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Abstract
Objectives The aim of this study was to describe the healthcare utilization and expenditures related to medical specialist 
care and medication of the entire type 2 diabetes population in the Netherlands in detail.
Methods For this retrospective, observational study, we used an all-payer claims database. Comprehensive data on special-
ist care and medication utilization and expenditures of the type 2 diabetes population (n = 900,522 in 2018) were obtained 
and analyzed descriptively. Data were analyzed across medical specialties and for various types of diabetes medication (or 
glucose-lowering drugs [GLDs]) and other medication.
Results Specialist care utilization was diverse: different medical specialties were visited by a considerable fraction of the 
type 2 diabetes population. Total expenditures on specialist care were €2498 million in 2018 (i.e., 10.6% of the national 
specialist care expenditures). In total, 97.8% of patients used other medication (not GLDs) and 81.8% used GLDs; 25.6% 
of medication expenditures were for GLDs. For both specialist care and medication, mean expenditures per treated patient 
were higher than median expenditures, indicating a skewed distribution of spending.
Conclusion Use of and expenditures on specialist care and medication of the type 2 diabetes population is diverse. These 
heterogeneous healthcare use patterns are likely caused by the presence of comorbidities. Additionally, we found that a small 
fraction of the population is responsible for a large share of the expenditures. A shift towards more patient-centered care could 
lead to health improvements and a reduction in overall costs, subsequently promoting the sustainability of healthcare systems.

Key Points for Decision Makers 

Specialist care and medication use patterns of patients 
with type 2 diabetes are heterogeneous, indicating 
diverse care needs and the potential value of more tai-
lored, patient-centered care.

A small part of the type 2 diabetes population is respon-
sible for a large share of total expenditures. Further 
insight is needed into the characteristics of these ‘high-
need, high-cost’ patients.

Exploiting the value of all-payer claims databases for 
diabetes cost studies can support decision making and 
promote the sustainability of healthcare systems.
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1 Introduction

Worldwide, the burden of chronic diseases is quickly ris-
ing [1, 2]. One of the most prevalent chronic diseases 
is diabetes mellitus, which affects an estimated 9.3% of 
adults in the 20–79 years age group [3, 4]. Within the 
diabetes population, over 90% of patients suffer from type 
2 diabetes [4, 5]. Many patients with type 2 diabetes do 
not only use diabetes-related care but also use care across 
the healthcare system for comorbidities, such as chronic 
obstructive pulmonary disease (COPD) or heart failure 
[6–12]. Almost all type 2 diabetes patients utilize medical 
specialist and pharmaceutical care. Consequently, the larg-
est burden in spending is due to hospitalizations, followed 
by outpatient specialist care and medication [13–15]. Type 
2 diabetes patients are hospitalized at approximately twice 
the rate of the non-diabetes population, with longer aver-
age lengths of stay, and readmission is more common than 
for people without diabetes [15, 16]. Additionally, out-
patient specialist care is used by the majority of type 2 
diabetes patients [17]. Medication use for comorbidities 
increases total expenditures even further as non-diabetes 
medication costs are usually higher than costs for diabe-
tes medication (i.e., glucose-lowering drugs [GLDs]) [9]. 
Therefore, other medication (not GLDs) can substantially 
increase pharmaceutical expenditures of a patient with 
type 2 diabetes [9].

Despite the increased use of medical specialist care 
and medication, studies providing more complete and 
detailed insight into the utilization and expenditures of 
inpatient and outpatient medical specialist care (hereafter 
called specialist care) and medication of the type 2 diabe-
tes population are scarce. Prior research often focuses on 
subgroups of the type 2 diabetes population; for instance, 
determined by patients who suffered a specific event, 
geographically defined groups, insurance defined groups, 
patients of specific care organizations, or random sam-
ples [7–9, 18–24]. Thus, the use of data representing a 
heterogeneous, nationwide type 2 diabetes population is 
rare [19]. Additionally, studies on specialist care use often 
focus on a specific medical specialty or type 2 diabetes 
complication [6, 8, 18, 20]. Thus, insight into total spe-
cialist care utilized by type 2 diabetes patients remains 
limited. Regarding medication use, research often concen-
trates on a specific type of diabetes medication and, for 
instance, its effect on type 2 diabetes-related complica-
tions [16, 25]. Moreover, many medication studies only 
address diabetes medication and ignore utilization of other 
medication [11, 13].

