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Summary

Type 2 diabetes mellitus (T2D) is a highly prevalent disease worldwide, with an

equally increased expenditure associated with it. We aimed to longitudinally evaluate

the epidemiologic and economic burden of T2D in the current member states of the

European Union and the United Kingdom (EU-28). The present systematic review is

registered on PROSPERO (CRD42020219894), and it followed the PRISMA guide-

lines. Eligibility criteria comprised original observational studies in English reporting

economic and epidemiological data for T2D in member states of the EU-28. Method-

ological assessment was performed with the Joanna Briggs Institute (JBI) Critical

Appraisal Tools. The search retrieved 2253 titles and abstracts. After study selection,

41 studies were included in the epidemiologic analysis and 25 in the economic analy-

sis. Economic and epidemiologic studies covered only 15 member states with

reported data between 1970 and 2017, resulting in an incomplete picture. For chil-

dren in particular, limited information is available. The prevalence, incidence, mortal-

ity, and expenditure of the T2D population have increased across the decades in

member states. Therefore, policies should aim to prevent or reduce the burden of

T2D in the EU and consequently mitigate the expenditure on T2D.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2D) is a complex metabolic disorder with a

gradually increasing incidence worldwide, even between age groups

below 30–40 years.1 The disease is clinically characterized by a hypergly-

cemic state due to a progressive loss or dysfunction of β-cell mass. The

etiology and causal association of the onset of T2D can involve genetic,

behavioral, and environmental factors, such as physical inactivity,

unhealthy diet, obesity, family history, age, and even race.2 Individuals

with T2D are highly susceptible to a wide number of chronic complica-

tions, such as neuropathy, nephropathy, retinopathy, cardiovascular dis-

ease, peripheral artery disease, dental disease, and reduced resistance to

infection.3 By 2021, it is estimated that at least one third to one half of

people suffering from T2D worldwide were unaware of their disease.4,5

Evidence suggests that sex-specific T2D age-standardized preva-

lence has increased in all member states of European Union
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(EU) between 1990 and 2019.6 As reversal of the disease is unlikely

once it has occurred, prevention is of paramount importance.7 T2D,

as a significant cause of increased morbidity and mortality, results in a

heavy economic burden in terms of healthcare expenditures. Individ-

uals with T2D are prone to experiencing a negative impact on their

productivity due to their disease, which not only affects the individual

with T2D but also society and the national economy.8 The economic

burden of T2D is high due to the high demand on healthcare

resources, including costs for medicines and outpatient, inpatient, and

diagnostic services. It is also relevant to consider a wider range of

indirect costs, such as monetary losses, including opportunity costs

(death, disability, incapacitation), transportation expenses, accommo-

dation, nutritional costs, social productivity losses and income losses.9

More than 48 million individuals in the EU were estimated to have

T2D in 2019, representing 9.9% of the population.10 Although in the

EU the health sector has divided competences—the EU and its member

states share powers and responsibilities—under Article 168 of the

Treaty on the Functioning of the European Union (TFEU), EU member

states are primarily responsible for the health services they provide to

their citizens.11 Following the St Vincent Declaration, there were initia-

tives in the EU to focus on DM, but these initiatives have failed.12 The

new initiative from 2021 entitled “The Blueprint for Action in the Dia-

betes in the European Union” is considered a building block for the

activities of DM advocacy groups.13 The EU, as an organization, has

the power to provide economic support, such as funding for prevention

and research to decrease the burden of this disease in the member

states.14 However, despite the public health measures implemented by

the EU and its member states, all the member states show rising preva-

lence rates of T2D.6 In fact, according to Global Burden of Disease

(GBD) estimates, T2D stands out from the group of noncommunicable

diseases (NCDs), as the burden of disease caused by T2D is increasing

compared with other major NCD burdens.15

The institutions of the EU produce quantitative or qualitative

measures to have comparable and reliable data on health and health-

related behavior, diseases, and national health systems, for example,

by the European Core Health Indicators or results from the European

Health Interview Survey (EHIS). Despite the importance of T2D, the

majority of data collections report overall outcomes of diabetes melli-

tus (DM) including T2D as one of the types.16 Furthermore, policies

and initiatives often do not distinguish between types.13

This overarching diabetes concept makes it challenging to collect

epidemiological, economic, health, and policy data on the T2D popula-

tion. In addition, most available data are limited to mortality and mor-

bidity data, which do not adequately cover T2D, especially at the

subnational level, which is rarely collected. Evidence shows that effec-

tive health policies require data collection and analysis with a subna-

tional focus, rather than just a national one.17

Currently, there is a lack of systematic reviews regarding eco-

nomic evaluation and epidemiological measures such as prevalence,

incidence, and mortality associated with T2D in all countries of the

EU and United Kingdom (EU-28). The lack of evidence implies that

data from different countries and regions cannot be compared. This

hampers the identification of good practices in prevention and the

development of effective health policies tailored to each region or

country. Accordingly, the aim is to demonstrate the economic disease

burden, prevalence, incidence, and mortality associated with T2D in

EU-28 member states through the systematic collection and analysis

of epidemiological and economic data.

2 | MATERIAL AND METHODS

2.1 | Protocol and registration

The present systematic review was conducted in September 2020 fol-

lowing the Preferred Reporting Items for Systematic Review and

Meta-Analyses (PRISMA) guidelines.18,19 The search was performed

after the protocol was accepted on the International Prospective Reg-

ister of Systematic Reviews (PROSPERO) with the following identifi-

cation number: CRD42020219894.

2.2 | Research question

Considering that we aimed to assess data on the epidemiological data

and economic burden of T2D, two different frameworks were used to

develop the research questions. The framework frequently used to

analyze incidence and prevalence is CoCoPop20,21:

• Condition (Co): T2D.

• Context (Co): Epidemiological data of incidence, prevalence, and

mortality.

• Population (Pop): Individuals of any age living in the EU-28

member states, including the current 27 member states and

United Kingdom.

For conducting economic evaluation, the PICOC framework was

the first choice for systematic reviews in line with the literature20:

• Population (P): Individuals of any age with T2D.

