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ABSTRACT

Objective This study aims to provide insight into the
distribution of care expenditures for patients with type 2
diabetes mellitus (T2DM)— across multiple healthcare
service categories and medical specialties—who receive
diabetes care in the primary care setting.

Design Observational, matched case—control study.
Setting In the Netherlands, T2DM-specific care is
mainly provided in the primary care setting. However,
many patients with T2DM also use secondary care

for complications and comorbidities, either related or
unrelated to their diabetes.

Participants Patients with T2DM receiving diabetes
care in primary care and participating in the Dutch
Zwolle Outpatient Diabetes project Integrating Available
Care cohort in the year 2011 were matched to persons
without T2DM. Matching (1:2 ratio) was performed
based on age, gender and socioeconomic status. Clinical
data were combined with an all-payer claims database
from 2011.

Results In total, 43 775 patients with T2DM were
identified of whom 37240 could be matched with 74 480
controls. Total secondary care expenditures were €94 705
814, with a total annual median expenditure per patient
of €2133 (1161 to 3340) for men and €2,535 (1374 to
5105) for women. The largest share of expenditures was
on medication (26%), followed by secondary care (23%)
and primary care services related (23%) to T2DM. The
five most expensive specialties were: cardiology, surgery,
internal medicine, orthopaedics and ophthalmology. Care
expenditures for T2DM patients were twofold higher than
those for persons without T2DM. Healthcare expenditures
showed a skewed distribution, indicating that a small part
of the studied population is responsible for a considerable
part of the costs.

Conclusions Expenditures among primary care treated
T2DM patients are higher than non-diabetic matched
controls. Medication is the largest share of T2DM care
expenditures. The present study provides insights into
healthcare expenditures for T2DM; this may enable more
efficient healthcare planning and reimbursement.
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Strengths and limitations of this study

» This manuscript provides comprehensive data on
the distribution of expenditures on patients with type
2 diabetes mellitus (T2DM) in the Netherlands.

» The results shown in this manuscript suggest that
secondary care costs are high, even when the prin-
cipal care for T2DM patient is concentrated with the
general practitioner.

» The data we showed are from 2011 and may be
outdated.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the
most common chronic diseases worldwide.'
Management of T2DM includes among other
optimalisation of lifestyle, monitoring of
blood glucose levels, administration of blood
glucose lowering medication (eg, metformin
or insulin) and the treatment of associated
conditions such as hypertension and dyslipi-
daemia.” These measures aim to prevent the
development of microvascular and macrovas-
cular complications associated with T2DM.
In the Netherlands, over 80% of all patients
with T2DM are treated in the primary care
setting (ie, general practice).” The quality of
primary care for diabetes has improved since
the introduction of integrated diabetes care
in parts of the Netherlands in 1998.* Diabetes
care in the Netherlands is now considered
well organised.” Integrated diabetes care
in primary care is provided by care groups;
that is, regional health care provider groups
consisting general practitioners and affiliated
personnel from various disciplines.

In general, the healthcare expenditures
for T2DM patients are higher than those
for persons without T2DM." In Italy, average
expenditures per T2DM patient were €3661,
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whereas average spending for patients without T2DM was
€896 in 2003. In Germany, the average expenditures per
T2DM patient were €4957 in 2009, which was almost two
times as high as the average expenditures for persons
without T2DM.” It has been suggested that this difference
in expenditures can be explained by more frequent use of
inpatient care among patients with T2DM.® In addition,
concurrent morbidities and the presence of microvas-
cular and macrovascular complications also are associ-
ated with higher costs in patients with T2DM.*"*

Itis often assumed that concentrating diabetes care in a
primary care setting (rather than in secondary care) leads
to lower costs. However, detailed insight into the expen-
ditures for patients with T2DM treated in primary care,
with additional focus on expenditures for secondary care,
is of importance for healthcare planning, reimbursement
strategies and policymaking. To provide such insight, we
aimed to specify a comprehensive overview of the distri-
bution of healthcare expenditures across primary care,
secondary care and medication for patients with T2DM
who receive diabetes care in the primary care setting
in 2011. In this overview, we compared patients with
T2DM to persons without T2DM. Additionally, as T2DM
expresses differently in men compared with women, it
was decided to show the results gender specific."!

PATIENTS AND METHODS

Design and aim

In this observational study, we aimed to provide a compre-
hensive overview of the distribution of healthcare expendi-
tures across primary care, secondary care and medication
for patients with T2DM who receive diabetes care in
the primary care setting. Additionally, using a matched
case—control design, the expenditures for T2DM patients
were compared with a non-T2DM population, also taking
gender into account.

