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ABSTRACT

Introduction and aim: Insight into the total economic
burden of diabetes mellitus (DM) is essential for decision
makers and payers. Currently available estimates for
the Netherlands only include part of the total burden or
are no longer up-to-date. Therefore, this study aimed to
determine the current total economic burden of DM and
its complications in the Netherlands, by including all the
relevant cost components.

Methods: The study combined a systematic literature
review to identify all relevant published information and a
targeted review to identify relevant information in the grey
literature. The identified evidence was then combined to
estimate the current total economic burden.

Results: In 2016, there were an estimated 1.1 million
DM patients in the Netherlands, of whom approximately
10% had type 1 and 90% had type 2 DM. The estimated
current total economic burden of DM was € 6.8 billion in
2016. Healthcare costs (excluding costs of complications)
were € 1.6 billion, direct costs of complications were € 1.3
billion and indirect costs due to productivity losses, welfare
payments and complications were € 4.0 billion.
Conclusion: DM and its complications pose a substantial
economic burden to the Netherlands, which is expected to
rise due to changing demographics and lifestyle. Indirect
costs, such as welfare payments, accounted for a large
portion of the current total economic burden of DM,
while these cost components are often not included in cost
estimations. Publicly available data for key cost drivers
such as complications were scarce.

KEYWORDS

Cost of illness, diabetes mellitus, economic burden, the
Netherlands

INTRODUCTION

Diabetes mellitus (DM) is one of the most common chronic
diseases in the Netherlands.” It has two primary forms,
type 1 and type 2. Type 1 DM (T1DM) is an autoimmune
disorder, affecting approximately 10% of those with DM,
in which the body’s ability to produce insulin is severely
disturbed. It is usually diagnosed in children or young
adults, but it can become manifest at any age, with the
exact cause of the disease still unknown.>3 Type 2 DM
(T2DM) is the most common form of DM, affecting
approximately 9o% of those with DM. The causes of
T2DM are multifactorial and include both impaired insulin
secretion, and a resistance of the body to the effect of
insulin, resulting in hyperglycaemia.>+ It usually occurs
in adults over 40, but is increasingly seen at younger ages.
Risk factors for T2DM include obesity, physical inactivity,
poor nutrition, genetic predisposition, and a family history
of DM.*> DM is associated with a number of disabling
long-term complications due to consistently elevated blood
glucose levels, such as cardiovascular disease, retinopathy,
neuropathy, kidney failure and lower-limb amputation.
These complications have a significant impact on patients’
quality of life.>s® Furthermore, anti-hyperglycaemic agents,
particularly insulin, can additionally lead to minor or
major hypoglycaemia’” Treatment of T2DM in particular
is challenging, as it is multidimensional, often involves
multiple caregivers and includes immediate lifestyle
changes and treatment in order to prevent or delay the
occurrence of complications many years later.® Optimal
self-management and adherence to DM medication
remains an ongoing issue.?

DM is a growing problem for society. In 2014 there were
an estimated 1,078,400 diagnosed DM patients in the
Netherlands.! From 2000 to 2007, the DM prevalence
rose by 55%, from 480,000 patients in 2000 to 740,000
in 2007, due to a combination of demographics, lifestyle
factors and enhanced detection methods. A projection
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published in 2009 estimated that the DM prevalence
would increase to 1,320,000 patients in 2025.°

DM is associated with a substantial economic burden.>"2
The total economic burden of DM includes the direct
costs of treating the illness, but it also includes the costs of
treating DM complications, the costs of productivity losses
due to DM and its complications, and the costs of welfare
payments due to DM-related disability.

Insight into the current total economic burden of DM
and its complications is essential for decision makers and
payers, especially in this era of rising health expenditures,
pressure on payers and initiatives for cost reduction.
Understanding the total economic burden of a disease and
the cost components that make up this burden is crucial
in order to make informed policy decisions. Furthermore,
a complete overview of the economic burden of DM may
help physicians making informed decisions regarding
disease-specific care.®

Unfortunately, the currently available estimates of the
total economic burden of DM and its complications in
the Netherlands only include parts of the total burden or
are no longer up-to-date."#™ For instance, an estimate
of the healthcare costs due to DM was published by
the Dutch National Institute of Public Health and the
Environment (RIVM) in 2011 and did not include the cost
of complications, productivity loss costs or welfare payment
costs.” A study by Booz & Company did include all cost
components making up the total economic burden of DM,
but was published in 2010."° Other cost estimates are more
recent, but only focus on the costs of DM medication and/
or monitoring.’s%19

Therefore, the aim of this study was to determine the
current total economic burden of diabetes mellitus and
its complications in the Netherlands, by including all
relevant cost components, such as healthcare costs, costs
of complications and indirect costs.

MATERIALS AND METHODS

Systematic literature review and targeted review

This study combined a systematic literature review (SLR)
and a targeted review to maximise the likelihood that all
available evidence relating to the current total economic
burden of DM and its complications in the Netherlands
was identified.

