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Abstract
Health systems and governments are increasingly required to implement measures that target at-risk populations to prevent
noncommunicable diseases. In this review we lay out what governments should be doing to prevent diabetes throughout the life
course. The following four target groups were used to structure the specific recommendations: (1) pregnant women and young
families, (2) children and adolescents, (3) working age population, and (4) the elderly. The evidence to date supports the
effectiveness of some known government policy measures, such as sugar taxes and regulatory measures in the (pre-)school
setting for children and adolescents. Many of these appear to be more effective if they are part of a bundle of strategies and if they
are supplemented by communication strategies. Although there is a current focus on strategies that target the individual,
governments can make use of evidence-based population-level prevention strategies. More research and continuous evaluation
of the overall and subgroup-specific effectiveness of policy strategies using high-quality longitudinal studies are needed.
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Introduction

Diabetes affects more than 425 million people worldwide
[1], and although one-third of the diabetic population is
older than 65 years, an increasing proportion of children

and adolescents [2] are suffering from this ‘global societal
catastrophe’ [1]. Many adolescents with severe (morbid)
obesity already show significant cardiometabolic sequelae,
such as disturbed glucose tolerance and diabetes mellitus,
arterial hypertension, dyslipidaemia and non-alcoholic fat-
ty liver disease (NASH) [3]. As the risk of diabetes and
associated complications increases with age [4], measures
to prevent obesity and diabetes need to be implemented
from early in life. Because of the approximately 10–
15 years of slow and hidden progression of type 2 diabe-
tes, many patients are unaware of their risk for developing
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diabetes, or of the fact they already have type 2 diabetes
[5, 6].

Although there are examples of effective policy initia-
tives to reduce cardiovascular diseases (CVD), for exam-
ple, strategies to reduce smoking rates [7], there have been
no policy initiatives to date that have successfully reduced
the proportion of people at risk for diabetes which con-
tinues to rise as a result of obesity, unhealthy diet and
limited physical activity [8].

In the past, landmark trials such as the UK Prospective
Diabetes Study (UKPDS) [9], the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) study [10],
the Action in Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation (ADVANCE)
trial [11] and the Veteran’s Affairs Diabetes Trial (VADT)
[12] have proven the clinical benefit of medical treatments
for individuals with diabetes. Complex lifestyle interven-
tions, mostly combining a healthy diet with an increase in
physical activity, such as the Finnish Diabetes Prevention
Study (DPS), have also been shown to be effective in
preventing diabetes and reducing high blood glucose levels
and dyslipidaemia [13].

Established guidelines, like the Organisation for Economic
Co-operation and Development (OECD) health policy studies
on CVD and diabetes [8], as well as evidence-based recom-
mendations given by the European guidelines on CVD pre-
vention in clinical practice [14], suggest a focus on the entire
continuum of diabetes prevention, management and care.
Population-based interventions are able to address broad
groups of people (at risk) [15] to decrease the distribution of
a risk factor by a small degree [16]. By shifting the responsi-
bility from the individual to the population at risk, population-
based interventions aim to change the setting or context indi-
viduals live in. The ultimate aim is to minimise the overall
percentage of those at risk [17]. This can be achieved via
policies translated into governmental regulations [18]. A
health policy can be defined as a ‘plan of action to guide
decisions and actions’ [19] and usually consists of the three
interconnected, and preferably repeated, progressing phases:
development, implementation and evaluation. Policy evalua-
tion is defined as ‘assessment of how, and howwell, the policy
works in practice’ [20]. Communication campaigns are one
important part of policy initiatives as they, by definition, target
a large proportion of a population with strategic measures to
raise awareness and motivate behavioural change. Modalities
of communication activities involve (digital) mass media as
well as interpersonal communication [21].

Interventions for prevention of diabetes commonly include
communication strategies to inform individuals about the risk
and symptoms of the disease and to try to persuade them to eat
more healthily, be more physically active, and actively man-
age their diabetes [22]. Framing (i.e. the way content is pre-
sented), targeted according to the health literacy and media

use of the population, as well as visualisation or the use of
narratives are evidence-based communication strategies [23].
Communication campaigns have proven effective in improv-
ing disease-specific health literacy [24], persuading high-risk
populations to take part in screenings [25], increasing patients’
physical activity levels [26], promoting a healthy diet [27] and
improving social support for patients with diabetes [28].
When used to accompany policy initiatives, communication
strategies can reduce resistance and improve overall accep-
tance of the initiatives [29, 30].