• Intervention (I): Not applicable.

• Comparators (C): Not applicable.

• Outcomes (O): Direct costs as diagnosis, treatment and hospitali-

zation expenditures and indirect costs associated with the eco-

nomic burden of disease.

• Context (C): EU-28 member states, including the current 27 mem-

ber states and UK.

Thus, our research questions were as follows:

1. What is the prevalence, incidence, and mortality of T2D in EU-

28 member states?

2. What are the direct costs of diagnosis, treatment, hospitalization

expenditures, and indirect costs associated with the economic

burden of disease of individuals with T2D living in EU-28 mem-

ber states?
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2.3 | Eligibility criteria

Studies were eligible for the present systematic review if they met the

following inclusion criteria: (a) Studies in which the full text was pub-

lished in the English language; (b) original research; (c) studies asses-

sing data on individuals with T2D; (d) studies including individuals

living in the EU-27 member states or the United Kingdom;

(e) prospective observational studies, such as cohort and case–control

nested within cohort studies, and economic studies; and (f) studies

assessing prevalence, incidence, mortality, or cost-of-illness of T2D.

The eligibility assessment followed this order of inclusion criteria dur-

ing title and abstract assessment and for full-text analysis. Studies

were excluded if they met the following exclusion criteria: (a) Studies

such as RCTs, quasi-RCTs, crossover trials, controlled before and after

studies, interrupted time series (ITS) studies, nonexperimental studies,

studies of simulation models, case reports, series of cases, literature

reviews, nonoriginal studies, expert opinions, and letters; (b) studies in

which the data regarding T2D were merged with data on different

types of diabetes or studies in which the type of diabetes was not

explicitly reported; (c) studies in which the data between member

states of the EU were merged within themselves; and (d) studies

focused primarily on any topic other than T2D disease.

2.4 | Search strategy, study selection, and data
extraction

An extensive search was performed in August 2020 by the first

reviewer in the following electronic databases: MEDLINE via PubMed,

EMBASE, and CINAHL Plus. Additionally, the list of references from

the identified relevant articles was screened. A search strategy was

created and adapted for each of the databases. The search strategy

was based on the CoCoPop and PICOC frameworks, and the most

appropriate MeSH terms and Boolean operators were used:

(((“Germany”) OR “Belgium”) OR “Croatia”) OR “Netherlands”) OR

“Italy”) OR “Hungary”) OR “Slovakia”) OR “Slovenia”) OR “Bulgaria”)
OR “Spain”) OR “Denmark”) OR “Finland”) OR “Romania”) OR

“Poland”) OR “Sweden”) OR “Greece”) OR “Ireland”) OR

“Czech Republic”) OR “Luxembourg”) OR “Cyprus”) OR “Malta”) OR

“Lithuania”) OR “Estonia”) OR “Latvia”) OR “Portugal”) OR “Austria”)
OR “United Kingdom”)) AND (((((((((“Prevalence”) OR (“Incidence”))
AND (“diabetes mellitus, type 2”))) OR ((“diabetes mellitus, type

2/economics”) OR ((cost of illness) AND (“diabetes mellitus, type

2”))))) AND (cohort studies). Appendix S1 shows the adapted search

strategy of each electronic database and the number of studies

retrieved in each database.

The title and abstracts from the studies found in the databases

were downloaded and imported to an EndNote 20 (The EndNote

Team, Clarivate, Philadelphia-USA) library so that duplicate removal

could be performed. Then, a master file containing the titles and

abstracts of the studies was created. Five trained reviewers partici-

pated in the study selection process in pairs, with the fifth reviewer

resolving any disagreements. A pilot screening of 30 studies was

performed with the five reviewers in a calibration process, in which all

the reviewers screened the same papers. Then, Cohen's kappa coeffi-

cient was used to assess the interrater reliability, and a meeting was

held to discuss any disagreements and standardize the screening pro-

cess. After the calibration process, the master file was then divided

into six sections containing an equal number of studies. Each pair of

reviewers was responsible for screening three sections, and disagree-

ment meetings were held with the whole group. Eligibility criteria

groups were generated in the EndNote file in the following order:

(a) English language studies, (b) original research, (c) studies on the EU

population, (d) studies on individuals with T2D, (e) cohort studies, and

(f) studies assessing the economic burden or epidemiological mea-

sures of T2D. The reviewer selected “Include,” “Exclude,” or

“Unclear” for each study. If the “Excluded” option was selected, the

screening process ended for the study; otherwise, the screening pro-

cess followed as mentioned. After all sections were screened, the full

text of the studies included in the last group (f) were retrieved, down-

loaded, and imported to an EndNote file. If the full text was not avail-

able in a database, library, or website, the study was excluded from

the systematic review.

The full-text screening followed the same methods of the title

and abstract phases. A calibration was performed by the five

reviewers with five papers, and a meeting to standardize the screen-

ing process was held. The eligibility criteria groups were placed in the

same order; however, the “Unclear” option was excluded from the

file. Another EndNote file was created containing all the included

studies after an extensive screening process. Two online forms were

created (Forms Office, Microsoft) so the data extraction could be

accomplished by the reviewers in pairs; these forms were based on

the Joanna Briggs Institute (JBI) Manual for Evidence Synthesis.22

One form was used to extract epidemiological measures, and the

other form was used for economic burden data. Both forms had ques-

tions regarding the study characteristics (first author, publication year,

country of the research, database or data source, and ethics approval),

study methods (aims of the study, country, setting, study design, and

follow-up), and sample characteristics (size, groups, age range, gender,

methods of diagnostic, and/or definitions of T2D). The epidemiologi-

cal form had specific questions regarding the type of measure ana-

lyzed in all the follow-up periods' prevalence, incidence, and mortality.

Studies were considered to be population based if the selected sample

included the entire population of a country or region. This means that

all individuals in a given region who met the inclusion criteria were eli-

gible to participate in the study.23 The economic form was composed

of questions related to the type of cost, currency, and prices related

to T2D expenditures. All the data inserted into the forms were con-

verted into an Excel file after the disagreement meetings.