To identify all relevant published information, a SLR was
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”> MEDLINE, EMBASE, ECONLIT,
NHS EED and HTA databases were searched on &
September 2015 (table A.1 in Appendix A). The search was
restricted to records published from January 2010 onwards
to ensure that the most recent data were included. Study

selection took place based on pre-defined criteria regarding
the population, outcomes and study design of interest
(table A.2 in Appendix A). The population of interest
consisted of TIDM or T2DM patients, and/or patients with
microvascular or macrovascular DM complications of any
grade. All studies reporting costs, resource use and work
productivity in relation to the Netherlands were of interest.
The SLR identified 572 records, of which 42 publications
were retrieved for full-text screening and 12 studies were
included for data extraction.>3* Figure A.3 in Appendix A
shows the PRISMA flow diagram of the study selection
process.>°

In addition to the SLR, a targeted review was set up to
search for relevant information in the grey literature. This
search was performed during October and November
2015, and updated in May 2016. Three different types
of information were of interest and for each type,
different pre-selected sources were searched: 1) DM
treatment guidelines;»+° 2) incidence and prevalence
estimates of TIDM, T2DM and DM complications in the
Netherlands; 44 3) costs and resource use associated with
DM and its complications in the Netherlands.'4151819:41-49
Of these pre-selected sources, eight provided data that
were used in the estimation of the current total economic
burden.rs4>454849 In addition, targeted searches were
undertaken to fill any data gaps for which no information
was identified in the SLR or the targeted review of
pre-selected sources. Seven sources were used to fill data
gaps.5os°

The evidence identified in the SLR and targeted review
was then combined to estimate the current total economic
burden of DM and its complications in the Netherlands.
A detailed overview of the data used in the estimation is
provided in tables B.1to B.G in Appendix B.

Estimation of DM incidence and prevalence

The number of DM patients in the Netherlands in 2016
was estimated based on the Dutch population size in
2016 and the DM prevalence rate in representative general
practitioner (GP) practices.+># The estimate of the annual
DM incidence was also based on these sources.+># The
proportion of patients with TIDM and T2DM among
the total number of DM patients was based on a website
coordinated by the RIVM.*” The annual mortality rate
for DM patients was estimated by combining the rate of
DM-specific mortality and the mortality rate for the Dutch
general population.r+>4

Estimation of direct healthcare costs

The estimation of direct healthcare costs included DM
specific costs for medication, monitoring and treatment
devices (including consumables), primary care, hospital
care, mental care and elderly care.
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Medication costs were estimated based on the number
of users per treatment, the number of daily defined
doses (DDD) per user per year and the cost per DDD.’
Medication costs were only applied to the proportion of
DM patients treated with medication, given that T2DM
patients are initially treated with lifestyle and dietary
advice.® Therefore, the patients not treated with medication
were considered to consist solely of T2DM patients, as
TiDM patients would always be receiving insulin. The
proportion of DM patients treated with medication was
estimated based on the difference between the total
number of DM medication users and the total number of
DM patients.’+>4 Because data were only available for DM
in total, the number of insulin users for TIDM and T2DM
separately was derived by applying a proportion based on
FiScript data.’sss Costs for other DM medications besides
insulin were only applied to the population of T2DM
patients.

The costs of monitoring, diagnostic and treatment
devices (including consumables) were estimated based
on the number of device users, the average number of
prescriptions per user and the cost per prescription.’
These costs were only applied to the proportion of DM
patients treated with medication, as these patients require
stringent monitoring of their disease and they also use
treatment devices (e.g. insulin pumps, syringes, injection
pens), while patients solely treated with lifestyle and dietary
advice do not. As data were only available for DM in total,
the costs for TtIDM and T2DM separately were derived by
applying proportions based on FiScript data.’sss

Primary care costs included the costs of DM-related visits
to GPs, DM nurses, dieticians, podiatrists and physical
therapists. The costs of GP visits were estimated based on
DM-specific resource use from representative GP practices
and Dutch reference prices.#4 For GP consultations
occurring out-of-office hours, an average of the tariffs from
all Dutch provinces was applied.4#> DM nurse, dietician,
podiatrist and physical therapist resource use was based
on a study in T2DM patients by Van der Heijden et al.>+ It
was assumed based, on expert opinion (due to the lack of
published data), that this was representative for the total
DM population. Unit costs were based on Dutch reference
prices or retrieved from this same study.2+4858

Hospital care costs included the costs of DM-related
medical specialist outpatient visits and hospitalisations.
The costs of outpatient visits were estimated based on
DM-specific resource use and Dutch reference prices.+®
Resource use for visits to all medical specialists except
internal medicine was based on Van der Heijden et al.>+
Different resource use rates were applied for internal
medicine outpatient visits, because of expected differences
in treatment patterns between TIDM and T2DM. These
were based on expert opinion (due to the lack of published
data) for TIDM and data from Van der Heijden et al. for

T2DM.24 The costs of DM-related hospitalisations and day
admissions were estimated based on DM-specific resource
use and Dutch references prices.#*s% Resource use for
day admissions and hospitalisations was based on data
published by Statistics Netherlands.+

Mental care costs were estimated based on resource
use in T2DM patients, the average number of visits
in representative mental care practices and the Dutch
reference price.>»## It was assumed, based on expert
opinion (due to the lack of published data), that this
resource use was representative for the total DM
population.

Elderly care costs were included separately in the cost
estimation, because the DM prevalence in nursing homes
is two to three times higher than the prevalence in GP
practices and approximately 15% of patients in nursing
homes have DM, with more frequent macrovascular
than
population.s9-% Elderly care costs were included as a cost

complications in the overall DM patient
per patient per year, estimated based on the total DM
elderly care costs for 2011 published by the RIVM and the
total number of DM patients in 2011.4>445

Estimation of costs of complications

The direct costs of complications were estimated based
on annual complication rates and the direct costs of the
respective complications. The rates of long-term DM
complications were based on an international DM registry,
as no Dutch data were publicly available.s® As the registry
only provided data for T2DM it was assumed, based on
expert opinion (due to the lack of published data), that
these were representative of the total DM population. The
rate of major hypoglycaemia was based on Dutch data.s* All
T1DM patients were assumed to use insulin and therefore
at risk of major hypoglycaemia. For T2DM, the number of
patients at risk (e.g. insulin users) was based on Pharmo
and FiScript data.s+5 Direct costs of complications were
based on a study by Van Haalen et al. in T2DM, which in
turn retrieved cost data from several publications.?¢% The
direct costs of a T2DM complication were assumed to be
representative for the total DM population.

