigm is pre-
sented in Table 1 together with the quality dimensions,
corresponding measurable indicators and data level.

Phase 2: mapping of relevant health data sources
The results of the mapping exercise are summarized in
Table 2.

Phase 3: designing the data framework

Selection of data sources

As structure related quality data in primary care prac-
tices are not systematically available in Belgium, this data
is self-collected at the primary care practice level. For the
actual construction of the database, we start therefore
with the selection of GP-practices and their patient pop-
ulations (see phase 4).
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Table 1 Dimensions of quality of care addressed by the integration of the chronic care model and cascade of care
Dimension of quality of care Theoretical approach Measuring tool Data level

(cfr. Donedian’s model)

Structure and organization Chronic care model

Process Cascade of care approach

Outcomes

ACIC-Sub scores:
-Organization
-Community linkages
-Self-management support
-Decision support
-Delivery system design
-Information systems

-Health system
-Primary care practice

CoC bars: -Patient
-tested (individual level)
-diagnosed

-linked to care
-taking treatment
-followed up,

-under control

A recent Belgian study has shown that for T2D a purely
administrative database was the most reliable source to
estimate disease prevalence based on dispensed medica-
tion in comparison to prescribed or self-reported medi-
cation data [59]. Although the quality of registration by
GPs shows a positive evolution, recent numbers however
indicate that 30% of the patients is still missing in the reg-
istrations, and that also among the registered patients,
crucial information -especially about clinical param-
eters— is lacking [60]. Therefore, and in the absence of
an exhaustive register of T2D patients or a centraliza-
tion and standardization of valid data of EHR in Belgium,
we have opted for a combination of health insurance
and lab data as this provides the necessary longitudinal
and most valid and complete information at the patient
level. Health insurance data is available through the IMA,
a platform where data gathered from the seven Belgian
health insurance funds are collected. Medical lab data is
until now not centralized, but distributed among more
than 60 recognized laboratories active in Belgium.

Selection and operationalization of quality measures

The ACIC has been developed to evaluate chronic illness
care [51] and was previously validated in Flanders [52,
53]. It is a comprehensive tool targeting generic organi-
zation of chronic care across disease populations, and
attempts to represent poor to optimal organization and
support of care in the CCM areas.

The CoC, which integrates the process and outcome
related indicators is operationalized by adapting the bars
to the Belgian context and the available IMA and lab
data. The different bars can be calculated as percentages
in general or per patient group or type of primary care
practice. The operationalization of the different bars and
on which guidelines or validated sets of quality indicators
they are based can be found in Table 3.

In addition, we have constructed an Entity Relation-
ship Diagram (see Fig. 2 and corresponding S4) to give
a clear overview of the different data sources (IMA,
self-collected data and lab data), entities (T2D patients,
treatments/consults, pharmaceuticals, hospitalizations,
lab tests, GP practices), attributes of the entities (unique
identifier [ID], the foreign key [FK] which make the link-
age between the entities possible, and the available varia-
bles [e.g. prescriber, count, date, cost]), and relationships
between them (one to multiple, multiple to one, or one
to one; and whether they are potential or mandatory).
For all consults, lab tests, treatments, and medicines
there is information about when they took place or were
delivered (date), by whom (prescriber_cat) and at what
cost (cost_ziv, cost_pers, suppl). As a result, we are able
to reconstruct the treatment path, including all diabetes
relevant consults, lab tests (and results), treatments, and
medicines.