Since almost all patients with type 2 diabetes use spe-
cialist and pharmaceutical care, a complete insight into 
this heterogeneous population and their use and spending 

is needed to support better decision making to realign ser-
vices and expenditures and promote long-term sustainabil-
ity of healthcare systems [26]. Accordingly, the aim of this 
study is twofold. First, we aimed to describe in detail the 
specialist care utilization and expenditures of the type 2 
diabetes population across medical specialties (e.g., inter-
nal medicine, cardiology) over the years 2016–2018, and 
second, we aimed to specify the use of and expenditures 
on diabetes medication, as well as other medications, for 
the same population over the same time period. To fulfill 
these aims, we used an all-payer claims database (APCD) 
that covered 99.9% of the Dutch population. This enabled 
analysis of the services used and expenditures of the total 
type 2 diabetes population across the entire health system 
and over time [27, 28].

2  Methods

2.1  Data Source

This retrospective, observational study was based on an 
APCD managed by the Vektis Health Care Information 
Center. In 2006, Vektis was established by Dutch health 
insurers to combine and interpret reimbursement data and 
enable the main players in the Dutch healthcare market to 
base decisions and policy on reliable, essential, and timely 
information. Moreover, Vektis delivers claims data neces-
sary for the risk equalization model to prevent risk selection 
[29]. For these objectives, the APCD contains information 
on all procedures covered by Dutch statutory health insur-
ance and a set of data on patients, providers, care products, 
and prices. The information center now receives data from 
all Dutch health insurers and covers virtually all Dutch citi-
zens (99.9%). For this study, comprehensive claims data 
regarding the type 2 diabetes population, their specialist 
care and medication utilization, and reimbursements from 
2016 to 2018 were drawn from the Vektis registry. We chose 
the timeframe 2016–2018 because it is the most recent time 
frame for which complete claims data from all healthcare 
sectors is available at Vektis.

2.2  Study Population

The type 2 diabetes population was identified using claim 
codes indicating integrated diabetes care and/or Anatomical 
Therapeutic Chemical (ATC) codes describing medication 
use for type 2 diabetes. In the Netherlands in 2018, 83% of 
type 2 diabetes patients received integrated diabetes care 
within the primary care setting [30]. Integrated diabetes 
care is organized by a contracting entity (i.e., care groups) 
comprised of general practitioners (GPs) and affiliated or 
subcontracted personnel, and is funded based on a bundled 
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payment per patient per year [31]. As 80% of type 2 diabetes 
patients were estimated to use diabetes medication, ATC 
codes were used to identify the type 2 diabetes patients who 
did not receive integrated diabetes care [32].

Thus, to be as exact as possible, individuals were identi-
fied as having type 2 diabetes if they met one or more of the 
following criteria at any time during the corresponding year: 
(1) received integrated diabetes care, or (2) were treated for 
type 2 diabetes with (2a) only oral medication (A10B blood 
glucose-lowering drugs, excluding insulins); (2b) a combi-
nation of insulin (A10A insulins and analogues for injec-
tion) and oral medication (A10B blood glucose-lowering 
drugs, excluding insulins); or (2c) a combination medication 
(A10AE54 or A10AE56: a mix of insulins and glucagon-like 
peptide 1 [GLP-1] for injection, long-acting). No exclusion 
criteria were utilized. For the timeframe of this study, the 
type 2 diabetes population was determined separately for 
each year. Accordingly, the study population had the nature 
of an open and dynamic cohort, in which individuals could 
be added to or excluded from the cohort each year. As such, 
we could study the total type 2 diabetes population and its 
changes over time. In 2018, the type 2 diabetes population 
prevalence was 900,522 people (6.5% of the Dutch popula-
tion aged 18 years and above), which was an increase of 
2.3% compared with 2016 (n = 880,121). The mean age 
of the population was 68.7 years (± 12.3) and 46.7% of the 
population were female in 2018 (Table 1).