Outcomes

The primary outcome was total secondary care expen-
ditures (in euros (€)) for T2DM patients treated for
diabetes in the primary care setting. In order to provide
an overview of the distribution, a subdivision of secondary
care expenditures per (1) medical specialty, (2) number
of treatments and (3) gender was made. The secondary
care expenditures were also compared with expenditures
for the non-T2DM control population (4). In addition to
secondary care expenditures, we analysed expenditures of
the following categories: primary care services excluding
care related to T2DM, primary care services including
care related to T2DM and medication (all medication,
not only T2DM-related medication). For these categories,
the distinctions for gender and the T2DM population
and the control group were also made.

The number of treatments was described by the diag-
nosis treatment combinations (DTCs). In the Nether-
lands, specialised care is reimbursed via DTCs (in Dutch:
‘Diagnose Behandel Combinatie’ (DBC)). Each DTC

contains information about the medical specialty of the
treating physician, diagnosis and treatment provided. In
2011, the lead-time of a DTC was a maximum of 1year.
The total secondary expenditures were calculated by
multiplying the number of DTCs by the median price.

Population and data collection

For the T2DM population, adult (>18 years) persons
with T2DM participating in the Zwolle Outpatient
Diabetes project Integrating Available Care (ZODIAC)
project were included. The ZODIAC project study initi-
ated in 1998 and encompasses a database containing
over 20 years of (benchmark) data on diabetes care in
the primary care setting. The main aim of the ZODIAC
study was to evaluate shared care for persons with T2DM
in a selection of primary care regions in the Nether-
lands. As part of the ZODIAC project, data on patients
with T2DM diabetes were collected annually using
standardised electronic data forms. Over the years, an
increasing amount of care groups shared their data with
the ZODIAC project annually. The design and methods
of data collection of the original ZODIAC study have
been described in detail previously.'* ¥ The Knowl-
edge Center for Integrated care in Zwolle collected
the ZODIAC data. For the current study, all available
patients with T2DM of the 2011 ZODIAC cohort were
included. The data of this T2DM cohort were linked to
the Dutch all-payer claims database (APCD) managed
by Vektis. Vektis is an executive organisation of health
insurers in the Netherlands that collects claims data of
all health insurers. As a result, Vektis manages an APCD
covering all Dutch citizens.'* Linkage of the ZODIAC
and the APCD were done using the unique Citizen
Service Number or the personal insurance number and
date of birth. This was performed by an independent
organisation (Zorg-TTP) and resulted in a fully anony-
mised database. The combined database was housed
within the secure environment of Vektis.

Patients with T2DM treated in primary care were identi-
fied using their postal code and the diabetes-related code
(in Dutch; ‘diabeteszorgbeter project code’) 701013029,
701013030 of 701014483 for the period 2006 to 2008
and using the primary care DBC code 13029 or 13030
from 2009 onwards. Persons treated in secondary care
were identified using the secondary care DBC code 221,
222 or 223. In addition, the pharmacy codes A10Axxx of
Al0Bxxx were used to identify additional patients. The
T2DM group was matched to a control group in a 1:2
ratio based on gender, age, postal code and region (to
allow for comparison of people with a matching socio-
economic socioeconomic status) as these variables may
influence healthcare expenditures. The control groups
contained persons without T2DM derived from the
APCD.

Patient and public involvement
No patient involved.
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N = 46,978 patients with T2DM are
included in the ZODIAC cohort.

»> N = 2,734 unable to merge.

\

N = 44,244 patients with T2DM are
included in the combined
ZODIAC-VEKTIS database.

\

N = 469 incomplete data.
Y

N = 43,775 patients with T2DM are
included for the primary outcome.

Figure 1 Flowchart of inclusion for the primary outcome of
this study. T2DM, type 2 diabetes mellitus.

Statistical analyses

Data were analysed descriptively. Frequencies, percent-
ages, means with SDs and medians with IQRs were used
to describe the outcomes for normally and non-normally
distributed data, respectively. All expenditures were
presented in Euro. Statistical analysis was done with the
software programmes Microsoft Excel 2019 and SPSS
(IBM SPSS Statistics for Windows, V.20.0. Armonk, New
York: IBM).

RESULTS

Population

In total, 44244 patients or 94% of patients with T2DM
in the 2011 ZODIAC cohort could be retraced within
the APCD (figure 1). For 469 patients, insufficient data
were available. Ultimately, data on 43775 patients (49%
men and 51%women) were available. For the case—
control analysis of this study, another 7004 patients with
T2DM were excluded from the combined ZODIAC and
APCD database because of missing data per patient in
the year 2011. Therefore, after matching, a total number
37240 patients with T2DM (51% women) were matched
to 74480 controls without T2DM.

