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ABSTRACT

Objectives We aimed to identify and delineate the
Dutch type 2 diabetes population and the distribution of
healthcare utilisation and expenditures across the health
system from 2016 to 2018 using an all-payer claims
database.

Design Retrospective observational cohort study based
on an all-payer claims database of the Dutch population.
Setting The Netherlands.

Participants The whole Dutch type 2 diabetes
population (=900 522 in 2018), determined based on
bundled payment codes for integrated diabetes care and
medication use indicating type 2 diabetes.

Outcome measures Annual prevalence of type 2
diabetes, comorbidities and characteristics of the type

2 diabetes population, as well as the distribution of
healthcare utilisation and expenditures were analysed
descriptively.

Results In 2018, 900 522 people (6.5% of adults) were
identified as having type 2 diabetes. The most common
comorbidity in the population was heart disease (12.1%).
Additionally, 16.2% and 5.6% of patients received
specialised care for microvascular and macrovascular
diabetes-related complications, respectively. Most patients
with type 2 diabetes received pharmaceutical care (99.1%),
medical specialist care (97.0%) and general practitioner
consultations (90.5%). In total, €8173 million, 9.4% of total
healthcare expenditures, was reimbursed for the type 2
diabetes population. Medical specialist care accounted for
the largest share of spending (38.1%), followed by district
nursing (12.4%), and pharmaceutical care (11.5%).
Conclusions All-payer claims databases can be used to
delineate healthcare use: this insight can inform health
policy and practice and, thereby, support better decisions
to promote long-term sustainability of healthcare systems.
The healthcare utilisation of the Dutch type 2 diabetes
population is distributed across the health system and
utilisation of medical specialist care is high. This is likely
to be due to presence of concurrent morbidities and
complications. Therefore, a shift from a disease-specific
approach to a person-centred and integrated care
approach could be beneficial in the treatment of type 2
diabetes.

. Henk J G Bilo,? Jeroen N Struijs,®*

Strengths and limitations of this study

» The use of an all-payer claims database enables
an overview of the complete Dutch type 2 diabetes
population.

» Due to the economic function of claims data, the data
are accurate and complete enabling a reliable esti-
mation of healthcare utilisation and expenditures.

» Internationally, the generalisability of findings could
be limited because of the differences in the organi-
sation of healthcare.

» Real-time or near-time data use of claims data are
hampered by a 2-year time lag.

INTRODUCTION

Internationally, there are rising concerns
regarding the financial sustainability of
healthcare systems. This financial strain is
caused by increasing costs associated with
ageing populations, rising life expectancy,
expensive technological advances and
higher patient expectations."™ In partic-
ular, the burden caused by chronic diseases
is rapidly increasing.* Diabetes mellitus is
currently one of the most prevalent chronic
diseases affecting an estimated 463 million
people in the age group 20-79 years, or
9.83% of adults worldwide." > This number
is expected to rise to 700 million by 2045.°
Within the diabetes population, 90% of
patients suffer from type 2 diabetes.”® Many
develop at least one diabetes-related macro-
vascular or microvascular complication
during the course of their disease.”® The
presence of these complications substan-
tially increases healthcare utilisation and
expenditures.”"® For instance, the pres-
ence of both microvascular and macro-
vascular complications increases patients’
care expenditures by up to 250%.” In total,

BM)

Geurten RJ, et al. BMJ Open 2021;11:6049487. doi:10.1136/bmjopen-2021-049487 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4638-8114
http://orcid.org/0000-0001-9795-8095
http://dx.doi.org/10.1136/bmjopen-2021-049487
http://dx.doi.org/10.1136/bmjopen-2021-049487
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-049487&domain=pdf&date_stamp=2021-11-06

expenditures on diabetes-related complications are esti-
mated to amount to more than half of all diabetes care
expenditures.'” '

However, to date, knowledge on healthcare utilisation
and expenditures of nationwide type 2 diabetes popula-
tions remains limited as national diabetes registries are
rare and studies on diabetes care costs are often based
on data from smaller subgroups of patients. These
subgroups are generally based on patients with diabetes
who suffered a specific event, geographically defined
groups, insurance defined groups, patients of specific
care organisations or random samples.”! *! Thus, the
use of data representing a heterogeneous, nationwide
type 2 diabetes populations is rare,'® and therefore the
generalisability of prior research findings is limited. Addi-
tionally, prior studies are often based on self-reported cost
data which may lead to recall bias.*?'*!* Existing insights
into expenditures on type 2 diabetes-related complica-
tions are similarly fragmented and unclear.'" '"* ' This
is caused by the limited number of papers covering this
topic, difficulties in separating diabetes-related expendi-
tures, as well as poor transparency regarding cost sources
in existing studies.'' ** In addition, previous studies in this
area have often focused on hospital care or analysed only
one specific diabetes-related complication.® Accordingly,
estimates of expenditures on complications vary widely.*