2.3  Variables of Interest

2.3.1  Specialist Care Utilization and Expenditures

In the current study, we analyzed specialist care utilization 
and expenditures of the type 2 diabetes population, both 

related and unrelated to diabetes. By care related to diabetes, 
we considered care to treat diabetes directly: the integrated 
diabetes care program (including tests and care for common 
related complications, e.g. diabetic foot care and fundus pho-
tography), diabetes medication (i.e. A10 medication), and 
specialist care for diabetes by the internist. All other care 
was considered unrelated to diabetes in this paper. In the 
Netherlands, specialist care (i.e., care provided in hospitals 
and independent specialized treatment centers) is reimbursed 
via ‘diagnosis-treatment combinations’ (DTCs; in Dutch: 
diagnose-behandelcombinatie [DBC]). A DTC is linked to 
a specific medical specialty and covers the complete process 
of care and thereby involves information on specialism or the 
responsible specialized physician, patient diagnosis, and pro-
vided treatment. One DTC may include several healthcare 
consultations, tests, or treatments. In this study, DTCs were 
used to assess specialist care utilization as well as expendi-
tures. To examine specialist care utilization, we determined 
the share of the population that had DTCs under a specific 
medical specialty, as well as the number of different medical 
specialties patients with type 2 diabetes consulted annually.

To determine the expenditures per medical specialty, 
a median Dutch price per DTC was calculated by Vektis. 
This median DTC price was used to allow a more uniform 
approach of costs and cost development; as in practice, the 
prices for specific DTCs differ between hospitals and do not 
necessarily reflect the true costs of the related care episode 
[33]. Variations between hospitals arise due to differing con-
tractual agreements between individual hospitals and health 
insurers [34]. Moreover, for administrative purposes, hospi-
tals occasionally recalculate the prices of specific DTCs to 
meet the hospital global budget. To mitigate the variation 
in expenditures and better reflect true costs, we used the 
median price per DTC to calculate the specialist care expen-
ditures. The median DTC price was determined separately 
per specific DTC and for each study year. All countrywide 
reimbursed DTCs of a specific type were arranged to find 
the median. Finally, to determine the total expenditures per 
medical specialty, the associated number of reimbursed 
DTCs were multiplied with the related median DTC prices.

2.3.2  Medication Utilization and Expenditures

In consideration of the medication utilization and expendi-
tures of the type 2 diabetes population, we identified multi-
ple subgroups regarding the total use of medication and use 
of diabetes medication specifically (i.e., GLDs). Regarding 
total medication use, the subgroups were constructed based 
on the use of (1) GLDs (A10); (2) other medication, but 
not GLDs (A10); (3) both GLDs (A10) and other medica-
tion; and (4) no form of medication. For diabetes medica-
tion or GLDs specifically, five subgroups were distinguished 
based on the patients’ use of (1) oral medication (A10B); (2) 

Table 1  The Dutch type 2 diabetes population 2016–2018

SD standard deviation
a Other reasons for loss to follow-up include people who no longer 
met the inclusion criteria, people admitted to a nursing home, and 
people who emigrated. Calculated as (number of patients y  −  1) + 
(number of new patients y) – (number of deceased y − ) – (number of 
patients y)

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  reasonsa 19,055 9274 8609

Mean age, years 
(SD)

67.4 (±12.4) 68.5 (±12.4) 68.7 (±12.3)

Sex, female, n (%) 417,912 (47.5) 419,658 (47.1) 420,988 (46.7)
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insulins (A10A); (3) both insulin and oral medication (A10A 
and A10B); (4) a mix of insulin and GLP-1 for injection, 
long-acting (insulin/GLP-1: A10AE54 or A10AE56); and 
(5) no form of GLD. In this study, the medication expendi-
tures were based on the purchase price of the medication, 
as calculations from Vektis show that the purchase price is 
equal to the reimbursed medication costs. Total expendi-
tures per medication subgroup, as well as mean and median 
medication expenditures per treated patient, were assessed.