Expenditures of patients with T2DM

Total secondary care expenditures were €94 705814 for
patients with T2DM treated for diabetes in the primary
care setting. These expenditures were reimbursed under
92971 DTCs. Of total expenditures, 46% was spent on
men and 54% was reimbursed for women. The expendi-
tures and the number of DTCs per medical specialty are
presented in table 1. The five medical specialties with the
highest expenditures (from high to low) were cardiology,
surgery, internal medicine, orthopaedics and ophthal-
mology. Combined, these specialisms accounted for 66%
of the total expenditures and 63% of the total number of
DTGCs. The five most expensive DTCs for these specialties
are presented in the online supplemental tables 1-6.

Total annual patient expenditures divided into four
categories (ie, primary care services excluding care
related to T2DM, primary care services including care
related to T2DM, secondary care and medication), for
men and women, are presented in table 2. Total annual
median expenditures per T2DM patient were €2133
(1161 to 3340) for men and €2535 (1374 to 5105] for

women.

Expenditures of T2DM versus control population

The median per person expenditures were higher for
patients with T2DM compared with the control group:
the median expenditures were €1031 (281 to 2986) for
men and €1282 (432 to 4507) for women. For patients
with T2DM, the largest share of the healthcare expendi-
tures was on medication: €546 (59 to 1076) for men and
€661 (309 to 1285) for women. For the control group,
secondary care accounted for the largest share of the total
median per person expenditures. As presented in the
supplemental material (see online supplemental table
7), the mean total per patient expenditures for both men
and women were around two times as high as the median
total expenditures, which suggests that a small part of the
studied population is responsible for a considerable part
of expenditures.

As presented in table 3, the largest difference in mean
per patient expenditures for the T2DM and the control
group was found for cardiology. The cardiology expen-
ditures for T2DM patients were higher than the control
group for both men (€548 vs €357, difference €191) and
women (€ 381 vs €221, difference €160). Similar trends
were seen for the mean per patient expenditures for
cardiopulmonary surgery, gastroenterology, neurology,
pulmonary medicine, general surgery and urology, which
were all higher for patients with T2DM compared with
patients without T2DM.

DISCUSSION

This study provides insights into the distribution of
healthcare expenditures for primary care, secondary care
and medication among Dutch patients with T2DM who
receive diabetes treatment in the primary care setting.
The expenditures for persons with T2DM were approx-
imately twofold higher than those for persons without
diabetes. Median total per T2DM patient expenditures
were €2133 for men and €2535 for women, whereas
median per person expenditures in the control group
were €1031 for men and €1282 for women. Healthcare
expenditures showed a skewed distribution, suggesting
that a small part of the T2DM population is responsible
for a considerable part of the costs.

The largest part of healthcare expenditures was spent
on medication and on the medical specialty cardiology.
Expenditures on cardiology can be explained by devel-
opment of type 2 diabetes-related complications and
subsequent intensive treatment.'”” We observed that
expenditures for the medical specialty orthopaedics were
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Table 1 Secondary care expenditures and number of DTCs for T2DM patients (N=43775)

Number of Percentage of Percentage of  Percentage

Specialty DTCs DTCs Expenditures (€) expenditures of men
Allergology 55) 0.1 28191 0.0 25.5
Anaesthesiology 1025 1.1 1192579 1.3 35.8
Audiology 461 0.5 137358 0.1 56.6
Cardiology 16208 17.4 19771215 20.9 55.7
Cardiopulmonary surgery 524 0.6 2903310 3.1 64.9
Clinical genetics 62 0.1 53058 0.1 37.1
Clinical geriatrics 318 0.3 441431 0.5 40.6
Consultative psychiatry 47 0.1 14538 0.0 46.8
Dermatology 5221 5.6 1878010 2.0 47.8
Enterology 3782 41 1694807 1.8 52.7
Gastro-enterology 2274 2.4 3229935 3.4 46.8
Gynaecology 1518 1.6 1395646 1.5 1.4
Internal medicine 10299 11.1 11879862 12.5 46.9
Neurology 4787 5.1 4650468 4.9 48.5
Neurosurgery 469 0.5 1279146 1.4 46.7
Ophthalmology 19349 20.8 6311043 6.7 45.3
Orthopaedics 4921 5.3 8764090 9.3 36.0
Plastic surgery 975 1.0 9657 1.0 39.7
Pulmonology 4156 4.5 5451870 5.8 53.2
Radiology 415 0.4 69 826 0.7 54.5
Radiotherapy 814 0.9 1954805 2.1 46.2
Rehabilitation medicine 1213 1.3 1704847 1.8 48.3
Rheumatology 1776 1.9 94 611 1.0 38.0
Surgery 7633 8.2 12572533 13.3 44.8
Urology 4669 5.0 4787003 5.1 74.9
Total 92971 94705814