However, certain at-risk groups, such as children from eth-
nic minorities or those from families with low socio-economic
status, are insufficiently reached by most programmes [31].
Therefore, two-pronged strategies combining interventions to
target individual risk behaviour as well as population-wide
risk groups should be used to guide future care and policy
development [32]. However, the successful translation of
health research into policy is hampered by heterogeneity in
measures and definitions of its impact [33]. Furthermore, pol-
icy makers infrequently use systematic reviews to guide deci-
sion making, because many systematic reviews tend to focus
on documenting methodological rigour, without providing
recommendations on the design of policy initiatives [34, 35].
Consequently, evidence-based recommendations for policy
makers on how to prevent diabetes and associated risk factors
in different age groups are still lacking.

In this review we look at what governments should be doing
to prevent diabetes throughout the life course. Specifically, we
summarise evidence on effective strategies to prevent diabetes
in the following four cohorts: (1) pregnant women and young
families, (2) children and adolescents (<15 years), (3) working-
age population (15–64 years), (4) the elderly (>64 years) [36].
We present findings of a critical analysis of the impact of pol-
icies (and economic approaches) using these cohorts as exam-
ples (ESMTable 1). Building on the findings of effective policy
measures and identified age-specific information needs, we
then provide an overview of evidence-based communication
strategies (health campaigns, food labelling, etc.). In our rec-
ommendations we include the categories of the national strate-
gy and policy to prevent type 2 diabetes as set out by the
National Institute for Health and Care Excellence (NICE) [37]
(presented as headings in Table 1).

Pregnant women and young families

The Finnish Gestational Diabetes Prevention Study (RADIEL)
revealed that simple and easily conducted lifestyle interventions
are able to reduce the incidence of gestational diabetes (GDM)
by 39% in high-risk pregnant women [47]. Such interventions
should be initiated early in pregnancy and continue throughout
the pregnancy, as major short- and long-term health conse-
quences for both the mother and the child are likely.
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Interventions should, according to the authors, include regular
counselling on dietary behaviour, such as the composition of a
healthy meal (not more than 7530 kJ [1800 kcal] a day), and
physical activity, before, during and after pregnancy [47].
Physical activity targets should be set in a way that they can
be achieved easily, e.g. via household chores or active travel,
and amount to no more than 30 min of moderate activity, five
times a week [48]. Findings by Farrar and colleagues support
the notion that accurately identifying women with GDM, as
well as reducing costs of their identification and treatment, are
relevant policy aims [46]. However, their meta-analysis-based
economic evaluation revealed that it is not cost-effective to
screen pregnant women routinely for hyperglycaemia, consid-
ering the UK national standard cost-effectiveness threshold of
£20,000 per quality-adjusted life year (QALY). Therefore, they
emphasise the importance of risk factor screening, i.e. screening
of maternal characteristics, as this can be easily integrated into
state-of-the-art antenatal care. In summary, easily accessible,
structured and more authoritative population-based strategies
have the potential to improve uptake of screening.

Pregnant women and young families should also be in-
formed about the positive and protective long-term effects of
breastfeeding, as there is strong and consistent evidence from
the EarlyNutrition study that it prevents diabetes and comor-
bidities during the early years [49]. However, Martin and col-
leagues identified significant shortcomings in the compliance
with WHO infant feeding recommendations. The authors also
identified a gap in research regarding the composition of an
ideal diet complementary to breastfeeding at 6 months [67],
which, once determined, could be advocated by policy initia-
tives. Kamali and colleagues identified the information needs
of pregnant women which should be met by government in-
formation strategies: infant feeding in general and newborn/
postpartum care rank high among these needs, as does exer-
cise during pregnancy [50]. In general, governments should
support the development, maintenance and regular monitoring
of educational programmes for pregnant women.