2.4  Statistical Analysis

Data were analyzed descriptively. The continuous variables 
of age and mean expenditures per treated patient were pre-
sented as means and standard deviations (SDs). The special-
ist care and medication expenditures were also described by 
the median expenditures per treated patient and the 5th (P5) 
and 95th percentile (P95). The categorical variables of sex, 
specialist care utilization, and medication utilization were 
reported as frequencies and valid percentages of the total 
type 2 diabetes population. The number of medical special-
ties used per patient were reported as valid percentages of 
patients using one or more medical specialties. Specialist 
care utilization was also described with the mean number 

of DTCs per treated patient. Total expenditures per medi-
cal specialty and medication subgroup were presented as 
frequencies and valid percentages.

The data were drawn from the Vektis databases based on 
a detailed data extraction and processing request. The data 
were obtained using the statistical package SAS 7.15 (SAS 
Institute, Cary, NC, USA). According to the Maastricht Uni-
versity Medical Center Ethics Committee, this study is not 
subject to the Dutch Medical Research Involving Human 
Subjects Act (registration number 2019-1445).

3  Results

3.1  Specialist Care

3.1.1  Specialist Care Utilization

Table 2 displays the specialist care utilization and expendi-
tures of the Dutch type 2 diabetes population. Of the patients 
who consulted medical specialties, 36.9% consulted one 
medial specialty, 26.3% consulted two medical specialties, 
and 36.8% utilized three or more different medical spe-
cialties in 2018 (Fig. 1). With regard to specific medical 

Table 2  Specialist care utilization and expenditures in 2018

DTCs diagnosis–treatment combination, SD standard deviation, P5 5th percentile, P95 95th percentile
a ‘Other’ category includes hospital-based specialties that were each used by < 1.5% of all patients with type 2 diabetes in 2018: neurosurgery, 
cardiopulmonary medicine, pediatrics, allergy medicine, radiotherapy, radiology, psychiatry, clinical genetics, audiology

Utilization 
(no. of patients) 
[n (%)]

Mean number of 
DTCs per patient

Total expendi-
tures [million 
€] (%)

Mean expenditures 
per treated patient (€) 
± SD

Median per treated patient 
expenditures [€] (P5; P95)

Ophthalmology 241,981 (26.9) 1.8 141 (5.6) 581 ± 1077 160 (73.0; 2634)
Internal medicine 209,197 (23.2) 2.4 439 (17.6) 2099 ± 6619 647 (206.2; 7515.8)
Cardiology 190,200 (21.1) 1.9 391 (15.6) 2055 ± 4676 488 (166.3; 10,490.4)
Surgery 131,292 (14.6) 1.6 366 (14.6) 2786 ± 5340 572 (143.4; 12,711.2)
Neurology 96,310 (10.7) 1.4 129 (5.2) 1344 ± 2401 558 (161.9; 6856.1)
Dermatology 87,416 (9.7) 1.6 39 (1.6) 451 ± 621 228 (102.7; 1513)
Orthopedics 83,066 (9.2) 1.6 167 (6.7) 2013 ± 3592 493 (132.0; 9446.0)
Pulmonary medicine 82,505 (9.2) 1.9 171 (6.8) 2073 ± 4131 749 (162.4; 8100.2)
Urology 71,289 (7.9) 1.8 110 (4.4) 1538 ± 2862 568 (119; 6772.7)
Gastroenterology and liver 

disorders
65,288 (7.3) 1.5 114 (4.5) 1738 ± 3122 911 (202; 6914.7)