Estimation of indirect costs

The estimation of indirect costs included productivity
loss costs, welfare payment costs and indirect costs of
complications. Productivity loss costs from paid work
and due to premature mortality were included, and both
were based on the percentage of working age patients, the
employment rate, eight working hours per day and the
reference cost for productivity per hour.#485¢ Productivity
loss costs from paid work were further based on the annual
percentage of patients taking sick days and the average
number of sick days taken.s® Productivity loss costs due
to premature mortality were estimated using the friction
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cost method and further based on the rate of DM specific
mortality, the full-time equivalent rate and a friction period
of 85 days. 130424348

Welfare payment costs were estimated based on the
percentage of working age patients, the percentage of
patients with disability, the proportion of patients with
complete or partial disability, an assumed 50% disability
level for patients with partial disability, the Dutch modal
income and a welfare payment level of 70% of the last
salary. 44525356

For the estimation of the indirect costs of DM
complications, the same complication rates were used as
for the direct costs.5°5™5+5 The direct costs of complications
included the medical costs associated with the
complications of DM and travel expenses; the indirect costs
of complications included the productivity losses associated
with the DM complications based on the friction cost
method.?”4® These indirect costs were included separately
because absenteeism due to DM complications is often not
linked back to DM itself. Indirect costs of complications
were based on a study by Van Haalen et al., that in turn
retrieved cost data from several publications.?”3¢87+ The
indirect costs of a TaDM complication were assumed
representative for the total DM population.

In the cases where data were only available for DM in total,
the costs for TIDM and T2DM separately were derived
by applying their respective proportion (TiDM: 10%
of total; T2DM: 90% of total) to the total cost estimate
for DM."7 All costs were inflated to 2016 euros based
on the consumer price index published by Statistics
Netherlands.+

RESULTS

DM incidence and prevalence

There were an estimated 1,098,609 patients with DM
in the Netherlands in 2016 (table 1), based on a DM
prevalence rate of 6.47% in representative GP practices
in 2014 and on the population size of the Netherlands
on 1 January 2016 (16,980,049 inhabitants).4># Of these
patients, 10% (109,861 patients) were estimated to have
TiDM and 9o0% (988,748 patients) to have T2DM."7 In
accordance with the guidelines for T2DM, a substantial
proportion of T2DM patients were considered to be initially
treated with lifestyle and dietary advice and therefore not
yet treated with medication,® whereas all TIDM patients
start insulin treatment immediately after diagnosis (table
1). The DM incidence rate was reported to be 0.36% in
representative GP practices in 2014, amounting to 61,128
new DM patients in 2016, based on the size of the Dutch
population in 2016.4>4

Table 1. Estimated prevalence of diabetes mellitus in the
Netherlands

Category 2016

DM TiDM T2DM
Prevalence rate 6.47% 0.65% 5.82%
Total number of patients 1,098,609 109,861 988,748
Number of patients 806,524 109,861 696,663

treated with medication

DM = diabetes mellitus; TIDM = type 1 diabetes mellitus; T2DM = type
2 diabetes mellitus.

DM costs

The current total economic burden of DM in the
Netherlands was estimated to be € 6.8 billion in 2016. For
TiDM and T2DM separately, the current total economic
burden was estimated to be € 873 million and € 5.9 billion,
respectively (table 2).

Estimation of direct healthcare costs

The healthcare costs (excluding costs of complications)
made up 23.1% (€ 1.6 billion) of the total costs for DM. The
main cost drivers were elderly care costs (€ 496 million),
primary care costs (€ 311 million) and hospital care costs
(€ 277 million). For T1DM, the healthcare costs (excluding
costs of complications) amounted to 35.5% (€ 310 million)
of the total costs. The main cost drivers were monitoring/
device costs (€ 121 million), medication costs (€ 57 million),
hospital care costs (€ 50 million) and elderly care costs
(€ 50 million). For T2DM, the healthcare costs (excluding
costs of complications) were 21.3% (€ 1.3 billion) of the
total costs. The main cost drivers were elderly care costs
(€ 447 million), primary care costs (€ 280 million) and
hospital care costs (€ 227 million).

Estimation of costs of complications

The direct costs of complications made up 18.7% (€ 1.3
billion) of the total costs for DM. The most costly
complications were end-stage renal disease (€ 563 million),
stroke (€ 323 million) and myocardial infarction
(€ 128 million). For TiDM, the direct costs of complications
made up 20.8% (€ 162 million) of the total costs. The
most costly complications were end-stage renal disease
(€ 56 million), major hypoglycaemia (€ 40 million) and
stroke (€ 32 million). For T2DM, the direct costs of
complications amounted to 18.5% (€ 1.1 billion) of the
total costs. The most costly complications were end-stage
renal disease (€ 506 million), stroke (€ 290 million) and
myocardial infarction (€ 115 million).