Phase 4: construction of the dataset

Selection of GP-practices and patients

The sampling procedure is theoretically driven as it
intends to collect a sample with optimal variation of
primary care delivery models in order to link structure
related quality information to process and outcome
indicators. In Belgium (Flanders), primary care facilities
can be categorized according to two dimensions, which
are also highlighted as relevant health system factors
in chronic care research [61]: financing (FFS vs. capita-
tion) and organization (mono- vs. multidisciplinary). A
GP-practice is considered as multidisciplinary, when it
consists of one or more GPs and at least one nurse and/
or dietician. We opted for these two disciplines in addi-
tion to the GP, as these play a prominent role in T2D
management [62]. Based on these dimensions, four
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https://www.sciensano.be/en/projects/health-interview-survey-2018
https://www.sciensano.be/en/projects/health-examination-survey
https://www.sciensano.be/en/network-general-practitioners
https://www.diabetes.be/belgisch-diabetes-register
https://www.sciensano.be/en/projects/initiative-quality-improvement-and-epidemiology-diabetes
https://www.ehealth.fgov.be/ehealthplatform/file/view/AWutmy6TnF_Mkwg-mMBj?filename=GP%20documentation%20-8th%20July%20%202019.pdf
https://www.ehealth.fgov.be/ehealthplatform/file/view/AWutmy6TnF_Mkwg-mMBj?filename=GP%20documentation%20-8th%20July%20%202019.pdf
https://intego.be/nl/Welkom
https://ima-aim.be/-Onze-databanken
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GP-PRACTICE
LAB TESTS TREATMENTS/CONSULTS
ID | PRACTICE_ID
s ID | LAB_TEST_ID ID | TREATMENT_ID
FK1 FK1
ORGANISATION_TYPE factor
REGION_CAT factor FK3 NOMENCLATURE int
FIRSTLINE_ZONE factor TEST_DATE DATE
NURSE. YN TEST_TYPE int PRACTITIONER_CAT factor
DIETICIAN YN TEST_UNIT str PRESCRIBER_CAT factor
SECRETARY. YN TEST_RESULT num INSTITUTION_CAT factor
T2D_EDUCATOR_YN COUNT int
ACIC_TOTAL_SCORE num COSTCARE_ZIV num
ACIC_SUB1_SCORE num THIRD_PAYER YN int
ACIC_SUB2_SCORE num COSTCARE_PERS num
ACIC_SUB3_SCORE num COSTCARE_SUPP num
ACIC_SUB4_SCORE num T2D PATIENTS NIGHT_WEEKEND_YN int
ACIC_SUB5_SCORE num *ID
ACIC_SUB6_SCORE num | —— PRARMACEUTICALS
FK2 | PRACTICE_ID
PSEUDOPATH EAR It D | PHARMA.ID
COLOR LEGEND — MAYOR_COVERAGE_YN int FK1
ID  PSEUDOPATH_ID AGE10_CAT int PHARMA_PROD_CODE
IMA data FK1 DECEASED_YN int CKN_CODE int
LAB data YEAR SEX factor DATE_PRESCRIPTION
CARDIO_YN COMMUNITY_CENTER_YN DATE_DELIVERY
TROMOSE YN GP_COUNT int
Self- collected data - ATCT str
HEART DISEASE YN GP_ORGANIZATION_CAT factor PHARMACIST CAT factor
COPD_3A01_YN CARE_REGION factor PRESCRIBER CAT factor
COPD_3801_YN POPDENSITY factor COSTMED SUPP num
ABBREVATIONS ASTMA_0401_YN HOUSEHOLD_COMPOSITION int COSTMED PERS num
ASTMA_04A01_YN UNEMPLOYMENT_YN int COSTMED ZIV num
. . ASTMA_04B01_YN i -
ID = Identification code Wco v CHRONICAL_YN int
FK = Foreian k o INVALIDITY_YN int
= Foreign key PSORIASIS_YN INCAPACITY_YN int
PANCREA_YN SOGIAL CAT fact HOSPITALIZATIONS
YN = Yes/No (dummy) CROHN_YN —~AT tactor
PYCHOSE_1301_YN PROVINGE It ID | HOSPITALIZATION_ID
PSYCHOSE_1401_YN STAT_SECTOR int
ARROW LEGEND PARKINSON_YN ONEPARENT_FAM_YN int FK1
EPILESPSIE_NEURO_YN RESTHOME_YN int
M HIV_YN | HOSP_ADM str
any mandatory >}— HEPATITUS_YN HOSP_TRANS str
MS_YN STAY_CAT factor
Many optional >0— ORGAN_TRANSP_YN ADMISSION_DATE
KIDNEY_FAILURE_YN DISCHARGE DATE
THYROID_GLAND_YN L
- - DURATION int
One mandatory HEMOPHILIA_YN
ALZHEIMER_YN
DMT2_CARDIO_YN
DMT2_INSUL_YN
DMT2_NO_INSUL_YN
CANCER_CHEMO_YN
CANCER_MOC_YN
CANCER_RT_YN
Fig. 2 Entity-Relationship Diagram of the Multilevel database of the SCUBY project