Eye, nose, throat medicine 63,347 (7.0) 1.4 38 (1.5) 593 ± 1643 302 (105.6; 1936.9)
Rheumatology 34,533 (3.8) 1.8 24 (1.0) 696 ± 788 501 (217.5; 1583.0)
Geriatrics 25,862 (2.9) 1.3 55 (2.2) 2137 ± 3281 1,092 (262.2; 7659.6)
Rehabilitation medicine 24,982 (2.8) 1.8 68 (2.7) 2700 ± 8015 443 (165.9; 11,560.6)
Gynecology 24,816 (2.8) 1.6 31 (1.2) 1230 ± 2201 354 (173.7; 5505.1)
Anesthesiology 23,039 (2.6) 1.8 30 (1.2) 1319 ± 2248 980 (224.0; 3156.2)
Plastic surgery 22,552 (2.5) 1.5 26 (1.0) 1140 ± 1500 713 (113.4; 3919.2)
Othera 42,532 (4.7) 1.4 161 (6.4)
Total 2498 (100.0) 3893
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specialties, ophthalmology was used by the largest share of 
patients (26.9%), followed by internal medicine (23.2%), 
and cardiology (21.1%). Surgery was used by 14.6% of the 
population. Moreover, approximately 10% of the population 
had reimbursements for neurology, dermatology, orthopedic, 
or pulmonary medicine. Use of these medical specialties 
was stable over time, the biggest changes in use were for 
ophthalmology, where use decreased by 4.4% from 2016, 
and for pulmonary medicine, where use increased by 4.2% 
in this timeframe.

3.1.2  Specialist Care Expenditures

The total expenditures on specialist care of the type 2 dia-
betes population were €2372 million in 2016, increasing by 
5.3% to €2498 million in 2018 (Table 2). The largest share 
of total spending was on internal medicine: €439 million 
(17.6%) in 2018. Cardiology and surgery accounted for 
the second and third largest share of spending, with 15.6% 
(€391 million) and 14.6% (€366 million) of total expendi-
tures, respectively. The spending on gastroenterology and 
liver disease increased most rapidly (+ 14.5%) in the study 
period, leading to a share of 4.5% in 2018. Expenditures on 
ophthalmology accounted for a total share of 5.6% of entire 
specialist care spending.

In 2018, the mean expenditures for patients treated in 
specialist care were €3893. For that year, the annual mean 
and median per treated patient expenditures for ophthalmol-
ogy, dermatology, and ear, nose and throat medicine were 
lowest. For ophthalmology, the mean per treated patient 

expenditures were €160 and the median expenditures were 
€581 in 2018. For the remaining medical specialties, the 
mean and median per treated patient expenditures per spe-
cific medical specialty varied widely; however, the mean per 
treated patient expenditures were higher than the median per 
treated patient expenditures. As displayed in Table 2, the 
highest mean per treated patient expenditures were found 
in surgery (€2786), whereas the highest median per treated 
patient expenditures were for geriatrics (€1092). The mean 
per treated patient expenditures in internal medicine were 
€2099 (SD 6619), whereas the median per treated patient 
expenditures were €647 (P5 = 206; P95 = 7516). For car-
diology, the mean and median per patient expenditures 
were €2055 (SD 4676) and €488 with a P95 of €10,490, 
respectively.

3.2  Medication

3.2.1  Medication Utilization

In 2018, 99.1% of the type 2 diabetes population used medi-
cation: 81.9% used GLDs and 97.8% used other medica-
tion. Medication utilization by the type 2 diabetes popula-
tion is displayed in Fig. 2. Regarding the total medication 
subgroups, a large majority of patients with type 2 diabetes 
(80.5%) used GLDs and other medication. Moreover, 17.3% 
of patients with type 2 diabetes did not use GLDs but used 
other medication. A small number of patients used only 
GLDs or no medication at all (1.3% and 0.9%, respectively). 
The share of type 2 diabetes patients who did not use GLDs 
increased by 6.8% over the study period.

Specifically, for diabetes medication or GLDs use, the 
majority of patients with type 2 diabetes used only oral med-
ication (59.6%), followed by oral medication in combina-
tion with insulin (18.9%). Moreover, 3.0% were treated with 
insulins only. From 2016 to 2018, this group decreased by 
7.9%. Although the combination medication insulin/GLP-1 
was least widely used (0.4%), the number of patients using 
this type of medication increased most during the study 
period: from one user in 2016 to 1902 users in 2017 and 
3220 in 2018.