Estimation of indirect costs
For DM in total, the productivity loss costs amounted to
9.5% (€ 648 million) of the total costs, the welfare payment
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Table 2. Estimated costs of diabetes mellitus in the Netherlands

Cost category DM % of total
costs®
Medication costs € 261,279,269 3.8%
Primary care costs € 311,255,852 4.6%
Hospital care costs € 277,237,038 4.1%
Mental care costs € 21,031,989 0.3%
Elderly care costs €496,178 510 7.3%
Monitoring/device costs €202,582,639 3.0%
Total healthcare costs €1569,565,298  23.1%
(excluding costs of complications)
Direct costs of complications €1,273,902,013 18.7%
Total healthcare costs €2,843,467311 41.8%
(including costs of complications)
Productivity loss costs € 648,343,108 9.5%
Welfare payment costs €2,968,423,273  43.7%
Indirect cost of complications €337,420,188 5.0%
Total costs €6,797,653,879 100%

2016

TiDM % of total ~ T2DM % of total

costs® costs®
€56,829,680 6.5% €204,449,590  3.5%
€ 31,125,585 3.6% €280,130,267 47%
€ 49,815,614 5.7% € 227,421,424 3.8%
€2,103,199 0.2% €18,928,790 0.3%
€ 49,617,851 5.7% €446,560,659  7.5%
€120,545,141 13.8% € 82,037,498 1.4%
€ 310,037,070 35.5% €1,259,528,228  213%
€162,448,428 18.6% €1,111,453,585 18.8%
€ 472,485,498 54.1% €2,370,081,813 40.0%
€ 64,834,311 7-4% €583,508,797  9.8%
€296,842,327 34.0% €2,671,580,946  45.1%
€38,441,513 4-4% €298,978,675  5.0%
€872,603,649 100% €5,925,050,230 100%

DM = diabetes mellitus; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
*Due to rounding the sum of the percentages for individual cost categories might not equal the percentage for the total of that cost category.

costs were 43.7% (€ 3.0 billion) and the indirect costs of
complications 5.0% (€ 337 million). An estimated 129,625
DM patients received welfare payments. Of these, 102,793
(79.3%) had complete disability and 26,832 (20.7%) had
partial disability. For TiIDM, the productivity loss costs
made up 7.4% (€ 65 million) of the total costs, the welfare
payment costs were 34.0% (€ 297 million) and the indirect
costs of complications 4.4% (€ 38 million). An estimated
12,962 TiDM patients received welfare payments. Of
these, 10,279 (79.3%) had complete disability and 2683
(20.7%) had partial disability. For T2DM, the productivity
loss costs amounted to 9.8% (€ 584 million) of the total
costs, the welfare payment costs made up 45.1% (€ 2.7
billion) and the indirect costs of complications were 5.0%
(€ 299 million). An estimated 116,662 T2DM patients
received welfare payments. Of these, 92,513 (79.3%)
had complete disability and 24,149 (20.7%) had partial
disability.

DISCUSSION

This study aimed to determine the current total economic
burden of DM and its complications in the Netherlands to

inform decision makers and payers. The total economic
burden in 2016 was found to be substantial, with an
estimated total cost of € 6.8 billion. More than half of this
total cost (€ 4.0 billion) was attributable to indirect costs
(productivity losses, welfare payments and complications),
with welfare payments being the largest contributor to
the indirect costs (€ 3.0 billion). Therefore, measures or
strategies aimed at reducing these indirect costs could
result in substantial cost-savings. Furthermore, the
healthcare costs due to DM and its complications were
€ 2.8 billion (41.8% of the total cost), which constitutes
approximately 3.0% of the total health expenditure in
the Netherlands (€ 95.3 billion in 2015, no data available
for 2016).4> Moreover, it is likely that the total economic
burden of DM and its complications will rise further due
to changes in demographics and lifestyle.>™

The results of our study can be compared with those
of previous studies. A study by Booz & Company on
diabetes care in the Netherlands reported substantially
higher medical and total costs (€ 4.5 and 10-11 billion in
2010 euros, respectively) than estimated in our study.® It
should be noted that the Booz & Company study has not
been published in a nationally or internationally published
peer-reviewed paper and that their results should therefore
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be interpreted with caution. The difference in medical
costs can be explained by the inclusion of additional cost
components (unreported costs of DM complications and
other medical costs) in the Booz & Company study. Their
estimate for welfare payment costs, a large portion of DM’s
current total economic burden in this study, is comparable
to ours. However, the productivity loss costs are
substantially higher in the Booz & Company study (€ 3.5
billion in 2010 euros compared with € 648 million in 2016
euros), due to a difference in methodology. Our study used
the friction cost method — where productivity loss costs are
only applied during a friction period (e.g. the time it takes
to replace someone in the workforce) — as recommended by
the Dutch National Healthcare Institute,4® while the Booz
& Company study utilised a human capital approach, in
which the full cost of a Dutch annual modal income was
applied to an estimated 98,000 disabled DM patients. The
total healthcare costs (excluding costs of complications)
from our study are somewhat lower than those published
by the RIVM (€ 1.7 billion in 2011 euros), mainly driven by
lower medication costs.# Unfortunately, no information
is provided on how the RIVM estimated medication costs,
making it impossible to explain the difference. However,
the cost estimate for DM medication in our study is in
line with more recent estimates.s™® Two recent studies
estimated the total societal costs of DM in other European
countries.”s7¢ A study by Hex et al. estimated the current
and future economic burden of TIDM and T2DM in the
United Kingdom (UK) based on aggregated datasets
and the literature. The total cost of DM in the UK was
£ 23.7 billion in 2011/2011, of which £ 9.8 billion were
direct costs and £ 13.9 billion were indirect costs.”> When
accounting for the roughly four times larger population
size of the UK, the estimates for the total cost of DM are
quite similar.4>77 Also, the proportions of the total costs
attributable to direct and indirect costs, and TiDM and
T2DM, respectively, are comparable. A study by Sortsg et
al. aimed to provide a comprehensive real-world estimate
of the societal DM-attributable costs in Denmark, based on
national registry data. Unfortunately, no fair comparison
with their results can be made, as they also included care
not directly related to DM in their estimate, and not solely
the cost of care for DM.7®