types of GP-practices can be distinguished in theory,
but in practice, only three types actually exist in Bel-
gium (Flanders) [63]: (a) monodisciplinary and FEFS,
(b) multidisciplinary and FFS, and (c) multidisciplinary
and a capitation payment system in which patients sub-
scribe for an annual fixed fee. Previous research [63, 64]
has already confirmed the relevance of this categori-
zation, showing for example that the control of hemo-
globin Alc (HbAlc) and the prescription of statins was
better in GP-practices with a fixed capitation system
compared to FFS practices [63, 64].

In addition, we captured a range of socioeconomic
factors and levels of urbanization, as research [56] has
shown the importance of urbanization level in terms of
care accessibility. In order to optimise the maximum mix
of variability (also in terms of health systems), we opt for
Antwerp, Ghent and Kempenland region.

Within each area, the GP-practices are categorized in
the three primary care types. As the number of multidis-
ciplinary practices is very low in Flanders, all multidis-
ciplinary practices are selected in the three areas, while
for the monodisciplinary practices, a random selection is
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performed in each area. This has resulted in 66 primary
care facilities, which host 277 individual GPs (see S1).

The GPs have a unique identification code and IMA has
developed a procedure to identify the patients population
of each GP [65]. As patients have also a unique identifi-
cation code, the linkage between the GP-practices and
patient information is possible (see also Fig. 2: ERD and
corresponding S4). Within the identified patient popu-
lations all T2D patients above 40years old in year [x-1]
are selected. As IMA data lacks diagnostic information,
patients diagnosed with T2D are algorithmically identi-
fied based on the proxies taking T2D medication (met-
formin, sulfonylurea, insulin) or having a pre-diabetes
pass (registration in this care trajectory allows the reim-
bursement of a consult with a dietician, podiatrist and
diabetes educator) in year [x-1] [48, 49, 66]. This algo-
rithm is validated by medical experts and already used in
other research [48, 49, 66]. Individual level data for this
patient population for a period of 3 years (from year [x-1]
to year [x+1), with year [x+1] being the most recent
available IMA data).

The total patient size of the 404 population of the par-
ticipating GP practices, as identified by IMA, was 85,818
in 2017, of which 7645 (4.2%) were identified as T2D
patients. This percentage is somewhat lower than the Bel-
gian percentage of 40+ patients with a self-reported T2D
diagnose (8.46%) based on the HIS survey in 2018 [2],
probably because our selected population is somewhat
younger, based on medication use, and criteria are used to
exclude (as good as possible) patients with diabetes type 1.

Collecting data at primary care level

The quality of diabetes care is evaluated through struc-
tured interviews with observations of GPs and para-
medics. Two researchers have scored the practices
independently using the ACIC. During a discussion
afterwards, a consensus score is defined per item. The
six elements of the ACIC are separately assessed by 3 or
more items, providing a subscale score: organization of
the healthcare delivery system; community linkages; self-
management support for patients; decision support for
service providers; delivery system redesign; and clinical
information system (5 items). The overall ACIC score (an
average of the six subscale scores) indicates optimal sup-
port for chronic illness.