Because of the increasing concerns about the financial
sustainability of healthcare systems and the rising prev-
alence of type 2 diabetes, a more exact insight into the
healthcare utilisation and expenditures of type 2 diabetes
populations is needed. The current focus on specific
subgroups limits available evidence on heterogeneity of
healthcare utilisation and costs in whole diabetes popu-
lations. Such insight would enhance understanding of
where and how much diabetes care is provided, support
better decisions to promote long-term sustainability and
aid tailoring policies and practice to achieve improve-
ments on the Quadruple Aim.? Therefore, we use an
all-payer claims database (APCD) that covers 99% of the
Dutch population to identify the Dutch type 2 diabetes
population and present a detailed and complete over-
view of population characteristics, healthcare utilisation
and expenditures. APCDs are becoming increasingly
important in facing healthcare challenges as these enable
analysis of whole populations across the health system, as
well as over time.”**® Accordingly, the aim of this study is
twofold. The first aim is to specify the size and character-
istics of the Dutch type 2 diabetes population, including
the annual prevalence of chronic comorbidities and type
2 diabetes-related complications, over the years 2016-
2018. The second aim is to determine the total healthcare
utilisation and expenditures of this population and the
distribution of use and expenditures (a) across health-
care sectors (eg, primary care, specialised care); (b)
related to specific service types (eg, mental healthcare,
pharmaceutical care) and; (c) for type 2 diabetes-related
complications (eg, heart failure, diabetic foot) over the
same time period.

METHODS

Data source

This retrospective observational study was based on
an APCD from the national health insurance registry
managed by the Vektis Healthcare Information Center.
Vektis was set up by Dutch health insurers in 2006 to
support claims reimbursement, provide high quality,
accurate and complete data for Dutch risk equalisation
model and enable the main players in the Dutch health-
care market to base their decision-making and policy
execution on reliable, essential and timely data.?” For this
purpose, the Vektis databases contain information on all
procedures covered by Dutch statutory health insurance,
as well as a set of data on patients, providers, care products
and prices. Before integration into the Vektis databases,
health insurers’ data undergo rigorous inspection and
validation. Vektis’ coverage rate has gradually expanded
since 2006: the information centre now receives data
from all Dutch health insurers and covers over 99% of the
Dutch population. For this study, comprehensive claims
data on the type 2 diabetes population spanning across
healthcare sectors and service types for the timeframe
2016-2018 were drawn from the Vektis registry. The time-
frame 2016-2018 was chosen to examine most recent data
and because no major policy changes regarding diabetes
care were made during this period.

Study population

In the Netherlands, the vast majority of patients with type
2 diabetes (83% in 2018) receive integrated diabetes care
within a primary care setting organised by care groups,*
that is, regionally organised healthcare provider groups
comprising general practitioners (GPs) and affiliated
personnel. These integrated diabetes care programmes
are funded by health insurers on the basis of a bundled
payment per patient per year.”’ We used existing bundled
payment claim codes to identify patients with type 2 diabetes
in the APCD. Most of the remaining 17% of Dutch patients
with type 2 diabetes are treated in secondary care, by a
medical specialist, due to the complexity of their condi-
tion. Complex diabetes cases include patients who cannot
reach glycaemic control in primary care or patients who
need a more intricate treatment for complications or risk
factors (eg, treatment resistant cardiovascular risk factors)
under management of a medical specialist.”’ In addition,
a small group of patients is treated in primary care by a
GP who is not affiliated with a care group and, as such, are
not covered by the bundled payment system. To identify
these remaining patients with type 2 diabetes, we assessed
medication use (based on Anatomical Therapeutic Chem-
ical (ATC) codes) indicating type 2 diabetes. Identification
based on medication use is possible in the Netherlands due
to the relatively strict and stepwise medication guideline
for type 2 diabetes management.” Thus, to be as accu-
rate and inclusive as possible, we identified individuals as
patients with type 2 diabetes if they met one or more of
the following criteria: (a) received integrated diabetes care
or (b) were treated for their type 2 diabetes with (b.1.)
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only oral medication (A10B blood glucose lowering drugs
excluding insulins); (b.2.) a combination of insulin (A10A
insulins and analogues for injection) and oral medication
(A10B blood glucose lowering drugs excluding insulins), or
(b.3.) a combination medication (A10AE54 or A10AE56:
mix of insulins and GLP-1 for injection, long-acting). Indi-
viduals were included based on medication use if they
received any of the medications described at least once in
that year. We determined the type 2 diabetes population
separately for each year within the timeframe 2016-2018.
Individuals were included in the annual population preva-
lence if one or more of the inclusion criteria applied at any
time during that year. Accordingly, the study population
had the nature of an open and dynamic cohort, to which
individuals could be added or excluded from each year. No
exclusion criteria were applied.