DTC, diagnosis treatment combination; T2DM, type 2 diabetes mellitus.

higher than for ophthalmology and neurology (data
presented in online supplemental materials). For ortho-
paedics, ‘arthrosis’ was the most frequently reimbursed
DTC. The relationship between T2DM, obesity and the
development and progression of arthrosis could underly
this ﬁnding.16 However, as persons with T2DM are prone
to develop retinopathy and neuropathy, we did expect that
expenditures on ophthalmology and neurology would be
higher than those for orthopaedic treatments. Although
speculative, as prevention and treatment guidelines of
the integrated diabetes care programme enable most
patients with retinopathy and neuropathy to be treated
in primary care, this may translate into lower costs for
secondary care. For the medical specialty internal medi-
cine, ‘diabetes mellitus with secondary complications’ is
the DTC with the highest cumulative expenditures. This
seems remarkable because the patients with T2DM in our
study population primarily receive their diabetes care in
the primary care setting. However, increasing complexity

of the patients’ disease may lead to more secondary care
referral for other morbidities besides diabetes.

Expenditures for cardiology had the largest discrep-
ancy between patients with and without T2DM (mean
difference for men €191 and for women €160). This
can be explained by the relatively higher cardiovascular
morbidity and mortality in patients with T2DM.*
Patients with T2DM are two times as likely to develop
cardiovascular disease compared with patients without
T2DM, independent of age, smoking, BMI and systolic
blood pressure.'” In addition, it is stated that cardiovas-
cular disease develops approximately 15 years earlier in
patients with T2DM as compared with persons without
T2DM.'° Moreover, we found that the difference in
per patient expenditures for cardiology women with
and without T2DM is smaller than these are for men.
Although hypothetical, this may indicate under recogni-
tion or under treatment of cardiovascular disease among
women.
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Table 2 Median per patient expenditures for men and women with and without T2DM in Euro

Men Women
Patients with T2DM Control group Patients with T2DM Control group
(n=18248) (n=36495) Difference (n=18992) (n=37985) Difference

Primary care 163 134 29 187 158 29

services excluding (124-232) (101-195) (140-269) (115-231)

care related to

T2DM

Primary care 512 137 375 535 162 373

services including  (465-578) (102-207) (483-618) (116-246)

care related to

T2DM

Secondary care 512 307 205 564 367 197
(122-1494) (0-1408) (148-2018) (40-1880)

Medication 546 171 375 661 236 425
(59-1076) (29-557) (309-1285) (239-635)

Total 2133 1031 1102 2535 1282 1253
(1161-3340) (281 — 2986) (1374-5105) (432-4507)

Data are presented as median (IQR) costs in Euros.

Difference is based on costs, patients with T2DM minus the control group.

T2DM, type 2 diabetes mellitus.

When analysing healthcare costs for T2DM care and—
in particular—when comparing costs between patients
with and without T2DM, it should be taken into account
that the total healthcare expenditures for T2DM patients
are not always necessarily directly attributable to diabetes.
It should also be noted that the skewed distribution of
expenditures found in this study suggests that expendi-
tures per patient with T2DM vary and that a small part
of the studied population is responsible for a consider-
able part of the costs. Findings from a recent Dutch study,
including persons with T2DM diabetes (40%), suggest
that ‘high-need, high-cost’ patients tend to have a combi-
nation of somatic and psychiatric disorders as well as
socioeconomic disparities.

In Germany, mean costs per person with T2DM were
€4957" in 2010. These costs were €3661 (in 2003) in
Italy and €2578 (in 2010) in the UK.®'? This is some-
what lower as compared with the mean expenditures
(€4603 (£7871) for men and €4757 (£7192) for
women) found in this study. However, when compared
with median costs found in this study (€2133 (1161 to
3340) for men and €2535 (1374 to 5105) for women),
these costs are higher. Obviously, this non-parametric
distribution of expenditures in the current study
hampers proper comparisons of the healthcare expen-
ditures for T2DM in the Netherlands with other coun-
tries. Comparisons are also hampered by the inclusion
of persons treated (primarily) in secondary care in the
costs of other countries. Nevertheless, knowledge of
the distribution of healthcare costs and comparisons
with other countries/healthcare systems could be of
use for healthcare planning and policy making.