Recruitment of medical labs

During the interviews, the GPs were requested to provide
the names of medical laboratories with whom they coop-
erate. This resulted in a list of seven laboratories active
in primary care, which was completed with the labs of
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the hospitals in the study area, because diabetes patients
can also be referred to one of these labs by a specialist
or during a hospital stay. This bring us to 12 laboratories
which may capture clinical data of the patient population
of this study. All these laboratories are recognized for the
performance of these medical test by Sciensano and their
contact information is publicly available.

We contacted the laboratories telephonically to explain
the study, why they are a crucial partners in this project,
and what we expect from them. Directly after this first
contact, an email was send with more extended infor-
mation, such as the concrete steps in the collaboration
process, which kind of data we request, the format, trans-
mission mode (see S2), and an informed consent which
they had to sign if they agreed on the collaboration. The
participating labs are connected to the Belgian eHealth
platform and use recognized software, formats and
standardized codes (the national set of LOINC codes)
(see S2). This enables us to perform a valid harmoniza-
tion of the data of the different labs.

Access and application procedures

Three types of approval were needed for the construc-
tion of the database including IMA data and its linkage
to the lab and self-collected data at the GP-practices: (1)
approval from the relevant ethical commission; (2) inter-
nal approval from the database administrator organiza-
tion and (3) approval from the information protection
commission [67].

(1) We applied for the Ethics committee of Antwerp
University Hospital, which advises on all ethical
aspects in the context of scientific research.

(2) To obtain data and collaboration of the IMA a dec-
laration of interest needed to be set up between
researchers of the project and the IMA programme
managers. The research proposal was discussed and
after they agreed on collaboration, the project was
in short presented to IMA registry directory board
for approval. After this internal approval, a final
detailed selection of the data and variables with the
required motivation was prepared with the support
of data managers of IMA.

(3) Thereafter approval was requested of the institu-
tion of social security and health, a subcommittee
of the Information Protection Committee. The full
process from application to approval can take 6
months and during this process additional informa-
tion about the linkage procedure can be requested
or a small cell risk analysis to ensure privacy of the
included individuals.
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Data trajectory and linkage procedure

The data trajectory is developed in collaboration with
IMA and has been submitted to eHealth in advance of
the application for approval of the ethical commission
and the information protection commission. A common
unique identifier (i.e. social security number=INSZ
or RIZIV) made deterministic linking possible. For pri-
vacy reasons, two trusted Third Parties (TTPs) ‘eHealth’
(a data platform of the federal government) and ‘Cross-
roads Bank for Social Security’ (CBSS) are responsible
for this deterministic matching procedure using multiple
encrypted social security numbers.

The linkage procedure consists of 13 steps (see flow
chart and steps in S3) of data coding or decoding and
data transfers (using the principle of random transport
number ‘RN’) needed to ensure that none of the involved
parties would have access to the sensitive data and the
social security numbers. Only researchers of the pro-
ject have access to the complete linked database without
unique identifiers using a virtual private network (VPN).

As a result of this procedure, for 73.8% (or 5643
patients) of the 7645 T2D patients identified by IMA, the
linkage with medical lab data was possible. For 26.2% of
the patients this linkage was not possible, because only
8 of the 12 labs participated. (The most common reason
of not participating was the high work load during the
COVID-19 period.) For these latter patients however, we
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have information about which lab tests have been done
(when, the cost, etc.), by linking the population data to
the ‘treatments/consults’ data (see Fig. 2: ERD).

Phase 5: Formulating research questions and building

the corresponding analysis models for the dataset

The data will provide the opportunity to develop evalua-
tion questions about the three dimensions of Donabedi-
an’s quality framework and the correlation between the
dimensions structure, process and outcomes. To assess
and visualize the QIs in a comprehensive way, two types
of graphs will be constructed: the organization related
indicators measured by the ACIC will be presented in a
spiderweb [68] and the process and outcome indicators
in a bar chart visualizing the CoC [55]. The spiderwebs
linked to the CoCs can be stratified by health systems
and/or patients groups to describe quality differences
between the three GP-practice types and/or vulnerable
and non-vulnerable patients (see a fictive example in
Fig. 3).