2.5 | Methodological quality assessment and data
analysis

The methodological quality assessment was carried out after all the

studies had their data extracted. The JBI Critical Appraisal Tools for

SOARES ANDRADE ET AL. 3 of 22
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economic evaluations and for cohort studies were used for the quality

assessment.24 The forms were filled out by pairs of reviewers, and dis-

agreements were resolved in meetings with the fifth reviewer. Both

the checklist for cohort studies and that for economic evaluation con-

tain 11 questions. However, the research group defined a few ques-

tions as highly critical domains to promote more accurate quality

assessment of the cohort and economic studies: Items 3, 7, and 8 and

items 3, 5, and 10, respectively. Additionally, the JBI critical appraisal

checklist for studies reporting prevalence data was also used to assess

the studies reporting prevalence and incidence.25 Studies were con-

sidered to have low methodological quality if the following answers

were provided for critical domain questions: Two “no” responses, one
“no” response and one “unclear” response, or two “unclear”
responses. Studies were also considered to have low methodological

quality if the following answers were provided for noncritical domain

questions: one “unclear” response and two or more “no” responses.

High methodological quality was determined if the studies had a maxi-

mum of one “no” response or two “unclear” responses on noncritical

domain questions.24,26

After data extraction regarding epidemiologic and economic mea-

sures, a few strategies to standardize and enable comparison within

studies were taken. For prevalence, incidence, and mortality, the pre-

ferred measure was percentage. In cases in which the study reported

the number of cases instead of the percentage, a calculation was per-

formed to convert the data (see Equation 1 below). This strategy was

also used in papers reporting the number of cases per year without

the number of populations; in those cases, the population by year was

extracted from EUROSTAT, and the percentage was calculated. Other

studies reported rates per 1000 (see Equation 2a), 10,000 (see

Equation 2b), or 100,000 (see Equation 2c); in those cases, another

calculation strategy was taken. Epidemiologic measures were not pre-

sented in percentages in the final table if the rate was too small to be

converted. Extracted data regarding prevalence, incidence, and mor-

tality are gathered in Table S1.

%¼ number of cases�100ð Þ
Population in a certain year

ð1Þ

%¼ x rate per 1000ð Þ�0:1 ð2aÞ

%¼ x rate per 10000ð Þ�0:01 ð2bÞ

%¼ x rate per 100000ð Þ�0:001 ð2cÞ

Economic studies report many different types of expenditure

data. For this reason, all costs related to individuals with T2D are pre-

sented in Table S2 regardless of the type. To make further compari-

sons possible, five types of costs were either calculated or directly

extracted: Mean annual direct cost, mean annual indirect cost, mean

annual total cost, gross annual direct cost, and gross annual indirect

cost. Direct costs were calculated based on the expenditure directly

attributable to healthcare for the patient. Indirect costs were consid-

ered if the expenditure was related to anything other than patient

care. Total costs were the sum of both of the above-cited types of

costs.27 After extracting, merging, or calculating direct, indirect, or

total costs, all of them were adjusted for inflation for the year 2021

(Euro €). In cases of studies reporting semiannual means twice a year,

they were summed to allow annual conversion. If costs were pre-

sented for only one semester of the year, they were multiplied by two

to estimate the annual mean. Gross costs are reported as the mean

cost of illness by person on a sample extrapolated to the whole popu-

lation, and they were only included if the original study reported it.28

The interrater reliability rate for each phase of the study was cal-

culated with Cohen's kappa coefficient (κ) in SPSS (IBM SPSS Statis-

tics for Windows, version 25 [IBM Corp., Armonk, N.Y., USA]). Review

Manager 5.3 (The Cochrane Collaboration, Copenhagen, Denmark)

was used for methodological quality assessment synthesis. Although

heterogeneity between studies prevented a meta-analysis, the eco-

nomic burden and epidemiological measures for each country were

summarized to facilitate further analysis.

3 | RESULTS

3.1 | Literature search and study selection

The literature search in the databases retrieved 1983 titles and

abstracts, while records identified through other sources retrieved

270 titles. A total of 474 of these studies were found to be duplicates,

and they were excluded accordingly. Next, the reviewers proceeded

to analyze the 1779 titles and abstracts, and 1441 of these were

excluded based on the eligibility criteria. In the next phase, 338 full

texts were analyzed by the reviewers considering the inclusion and

exclusion criteria for epidemiological or economic studies. Ultimately,

41 studies were included in the epidemiological analysis, and 25 stud-

ies were included in the economic analysis, with eight studies included

in both evaluations (Figure 1). Cohen's kappa coefficient was used to

assess the agreement rate between the two reviewers throughout all

the methodological phases, and the rate was 0.83, which is considered

“strong agreement.”29

3.2 | Study characteristics and methodological
assessment

All 41 studies included in the epidemiological analysis were published

between 199130 and 2020.31,32 The included studies reported data

from 12 different countries, with the number of papers from each

country as follows: Austria—2,33,34 Denmark—4,32,35–37 France—

4,31,36–38 Finland—1,39 Germany—9,8,38,40–46 Hungary—1,47 Belgium—

1,38 Italy—4,38,48–50 the Netherlands—2,38,51 Spain—3,38,52,53

Sweden—5,30,38,54–56 and United Kingdom—1438,57–69 (Figure 2).

Some papers reported data on more than one country. The data

source from which each study retrieved epidemiological data was

highly heterogeneous within the publications, and most of the data

were collected in databases, previous studies, or clinical/laboratory

4 of 22 SOARES ANDRADE ET AL.
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settings. A few examples of settings and databases cited in the papers

were as follows: Hospitals,35,52,56,69 social security systems,43 primary

care centers,52,55 clinical centers/practices,49,56,57,59,66 health

information network,44,68 laboratories,35,50 national health

systems,31,32,34,35,49 health insurance systems,8,39,46,47,56 surveys,30,44

and research datalinks.33,38,39,48,54,58,60,61,63,65,67 Secondary data

F IGURE 1 Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses (PRISMA) with description of
the study selection process.