Patient and population characteristics

To describe the study population, we included age,
gender and presence of chronic comorbidities and type 2
diabetes complications. The presence of chronic comor-
bidities was assessed by ‘pharmaceutical costs groups’
(In Dutch: Farmaceutische KostenGroepen, FKGs) which are
used for the Dutch risk equalisation scheme for health
insurers.” FKGs are a proven tool to identify insured
persons with chronic conditions, such as glaucoma or
heart disease, by means of medication claims.”® An FKG
is ascribed to an insured person when he/she is issued
prescriptions for more than a certain dose of medication
(ie, enough for approximately 6 months’ use) in a given
year.

Presence of type 2 diabetes-related complications was
assessed per year based on ‘diagnosis-treatment combina-
tions’ (in Dutch: diagnose-behandelcombinaties, DBCs). In
the Netherlands, specialised care is reimbursed via DBCs,
a concept similar to diagnosis-related groups. DBCs
consider complete episodes of care for a specific diag-
nosis, thus DBCs contain information on specialism or
responsible specialised physician, patient diagnosis and
provided treatment.”* Moreover, one DBC may contain a
number of healthcare consultations, tests or treatments.
For one DBC, health insurers reimburse the average
expenditures made for the related diagnosis. One of the
authors, who is an internist (HJGB), matched the associ-
ated DBGCs to the type 2 diabetes-related complications
(online supplemental table 1). We focused on the most
common complications listed by Nathanson et al.™® For
macrovascular complications, these were acute coronary
syndrome, stroke and heart failure. Microvascular compli-
cations included diabetic mononeuropathy/polyneurop-
athy, diabetic eye complications, diabetic foot/peripheral
angiopathy and diabetic kidney disease. If a relevant DBC
was reimbursed once in a given year, that patient was
registered as having the associated type 2 diabetes-related
complication.

Healthcare utilisation and expenditures
This study considered total healthcare expenditures of
the type 2 diabetes population under the Dutch Health

Insurance Act (In Dutch: Zorgverzekeringswet), as well as
under the Long-term Care Act (In Dutch: Wet Langdurige
Zorg) . Together, these two acts account for the bulk of the
available healthcare budget in the Netherlands. For the
Dutch Health Insurance Act, utilisation and expenditures
of the type 2 diabetes population related to a number
of healthcare sectors and service types were extracted
from the Vektis databases. Data on the primary care and
specialised care (care provided in hospitals and indepen-
dent specialised treatment centres) sectors were studied
in detail. Utilisation of primary care covered patients
registered with a GP, whereas utilisation of GP consulta-
tions included patients that used regular consultations
(excluding integrated diabetes care consultations),
home visits and consultations via email and by phone.
Moreover, we distinguished data regarding service types:
pharmaceutical care, assistive devices, mental healthcare,
district nursing, paramedical care and other care. Other
care included maternity care, obstetrics, oral care, patient
transport, care abroad, geriatric rehabilitation, primary
care support and inpatient primary care. Expenditures
within these specified healthcare sectors and services
were also considered at the individual patient level. Utili-
sation and expenditures both directly related to diabetes
care as well as other (non-diabetes related) services were
included. The expenditures considered under the Dutch
Health Insurance Act include mandatory deductibles
paid by patients; other (co)payments are not included.
Indirect costs were not considered in this study, since
no information on this aspect is available in the Vektis
database.

Utilisation and expenditures of type 2 diabetes-related
complications

We studied utilisation of and expenditures on special-
ised care for type 2 diabetes-related macrovascular and
microvascular complications in more detail. We used
DBCGCs indicating macrovascular and microvascular type
2 diabetes-related complications (online supplemental
table 1) to assess both utilisation of and expenditures on
specialised care.