To further analyse which factors (e.g. socioeconomic
status of the patient, gender, age) are related to the drops
in the cascade, the drops will be used as dichotomous
outcome variables of bivariate and multivariable logistic
regression analyses. Knowledge on these leakages will
inform healthcare reforms targeting those T2D patients
currently not tested, undiagnosed, unlinked to care, not

ACIC Spiderweb Type 1 Type 2
Structure - Type3
Organization Organization o
10 10 Organization
8 8
Information 6 ; Information 8
Community 6 Communit i
system A system unity Information Community
system
Delivery Self- Delivery Self- )
system managment system managment Delivery self-
system managment
Decision Decision
Decision
support
T2D Cascade support support
Proces
Outcome
100
100 100 o
90 % 20
80 & 70
70 70 60
60 60 50
%0 " 40
40 40 30
30 %0 2
20 20 10
0 10 II
0 0 ’
x N @ > > e X Q N
K S A R Y & é@b "eb c’z’@ S R O ENIE C &e‘\ & ©
> s P 54 SN & N & PN RO N DIENZ PN N O N
AR CAR RN O QS RO & N YSEN & N &% G C
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Fig. 3 Fictive visualization of the quality indicators of integrated T2D care stratified by primary care practice type
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taking treatment, poor followed up, and not achieving
glycemic control.

By combining the patient level data with the GP-
practice data, we will be able to explain observed differ-
ences in process and outcome related quality measures
between GP-practices by the degree of successful imple-
mentation of the CCM. The multilevel structure of the
data —patients (level 1) clustered within GP-practices
(level 2) (see figure in S5)— will allow for multilevel analy-
ses to estimate the impact of structure related factors
(GP-practice level) on patients’ probabilities of reaching
(or not reaching) a particular stage in the cascade.

Discussion and conclusion

This study has developed a unique multilevel data frame-
work for assessing the quality of integrated T2D care
and operationalized this framework in the fragmented
Belgium healthcare and data landscape. The integration
of (1) the Structure-Process-Outcome model of Don-
abedian with (2) a CoC approach enables us to not only
assess the quality of care via the different dimensions,
but to also investigate and understand differences in the
quality of care and the impact of organization related fac-
tors on the total care continuum instead of only patient
outcomes [69]. The clustering of patients in primary care
practices and the availability of data at both levels ena-
bles us to relate differences in the quality of care between
patient groups and types of GP-practices to organiza-
tional factors of the primary care practices and the extent
of the implementation of the CCM.

Another opportunity of the developed database is that
patients can be followed retrospectively over 3 years,
which renders the study of more advanced indicators
such as stepped-care indicators and clinical action ori-
ented quality indicators possible enables on top of the
classical, rather ‘rough; quality indicators [68, 70]. These
advanced indicators look at the clinical path and require
longitudinal data to also look at the actions (initiation
and/or intensification of treatment) that are taken by
healthcare providers (process) after certain outcome val-
ues (with regard to eGFR, HbAlc, albuminuria and/or
LDL-c) in the patient [71-73]. Until now, this has only
been done in Belgium among diabetes patients treated
with at least two insulin injections per day [47]. Research
has shown the added value of these indicators, namely a
better predictive value for hard health outcomes (such as
micro and/or macro vascular complications) [47], as they
depend less on patient characteristics.