F IGURE 2 Included studies reporting epidemiologic data from member states, with the number of papers from each country.

SOARES ANDRADE ET AL. 5 of 22
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analysis based on the following databases was published: AOK,41

CPRD,61,65,67 RECAP-DM,55 SHIP,44 EMIS,68 CARLA,44,45 DHS,44

HNR,44 KORA,40,44 EPIC,57,64 Ely,59,62 Inter99,36,37 D.E.S.I.R,36,37

ACG,48 Asturias,53 ZODIAC,51 BPSU,58 and CODE-2.38 Information

related to ethical approval was also assessed; 18 studies did not have

ethical approval or did not consider it to be necessary,31,32,34–

38,42,43,45–50,56,63,69 five studies were unclear regarding whether the

protocol was approved,8,40,52,65,66 and 18 reported the actual ethical

approval by a formal committee.30,33,39,41,44,51,53–55,57–62,64,67,68 The

methodological quality assessment demonstrated that 37 studies

were classified as “high quality,”8,30–33,35–37,40–62,64–69 one study as

“moderate quality,”34 and three studies as “low quality.”38,39,63 Over-

all, 90.47% of the included papers on epidemiological analyses were

classified as “high quality” (Table S3). Additional information about

the methodological assessment of prevalence and incidence studies

can be found in Table S4.

The economic analysis included 25 studies published between

200170 and 2019.71,72 The member states for which the studies

reported data were as follows: Belgium—1,38 France—4,38,71,73,74

Germany—7,38,42,43,46,74–76 Greece—4,74,75,77,78 Italy—3,38,48,79

Netherlands—3,38,72,80 Poland—1,81 Spain—6,38,52,74,75,82,83 Sweden—

4,38,43,75,84 Ireland—1,85 and UK—5.38,66,70,74,86 A few studies were

conducted in more than one country. The number of papers in each

country is cited above after the name of the country (Figure 3). Differ-

ent sources of data were reported in the included studies for cost

analysis; a few examples are as follows: hospitals,52,85 social security

systems,43 primary care centers,55,84 clinical centers/practices,66,70

endocrinology clinics,79,83 health information network,86 national

health systems,75,81 health insurance systems,46,73,81 statistical

office,81 national surveys,38 and research datalinks.48,82 A few studies

did not report the data source, or it was not applicable.42,76,78,80

Similarly, the economic studies reported secondary data from other

study sources: VEKTIS,72 SNDS,71 ZODIAC,72 RECAP-DM,55 ROSE,84

INSTIGATE,74,75,77 TREAT,75 CODE-2,38,70 and CODEIRE.85 Since the

analysis was a cost evaluation, most of the studies did not have, or

need, ethical approval (n = 14).38,42,43,46,48,52,71–73,79–81,83,86 How-

ever, six studies reported that they were officially approved by

an ethics committee,55,70,74,78,84,85 and five studies left this topic

unclear through the text.66,75–77,82 Unlike the previous analysis, the

economic quality methodological assessment showed that only 36%

of the economic studies were evaluated as “high quality.” The analysis

indicated nine studies to be “high quality,”48,52,71,73,76,81,82,85,86

one to be “moderate quality,”77 and 15 to be “low quality”38,42,43,46,
55,66,70,72,74,75,78–80,83,84 (Table S5).

3.3 | Study findings from the epidemiologic
evaluations

3.3.1 | Studies reporting prevalence

In the United Kingdom, the study with longest follow-up reported

nationwide prevalence of T2D, in a population of all ages, ranging

from 1.32% in 1991 to 3.05% in 2004 and 4.54% in 2013.65 Similarly,

in a smaller population of individuals above 16 years old, the preva-

lence of T2D was very similar, going from 3.80% for males and 2.68%

for females in 2004 to 6.25% for males and 4.37% for females in

2014.61 Subnationally, in Tayside (Scotland), the prevalence of T2D in

a “low quality” population-based study matched very closely the

national percentages: 1.49% in 1993 to 3.12% in 2004.63 A nation-

wide population-based study from Denmark reported prevalence of

T2D from 1996 to 2017, ranging from 1.16% for males and 1.17% for

F IGURE 3 Included studies reporting economic data from different member states, with the number of papers from each country.
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females, to 4.83% for males and 3.90% for females, respectively.32

Subnationally, between 2000 and 2003, accounting only the popula-

tion within 40–70 years old of the County of Aarhus, the prevalence

was higher: 3.73%.35 For Italy, a single population-based study

reported prevalence percentage; in this study, the T2D prevalence of

adult individuals only for Verona was 5% in 2012.48 According to a

nationwide population-based study in Germany, the prevalence of

T2D was 9.8% in 2010.46 The German region with highest prevalence

percentage was the East region with 9.33% in 2002–2006, and the

lowest was the South with 3.32% in 1999–2001.44 In France, a much

higher prevalence was found in a study analyzing individuals above

45 years in the National Health Data System—the prevalence of T2D

for males was 11.5% in 2010 and 12.1% in 2017; for females, it was

7.9% and 8.1% in the same years.31 In a population of 2 million indi-

viduals under 18 years old in Hungary, the prevalence of T2D ranged

from 19.85 per 100,000 in 2001 to 22.15 per 100,000 in 2016.47

In 1999, the prevalence percentage of T2D in a nationwide popu-

lation of adults above 30 years old was 1.7% in the Netherlands, 2.2%

in France, 3% in Italy, and 3.3% in Belgium.38 In Spain, a similar ten-

dency was found, since a smaller prevalence of 3.9% was reported in

199938 and an increased percentage of 14% was found only for Bar-

celona (Badalona) later in 2010.52 In Sweden, the lowest prevalence

percentage was found in Vetlanda Municipality in 198756 and the

highest was 3.6% being reported nationally for 1999.38 In Germany,

the prevalence of T2D in a non-population-based study was 6.8% in

200543 and 4.2% similar study.38 Prevalence measures reported in

studies are shown in Table 1.