3.2.2  Medication Expenditures

Total medication expenditures for the type 2 diabetes popu-
lation were €931 million in 2018, including €238 million 
on diabetes medication (Fig. 3a, b, respectively). The total 
medication expenditures increased by 4.8% from 2016, 
where spending on diabetes medication increased by 6.8%. 
Regarding the total medication subgroups, medication 
spending was highest for patients using both GLDs and other 
medication (€827 million). Total expenditures were lowest 
for patients using only GLDs (€2 million). For the subgroup 

Fig. 1  Number of MS used by type 2 diabetes patients who used one 
or more MS (n = 641,515) in 2018. MS medical specialties
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that used other medication, but no GLDs, total expenditures 
were €102 million.

Regarding diabetes medication use, the largest share of 
expenditures was for patients with type 2 diabetes using both 
oral medication and insulin, at €138 million, which accounts 
for 58.0% of expenditures in this category. Oral medication 

accounted for the second largest share (32.3%) in diabetes 
medication expenditures: €77 million). Expenditures for use 
of the combination medication insulin/GLP-1 composed the 
smallest share but increased most during the study period 
(i.e. €565 in 2016, €3 million in 2017, and €6 million in 
2018).

Fig. 2  Total medication and diabetes medication utilization in 2018. GLD glucose-lowering drug

Fig. 3  a Total medication expenditures; b diabetes medication expenditures in 2018. GLD glucose-lowering drug, GLP-1 glucagon-like peptide 
1
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3.2.3  Medication Expenditures per Treated Patient

Regarding total medication use, per patient expenditures 
were highest when a combination of GLDs and other medi-
cation (not GLDs) was used (Table 3). Mean per patient 
expenditures in this subgroup were €1140 in 2018. Per 
patient expenditures on diabetes medication were highest for 
patients who used a mix of insulin and GLP-1—on average, 
€1816 in 2018. Considering patients who use diabetes medi-
cation, the least expensive diabetes medication per patient 
was oral medication (mean annual per patient expenditure 
of €143). The mean expenditures per medication subgroup 
were stable over time, except for patients who used a mix of 
insulin and GLP-1: mean expenditures increased from €565 
to €1816 (+ 221.8%) from 2016 to 2018.

4  Discussion

In this study, we provided a detailed description of the spe-
cialist care utilization and expenditures of the Dutch type 
2 diabetes population using all-payer claims data from the 
years 2016 to 2018. Moreover, we analyzed the population’s 
medication use and expenditures over the same period. Our 
findings show that in 2018, €2498 million was spent on 
specialist care for patients with type 2 diabetes, which was 
10.6% of total national expenditures on specialist care in 
the Netherlands [35]. This spending covered a heterogene-
ous pattern of service use across medical specialties and 
was related to diabetes and/or other health problems. Annu-
ally, the majority of type 2 diabetes patients (63.1%) used 
services from multiple medical specialties. With regard to 
specific specialties, the largest share of patients had con-
sultations to ophthalmology (26.9%), followed by internal 
medicine (23.2%), cardiology (21.1%), surgery (14.6%), and 

neurology (10.7%). Regarding medication use, we found 
expenditures of €238 million for GLDs in 2018. In the same 
year, type 2 diabetes patients had €931 million in expendi-
tures for other medication. For both specialist care and medi-
cation, we found that mean per patient expenditures were 
consistently higher than median per patient expenditures, 
suggesting that a small part of the population is responsible 
for a large share of total spending.