The main strength of this study is the inclusion of all
cost components that make up the current total economic
burden of DM in the Netherlands, such as healthcare costs,
costs of complications and indirect costs. Furthermore,
the combination of a systematic literature review and a
targeted review maximised the likelihood that all available
evidence was identified. However, certain limitations of
this study have to be noted. Firstly, the evidence identified
was fragmented, requiring the use of several assumptions,
the use of aggregated data and the combination of data
from several sources. Secondly, because no single source

could provide all the data required to estimate the current
total economic burden, data from several sources had to
be combined. Although care was taken to avoid double
counting, the use of (aggregated) data from several sources
inherently includes the risk that certain cost items may
have been double counted. Thirdly, data for TtIDM and
T2DM separately were scarce, most sources only reported
data for DM in total. Therefore, the estimation of the
current total economic burden for TIDM and T2DM
separately was predominantly based on the respective
prevalence amongst the total number of DM patients
(TiDM: 10% of total; T2DM: 9o% of total)."s” Despite
this limitation, the separate results for TtIDM and T2DM,
although more uncertain than the results for DM in
total, still provide valuable insight into the contribution
of T2DM to the total economic burden for DM, which
can inform health policy decisions, as T2DM is for a
large part a preventable disease. Fourthly, this study only
included costs for DM medications, while 85% of T2DM
patients suffer from at least one other chronic condition
at the time of diagnosis and 30% of DM patients have
comorbid cardiovascular disease and 17.7% have comorbid
chronic obstructive pulmonary disease.#7879 Therefore,
the estimated € 2.8 billion in healthcare costs is most
likely still an underestimation of the total healthcare costs
accrued by DM patients. Finally, there were no Dutch
publicly available data regarding the rates of long-term
DM complications, requiring the use of data from an
international DM registry.s°

The results of this study highlight the increasing costs of
DM associated with increasing DM prevalence. Initiatives
aimed at preventing T2DM have been largely unsuccessful;
however, such initiatives, if successful, would help to
stem the rising costs. Furthermore, this study shows that
the indirect costs related to productivity losses, welfare
payments and complications account for more than half of
DM'’s current total economic burden. These indirect costs
are mainly related to the long-term complications of DM and
the disability that these cause. In addition to the substantial
costs associated with these complications, they are also
shown to have a significant impact on patients’ quality of
life.>s¢ These findings indicate that there is great potential
for gain, both in terms of cost savings and improvements in
patients’ quality of life, by reducing the occurrence of the
long-term complications of DM. For example, improvements
in the management of DM and adherence to medication
from early in the course of the disease will lead to better
long-term glycaemic control and DM-related complications.®
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CONCLUSION

Diabetes mellitus and its complications pose a substantial
economic burden to the Netherlands, with the burden
expected to rise further due to changing demographics
and lifestyle. Indirect costs, such as welfare payments,
accounted for a large portion of the current total economic
burden of diabetes mellitus, while these cost components
are often not included in cost estimations. Publicly
available data for key cost drivers such as long-term
complications were scarce.
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APPENDIX A: SYSTEMATIC LITERATURE REVIEW

Table A.1. Systematic literature review search strategy for MEDLINE, EMBASE, ECONLIT, NHS EED and HTA
through the Ovid® platform (search date: 8 September 2015)

#

I0
II

I2
13
14

o3

16

17
18
19
20
21

22

23

Search terms

exp Diabetes Mellitus/
diabet$.tw.

1012

cost of illness/

(cost? or costing? or costly or costed).tw.

(price? or pricing?).tw.

(pharmacoeconomic? or (pharmaco adj economic?)).tw.

budget$.tw.

expenditure$.tw.

(value adj1 (money or monetary)).tw.

(fee or fees).tw.

(“resource use” or “resource consumption”).tw,ab.

((“use” or “health” or “health$
(“health$” adj3 “use”).tw,ab.

((“hospital” or “doctor” or “GP

“surgery”) adj2 (“use” or “visit$” or “attendance” or “admission” or “readmission”)).tw,ab.

(productiv$ adj3 loss).tw.
or/4-16

exp netherlands/ or europe/

” or “resource$”) adj3 “measurement”).tw,ab.

” or “general practitioner” or “nurse” or “clinic” or

(dutch or netherland$ or holland or europe).tw.

18 or 19
3and 17 and 20
limit 21 to yr="2010 -Current”

remove duplicates from 22

Results
930439
1028696
1212523
36201
97757t
205828
10392
64107
112567
1341
34294
22224
9312
55991
115853

4033
1442770
293024
330370
489391
1489
739
572*

# 4-16 is a search filter for economic studies appraised by the InterTASC Information Specialists’ Sub-Group.’ The search terms were combined using ‘OR’ in
#3 (“10r 2”), #17 (“0r/4-16”) and #20 (“18 or 19”). These three components of the search strategy were then combined using ‘AND’ in #21 (“3 and 17 and 20”).
*The search retrieved 477 records from EMBASE, 76 from MEDLINE, 17 from NHS EED, 2 from ECONLIT and o from HTA. Please note that these are the
number of records retrieved after duplicates were removed using the Ovid® platform (#23: remove duplicates from 22), which removed 167 duplicates.
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Table A.2. Criteria for selection of studies in the systematic literature review

Criteria Inclusion
POPULATION Abstract and full-text Patients with type 1 or type 2 DM
selection Children or adults

Patients with micro- or macro-vascular
DM complications of any grade

INTERVENTIONS  Abstract and full-text No selection was made on interventions
selection
COMPARATOR Abstract and full-text No selection was made on comparator
selection
OUTCOMES Abstract selection Costs
Resource use (medical, non-medical)
Work productivity
Studies with incidence and prevalence
data were flagged
Full-text selection Costs
Resource use (medical, non-medical)
Work productivity
Studies with incidence and prevalence
data were flagged
STUDY DESIGN Abstract and full-text Economic studies (e.g. cost of illness,
selection burden of disease, budget impact, cost-
effectiveness and cost-utility analyses)
Cost analyses

Health technology assessments that
include economic data
Studies reporting economic data