3.3.2 | Studies reporting incidence

The incidence of T2D in the United Kingdom, for individuals of all

ages, ranged from 0.16% in 1991 to 0.38% in 2003.67 Between 2004

and 2010, two studies evaluated incidence of T2D in the UK popula-

tion. One study reported values 0.41%–0.36% (males-females) in

2004 and 0.53%–0.49% (males-females) for 2010,67 while the other

study showed an incidence of 0.52%–0.38% (males-females) in 2004

and 0.51%–0.34% (males-females) in 2010.61 Subnationally, the low-

est incidence percentage in the United Kingdom was 0.19% which

occurred in Tayside (Scotland) in 1993.63 The highest percentage was

2.46% found between 1993 and 2004 in adults (40–78 years) in Nor-

wich (Norfolk, England).64 In Germany, the only nationwide analysis

included 8787 individuals (45–74 years) and the incidence percentage

was 5.9% in a mean follow-up between 2.2 and 7.1 years considering

a baseline at 1997–2006. The same study reported the lowest inci-

dence of T2D in Germany, being 3.7% in the West region.44 A long

follow-up study in Västerbotten County (Sweden), with an average

10-year follow-up between 1990 and 2013, reported a T2D incidence

of 7%, based on a sample of 32,120 people (aged 35 to 55 years).54 In

a population-based study in Denmark, the incidence of T2D was

0.21% in 1996, 0.22% in 2000, and 0.32% in 2016.32 In the

Netherlands, the incidence percentage was the same as in Denmark in

2000: 0.22%.51 In northern Spain, the incidence of T2D was 6.98%

between 1998/1999 and 2004/2005, in a 630 sample of people (aged

30–75 years).53 The lowest incidence rates were found in Turin

(northern Italy), for adults (aged 30–49 years) in 1999, 2000, and

2001, 50.7, 41.1, and 58.0 per 100,000, respectively.49 Both Austrian

studies analyzed a nationwide sample of people under 15 years old.

The incidence between 1999 and 2001 was 0.25 per 100,000 (eight

cases) in a “moderate methodological quality” study34; however, in

the other study (high quality), the incidences in 1999, 2000, and 2002

were respectively: 0.14, 0.28, and 0.42 per 100,000.33 In the

United Kingdom, the incidence of T2D for people under 17 years old

in 2015 was 0.72 per 100,000.58 For children and adolescents in

Hungary, the incidence of T2D was much higher between 2001 and

2016: 8.35 and 5.06 per 100,000 in 2016.47

The highest regional percentage was 10.5%, found in Southern

Germany between 2001–2008 in a sample of 887 individuals (55–

74 years) from a non-population-based study.40 The highest follow-up

between studies was 34 years in Finland (Helsinki), and the incidence

percentage was 9.43% in a sample of 1145 males39; however, the

study was assessed as a “low quality” study regarding its methodology

and it was not population based. The oldest study was also performed

in Sweden (Uppsala) with the same 10-year average follow-up; the

incidence percentage for 1860 males was 4.13%.30 In France, the inci-

dence of the disease was 2.4% in a sample of 3784 people (aged 30–

65 years) in the 1994–1996 baseline study and 6-year follow-up.36,37

Incidence measures reported in studies can be found in Table 2.

3.3.3 | Studies reporting mortality

In Germany, a population-based study reported a mortality percent-

age of 16% in 2010 within 64.9 million people.8 In Tayside (UK), a

“low quality” population-based study reported the mortality per indi-

vidual with T2D was 6.9% in 1993 and 5.39% in 2003.63

Another German study comprised a sample of 19,888 individuals,

and the mortality was 7.17% in a 3-year follow-up between 2005 and

2007.42 In Cambridgeshire (UK), the mortality among people aged

40–65 was 6% between 1991–1998 and 8% between 2000–2008.59

Mortality measures reported in studies are shown in Table 3.

3.3.4 | Study findings from the economic analysis

In Belgium, the estimated total gross direct cost of T2D in 1998 was

€1.62 billion, estimated on the basis of an annual average of €4842.97
per person per year in a “low quality” study.38 However, a “high qual-

ity” study in Poland assessed direct costs for the T2D population,

except for drugs and primary care; it was estimated at €31.87 million

in 2004 and rose to €61.35 million in 2009.81

In France, a “low quality” study estimated total direct costs of

€5.85 billion per year for T2D population between 1997 and 199938;

a “high level” study reported an increased amount of €9.2 billion for

2013.73 The mean direct cost for T2D individuals in France was

€4503.45 in 1998.38 In 2006, two studies reported the annual direct
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cost that ranged from €2474.97 in a “high quality” study71 to €3492.6
in a “low quality” study.74 Similarly in 2013, two “high quality” studies
reported different costs, the mean annual direct costs were €4915.06
in one study71 and another one reported €7055.91.73 The mean indi-

rect costs in France were €702.51 in 2006 and €491.48 in 2015. The

total costs amounted €5593.66 in 2008 and €5935.45 in 2015.71

For the T2D population in Germany, a “low-quality” study esti-

mated an annual direct cost of €1.83 billion between 1996 and

1998.38 In 2010, the gross direct costs increased to €32.8 billion in

one “high quality” study76 and €38.5 in another (low quality).46 The

annual mean direct costs per person for Germany were €5255.98
between 1996–1998 in one study (low quality),38 decreasing to

€3977.5 in a “low quality” study in 2003, including only hospital and

drug costs.42 Additionally, two “low quality studies” reported direct

annual cost per person in Germany in 2006, being €2394 in one

study74 compared with €2955.76 in another.43 In a sample including

T2D insured by the German statutory health insurance system, in a

“high quality” study the direct costs per person were €5955.5 in

201076 and another “low quality” study reported €5065.53 for the

same year.46

All four studies reporting cost analyses in Greece reported only

the direct annual mean expenditure for people with T2D and they

were considered from “low” to “moderate” quality. Three studies

used the same baseline sample of the Greek T2D population from the

INSTIGATE database (2005–2008). In their first and second years, the

sample presented mean costs of €1331.53 and €1205.68, respec-
tively.74,75,77 One of these studies also used the TREAT database