Children and adolescents

Strategies for obesity prevention for children and adoles-
cents have, to date, mainly focused on behavioural inter-
ventions. However, effect sizes have been only marginal
[31]. One systematic review of the impact of school food
environment policies on dietary habits, adiposity and met-
abolic risk in children [68], in which 91 interventions were
analysed, reported that direct policies for providing healthy
food in schools increased fruit and vegetable intake, where-
as competitive food/beverage standards (such as product-
specific restrictions; standards on nutrients, energy content,
or portion sizes; or both) reduced consumption of sugar-
sweetened beverages (SSBs) and unhealthy snacks. In ad-
dition, school meal standards increased fruit intake and

reduced total fat and saturated fat intake [68]. A recent
Cochrane systematic review found existing effective and
scalable interventions to reduce SSB consumption on a
population-based level. Moderate certainty evidence was
found for interpretative nutrition labelling (traffic lights),
economic tools (price increases on SSBs), multicomponent
community campaigns, and home-based interventions
(home deliveries of diet beverages and bottled water)
[41]. Another systematic review revealed that school dis-
trict SSB policies and school food and nutrition policies can
be effective in changing dietary habits [53]. However, ap-
proaches to increase physical activity or reduce sedentary
behaviour within schools should address the multiple layers
of the school environment (including activity settings with-
in schools, teaching behaviours promoting physical activi-
ty), as they shape physical activity behaviours of children
[52]. In addition, the period between a policy exposure and
a change in a specific outcome measure needs to be consid-
ered carefully [53]. To date, studies involving young people
in school- and community-based noncommunicable disease
prevention interventions are scarce [69]. Furthermore, most
analyses either report weak overall study quality [53, 70] or
call for more rigorously carried out studies with longer
follow-up periods [38, 71]. Although data on the sustain-
ability of school policies are lacking [53], policy debates
can already make use of effective policies targeting food in
the school environment as these have the potential to im-
prove childhood dietary habits and health [68]. However,
the lack of high-quality studies should be addressed by
setting up specific funding programmes to adequately fi-
nance well-designed studies evaluating the impact of envi-
ronmental interventions targeting children.

Taxes on SSBs have been shown to have a significant effect
on the number of SSBs consumed per week by children from
low-income families [56]. Governments should therefore con-
sider the effects of policy measures relative to certain age
groups as well as income groups.

Publicity interventions to increase awareness among
healthcare professionals and the public have been shown to
be effective at promoting the earlier diagnosis of type 1 dia-
betes in children and young people. One systematic review
found evidence for the success of components such as provi-
sion of capillary blood-testing meters to healthcare profes-
sionals and diabetes educators, as well as posters and leaflets
to reduce the rate of diabetes ketoacidosis [57]. Government
strategies should therefore focus not solely on the population
at risk, but on informing and enabling healthcare providers to
accurately identify those at risk.

While digital devices can improve diabetes self-
management of adolescents [72, 73], especially when using
social network functions, digitisation also holds risks for those
target groups. An Australian analysis of digital marketing
found evidence that mobile phone applications, brand
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websites and Facebook were being targeted by food and bev-
erage companies to strategically advertise unhealthy food and
beverages to children and adolescents [56]. Frequent use of
flashing animations and music were used to attract attention
[56]. Identifying and restricting these new ways to promote
unhealthy dietary habits in the young should be of high prior-
ity when developing policy measures.

Working-age populations

Although digital technology has produced promising out-
comes in terms of diabetes self-management even for patients
of working age [74], less motivated adults might be better
reached via interventions aiming at the setting they live in,
i.e. their workplace or local community [75, 76]. Here, behav-
ioural-, financial- and communication-based strategies can be
combined. Evidence synthesis indicates that the effectiveness
of workplace interventions aiming to prevent type 2 diabetes
can be increased by using the structured, evidence-based
Diabetes Prevention Program (DPP) curriculum with only mi-
nor modifications [58]. However, obesity prevention studies
in worksite-based interventions are scarce and the success of
such programmes has been mixed [77]. By supporting guide-
lines for workplace-based interventions, governments may
contribute to an improved evidence base in this setting.

