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ABSTRACT
Objective  This study aims at exploring longitudinal trends 
in the onset of type 2 diabetes in the disadvantaged 
urban neighbourhood of Tingbjerg before and during 
implementation of interventions within the Danish 
health promotion initiative Tingbjerg Changing Diabetes. 
The findings are compared with trends in the national 
population.
Design  Using Poisson regression, trends in age-specific 
incidence rates were estimated in both populations 
during the full timespan with adjustments for gender 
and educational attainment. We used anonymised 
national registers to obtain sociodemographic and health 
information about all residents in Tingbjerg. Likewise, 
information from the remaining national population was 
analysed for comparison.
Setting  Tingbjerg is a disadvantaged neighbourhood with 
approximately 7000 residents located in the outskirts of 
Copenhagen.
Participants  The full national adult population in 
Denmark, from 2003 to the end of 2022, was included in 
the study.
Interventions  Tingbjerg Changing Diabetes is a long-term 
complex community-based health promotion initiative 
that started in 2015 and aims at enhancing well-being, 
promoting healthy living and preventing type 2 diabetes 
and other chronic diseases among residents of the local 
community.
Outcomes  The outcome measure was onset of type 2 
diabetes assessed by clinical register data.
Results  Estimated trends show relatively higher age-
adjusted incidence rates of type 2 diabetes in Tingbjerg 
compared with the national population with an almost two-
fold higher rate in Tingbjerg in 2015. From 2015, a decline 
in the incidence rate was observed in Tingbjerg whereas 
an increase was observed in the national population, 
resulting in almost similar rates in 2022.
Conclusions  Exploration of type 2 diabetes incidence 
rates from 2003 to 2022 shows relative improvements 
in Tingbjerg after 2015. It is unknown to what extent the 
interventions have impacted the observed trends.

INTRODUCTION
Although their potentials are not fully real-
ised, community-based interventions in urban 
settings are promising for health promotion 

and disease prevention.1 Several studies have 
thus documented long-term health outcomes 
based on the implementation of complex 
community-based interventions.2–4 In a review 
of 14 studies using multilevel and multicom-
ponent interventions to obesity prevention, 
it was observed that the most promising 
behavioural and psychosocial outcomes were 
achieved when programmes were able to inte-
grate intervention components at the policy, 
community and interpersonal levels.5

As health is strongly influenced by the 
social, cultural and environmental contexts 
of people’s everyday lives,6 7 neighbourhood 
characteristics play a significant role in 
shaping the risk behaviours of people8 9 and 
influencing their long-term health condi-
tions such as obesity and type 2 diabetes.10 
Several studies have shown that residents 
of socially disadvantaged neighbourhoods 
have higher rates of mortality and morbidity 
than residents of more affluent neighbour-
hoods.11–13 In addition, studies have shown 
that individuals exposed to neighbourhood 
socioeconomic disadvantage cumulated 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study combines Danish national registers in a 
cohort with near-complete coverage of a full nation-
al population during an entire 20-year period.

	⇒ Medically certified outcomes, free of bias related to 
self-reporting, are used to assess onset of type 2 
diabetes among the residents.

	⇒ Poisson regression adjusted for age, sex and edu-
cational attainment was used to model incidence 
trends with over-time comparability.

	⇒ Relatively few residents in the neighbourhood of in-
terest compared with the national population limited 
the statistical power.

	⇒ The observational design did not allow for conclu-
sions to be made about effects of the interventions 
despite use of longitudinal data.
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across the life course are at increased risk of developing 
diabetes.14

Evaluating multilevel and multicomponent interven-
tions is challenged by difficulties to attribute specific 
outcomes to specific actions. It may thus not be feasible 
to evaluate the impact of individual intervention compo-
nents in isolation, but rather to explore the combined 
impact, if any, of the full initiative. However, using theory-
based realistic evaluation methodology15 may strengthen 
the understanding of how and under what circumstances 
interventions bring about change.16 This is particularly 
important in long-term community-driven initiatives 
where interventions may be diverse, overlapping and 
frequently replacing each other in dynamic processes 
responding to ever-changing development needs. In 
such circumstances, and as an alternative to searching 
for specific causative factors, observed changes may 
inherently be attributed to multiple and mutually depen-
dent actions that are essential in their entirety to induce 
change.

Tingbjerg Changing Diabetes was launched in 2015 
as a long-term community-based initiative to enhance 
well-being, promote healthy living and prevent chronic 
diseases, including type 2 diabetes, among high-risk popu-
lation groups living in the neighbourhood of Tingbjerg 
in the capital region of Denmark.17 Tingbjerg is situated 
about eight kilometres north of Copenhagen city centre 
and is one of Denmark’s largest social housing areas with 
almost 7000 residents.