(2007–2010), and reported an annual cost was €1440.1.75 Another

study had a different follow-up from 2001 to 2011 with an annual

mean cost of €7712.05.78

In Italy, a “low quality” study estimated annual direct expenditure

at €7.6 billion, based on an annual average of €4396.15 per person.38

Regionally, in northern Italy, another “low quality” study reported the

indirect costs per person to be €2715 between 2001 and 2002 in Por-

togruaro79 and the mean direct costs, including hospitalization, outpa-

tient care, and medications, were €3639.2 for 2012 in Verona in a

“high quality” study.48

According to a nationwide study in Spain, the annual direct

expenditure was €2.88 billion, and the mean per patient was

€1918.08 in 1998–1999.38 Two studies reported the costs of individ-

uals with T2D initiating insulin therapy (INSTIGATE),74 with one

reporting the costs for the first semester and the second for the entire

year.75 One study had an annual mean direct cost of €2765.18 in

200674 and decreased to €2041.7 in another study (2005–2008).75

The highest costs found regionally in Spain were from Cadiz in 1999,

where the mean direct, indirect, and total costs were €3719.06,
€2678.88, and €6397.94, respectively.83

In 1998, the Netherlands had a gross direct annual expenditure of

€627 million based on the cost per patient of €2891.08 in one study80

and €652 million extrapolated from €2685.31 in another one.38 For

the same year, the indirect costs based on productivity lost and travel

costs were estimated to be €58.6 million.80 Between 2008 and 2011,

the annual direct mean per patient was €5047.02 for the northern

region of the Netherlands.72 Nationally, in Sweden for the period

between 1993–1996, the annual mean gross direct expenditure in bil-

lions was estimated to be €1.08, which was estimated based in the

mean direct cost per patient of €3865.56.38 A study estimated a direct

annual cost to be €4537.18 in 2001, decreasing to €3330.34 in

200984 and €1795.2 in 2010 in a study comprising individuals starting

insulin therapy between 2007 and 2010.75 In Uppsala (Sweden), the

annual mean for direct costs was €4391.17 in the period between

2000 and 2004.55 All studies reporting costs for the Netherlands and

Sweden had a “low quality” methodological assessment.

In the United Kingdom between 1994 and 1995, the direct costs

amounted to an annual mean of €3.83 billion and a per patient mean

of €3254.12.38 In 1998, the direct costs for Bradford, Jersey, and Sal-

ford (UK) were €2800.66.70 Comprising only costs for primary care

and prescriptions, the direct costs per patient were €895.69 in 1997

and €1316.62 in 2007 in a “high quality” study.86 In another study

(low quality), the mean annual direct cost per patient was €1925.66
only for 2006.74 In a “high quality” study reporting cost data for Dub-

lin and Cork (Ireland), the total expenditure for direct costs was

€501.4 million, and the mean per patient was €3281.7 in 1999.85 Eco-

nomic findings reported in studies can be found in Table 4.

4 | DISCUSSION

Our unique systematic review based on 41 articles draws from

47 years of longitudinal data (1970–2017), including data on preva-

lence, incidence, and mortality and direct and indirect costs associated

with T2D in the EU-28, such as hospitalization, drugs, complications,

consultations, and blood glucose control emergencies. Research ques-

tions on the epidemiological and economic burden of T2D are dis-

cussed in the following six points.

First, data on T2D are generally incomplete, especially for data

from Eastern European countries, despite the fact that a country-

by-country search has been applied. No studies were identified mainly

TABLE 3 Mortality data of EU member states and subnational regions.

Country Region/City 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2005 2007 2008 2010

Germany Nationwide 7.17% 16%

UK Tayside

(Scotland)

6.9% 6.67% 7.05% 6.32% 5.15% 5.68% 5.47% 4.92% 4.81% 4.77% 5.39%

Cambridgeshire 6% 8%
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in Eastern European countries: Bulgaria, Croatia, Republic of Cyprus,

Czech Republic, Estonia, Latvia, Lithuania, Luxembourg, Malta,

Portugal, Romania, Slovakia, and Slovenia. Given the less favorable

socioeconomic factors in Eastern European countries compared with

Western Europeans,87 it is likely that important adverse disease bur-

den data were not identified. Moreover, there are no regularly pub-

lished data for any country. Such incomplete picture therefore limits

our ability to assess the burden of T2D in the EU-28 in a truly

global way.

Second, prevalence and incidence were the most reported epide-

miological measures from 15 countries reporting data on T2D. Over

our study period, prevalence values for adults varied between 1.16%

and 14%. A partially similar systematic review with meta-analysis

investigated disparities in the T2D prevalence of different minority

groups in Europe.88 The study covered a 20-year period; however,

contrary to our study, it did not compare the prevalence in different

years. In the Netherlands, the study reported prevalence rates of T2D

between 3.1% and 6.2%, which were higher than those in our study

of 1.7%–2.83%. In Sweden, percentages had a broader range, at

1.7%–19%; in our study the range was 1.33%–3.6%. The prevalence

in Denmark was 3.6% in the study and we found a range of 1.16%–

4.83%.

Regarding subnational data availability, Germany was one of the

few countries where the epidemiology of T2D was reported from dif-

ferent regions: The South, Lower Saxony, East, Northeast, West, and

Halle. Many risk factors and etiologic factors have been associated

with T2D onset. Differences between regions were reported in

health-related attitudes, education, unemployment, income, and pri-

vate home ownership.44 This study found association between educa-

tional level and time to onset of T2D. Inverse association between

lower educational level and risk of developing T2D was already pre-

sented from several European countries, and body mass index (BMI) is

considered an important potential mediator in the relationship

between educational level and T2D since the hazard ratio (HR) levels

were increased when adjustments for BMI were made.89 Further-

more, socioeconomic status, income, and regional deprivation are also

associated with risk of T2D and obesity. A study performed in England

reported that individuals with low socioeconomic status have a 2.59�
greater risk of experiencing a diagnosis of T2D than individuals in

higher socioeconomic levels.90 The northeast part of Germany, which

is a highly deprived area, had high T2D prevalence rates, while the

southern part of Germany showed a low prevalence.44 Another study

in the United Kingdom proved that the prevalence, incidence, and

mortality of T2D is higher in males, mainly when they are older and

live in deprived areas.61 A higher relative risk of T2D is often associ-

ated with populations with low economic levels and low-income

countries,91,92 but little is known about within-country variation

across the EU-28, so these studies are very valuable.