A study on the effectiveness of workplace interventions
for working age women in high-income countries reported
that, although many cardiometabolic variables, including
BMI, LDL-cholesterol and blood glucose, improved sig-
nificantly, waist circumference, total cholesterol, HDL-
cholesterol, triacylglycerols and systolic blood pressure
did not [78]. Analysing data from 14,272 patients derived
from 17 studies, Shrestha and colleagues found significant
pooled changes in HbA1c (−0.18%) and in fasting glucose
(−0.14 mmol/l) following dietary interventions in worksite
settings [59]. While both analyses again call for more ro-
bust randomised controlled trials to provide high-quality
evidence, Shrestha et al argue that, as larger effect sizes
were observed for women, intervention planners and poli-
cy makers should consider the possibility that men might
need extra support to achieve comparable effects to those
observed in women [59]. In addition to the need for more
setting-specific evidence, researchers call for the improved
dissemination of existing programmes and information on
their benefits and implementation processes [59].

Despite the evident impact of workplace interventions, the
Northern Finland Birth Cohort Study concluded that policy
strategies may consider screening for diabetes in middle-aged
individuals independent of their work status, as unemploy-
ment was found to be related to impaired glucose metabolism
and type 2 diabetes in men [60]. Based on the association
between unemployment and type 2 diabetes in men, govern-
ments should consider developing health information

appropriate to the level of health literacy of this subgroup of
the population and consider new ways of disseminating this
information.

The elderly

Structured care programmes, such as disease-management
programmes for individuals with chronic diseases, aim to
decrease mortality rates, reduce morbidity (e.g. disease-
specific complication rates), and to improve the general
care process and overall quality of life. A systematic re-
view evaluating the effectiveness of disease-management
programmes in Germany uncovered benefits in terms of
mortality rates, survival time and process parameters (such
as doctor–patient relationships, and participation rates in
diabetes education) [62]. In addition to improved care co-
ordination, education in the form of training courses is still
a promising way of receiving self-care information much
needed to cope with the daily burden of disease [63].
However, the frequency of educational sessions for pa-
tients with diabetes remains unsatisfactory. Increasing
awareness of the benefits of repeatedly participating in ed-
ucational sessions, e.g. by increasing the availability of
evidence-based health information (on websites or
government-authorised health applications, etc.) are valu-
able strategies to increase the uptake of diabetes education.

A meta-analysis on the factors associated with medi-
cation engagement in older adults (≥60 years) revealed
that women (OR 0.92; 95% CI 0.86, 0.97), patients with
comorbid depression (OR 0.73; 95% CI 0.62, 0.87) and
patients with increased out-of-pocket spending for pre-
scribed drugs (OR 0.87; 95% CI 0.80, 0.94) were less
likely to take diabetes medication compared with the sub-
groups of men, patients without depression, and those
with minor out-of-pocket costs, respectively [79].
Gourzoulidis and colleagues reported that spending on
healthcare and medication play an important role for
chronic disease management, as low copayment rates
may increase medication adherence [80]. Another study
found that each US$5 increase in patient cost share (de-
fined as the binding financial proportion patients have to
incur when utilising health services) resulted in a 15%
decrease in the adjusted odds of being adherent and a
0.1 percentage point increase in HbA1c [81]. Again, these
findings underline that there are multiple factors influenc-
ing adherence and health outcomes, which should be tak-
en into account by governments when developing poli-
cies. Therefore, governments need to reflect carefully
whether increasing copayments may have unintended
economic effects outweighing the initial savings, e.g. by
increased hospitalisation rates and outpatient visits after
interruptions in treatment [80].
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Evidence-based communication strategies

Targeting risk factors for diabetes and diabetes-related com-
plications is one cornerstone of health policies, the other is
using measures to provide information about the disease, its
symptoms, risk factors and adequate preventive measures in
evidence-based communication strategies [82]. Undiagnosed
individuals or people not aware of their elevated risk in par-
ticular tend to have an information deficit, because they usu-
ally do not actively seek diabetes-related information [83]. In
addition, a low social status, among other factors, negatively
affects health literacy and, therefore, the ability to understand
and apply health information [84]. The guideline for evidence-
based health information developed by the German Network
for Evidence-based Medicine lists several strategies (such as
the use of pictures, narratives, exemplars) to increase the un-
derstandability of risk information [43]. For example, simple
and intuitive nutrition or menu labelling (e.g. in grocery stores
or restaurants) is promising, especially if pilot experiments
involving target populations are used to guide policy imple-
mentation [85] and if the measures are part of a broader range
of interventions [86]. Interventions used for diabetes preven-
tion, for example, food labelling and tax exemption for
healthy products can be combined with policies fixing the
liability for adverse health effects of food and beverage
products for the manufacturers [87].