It is characterised by high ethnic diversity and 
numerous nationalities contributing to a wealth of 
cultures, languages and traditions. It is also considered 
a socially vulnerable community due to poor socioeco-
nomic indicators. Prevalence rates of chronic diseases, 
including diabetes, are high compared with other parts 
of Copenhagen.18

Tingbjerg Changing Diabetes applies the Superset-
ting approach to attain synergistic effects of comprehen-
sive interventions through coordinated engagement of 
multiple stakeholders in multiple settings, while mobil-
ising local resources and strengthening social networks 
for collective community action.19 The Supersetting 
approach adheres to five core principles: (1) integra-
tion, to ensure that activities are implemented through 
coordinated actions across the boundaries of specific 
settings, (2) participation, to ensure that people are 
motivated to take ownership of processes of developing 
and implementing activities, (3) empowerment, to ensure 
that people acquire skills and competencies to express 
and act on their needs and aspirations, (4) context sensi-
tivity, to ensure that everyday life challenges of citizens 
and professionals are respected and considered when 
developing and implementing activities, and (5) knowl-
edge generation and sharing, to ensure that scientific 
knowledge is produced from action and used to inform 
action.

Aim
The present study analyses demographic, socioeco-
nomic and health data to document if any changes have 
occurred in the incidence of type 2 diabetes in Tingb-
jerg over two decades from 2003 to 2022. The study had 
no prespecified hypotheses, but particular attention was 
paid to incidence trends in the years following 2015 when 
health promotion and disease prevention efforts were 
substantially intensified through Tingbjerg Changing 
Diabetes. The findings are compared with incidence data 
for Denmark as a whole.

METHODS
Neighbourhood interventions
Since 2015, a variety of social and health promotion 
interventions have been implemented jointly by multiple 
partners within the framework of Tingbjerg Changing 
Diabetes.17 In the period from 2015 to 2016 the initiative 
was established, a health promotion network of profes-
sional stakeholders was revitalised, the first partnership 
was formalised and numerous qualitative interviews and 
focus group discussions were conducted with residents to 
understand their challenges, needs and demands. In the 
first part of 2017, a household-based survey on residents’ 
well-being was conducted in the neighbourhood. This 
involved 200 households equivalent to 8% of all house-
holds in the neighbourhood. From 2017 to 2024, one 
major intervention project after the other was initiated 
and implemented in the neighbourhood (figure 1). Until 
the initiation of the disease-specific project Integrated 
Diabetes Intervention in Tingbjerg in 2020, all these proj-
ects addressed social development and health promotion 
emphasising community engagement and healthy living 
for target groups across the life course.

Data sources and variables
The study population was identified from the Danish Civil 
Registration System and consisted of all adults residing in 
Denmark from 2003 to 2022 (n=93 765 408 person years; 
6 204 351 unique individuals). Residency was recorded 
annually on the first of January and was defined as either 
residing in the neighbourhood of Tingbjerg (identical to 
the Tingbjerg Parish) or in the Danish background popu-
lation. All adults residing in Denmark on any 1 January 
during the study period were included, contributing with 
data for up to 20 years. The study period was restricted 
to the calendar years from 2003 to 2022 to safeguard the 
availability of reliable data at the time of analysis. More-
over, housing stock in Tingbjerg remained relatively 
stable during this period largely without constructions of 
new apartment buildings.

All data for the analyses were derived from national 
registers administered by Statistics Denmark. Data on 
migration, demography and socioeconomic position were 
derived annually from linkage to Statistics Denmark.20 21 
Onset of diabetes was identified using a diabetes register.22 
This is a meta-register that combines information from 
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five Danish health service registries, most notably the 
National Patient Register, which contains diagnoses from 
all in-patients and out-patient hospitalisations in Danish 
hospitals.23 All variables were integrated into the same 
dataset.

We used educational attainment as a measure of socio-
economic position. Education was categorised into three 
levels based on the International Standard Classification 
of Education: (1) primary and lower-secondary educa-
tion, (2) upper-secondary education and (3) tertiary 
education. The educational data were derived from the 
Danish Educational Register.24 This includes only educa-
tion completed at Danish institutions, which may result in 
underestimation of the educational attainment of some 
individuals, particularly migrants.

Immigration status was categorised into three groups: 
Danes, immigrants or descendants of immigrants. This 
variable is based on the official classifications used by 
Statistics Denmark. Immigrants were defined as individ-
uals born outside Denmark whose parents were neither 
born in Denmark nor were Danish citizens; their country 
of origin was defined as their country of birth. Descen-
dants were defined as persons born in Denmark whose 
parents are either immigrants or descendants with foreign 
citizenship. The remaining population was defined as 
Danes.