Total expenditures on medical specialist care services
were determined using the total reimbursed costs for
this service type per study year, drawn from the APCD.
However, in determining expenditures per type 2 diabetes-
related complication, a median Dutch price per DBC was
calculated. This is because the prices for specific DBCs
can differ to some extent between hospitals due to varia-
tions in contractual agreements made between individual
hospitals and health insurers.”” Moreover, hospitals are
known to raise or reduce the prices of specific DBCs for
administrative purposes, for example, to meet a hospital-
wide turnover constraint. As a consequence, DBC prices
do not necessarily reflect the true cost of the correlated
care episode.” Thus, to mitigate the variation in expendi-
tures introduced by administrative DBC pricing, we used
the median Dutch price per DBC to calculate the expen-
ditures on type 2 diabetes-related complications. For every

Geurten RJ, et al. BMJ Open 2021;11:6049487. doi:10.1136/bmjopen-2021-049487

3


https://dx.doi.org/10.1136/bmjopen-2021-049487
https://dx.doi.org/10.1136/bmjopen-2021-049487
https://dx.doi.org/10.1136/bmjopen-2021-049487

Open access

I

Table 1 Characteristics of the Dutch type 2 diabetes population in 2016-2018

2016 2017 2018
Annual prevalence, n 880 121 890 682 900 522
New patients, n 58 606 57 877 57 411
Loss to follow-up, n
Deceased 38 042 38 962 40 050
Other reasons* 19 055 9274 8609
Mean age, years (SD) 67.4 (x12.4) 68.5 (x12.4) 68.7 (x12.3)

Gender, female, n (%)
Prevalence of chronic comorbidities, n (%)t

417 912 (47.5)

419 658 (47.1) 420 988 (46.7)

Heart disease 111 106 (12.6) 109 892 (12.3) 109 022 (12.1)
Depression 51906 (5.9) 52 427 (5.9) 51729 (5.7)
Thyroid disorders 43 879 (5.0) 43 786 (4.9) 44 612 (5.0)
Chronic obstructive pulmonary disease/severe asthma 41 162 (4.7) 41183 (4.6) 41 383 (4.6)
Asthma 39 768 (4.5) 40 611 (4.6) 41 021 (4.6)
Glaucoma 33 364 (3.8) 33 852 (3.8) 39 200 (4.4)
Psychosis and addiction 13 841 (1.6) 14 105 (1.6) 16 929 (1.9)
Neuropathic pain 10461 (1.2 10945 (1.2 11 451 (1.3)
Prevalence of type 2 diabetes-related complications, n (%)

Macrovascular type 2 diabetes-related complications 51684 (5.9) 51 355 (5.8) 50 825 (5.6)
Heart failure 25835 (2.9) 25964 (2.9) 25 627 (2.8)
Stroke 17 718 (2.0) 17 449 (2.0) 17 653 (2.0)
Acute coronary syndrome 10712 (1.2) 10 468 (1.2) 9932 (1.1)
Microvascular type 2 diabetes-related complications 144 877 (16.5) 144 881 (16.3) 146 216 (16.2)
Diabetic eye complications 109 332 (12.4) 108 841 (12.2) 109 859 (12.2)
Diabetic foot/peripheral angiopathy 22 724 (2.6) 22 878 (2.6) 23 221 (2.6)
Diabetic kidney disease 22 431 (2.5) 22 736 (2.6) 22 758 (2.5)
Diabetic mono/polyneuropathy 1835 (0.2) 1754 (0.2) 1730 (0.2)

*Other reasons for loss to follow-up may include people who no longer meet the inclusion criteria, people admitted to a nursing home and
people who emigrated. Calculated as: (number of patients y-1) + (humber of new patients y) — (number of deceased y-1) — (humber of

patients y).

1The FKGs present in over 1% of the type 2 diabetes population are displayed.

FKG, Farmaceutische KostenGroepen.

specific DBC, the median DBC price was determined by
arranging all countrywide reimbursed DBCs of that type
to find the median accordingly. As DBC prices vary over
the years, this was done separately for each study year.
Finally, to determine the total expenditures per type 2
diabetes-related complication, the associated reimbursed
DBCs were multiplied by the related median DBC prices.