Exclusion

Healthy patients / controls
Patients without type 1 or type 2 DM

No selection was made on interventions

No selection was made on comparator

Outcomes from outside Europe
HRQoL / utilities

All other outcomes not listed under
‘inclusion’

Outcomes from outside the
Netherlands

HRQoL / utilities

All other outcomes not listed under
‘inclusion’

Animal studies

In vivo and in vitro studies
Biomarker and genetic studies
Guidelines

Reviews, letters, (case) report, expert
opinion, discussion papers, editorials
Conference abstracts from <2013*
SLR and NMA

Phase I clinical trials

Methodology studies or protocols

DM = diabetes mellitus; HRQoL = health-related quality of life; NMA = network meta-analysis; SLR = systematic literature review. *Conference
abstracts published before 2013 were excluded, as it was assumed that studies presented as an abstract before 2013 would have become available as a

full-text publication within this time-frame.
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Figure A.3. Flow diagram of the study selection process in the systematic literature review

Search strategy (Ovid®):

EMBASE: 477 abstracts retrieved
ECONLIT: 2 abstracts retrieved
NHS EED: 17 abstracts retrieved
HTA: 0 abstracts retrieved

MEDLINE & MEDLINE In-Process: 76 abstracts retrieved

A 4

572 abstracts retrieved for abstract screening

A 4

42 publications selected for full text screening
39 full text articles
3 conference abstracts

Abstracts excluded: 530
Patient pop. not of interest (173)
Intervention not of interest (0)
Comparator not of interest (0)
Qutcomes not of interest (105)
Study design not of interest (120)
Conference <2013 (81)
Duplicate (51)

A 4

Articles excluded: 30
Patient pop. out of scope (3)
Intervention out of scope (0)
Comparator out of scope (0)
Qutcomes out of scope (23)
Study design out of scope (4)
Superseded (0)

12 publications retrieved for data extraction
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APPENDIX B. DATA USED FOR THE ESTIMATION OF THE CURRENT TOTAL
ECONOMIC BURDEN OF DIABETES MELLITUS AND ITS COMPLICATIONS IN

THE NETHERLANDS

Table B.1. Epidemiological data

Category

Total Dutch population on 1 January 2016

Prevalence of DM

Prevalence of type 1 DM amongst total DM population
Prevalence of type 2 DM amongst total DM population
Incidence of DM

Incidence of type 1 DM amongst total DM population
Incidence of type 2 DM amongst total DM population

Proportion of DM patients not treated with medication
(assumed to consist solely of type 2 DM patients)*

Annual curative disease rate
Annual mortality rate**

DM = diabetes mellitus.

Data input

16,980,049

6.5%
10.0%
90.0%
0.4%

10.0%

90.0%

26.6%

0.0%

1.1%

Source
[2]

3]
[4.5]
[4.5]
(3]

Assumed identical to the prevalence
distribution

Assumed identical to the prevalence
distribution

Calculation based on [2, 3, 0]

Expert opinion

Calculation based on [2-4]

*The proportion of DM patients not treated with medication was calculated by dividing the number of patients not treated with medication by the total

number of DM patients in 2014. The number of patients not treated with medication was calculated by subtracting the number of DM medication users
from the total number of DM patients in 2014 (2014 data).>>¢
**The annual mortality rate was calculated by combining the DM specific mortality rate with the mortality rate the Dutch general population. The DM

specific mortality rate was calculated by dividing the total number of deaths due to DM in 2014 by the total number of DM patients in 2014.2*

Table B.2. Medication data

Medicaments & ATC-codes Market
share*
A1oABor fast acting insulin (human) 0.4%
A10ABo4 fast acting insulin lispro 2.0%
A10ABOs fast acting insulin aspart 16.6%
A10ABOG insulin glulisine 1.5%
A1oACor intermediate acting insulin (human) 0.3%
A10ADo1 premixed insulin (human) 0.3%
A10ADo4 premixed insulin lispro 0.3%
A10ADoj5 premixed insulin aspart 7.1%
A10AEo04 insulin glargine 15.1%
A10AEo05 insulin detemir 6.2%
A10AEO06 insulin degludec 0.0%
A10BAo2 metformin 78.2%
A1oBBor glibenclamide 07%

# of patients receiving respective

treatment in 2016%*

DM
2989
15,866
133,698
11,873
2801
2135
2067
57,589
121,013
50,207
234
630,717
5262

Type 1 DM

959
5089
42,884
3808

(e]

Cost per Source
user per
yeari ik
Type 2 DM (2016 €)
2030 €316.36 [6,7]
10,777 € 476.52 (6.7]
90,814 €380.65 [6,7]
80065 €349.82 [6,7]
1902 €207.59 [6,7]
1450 €395.95 (6.7]
1404 €528.12 [6,7]
39,117 €530.81 (6.7]
82,605 €455.17 (6.7]
34,103 €500.91 (6.7]
159 €142.33 16.7]
630,717 €58.25 Assumption, [0]
5262 € 63.07 Assumption, [0]
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Medicaments & ATC-codes Market  # of patients receiving respective Cost per Source
share*  treatment in 2016%* user per
DM Type1 DM  Type 2 DM gzi:)