With regard to specialist care use, we observed that eight 
different medical specialties were each utilized by approxi-
mately 9–27% of the population. Almost two-thirds of medi-
cal specialist care users visited two or more different medical 
specialties per year. Additionally, we found that mean expen-
ditures for type 2 diabetes patients treated in specialist care 
were relatively high: mean spending was €3893, whereas 
mean spending for a similar age group (60–74 years) of the 
general population was €2704 in 2017 [36]. This hetero-
geneous utilization and increased spending could likely be 
explained by the presence of comorbidities, as prior stud-
ies have shown that comorbidities increase specialist care 
use for patients with type 2 diabetes [6–9, 12]. Indeed, we 
found that a large share of expenditures on care for the Dutch 
type 2 diabetes population was not directly related to diabe-
tes treatment. Almost 75% of medication expenditures, for 
example, were related to other medication (i.e. not GLDs). 
Thus, it seems that while care for type 2 diabetes in itself 
is not necessarily expensive, whole-person care for patients 
with type 2 diabetes, who often have complications and/or 
comorbidities, is costly. Prior research in other countries 
shows similar findings. In Sweden, other medication also 
accounted for the majority of patients’ total medication 
costs; the same trends have been recognized in France, Italy, 
Spain, and the UK [9, 37, 38].

Our findings also indicate that a small part of the type 2 
diabetes population is responsible for a large share of total 

Table 3  Mean and median 
per treated patient medication 
expenditures in 2018

SD standard deviation, P5 5th percentile, P95 95th percentile, GLDs glucose-lowering drugs, GLP-1 gluca-
gon-like peptide 1

Mean expenditures per 
treated patient [€] (SD)

Median per treated patient 
expenditures [€] (P5; P95)

Total medication
 GLDs (A10) and other medication 1140 ± 2383 701 (112; 3175)
 GLDs (A10) 162 ± 282 53 (14; 692)
 Other medication, but no GLDs (A10) 658 ± 1899 321 (37; 2003)
 No medication – –

Diabetes medication
 Oral medication (A10B) 143 ± 242 62 (20; 583)
 Oral medication (A10A) and insulins (A10B) 812 ± 655 632 (178; 2106)
 Insulins (A10A) 649 ± 490 539 (105; 1558)
 Insulin/GLP-1 (A10AE54 or A10AE56) 1816 ± 814 1729 (698; 3233)
 No GLDs – –
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expenditures. We found a skewed distribution of expendi-
tures related to specialist care, as well as medication use, and 
that mean per patient expenditures were consistently higher 
than median per patient expenditures. Prior research has also 
recognized this skewed distribution of costs, as a dispropor-
tional amount of the economic burden of type 2 diabetes was 
found to be attributable to a minority of patients [17, 39–43]. 
This could result from the focus on treating patients’ emer-
gent problems or could be due to the presence of multiple 
complications in patients with advanced diabetes, as well 
as comorbidities [39, 40]. Moreover, previous studies have 
found that factors such as the presence of obesity, insulin 
use, renal impairment, and hospitalization predict high costs 
for patients with diabetes [17, 43].

Our study has several strengths. The APCD used in our 
study covers 99.9% of Dutch citizens, enabling us to identify 
a nationwide type 2 diabetes cohort and assess their com-
plete claims data related to medical specialist care and medi-
cation use. Prior research of healthcare expenditures and 
utilization on type 2 diabetes is often limited to subgroups 
of patients, specific medical specialties, complications, or 
diabetes medication types [6–9, 11, 13, 15, 16, 18–22, 25]. 
The economic function of the APCD ensures data are accu-
rate and complete; Vektis data are used for risk equalization 
among health insurers. As Dutch health insurers must accept 
everyone obliged to the statutory health insurance, they are 
highly dependent on a fair compensation for risk differences 
in order to survive in the market [44]. Thus, quality control 
of the data is extremely important and data are checked by 
both the health insurers and Vektis to prevent errors (e.g., 
in coding) [45]. The combination of a virtually complete 
dataset, high data accuracy, and completeness allowed us 
to gain detailed insight into complete care use and spending 
on a population level. However, the use of APCD does have 
some disadvantages. The absence of clinical markers and 
diagnosis codes in claims data complicates perfect identi-
fication of patients with type 2 diabetes. Accordingly, we 
could not identify type 2 diabetes patients living in nursing 
homes as most residents do not receive integrated diabetes 
care or diabetes medication registered outside their nursing 
home. However, as we could identify based on integrated 
diabetes care, and according to strict medication guidelines 
[46], this appears to be limited. We found 900,522 type 2 
diabetes patients in 2018, where Vektis reported 991,000 
diabetes patients in total [47]. This is in agreement with the 
known distribution of 10% type 1 diabetes and 90% type 2 
diabetes [4, 5]. Additionally, the direct generalizability of 
total expenditures on specialist care and medication, as well 
as the care utilization in the Netherlands, may be limited 
at an international level. This is due to differences in care 
organization and care costs for both general and diabetes 
care [7]. Consequently, the number of hospitalizations, as 
well as expenditures on pharmaceutical care, for patients 