Statistical analysis

Data were analysed descriptively. The continuous vari-
ables age and per treated patient expenditures on type 2
diabetes-related complications were presented as means
and SDs. For complications, the median expenditures per
treated patient and the 5th and 95th percentile were also
described. The categorical variables gender, presence of
comorbidities, presence of type 2 diabetes-related compli-
cations and healthcare sector and service utilisation were
reported as frequencies and valid percentages of the total

type 2 diabetes population. Population and per patient
expenditures on healthcare sectors and service types and
type 2 diabetes-related complications were presented as
frequencies and valid percentages. Due to the economic
function of Vektis data, missing data are rare but in case
of missing data the expenditures were imputed as zero,
age was not imputed and gender was set to unknown.

The data were recovered and reported from the
Vektis databases based on a detailed data extraction and
processing request. The data were obtained and analysed
using statistical package SAS V.7.15.

Patient and public involvement

This study aimed to gain an overview of healthcare utili-
sation of and expenditures on the Dutch type 2 diabetes
population. Patients were not involved in the design,
management or reporting of this study.
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Table 2 Share of the type 2 diabetes population with service use per healthcare sector and service type, 2016-2018

2016

2017

2018

Healthcare sectors
Primary care, n (%) 879 578 (99.9)
Medical specialist care, n (%) 845 121 (96.0)
Healthcare service types
Pharmaceutical care, n (%) 871 999 (99.1)
800 037 (90.9)
431 867 (49.1)
137 206 (15.6)
130 571 (14.8)

42 207 (4.8)

General practitioner consultations, n (%)
Assistive devices, n (%)

Paramedical care, n (%)

District nursing, n (%)

Mental healthcare, n (%)

890 161 (99.9)
853 478 (95.8)

882 431 (99.1)
808 774 (90.8)
439 249 (49.3)
147 129 (16.5)
134 209 (15.1)
42 004 (4.7)

899 998 (99.9)
873 606 (97.0)

892 250 (99.1)
815 289 (90.5)
445 438 (49.5)
161 035 (17.9)
141 252 (15.7)
41 989 (4.7)

RESULTS

Characteristics of the type 2 diabetes population

In 2018, 900 522 people or 6.5% of the Dutch population
aged 18 and above were identified as having type 2 diabetes
(table 1). In total, 740 353 patients received integrated
diabetes care in that year. The type 2 diabetes population
increased by 2.3% compared with 2016 (n=880 121). In
2018, the mean age of the Dutch type 2 diabetes popu-
lation was 68.7 (£12.3) years and 46.7% of the popula-
tion was woman. The most common chronic comorbidity
(based on medication) was heart disease, with a preva-
lence of 12.1% in 2018. This was followed by depression
and thyroid disorders, with 2018-prevalences of 5.7% and
5.0%, respectively. Moreover, based on specialised care
utilisation, 5.6% of patients received care for macrovas-
cular type 2 diabetes-related complications and 16.2% of
patients received care for microvascular type 2 diabetes-
related complications. The most frequently occurring
complications were diabetic eye complications: 12.2%
of the type 2 diabetes population received specialised
care for this. The second most common type 2 diabetes-
related complication identifiable through reimburse-
ment was heart failure, as 2.8% of patients with type 2
diabetes received specialised care for this. The third most
prevalent were care for diabetic foot/peripheral angiop-
athy and diabetic kidney disease (reimbursed for 2.6%
and 2.5%, respectively).

Healthcare utilisation

All patients with type 2 diabetes used care reimbursed
under the Health Insurance Act in the timeframe 2016—
2018. In 2018, 4.4% of patients additionally used care
reimbursed under the Long-term Care Act. Regarding
services covered by the Health Insurance Act, table 2
shows that relatively large shares of the population used
care in the specified healthcare sectors and service types.
Almost all people with type 2 diabetes used pharmaceu-
tical (99.1%) and medical specialist care (97.0%) in 2018.
Moreover, the large majority of this population had GP
consultations (90.5%) and half of the type 2 diabetes
population had reimbursements for the use of assistive
devices. Mental healthcare was used by the smallest share

of patients with type 2 diabetes (4.7%). Reimbursements
for paramedical care and district nursing increased most
during the study period, by 17.4% and 8.2%, respectively.

Healthcare expenditures

In figure 1, total healthcare expenditures of the Dutch
type 2 diabetes population in 2018 are displayed. In total,
€8173 million was reimbursed, an increase of 7.2% from
2016 (online supplemental figure 1). Of the total expen-
ditures, 18.6% was on care under the Long-term Care
Act, while the remaining 81.4% were expenditures reim-
bursed under the Health Insurance Act. As to the latter,
medical specialist care accounted for the largest share of
spending, thatis, €3115 million or 38.1%. District nursing
accounted for the second largest share and increased by
12.0% from 2016 to €1012 million in 2018. Expenditures
on pharmaceutical care were €942 million, accounting
for 11.5% of the total. The fourth largest share results
from expenditures on primary care (including GP consul-
tations), accounting for 6.0% of the total (€488 million).