Apart from the presentation of health information, the
channel through which information is delivered also has to
be audience specific. For many individuals, particularly the
elderly, physicians are still the primary source of health infor-
mation and, thus, valid gatekeepers for diabetes-related infor-
mation and the promotion of behavioural change [88].
Investigating family-based diabetes interventions for adults,
a systematic review found evidence for improvement in pa-
tients’ self-efficacy, perceived social support, diabetes knowl-
edge and diabetes self-care [89]. Informing family members
living in the same household about possible complications
such as hypoglycaemia can also improve emergency diabetes
care [90, 91]. Policy strategies to change diabetes-related and
diabetes risk behaviour should therefore target not only the
individual but also their direct social environment [45]. To
enhance diabetes awareness both in the general population
and in at-risk groups (e.g. individuals with impaired glucose
tolerance or those with low literacy), governments should em-
ploy communication strategies based on targeting, the use of
multiple media channels [42] and the involvement of an indi-
vidual’s support network, such as family and friends, as well
as physicians [92–95]. Government strategies aiming to de-
crease the prevalence of risk factors for GDM should employ
a broad spectrum of media channels to increase awareness
rather than relying solely on the effectiveness of pre-
pregnancy care [50, 51]. Accordingly, mass media channels,
especially the internet, as well as workshops and symposia

accessible to the public are valid sources of information for
this group of rather active diabetes information seekers [50].
One systematic review found that older adults and adolescents
alike prefer online media as their source for information on
diabetes, although patients with diabetes wanted the online
information to be verified by their medical expert (e.g. GP
or dietitians) [96]. Not all elderly people have the necessary
skills to use digital technologies. To prevent a digital divide in
health literacy, governments should aim to increase eHealth
literacy (i.e. skills to use digital health technologies [65]) and
should still consider healthcare professionals as valid distrib-
utors of diabetes-related information.

Measures affecting whole population groups rather than
just individuals at risk can trigger a negative reaction in those
not affected by diabetes or those at risk. Therefore, it can also
be necessary to increase public support for policy solutions by
using both individual and societal-level framing of diabetes in
government press releases [44]. Fittingly, the current Lancet
Commission report on the global syndemic of obesity and
undernutrition calls for comprehensive policy actions includ-
ing communication activities in order to tackle the complex
sequelae of malnutrition as well as the common underlying
societal drivers they share [97].

Policy implications

In this review we have presented findings on the evaluation of
the effectiveness and implementation of population-based
strategies to prevent diabetes throughout the life course.
Policy actions and population-based interventions help to in-
crease the availability and quality of care and support healthier
choices [1]. In line with the definition of policy provided
above, several plans of action were presented which varied
in refinement: Suggestions on how to develop new policy
strategies were presented as well as drivers and barriers for
the successful implementation of existing strategies. Finally,
results from the evaluation of previous policy measures were
reported.

Raising awareness of the risk of developing type 2 diabetes
[98] and early diagnosis are seen as the major strategies to
prevent and detect diabetes [61]. Although government-led
awareness-raising communication campaigns have proven
successful (e.g. in reducing smoking behaviour in adolescents
[99]), evidence regarding diabetes prevention and detection is
scarce. To overcome existing health inequalities in terms of
vulnerable target groups of low health literacy and/or socio-
economic status, proportionate universalism is considered a
key strategy for the development and implementation of
health actions. This means that, as revealed by the Marmot
Review, the scale and intensity of universal health actions
should be proportionate to the level of disadvantage and need
[100].
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Policy strategies for preventing diabetes onset in early
childhood do exist. The results presented here are in line
with the Global Action Plan for the prevention and control
of noncommunicable diseases of the WHO, which has sug-
gested four measures to stop the obesity epidemic, aiming
at the community setting rather than the individual. These
measures include (1) restricting the advertisement of un-
healthy foods to children, (2) improving school meals by
developing binding quality standards for the catering offers
in pre-schools and schools, (3) implementing a sugar or fat
tax to reduce consumption of unhealthy foods, and (4)
increasing daily physical activity by offering more physi-
cal activity/sports in schools and pre-schools [54]. So-
called ‘fat taxes’, as fiscal policy instruments, appear
promising in reducing overall consumption of unhealthy
food and beverages. However, their implementation is ac-
companied by widespread criticism from diverse stake-
holders [8]. To improve the implementation of these mea-
sures, some researchers call for partnerships between pol-
icy makers and communities, helping to overcome district-
specific barriers, and recommend the implementation of
nutrition education in US school grades kindergarten to
twelfth grade (i.e. from approximately 5 to 19 years of
age) [38]. Implementation is also unsatisfactory for work-
place interventions for individuals at risk, despite the
promising evidence presented for interventions targeting
populations of working age. For example, there is no work-
place intervention that has been incorporated into national
diabetes plans in Europe [61].