The presentstudyhaslimitations. The datawe showed
are from 2011 and may, therefore, be to a certain

extent outdated. As a result of stricter legislation, we
were unable to combine more recent data from the
clinical and APCD databases. Besides changes in total
costs, it is conceivable that over the past years, more
variations occurred in expenditures. Importantly, as
glucose-lowering drugs such as glucagon-like peptide
1 receptor agonists and sodium-glucose cotransport-
er-2 inhibitors deserved a more prominent in treat-
ment algorithms and there has been an increase in
the use of technology (in particular, glucose sensors),
this could have resulted in an increase in costs for
medication over the past years. However, the data
from 2011 did enable us to provide valuable insight
into the distribution of healthcare expenditures for
persons with T2DM and into differences in expendi-
tures between persons with and without T2DM. The
present study is also limited by lack of data concerning
presence of complications of diabetes and glycaemic
control.

Our analyses showed that health insurance data can
be used to gain insight into healthcare expenditures
for primary care, for secondary care (ie, per specialism,
per DTC) and medication. This enables hypothesis
making for future research. For instance, the health
insurance data can potentially be used to calculate
incidence and prevalence figures using the data from
DTCs, especially if they are matched with existing
pharmaceutical costs. Furthermore, a comparison of
expenditures on patients with and without T2DM over
a longer period of time can be made to obtain a mean-
ingful insight into changes in healthcare costs over the
years. Additionally, it would be interesting to identify
patients with T2DM who make the bulk of the expen-
ditures and study their characteristics.
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Table 3 Mean per patient expenditures per medical specialty for men and women with and without T2DM

Men Women

Medical specialty T2DM Control group Difference T2DM Control group Difference
Allergology 0.2 0.3 -0.1 0.6 0.6 0.0
Anaesthesiology 19.5 171 2.5 35.1 29.9 5.2
Audiology 4.4 3.2 1.2 2.5 2.4 0.2
Cardiology 547.7 357.1 190.6 381.3 221.4 159.9
Cardio-pulmonary surgery 89.1 65.4 23.8 43.6 22.9 20.7
Clinical geriatrics 7.4 25.7 -18.3 10.8 33.4 -22.6
Consultative psychiatry 0.2 0.7 -0.5 0.1 0.7 -0.5
Dermatology 44.5 42.2 23 42.0 44.9 -2.9
ENT 43.9 49.9 -6.0 34.3 510 -1.6
Gastro-enterology 73.4 61.2 12.3 75.7 62.8 12.9
Gynaecology 0.3 0.2 0.1 60.5 51.2 9.3
Internal medicine 250.2 252.8 -2.6 274.3 252.3 22.0
Genetics 0.8 0.8 0.0 1.6 1.2 0.4
Neurology 112.7 98.8 13.9 102.7 90.6 12.1
Neurosurgery 27.0 24.5 2.5 30.1 21.9 8.2
Ophthalmology 129.1 96.5 32.6 149.5 122.8 26.7
Orthopaedics 139.2 135.9 &3 262.6 243.3 19.3
Paediatrics 0.0 0.0 0.0 0.0 0,0 0.0
Plastic surgery 17.8 19.5 -1.7 24.2 24.9 -0.6
Pulmonology 140.8 128.6 12.2 106.4 91.0 15.5
Radiology 19.6 183 6.3 185 9.7 3.8
Radiotherapy 48.6 55.5 -6.9 42.8 47.7 -5.0
Rehabilitation 37.7 48.4 -10.7 35.6 37.4 -1.8
Rheumatology 16.2 19.3 -3.2 241 27.8 -3.7
General surgery 298.4 248.5 49.9 271.2 260.5 10.7
Urology 168.8 156.1 12.7 54.9 34.8 20.10

Expenditures are presented in Euros as an average.

CG, control group; ENT, ear, nose and throat physician; T2DM, type 2 diabetes mellitus-group; A, Costs T2DM - CG.

CONCLUSIONS

This study is the first to provide a comprehensive overview
of primary care, secondary care and medication expendi-
tures for patients with T2DM who receive diabetes care
in the primary care setting. Per person expenditures for
persons with T2DM were approximately twofold higher
than those for persons without diabetes. The largest part
of these expenditures was spent on medication and on the
medical specialty cardiology. The skewed distribution of
the data suggests that a small part of the studied popula-
tion is responsible for a large share of expenditures. More
research with health insurance claims data, also in larger
populations, is needed to further exploit the potential of
APCDs. Using these data, healthcare planning and policy
making can find support in their decision making.
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