The operationalization of this measurement frame-
work of quality of care in a fragmented health data
landscape as Belgium has revealed several problems
and challenges. Due to the lack of a diabetes register
and poor coordination between the primary, secondary
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and tertiary care level, quality of care research is often
limited to datasets with full information of only one
level of care and/or only covering one part of the
patients (e.g. the most severe). For example, studies
using EHR data [39, 62] do often not fully capture spe-
cialist and inpatient care, and research [74] relying on
data of hospitals (specialist and inpatient care) do not
cover less severe patients, mainly treated at primary
care level. Moreover, the majority of studies are only
addressing one or two dimensions of care, because
studying the three quality dimensions in a comprehen-
sive way, requires different types of data (e.g. medi-
cation use and/or prescription data, health care use
data, clinical data) and data at different levels (e.g. the
organization, health provider and patient level), which
are rarely included in one linked dataset. For example,
quality of care research using health insurance data
predominantly focusses on the process dimension,
because of a lack of clinical information [74]. In stud-
ies relying only on EHRs, survey data, or health claims
data organizational characteristics and the structure
related quality indicators are rarely related to physi-
cian process and patients outcomes in studies [73],
With this study we aim to provide solutions to these
challenges. The unique and comprehensive multilevel
dataset for the assessment and study of integrated
T2D care has several strengths. As it consists of health
insurance data, it includes in addition to basic soci-
odemographic information, extensive health care and
medication data, cost information and professional
information of the registered health care provider (e.g.
financing system, organization type ‘group vs. solo’).
The data is longitudinal, exhaustive and very reliable, as
the quality is not depending on the quality of the reg-
istration or reporting by the health care providers or
patients. This because registration is routinely, stand-
ardized and necessary for reimbursement. One of the
main limitations of health insurance data, namely the
lack of clinical data, has been met in our dataset by the
linkage with lab data. The linkage with self-collected
primary care level data about the degree of implemen-
tation of the dimensions of the CCM makes this data-
set very unique, including information about the three
dimensions of quality of care. As a result, the data
framework is adequate for quality assessment as well
as for multilevel research to explain quality differences
among patient groups and primary care organizations,
through patient and GP-practice characteristics.

Limitations and future research

The main limitation of this project is to be found
within its complexity. Linking the databases, which is
a crucial step to measure the whole care continuum is
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complicated and requires much time and manpower.
However, measuring quality is only helpful if actions
can be taken and measurements can be repeated. If this
is desired, the whole process needs to be redone from
the start, inclusively the application at the different
boards and the collection of the ACIC data. This study
is therefore also a strong plea for linking lab and health
insurance data and creating a routine diabetes register.

A comprehensive assessment of quality of care from
a triple aim outcome perspective also includes patient-
centered outcomes and experiences and the cost of care
[75]. Although the health insurance data provide the
opportunity to make cost-effectiveness analyses, given
detailed cost-information is available (See Fig. 2: ERD),
the analysis were beyond the scope of this paper. The
most important Patient-centered outcomes for diabetes
have been developed by the International Consortium
for Health Outcomes Measurement (ICHOM) (includ-
ing the WO-5, PHQ9 and PAID questionnaire) [76] and
the patient perspectives of healthcare in first line are
currently being developed and tested in a OECD pro-
ject ‘Patient-reported Indicator Surveys (PaRIS)" [31,
71, 72]. The use of this PREM and PROM set and the
ICHOM set of Patient-Centred Outcome Measures for
T2D was not yet possible in the current study. How-
ever, in the future — the negotiations are already started
together with KUL, Sciensano, Vivel, IMA, Phar-
maflux— we hope that there are possibilities to meas-
ure these patient reported indicators systematically and
link them to the integrated data.

Conclusion

The phased approach of the development of a theoreti-
cal framework of quality of care, and its translation in a
data framework with measurable quality indicators, can
be used as a template for the assessment of the quality
of diabetes care in other countries with a complex data
landscape and for other chronic diseases such as car-
diovascular diseases, hypertension, COPD, etc..

The use of administrative health data and the linkage
of different data sources is very enriching for quality of
care research, but remains challenging and it requires a
strong collaboration in different domains, such as exper-
tise in the clinical field, statistics, epidemiology, and data
management, as well as between academics and database
administrators and privacy commission bodies.
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