A10BBo03 tolbutamide 1.0% 7,701 o 7,701 €70.56 Assumption, [0]
A10BBog gliclazide 14.4% 116,394 o 116,394 € 6o.10 Assumption, [0]
A10BBI2 glimepiride 1.3% 10,273 o 10,273 €57.89 Assumption, [6]
A10BDo2 metformin and sulfonylureas 0.1% 484 o 484 €98.52 Assumption, [6]
A10BDo03 metformin and rosiglitazone - - - - - Assumption, [0]
A1oBDo4 glimepiride and rosiglitazone - - - - - Assumption, [0]
A1oBDojs metformin and pioglitazone 0.0% 253 o 253 € 410.70 Assumption, [6]
A1oBDoy metformin and sitagliptin 0.8% 6068 o 6068 € 423.76 Assumption, [0]
A10BDo08 metformin and vildagliptin 0.6% 4990 o 4990 €434.77 Assumption, [6]
A1oBDi1o metformin and saxagliptin 0.0% 55 o 55 €346.86 Assumption, [6]
A10BD1i1 metformin and linagliptin 0.0% 141 o 141 €326.14 Assumption, [6]
A10BD1i5 metformin and dapagliflozin 0.0% 42 o 42 €208.95 Assumption, [0]
A10BFor acarbose 0.2% 1481 o 1481 €120.79 Assumption, [6]
A10BGo2 rosiglitazone - - - - - Assumption, [6]
A10BGo3 pioglitazone 1.1% 8864 o 8864 €101.12 Assumption, [6]
A1oBHoir sitagliptin 2.8% 22,309 o 22,309 € 445.81 Assumption, [6]
A1oBHoz2 vildagliptin 0.9% 7179 o 7179 €359.51 Assumption, [6]
A10BHo3 saxagliptin 0.3% 2,182 o 2,182 € 453.75 Assumption, [6]
A10BHog linagliptin 0.6% 5144 o 5144 € 400.19 Assumption, [6]
A10BXo2 repaglinide 0.1% 654 o 654 €110.98 Assumption, [6]
A10BXo04 exenatide 0.2% 1533 o 1,533 €1,003.99  Assumption, [6]
A10BXo7 liraglutide 1.4% 10,915 o 10,915 €1,373.74 Assumption, [6]
A10BXog dapagliflozin 0.2% 1839 o 1839 €304.44 Assumption, [0]
A10BX1o0 lixisenatide 0.0% 31 o 31 €246.66 Assumption, [0]
A10BXi1r1 canagliflozin 0.0% 96 o 96 €178.99 Assumption, [6]
A10BX12 empagliflozin 0.0% 1 o I €32.46 Assumption, [0]

ATC-code = Anatomical Therapeutic Chemical — code; DM = diabetes mellitus.

Costs were inflated to 2016 euros using inflation rates published by Statistics Netherlands.>

*Medication market shares were calculated by dividing the number of users per medicament by the total number of diabetes mellitus medication users
(2014 data).

**The number of type 1 and 2 DM patients receiving insulins was calculated by applying a proportion of insulin users for type 1 and 2 DM respectively
(based on Pharmo/Farminform FiScript data) to the respective market shares. For all DM medications besides insulin, it was assumed that all users
were type 2 DM patients.”

***The cost per user per year was calculated by multiplying the number of daily defined doses (DDD) per user per year with the cost per DDD

(2014 data).®

Peters et al. The Dutch economic burden of diabetes mellitus.

SEPTEMBER 2017, VOL. 75, NO. 7
293



The Netherlands Journal of Medicine

Table B.3. Healthcare cost data

Resource % Use Frequency  Unitcost Cost Cost per Source

year patient year

(2016 €)

GP contact for DM 5.4 [3]
Consult 26.4% I.4 €33.00 2014  €47.43 [3.8]
Home visit 2.8% 0.2 €50.00 2014 €7.62 [3.8]
Telephone consult 9.1% 05 €17.00 2014  €8.42 [3.8]
Other 61.8% 3.3 €33.00 2014  €1I1.04 [3.8]
Out of office hours GP contact o.I €100.13 2016 €9.92 [3,9]
Diabetes nurse consult 84.5% 3.7 €13.25 2008  €47.54 [10]
Specialist visit for DM
Internal medicine (type 1 DM patients) 95.0% 3.0 € 91.00 2014  €2063.52 Expert opinion [8]
Internal medicine (type 2 DM patients) 28.9% L € 91.00 2014  €40.08 [8,10]
Ophthalmology 52.0% 1.8 € 91.00 2014  €86.54 [8,10]
Cardiology 15.2% oy € 91.00 2014 €9.84 [8,10]
Neurology 6.4% 0.6 €99.00 2014 €3.86 [8,10]
Nephrology 1.8% 0.1 € 91.00 2014 €o.ay [8,10]
Other specialism 32.8% 1.6 € 91.00 2014  €48352 [8, 10]
Emergency room visit for DM 0.0% 0.0 €259.00 2014 €o0.00 Expert opinion, [8]
Dietician visit 21.9% 0.9 € 27.00 2009 €5.96 [10,11]
Podiatrist visit 24.3% I.2 €53.55 2008  €17.92 [10]
Physical therapist visit 21.0% 3.9 €33.00 2014  €27.46 [8,10]

Hospitalisation for DM*

Day admissions 0.9% €251.00 2009 €2.43 [2,11]
Hospitalisations 1.0% [2]
Days per hospitalisation 7.7 [2]
Hospitalisation cost €476.00 2014 €3857 18]

Psychological care for DM

Consult psychologist 4.6% 6.4 €064.00 2014 €19.14 [3.8,12]

Elderly care for DM** € 451.64 [2,3,13]

DM = diabetes mellitus; GP = general practitioner.