Health Insurance Long-term Care Act;
Act; €6,652 million; €1,522 million;
81.4% | 18.6%

i

Pharmaceutical care;
€942 million; 11.5%

District nursing;
€1,012 million;
12.4%

Paramedical care;
€94 million; 1.1%

Mental health care;

Ls Primary care total;
€228 million; 2.8%

€488 million; 6.0%

Other; €465 million;
5.7%

Assistive devices;
€307 million; 3.8%

Figure 1 Total healthcare expenditures of the type 2
diabetes population in 2018.
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2018 3,459
2017 3,376
2016 3372

1,000 2,000 3,000

m Medical specialist care m District nursing

Other Assistive devices

1,027

4,000

€

5,000

6,000

m Pharmaceutical care  ®Primary care total

= Mental health care

m Paramedical care

1,124 1,047 542 253
1,063 1,041 538 @Ioo
1,039 528

8,000

Figure 2 Mean annual per patient healthcare expenditures under the Health Insurance Act, 2016-2018.

Mean annual per patient expenditures

With regard to the Health Insurance Act, mean annual
per patient spending increased by 4.4% from 2016 to
2018: €7077 to €7386 (figure 2). The annual spending
on medical specialist care accounted for the largest share
(47%) or €3459 per patient in 2018. Second, district
nursing and pharmaceutical care contributed to a signif-
icant share of annual per patient expenditures: €1124
and €1047, respectively. Moreover, the mean annual per
patient expenditures on district nursing increased by
9.4% from 2016 to 2018. Annual primary care expendi-
tures were €542 per patient in 2018. As to the category
other, expenditures increased by 18.6% from 2016 and on
average €517 was spent per patient in 2018. Per patient
spending on assistive devices, mental healthcare and
paramedical care were all under 5.0% of the total mean
annual per patient expenditures. The patients with type 2
diabetes who received care under the Long-term Care Act
as well as under the Health Insurance Act (4.4%) had an
average long-term care spending of €38 033 in 2018. This
increased by 14.4% in comparison to 2016.

Expenditures on type 2 diabetes-related complications

In total, €556 million was spent on specialised care for
type 2 diabetes-related complications in 2018 (table 3).
The majority of these expenditures related to microvas-
cular complications (55.0%), which increased by 10.8%
from 2016 to 2018. Spending on macrovascular compli-
cations increased by 2.1% during the same period. In
2018, €250 million was spent on macrovascular type 2

diabetes-related complications. Diabetic foot/peripheral
angiopathy accounted for the largest share of spending
on diabetes-related complications with 20.9% or €116
million in 2018. Second, expenditures on strokes were
€111 million in 2018. Third, total spending on diabetic
eye complications increased by 11.2% over the studied
period and accounted for 17.9% of the total in 2018.
Moreover, for diabetic kidney disease, total expenditures
increased by 12.8% from 2016 to 2018 (to 15.7% of the
total). The per treated patient mean and median expen-
ditures on type 2 diabetes-related complications were
lowest for diabetic eye complications and diabetic mono/
polyneuropathy. The highest mean and median expendi-
tures per treated patient were for stroke and acute coro-
nary syndrome (online supplemental table 2).

DISCUSSION

This study is the first to use an APCD of the Dutch popula-
tion to identify and characterise the type 2 diabetes popu-
lation. Hereby, this study extends the knowledge of its
characteristics and provides insight into healthcare utili-
sation and expenditures across healthcare sectors, service
types and for type 2 diabetes-related complications. In
2018, the annual prevalence of type 2 diabetes in the Neth-
erlands was 900 522 people (6.5% of Dutch adults). The
most prevalent comorbidity, based on medication use, was
heart disease with a prevalence of 12.1%. Moreover, 5.6%
received specialised care for macrovascular and 16.2% of

Table 3 Total expenditures type 2 diabetes related complications 2016-2018 (million €)