As regards coordinated care programmes, the German
disease-management programmes were implemented as poli-
cy initiatives 15 years ago and showed promising results in
several evaluations [62, 64]. However, an analysis recently
revealed that characteristics such as male sex, increased age
and receiving a pension were associated with higher odds for
enrolment in these programmes [101]. For policy makers, this
is important on two counts: on the one hand, these results
show that the effectiveness of structured care programmes
may differ between certain subpopulations, on the other hand,
they highlight a need to ensure equal odds for the enrolment of
different groups.

On the health system level, two key health system obstacles
to effective type 2 diabetes care and management have been
identified, namely, financial barriers for the patient and limited
access to health services and medication [66]. Health system
factors may facilitate effective type 2 diabetes care and man-
agement, including (1) the use of innovative care models, (2)
increased pharmacist involvement in care delivery, and (3)
education programmes led by healthcare professionals [66].
Despite considerable heterogeneity between the primary stud-
ies included in the analysis [66], the potential of pharmacist-
led interventions is supported by findings by de Barra and
colleagues [102]. Therefore, governments should support the

implementation of interdisciplinary care teams, with special
regard to the involvement of pharmacists [39].

For elderly patients, the cost of diabetes care, and medica-
tion in particular, can become a critical factor. Policy strategies
should, therefore, aim to reduce or eliminate out-of-pocket
costs for diabetes medication and self-monitoring supplies
[66].

Finally, with special regard to demographic challenges and
shortage of services, the EU commission anticipates there will
be a need for policy strategies in digital health services such as
telediagnosing [55], (i.e. diagnosing patients using informa-
tion and communication technologies from a distance) [103].
This also includes the certification and payment of digital
(prevention) services by public institutions and insurance
companies. Accordingly, more evidence is needed on the op-
timal use of technology for patients with low health or eHealth
literacy [104].

The International Diabetes Federation (IDF) summarises
the following four recommendations to prevent diabetes local-
ly, regionally and globally: (1) supporting accurate diabetes
estimates by promoting high-quality research on diabetes ep-
idemiology, (2) prioritising diabetes care and control by im-
proving primary care and strengthening interdisciplinary col-
laboration, (3) implementing national diabetes plans and
programmes, and (4) reducing diabetes and its complications
by extending health promotion [1].

Unfortunately, although there is a need for population-
based approaches, their development is hampered by a lack
of high-quality evidence on their effectiveness. This lack is
due to methodological and economic reasons [39], as well as
complex interrelationships between sociology, politics and
economics and an individual’s unique experiences of these
interacting systems [105]. Most current analyses either call
for more globalised actions or a stronger focus on implemen-
tation strategies [106]. However, Table 1 summarises
evidence-based implications for governments guiding joint
efforts to prevent diabetes throughout the life course, based
on our literature search.

Conclusion

A range of policy strategies, which are available for govern-
ments to prevent diabetes throughout the life course, was iden-
tified. The findings underline the benefits of evidence-based
policies, making use of direct investments in preventive ser-
vices and effective target-group-specific communication strat-
egies. In addition, digitisation holds great potential to intui-
tively reach out to those risk groups currently insufficiently
targeted by established strategies. However, this potential is
accompanied by new demands for governmental policies, e.g.
in terms of supporting evidence-based online health informa-
tion or the restriction of marketing for unhealthy products
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strategically targeting children. The identified evidence under-
lines that most policies can increase overall effectiveness if
they are included within a broader strategy, including targeted
high-risk and population-based measures, diabetes plans or
community-based initiatives with local stakeholders. More
research and continuous evaluation of policy strategies using
high-quality longitudinal studies are needed.
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