Costs were inflated to 2016 euros using inflation rates published by Statistics Netherlands.>

*The hospitalisation and day admission rate were calculated by dividing the number of hospitalisations and day admissions in 2012 by the total number
of DM patients in 2012.23

**Elderly care cost per patient per year for DM were calculated by dividing the total DM elderly care cost (2011 data) by the total number of DM patients
in 2011 (Dutch population on 1 January 2011 multiplied with the DM prevalence rate in GP practices [2012 data]).>3
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Table B.4. Monitoring/device cost data

Resource % # of Cost per Cost Cost per patient Source
Use* prescription prescription year year** (2016 €)
per user
Blood glucose meter 0.6% LI €27.00 2014 €0.18 [6]
Testing strip 34.2% 4.0 €82.00 2014 €113.82 [6]
Portable insulin infusions pump 3.2% 9.4 €301.00 2014 €90.99 [6]
Finger prick equipment 13.2% 2.6 €16.00 2014 €5.58 [6]
Other devices for DM 1.2% 1.0 €6.00 2014 €o0.07 [6]
Injection pen/syringe 30.2% 4.4 €30.00 2014 € 40.54 [6]

DM = diabetes mellitus.

Costs were inflated to 2016 euros using inflation rates published by Statistics Netherlands.>

The cost per patient year was calculated by multiplying the percentage of use with the number of prescriptions per users and with the cost per
prescription (2014 data).®

*The percentage use was calculated by dividing the number of users per resource category by the total numbers of DM medication users, which was
assumed to represent the total number of monitoring/device users, due to the lack of data (2014 data).®

**As data were only available for DM in total, the costs for TIDM and T2DM separately were derived by applying proportions based on Pharmo/
Farminform FiScript data”

Table B.5. Complication healthcare cost data

Complication Annual % of # of Unit cost Cost Cost per Source
probability of patients events year patient year
event per patient*  at risk (2016 €)
Ischaemic heart disease 1.4% €5,614.00 2011 €82.89 [14-16]
Myocardial infarction 0.6% €18,265.00 2011 €116.59 [14,15,17]
Congestive heart failure 1.0% €6,798.00 2011 €72.60 [14,15,18]
Stroke 07% €306,657.00 2011 €293.59 [14,15,19]
Amputation 0.2% €16,438.00 2011 €29.78 [14,15,20]
Blindness 0.2% €2,668.00 2011 €457 [14,15,20]
End-stage renal disease 07% € 63,901.00 2011 € 512.05 [14,15,20]
Major hypoglycaemia** 100.0% 0.9 €373.00 2011 €366.60 Expert opinion,
(type 1 DM patients) [15,21,22]
Major hypoglycaemia*** 6.9% oI €373.00 2011 €2.80 [2-5.7,15,21-23]
(type 2 DM basal insulin
users)
Major hypoglycaemia*** 1.2% 0.2 €373.00 2011 €0.99 [2-5.7,15,21-23]

(type 2 DM basal/bolus
insulin users)

Major hypoglycaemia***
(type 2 DM other insulin
users)

10.1% 0.2 €373.00 2011 €8.24 [2-5,7,15,21-23]

DM = diabetes mellitus.

Costs were inflated to 2016 euros using inflation rates published by Statistics Netherlands.>

*The annual probability of a long-term complication event per patient is derived by dividing the rate identified in the study by McEwan et al. by the
respective follow-up duration and by applying the weight for low-risk and intermediate-risk patients based on their proportion in the database analysed.™
**Assumption made based on expert opinion that all type 1 DM patients use insulin.

“The percentage of type 2 DM patients at risk (e.g. insulin users) was calculated by dividing the number of patients treated with the respective
insulin categories by the total number of type 2 DM patients.>572
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Table B.6. Indirect cost data

Cost item Units Unit cost Cost  Cost per Source

year  patient year

(2016 €)

Productivity losses from paid work €581.64
Working age DM patients 43.7% [3]
Employment rate 40.0% [24]
Percentage taking sick days 62.0% [24]
Average # of sick days per year 19.0 [24]
Working hours per day 8.0 Assumption
Productivity cost per hour €34.75 2014 18]
Lost productivity due to premature mortality €36.38
DM mortality rate 0.3% Calculation based on [2-4]
Working age DM patients 43.7% [3]
Employment rate 40.0% [24]
Full-time equivalent 80.0% [25]
Friction period (days) 85.0 18]
Working hours per day 8.0 Assumption
Productivity cost per hour €34.75 2014 18]
Welfare payments due to disability €3,014.64
DM patients (age 18-64) with disability 27.0% [24]
Percentage with complete disability 79.3% Calculation based on [2]
Percentage with partial disability 20.7% Calculation based on [2]
Disability level for patients with partial disability 50.0% Assumption
Working age DM patients 43.7% [3]
Modal income €36,500.00 2016 [26]
Welfare payment % of last salary 70.0% [27]

Indirect costs of complications

Ischaemic heart disease 1.4% €1,044.00  20IT  €15.4I [14-16]
Myocardial infarction 0.6% €8773.00 2011 €56.00 [14,15,28]
Congestive heart failure 1.0% €8773.00 2011 €93.69 [14,15,29]
Stroke 07% €8773.00 2011 €70.26 [14,15,30]
Amputation 0.2% €6,274.00 2011 €11.37 [14-16,31]
Blindness 0.2% €5,627.00 2011 €9.65 [14-16,32]
End-stage renal disease 07% €5,539.00 2011 €4439 [14-16,33]
Major hypoglycaemia (type 1 DM patients) 0.9% €50.00 2011 €49.14 [Expert opinion, 15,21,22]
Major hypoglycaemia (type 2 DM basal insulin users)  0.0069* € 50.00 2011 €0.38 [2-5,7,15,21-23]
Major hypoglycaemia (type 2 DM basal/bolus insulin ~ 0.0024* € 50.00 2011  €0.13 [2-5,7,15,21-23]
users)

Major hypoglycaemia (type 2 DM other insulin users)  0.0202* € 50.00 2011  €LIO [2-5,7,15,21-23]

DM = diabetes mellitus.
Costs were inflated to 2016 euros using inflation rates published by Statistics Netherlands.>
* Units were calculated by multiplying the respective % of patients at risk and # of events, as reported in Table B.s5.
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