Mortality was one of the least reported epidemiologic measures,

with only four studies.8,42,59,63 This would certainly deserve more

attention; as a study found that 12.3% of multiple cause death certifi-

cates cited diabetes, but only 2.9% reported diabetes as an underlying

cause of death.93 Different standardized methods of assessing T2D

mortality should be adopted by databases and studies since most dia-

betic patients' causes of death are currently attributed to comorbid-

ities and severe complications.93

Third, the change in T2D over time is well tracked despite the

scarcity of data: Prevalence, incidence, and mortality are increasing in

all countries in which longitudinal comparisons were possible. Preva-

lence rates increased over the years in the United Kingdom, Denmark,

Italy, France, Germany, Sweden, Netherlands, and Spain. Prevalence

changes were most reported for the United Kingdom between 1978

and 2014 in our work, showing an increase from 1.20% to 4.37–

6.25% by different studies. Evidence suggests that T2D prevalence is

increasing not only in the EU,6 which mostly reported from the West-

ern countries,11 but also globally.94 Globally, diabetes prevalence has

increased from 4.3%–5% to 7.9%–9% from 1980 until 2014. Over

34 years, none of the countries worldwide reported a decrease in dia-

betes prevalence.95 This study found the lowest percentages in the

population of northwestern European countries, in Switzerland,

Austria, Denmark, Belgium, and the Netherlands.95

There were very few and diverging longitudinal data on incidence.

Some countries reported increasing incidence across years

(UK [Tayside], Denmark, Italy, and Austria), while the western part of

Germany, the United Kingdom, and Hungary showed a decrease in

incidence rates. The mixed pattern in the EU was already reported by

Magliano et al.96 Helsinki (Finland) remained a relatively low T2D inci-

dence rate of 9.43% during 34 years of follow-up. However, their

sample was all male, had a low risk of diabetes, a low obesity rate, a

fasting plasma glucose level below 5 mmol/L, and the highest socio-

economic status.39 A prospective study conducted in the

United Kingdom reported that the increase in the incidence of T2D

between 1984 and 2007 was indeed associated with BMI/adiposity,

even though BMI explained only 26% of this increase. The remaining

percentages should be associated with different factors, such as a lack

of physical activity and dietary changes.97 Predicting the onset of T2D

in populations at risk can be an efficient method to apply prevention

policies and decrease the incidence of diabetes. Countries including

the United Kingdom and Germany use tools (i.e., Cambridge Diabetes

Risk Score, German Diabetes Risk Score, and QDScore) to identify

and predict not only the risk of diabetes onset but also undiagnosed

hyperglycemia and metabolic syndromes.45,57,68,98

Fourth, there are no sufficient data on prevalence, incidence, and

mortality in all age groups. Childhood T2D is surprisingly understu-

died, which makes it difficult to predict the adulthood T2D risk.99 The

paucity of literature on the epidemiology of T2D in children and ado-

lescents might be explained by the fact that this type of diabetes

accounts for less than 10% of all cases in most countries.100 Data

regarding the incidence and prevalence of T2D in children and adoles-

cents were reported in four studies from the United Kingdom, Austria,

and Hungary.33,34,47,58 The incidence reportedly increased from 0.53

to 0.72 per 100,000 per year in the United Kingdom (2005 and 2015),

mostly in girls and nonwhite populations. Interestingly, the sample in

the United Kingdom comprised mostly obese children with a family

history of diabetes.58 In Austria, the incidence rate showed similar

trends when compared with the United Kingdom since it increased
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from 0.14 to 0.34 per 100,000 (1999–2007).33,34 Hungary demon-

strated an inverse change in incidence rate, which decreased from

8.35 to 5.06 per 100,000 per year (2001–2016). However, the preva-

lence of T2D in children and adolescents increased from 19.85 to

22.15 per 100,000 in the same period,47 which may be explained by

the fact that the decrease in incidence is more than offset by the low

number of deaths. However, some longitudinal data have reported

different patterns in the prevalence and incidence of T2D in under-

18s in different countries: no increase in prevalence in Denmark and

Germany,101,102 an increase in prevalence in the United Kingdom,103

no increase in incidence in Australia,104 and an increase in prevalence

and incidence in the United States.105,106 Despite the nonhomoge-

neous findings, it can be stated that changing behavioral patterns

related to diet, physical activity, and childhood obesity increase the

burden of T2D in Europe.107

Fifth, T2D-related expenditure is growing. Unfortunately, data

specifically for T2D are often not available; for example, the total cost

of DM can be reached from the Netherlands (2016), which was €6.8
billion.108 The financial burden of noncommunicable diseases in the

EU was evaluated in a systematic review, published in 2019.109 Costs

for T2D in this study excluded comorbidities but included complica-

tions. The systematic review only included three studies accounting

for two countries (Germany and the Netherlands) regarding T2D

expenditure. For Germany, direct costs were estimated at between

€12,927 million and €17,637 million in 2010. For the Netherlands, the

direct and indirect costs in 2016 were €1276 million and €3297 mil-

lion respectively. Our study reported different results in different

years: in Germany, the direct annual cost was €1.83 billion in 1998

and €32.8–38.5 billion in 2010. The Netherlands reported indirect

costs of €58.6 million in 1998 and direct costs of €627–652 million.

The study cited above concludes that more research on spending on

non-communicable diseases in the EU should be carried out while

implementing public health policies in order to reduce the economic

burden.

Prices for indirect costs of DM can be higher than direct costs.