2016 2017 2018 Change in % 2016-2018
Macrovascular type 2 diabetes-related complications, n (%) 245 (47.0) 249 (46.7) 250 (45.0) 2.1
Heart failure, n (%) 81(15.5) 80(15.1) 81 (14.6) 0.5
Stroke, n (%) 106 (20.3) 111 (20.8) 111 (19.9) 5.0
Acute coronary syndrome, n (%) 59 (11.3) 58(10.9) 58 (10.5) -0.8
Microvascular type 2 diabetes-related complications, n (%) 276 (53.0) 284 (53.3) 306 (55.0) 10.8
Diabetic eye complications, n (%) 90 (17.2) 92(17.2) 100(17.9) 11.2
Diabetic foot/peripheral angiopathy, n (%) 106 (20.4) 110 (20.7) 116 (20.9) 9.7
Diabetic kidney disease, n (%) 78 (14.9) 79(14.9) 88(15.7) 12.8
Diabetic mono/polyneuropathy, n (%) 3 (0.6) 3 (0.5) 3 (0.5) -14.3
Total expenditures, n (%) 521 (100.0) 532 (100.0) 556 (100.0) 6.7
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the 2018 population received specialised care for micro-
vascular complications. Regarding healthcare utilisation,
almost all patients with type 2 diabetes used pharmaceu-
tical care, medical specialist care and GP care. In total,
€8173 million, about 9.4% of total healthcare expendi-
tures, was reimbursed for the type 2 diabetes population
in 2018.” Expenditures on medical specialist care repre-
sented the largest share of total healthcare expenditures
(38.1%), followed by expenditures on district nursing
(12.4%) and pharmaceutical care (11.5%).

The current study has a number of strengths. A major
strength is the use of an APCD covering virtually all Dutch
citizens, which ensures a heterogeneous cohort. Another
advantage of an APCD is the accuracy of the data: to
enable optimal risk equalisation among health insurers,
data undergo extensive quality control before they are
included in the Vektis databases.”” Quality control of the
data used for risk equalisation is extremely important as
Dutch health insurers have an obligation to accept all
applicants and, as such, are highly dependent on a fair
compensation for risk differences in order to survive in
the market.” The combination of a virtually complete
data set, high data accuracy and completeness allowed
us to estimate disease prevalence, resource utilisation
and expenditures in a reliable manner. However, using
all-payer claims data also presents drawbacks. Because of
the nature of our data, we were only able to report direct
medical costs and could not assess indirect medical costs.
A recent Dutch study based on self-reported data, showed
that indirect medical costs, such as productivity losses and
informal care, accounted for 30% of total societal costs
for patients with type 2 diabetes.'* As 70% is related to
direct medical costs, we did assess the majority of expen-
ditures in this study. In addition, despite the heteroge-
neous cohort, the generalisability of certain findings may
be limited on an international level due to differences in
the organisation of healthcare. For instance, the number
and duration of hospitalisations and expenditures on
pharmaceutical care are found to vary between estab-
lished markets.*** Additionally, for claims data, real-time
or near-time data use, for example, for research findings
to apply in policy and practice and vice versa is hampered
by the 2-year time lag in data. Moreover, the Dutch claims
data do not include specific diagnostic codes for type 2
diabetes. Therefore, we determined the type 2 diabetes
population with a number of inclusion criteria. However,
a small share of patients with type 2 diabetes cannot be
identified through claims data, that is, patients who do
not receive integrated diabetes care and do not use any
diabetes medication or use insulin only, and patients with
type 2 diabetes who live in nursing homes and receive
all care within the facility. Nevertheless, the effect of not
detecting these patients is likely to be minimal, as the
large majority of patients with type 2 diabetes receive inte-
grated diabetes care (83%) and if not, many are included
due to medication use for type 2 diabetes (80% received
diabetes medication in 2018).**** Similarly, we found that
with our first inclusion criterion (‘received integrated

diabetes care’) we identified 740 353 patients with type
2 diabetes, that is, 82.2% of the total number of patients
identified in 2018. Thus, the size of our identified popu-
lation matches existing estimates on the number of
patients with type 2 diabetes mellitus treated in inte-
grated primary care. Moreover, as we used claims data,
we were only able to identify chronic comorbidities and
type 2 diabetes-related complications for which patients
recently used care, which could lead to an underestima-
tion of the prevalences of these conditions. However, we
believe this underestimation is limited in scope, as prior
research has shown that the presence of comorbidities
and complications in diabetes strongly predicts a higher
volume of medical healthcare utilisation.”