with type 2 diabetes vary widely between countries [10, 15, 
38]. However, our findings are based on a heterogeneous 
cohort. Therefore, findings regarding the distribution of 
expenditures and utilization of specialist care and medica-
tion are meaningful at an international level, as this could 
have implications regarding complications and comorbidi-
ties of type 2 diabetes populations. As the burden of chronic 
disease currently rises, multiple actors can benefit from this 
knowledge, as it could aid future research, practice, and poli-
cymaking in a way that supports the financial sustainability 
of healthcare systems.

The detailed description of the specialist care utiliza-
tion and expenditures of the Dutch type 2 diabetes popu-
lation we provided in this study has implications for cur-
rent integrated care programs that solely focus on diabetes. 
Such programs are established in, amongst others, Austria, 
France, Germany, and the Netherlands [48]. These programs 
tend to be highly standardized and are focused on prevent-
ing complications of diabetes, for example, through regular 
cardiovascular risk assessment, diabetic foot care, and fun-
dus photography [30, 48]. Our findings suggest that patients 
with type 2 diabetes have diverse care needs, as illustrated 
by the heterogeneity in their care utilization, therefore a 
more tailored, patient-centered approach to diabetes care 
could be meaningful. Such an approach can lead to better 
controlled glycated hemoglobin (HbA1c) levels, choles-
terol and blood pressure, and may consequently contribute 
to long-term health improvement and prevention of type 2 
diabetes-related complications [40, 49, 50]. As type 2 dia-
betes-related complications and comorbidities are found to 
significantly increase healthcare utilization and expenditures 
of type 2 diabetes patients, these health improvements could 
lead to a reduction in overall costs, subsequently promoting 
the sustainability of healthcare systems [6–9, 26, 51–54]. 
To address this in detail, future research should assess how 
specific comorbidities and number of comorbidities influ-
ence care utilization. Moreover, in the current study, we 
were unable to analyze whether healthcare use and spending 
was related to diabetes and/or its complications. However, 
a detailed insight into the influence of type 2 diabetes, by 
comparing people with and without type 2 diabetes, would 
be meaningful as findings that contextualize what care use 
and expenditures are associated with diabetes could have 
more detailed implications on how to improve diabetes care 
programs. In practice, a control group can be matched to 
the Dutch type 2 diabetes population using the APCD we 
used in our study. Additionally, as our results indicate that 
a small part of the type 2 diabetes population is responsi-
ble for a large share of total expenditures, future research 
should focus on these ‘high-need, high-cost’ patients with 
type 2 diabetes. Characterizing this group can possibly lead 
to improvements in their care and ultimately reduce costs 
to contribute to the sustainability of the healthcare system.
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5  Conclusion

We found heterogeneous health care patterns across medi-
cal specialties and a high utilization of other medication 
(not GLDs) for the Dutch type 2 diabetes population. In 
addition, per patient expenditures indicate that a small 
part of the population is responsible for a large share of 
total expenditures. These findings can likely, in part, be 
explained by the presence of comorbidities and complica-
tions, which impact patients’ care needs and service use. 
Hence, integrated care programs should be reformed to 
provide more tailored, patient-centered diabetes care, tak-
ing into account the diverse nature of the population.
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