Although this information is from a study where data on T1D, T2D,

and complications were pooled, these results should be further inves-

tigated in future studies.81 However, studies may report different data

even from the same country. For example, there was a large differ-

ence in mean direct costs per person in 2013 between the two

nationwide studies from France: €4915.06 versus €7055.91.71,73 Such
difference is probably related to the fact that the study with higher

costs did not include people who died during the cohort and least

severe cases of T2D.73

Sixth, T2D patients have higher treatment costs than patients

without the disease. Costs attributable to T2D individuals can be

72.4% higher than the expenditure in nondiabetic individuals.82 A

good strategy to decrease costs in the diabetic population is to invest

in lowering blood glucose110 since the higher costs in T2D individuals

can be proportionally associated with the duration of disease, pres-

ence of complications, and elevated HbA1c value.52,72,83 In Poland,

comparing 2004 to 2009, there was an increase of 36% in medical

services costs related to T2D individuals. The costs for the treatment

of diabetes complications were five times greater than those for hos-

pital care and diabetes care only.81 For this reason, European associa-

tions urge policies to prevent diabetes complications as a method to

decrease costs for the T2D population.13 The financial impact of dia-

betic individuals who fail to achieve satisfactory glycemic control can

result in an increase of 59.5% in annual expenditures, including phar-

maceutical costs, laboratories, diagnostic tests, and consultations.111

Hospitalization costs tend to diminish after insulin initiation since

hypoglycemic episodes, although more frequent, are less severe and

are usually solved at home.77

Individuals with T2D receiving insulin therapy usually have higher

costs associated with devices, hospitals and specialists.72,112 Expendi-

tures related to hospitalization and diagnostic and pharmacological

treatment are often high due to chronic complications, such as cardio-

vascular problems.48,83 Increased GP and drug costs can be found in

T2D individuals who are not well controlled regarding their blood glu-

cose.72,113 Glycemic control, use of oral medication/insulin, and dura-

tion of T2D have a great impact on the total expenditure of this

population. One included study found a much higher cost of €520
(not inflated) for individuals with uncontrolled T2D (HbA1c > 7.5%)

compared with those with good glycemic control (HbA1c < 6.5%).72,83

Evidence also shows the relationship of higher expenditure related to

patients under insulin treatment when compared with oral medication

or no pharmaceutical treatment72,73,82,112 since they usually have

higher levels of HbA1c and require intense treatment.72

The study limitations were mainly associated with heterogeneity

and availability of data. The epidemiological data were highly hetero-

geneous, being collected from different data sources such as hospitals,

surveys, or national databases. In fact, even the diagnosis of T2D was

biased, considering that the samples of people with T2D included

people identified through self-report and laboratory diagnosis, people

starting insulin therapy, and also people hospitalized for the disease.

In addition, differences in studies' age-related inclusion criteria made

comparisons between studies or countries difficult. Furthermore, the

units used to report incidence, prevalence, and mortality were also

very diverse: Rate per 1000, rate per 100,000, percentage, or absolute

numbers. Although 90% of the epidemiological studies had their

methodology classified as “high quality” according to the JBI critical

appraisal tool for cohort studies, it is imperative to mention that this

tool does not take into consideration whether the study was a

population-based or if they used representative samples. Population-

based studies would provide more accurate data regarding the epide-

miologic burden of T2D compared with studies with much smaller

samples due to inevitably some degree of sampling bias. Comparisons

between included studies could have led to unequal outcomes. In

addition, the results of studies on a representative sample are not nec-

essarily the most adequate for making decisions about the general

population. More population-based studies on these fields are

required, as it is not appropriate to base policy and economic deci-

sions on population samples. Although calculations including quality

of life are a very important part of the burden of disease studies, as

only one study could be identified in our study period, which is far

from sufficient to assess the situation in Europe, it is excluded from
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the analysis. The number of diabetes studies that take quality of life

into account is low, as highlighted by other systematic reviews.114

The economic studies also used a number of different data

sources; additionally, each took different elements into account to cal-

culate indirect or direct costs, which made comparisons between

studies inaccurate. In the included economic studies, different

methods were applied to assess the total, gross, direct, and indirect

costs. For this reason, comparison between studies or different

regions became problematic, as underlined by other economic system-

atic reviews.27 Additionally, a few studies analyzed the costs for

patients in completely different phases of disease, for example,

6 months after insulin initiation or a sample with many years since

T2D onset. Another bias in the comparison relates to the very differ-

ent healthcare systems in EU countries, which precluded an accurate

comparison of expenditure for T2D patients.

In the future, if homogeneous studies become available, it would

be important to summarize the studies that appear in the form of a

meta-analysis in addition to a systematic review.

On the other hand, the major strength in the present study is the

novelty of being a recent and unique systematic review aiming to

include all epidemiologic and economic burden data related to T2D in

EU-28 countries. We report data on a wide range of measurements of

T2D disease burden including prevalence, incidence, mortality, and

costs (indirect, direct, total, and gross). Furthermore, the analyses

included a 47-year follow-up period, which allowed to provide an

overview of the longitudinal evolution of T2D. Additionally, this study

beyond cross-country comparisons pays attention to regional data as

well which enabled comparison with other regions or national data.

Another strength of this study is related to the rigorous methodology

used through the selection and the evaluation process.

5 | CONCLUSIONS

This systematic review assessed the epidemiological and economic

burden data on T2D in 15 EU member states, including populations of

all ages, in publications from 1970 to 2017. However, the existing

published data are insufficient to provide a comprehensive picture of

the burden and distribution of T2D in the EU-28 countries, especially

among children. In most EU countries, the disease burden of T2D is

increasing dramatically over time, as reflected in the increasing expen-

diture on this population as well. In the case of epidemiological indica-

tors, variations within countries are as significant as those between

countries. Incidence and prevalence are certainly increasing over the

years. The absence of data on mortality rates prevented us from gen-

erating trustworthy assumptions. Despite the measurement heteroge-

neity on direct and indirect costs, total costs of T2D have clearly been

increasing in the EU-28 countries over the years. More well-designed,

population-based disease burden studies are needed across the EU-

28 to build a coherent picture. In addition, studies are needed on what

policy changes might reduce the burden of T2D in the EU-28, in par-

ticular approaches to reduce expenditure on the disease and its

complications.
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