Notwithstanding these limitations, our APCD enables
a detailed and complete overview of the type 2 diabetes
population. However, our findings regarding popula-
tion size differ from the type 2 diabetes population as
estimated by NIVEL (Netherlands Institute for Health
Services Research).** Their findings indicated an annual
prevalence of 1 079 624 people with type 2 diabetes in
2018.° However, this estimate is based on GP registra-
tion data representing approximately 10% of the Dutch
population,” whereas we included data on the total
Dutch population. Also, morbidity estimates of GPs may
be less reliable as these are potentially influenced by the
local organisation of the healthcare system, methods of
morbidity registration, the organisation of the GP prac-
tice and patient characteristics.*” Lastly, once a patients
with type 2 diabetes is included in the NIVEL cohort,
they do leave the cohort for reasons other than mortality.
Hence, their approach potentially results in an overesti-
mation of the actual prevalence of type 2 diabetes.

Notably, our findings indicated that the majority of
healthcare utilisation and expenditures of the type 2
diabetes population are not directly related to diabetes.
Patients with type 2 diabetes use care throughout the
healthcare system, that is, across healthcare sectors and
service types. Additionally, 97.0% of patients with type 2
diabetes use medical specialist care despite 83% receiving
integrated diabetes care in the primary care setting.”
Moreover, medical specialist care utilisation of the type 2
diabetes population is considerably higher than the share
of the entire insured population in the Netherlands that
uses medical specialist care (43% in 2017).* The wide
dispersion of service use across the health system, as well
as the high utilisation of medical specialist care, may be
explained by the presence of comorbidities and compli-
cations. Many patients not only have type 2 diabetes but
additionally suffer from other conditions, as is confirmed
in this study as well as shown in previous literature.”® Find-
ings that comorbidities substantially increase healthcare
expenditures and utilisation are also in line with previous
studies on this topic.”"?

The high utilisation of non-diabetes care of the type
2 diabetes population has several implications for poli-
cymakers. As a large share of healthcare utilisation
and expenditures is caused by comorbidities or type 2

Geurten RJ, et al. BMJ Open 2021;11:6049487. doi:10.1136/bmjopen-2021-049487

7



diabetes-related complications, it could be beneficial to
organise care more holistically and approach diabetes and
non-diabetes reports more concentrated in the health
system. Such an approach would underpin the need to
shift from a disease-specific approach to a person-centred
and integrated care approach. This is in agreement with
prior findings indicating that person-centred integrated
care may be meaningful in making the care process less
fragmented and improving physical and psychological
health in patients with multimorbidity.*” * Addition-
ally, the high utilisation of and expenditures across the
healthcare system show that diabetes care is not neces-
sarily expensive but the total care for patients known with
type 2 diabetes is. Therefore, when addressing healthcare
expenditures, policymakers should not only focus on util-
isation of and expenditures on diabetes care but also on
care for concurrent morbidities and complications. Prior
research has also shown that integrated care adapted to
the needs of chronically ill patients could lead to better
outcomes at lower costs."’

Therefore, future research exploring the character-
istics of high-need (utilisation) and high-cost (expendi-
tures) subgroups within the type 2 diabetes population
may provide new insights into relevant trigger factors
for high care consumption. Such insights can inform
initiatives to reduce spending growth and thereby main-
tain the financial sustainability of healthcare systems. We
identified a high level of dispersion in care use, combined
with a large share of patients with type 2 diabetes that
use specialised care. These findings illustrate the need
to further delineate specific type 2 diabetes subgroups
with similar resource use, and better understand their
courses of disease, background characteristics and expo-
sure to risk factors, to enable evidence-based tailoring
and improvement of care. Moreover, APCDs can be used
for longitudinal retrospective analyses, for instance to
show long-term effects of policies or treatment changes
to determine whether these were effective and support
sustainability. Additionally, future research should focus
further on the dispersion of healthcare utilisation of
and expenditures on the type 2 diabetes population.
Insight into pharmaceutical care and medical specialist
care utilisation would be particularly meaningful as these
healthcare services are heavily used by this population.
Moreover, to better understand the impact of type 2
diabetes on healthcare utilisation and healthcare expen-
ditures, future research should compare people with and
without type 2 diabetes.

CONCLUSIONS

APCDs can be used to identify the national type 2 diabetes
population and describe its characteristics, healthcare
utilisation and healthcare expenditures. This insight can
inform policymakers and practice about dispersion of
reimbursed care, directly and indirectly related to type 2
diabetes, and in turn support better decisions to promote
long-term (financial) sustainability of healthcare systems.
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