Occupation data were categorised into three groups 
based on individuals’ main activity during the previous 
year: (1) working residents, (2) residents studying or 
receiving age-related retirement benefits and (3) ‘not 
working’ referring to people not included in the first two 
categories. The ‘not working’ category is broader than 
official definitions of unemployment and includes indi-
viduals who are not actively seeking employment.

Onset of type 2 diabetes was assigned to the calendar 
year in which it was recorded in the register. Incident 

diabetes during a calendar year was then linked to the 
persons’ residency 1 January each year. Socioeconomic 
information was available annually and was derived from 
November in the previous year.

Statistical analyses
Descriptive statistics were used to characterise the popu-
lations in 2003 (first observation year), 2022 (last obser-
vation year) and 2015 (last observation before Tingbjerg 
Changing Diabetes was launched). We used Poisson 
regression with log-person years as offset to estimate 
trends in incidence rates of type 2 diabetes in Tingbjerg 
and in the background Danish population. The popula-
tions were followed from 1 January 2003, until diabetes 
diagnosis, death, emigration out of Denmark or 31 
December 2022, whichever occurred first. Models were 
adjusted for educational attainment, gender and age 
(with both a linear and quadratic term, as the model fit 
indices improved substantially with both terms included) 
and incidence rates were calculated separately for the two 
populations.

Incidence rates were visualised in figures with age and 
calendar time as explanatory factors for change in inci-
dence for both Tingbjerg and the national population. 
Rates were calculated for both men and women. To test 
the impact of migration in and out of Tingbjerg, sensi-
tivity analyses were carried out exclusively including indi-
viduals who had lived in either Tingbjerg or Denmark, 
respectively, for at least 2 years prior to the observation 
point. Moreover, a sensitivity analysis adjusted for occu-
pational status rather than educational attainment was 
carried out.

In all analyses, participants were included only during 
periods where they were considered at risk of developing 
type 2 diabetes, that is, when they were alive, residing in 
Denmark and had no prior diagnosis of type 1 or type 

Figure 1  Major health promotion interventions of the Tingbjerg Changing Diabetes initiative.
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2 diabetes. Individuals not at risk at certain time points 
were censored during these time periods.

RESULTS
A total of 6 204 351 unique persons were included in 
the study population, representing a total of 93 765 408 
person years during the observation period spanning 
from 1 January 2003 to 31 December 2022. Approxi-
mately 0.1% of the study population had residency in 
Tingbjerg, among whom less than 50 people had onset of 
type 2 diabetes each year during the observation period.

Table 1 shows the characteristics of the study population 
at the beginning of the observation period in 2003, at the 
end in 2022, and in 2015 before the Tingbjerg Changing 
Diabetes initiative was initiated. The population is strati-
fied by residence such that ‘Tingbjerg’ constitutes 0.1% 
of the adult population with residence in Tingbjerg, 
whereas ‘Denmark’ constitutes the remaining 99.9% of 
the adult Danish population.

Adult residents in Tingbjerg were relatively young across 
all calendar years with median age around 40 compared 
with almost 50 in the national population. From 2003 to 
2022, there was an increase in type 2 diabetes in Tingb-
jerg as well as in the rest of Denmark with highest preva-
lence observed in Tingbjerg.

Educational attainment was low in Tingbjerg 
throughout the period with 56% having low education in 
2002, but in both Tingbjerg and Denmark a substantial 
increase was observed from 2008 to 2022. Rates of unoc-
cupied residents were high in Tingbjerg but declined 
from 2015 to 2022 to become closer to the relatively 
stable Danish figures.

In 2003, almost 50% of all residents in Tingbjerg were 
ethnic Danes and slightly more than 50% were migrants 
or descendants of migrants. In 2015 and 2022, the 
proportion of ethnic Danes was slightly more than 20% 
and almost 80% were migrants or descendants.

Figure  2 shows estimated trends in age-specific inci-
dence of type 2 diabetes in Tingbjerg and Denmark 
throughout the observation period. In both populations, 
the rates increased up to approximately 60 and 70 years, 
respectively, followed by a flat or declining trend. The 
incidence rate was higher in Tingbjerg across all age 
groups and peaked at around 1500 (per 100 000 person 
years) compared with approximately 1000 (per 100 000 
person years) in Denmark. Moreover, the incidence rate 
had a steeper increase in Tingbjerg than the background 
population. The relatively low number of annual cases 
recorded in Tingbjerg results in wide CIs, whereas the CIs 
for Denmark are small.

Figures 3 and 4 show estimated trends in diabetes inci-
dence in Tingbjerg and Denmark from 2003 to 2022 
for women (figure 3) and men (figure 4), depicted with 
values for a 65-year-old person with upper-secondary 
education. The estimated CI is indicated by a speckled 

Table 1  Characteristics of the study populations on 1 January in 2003, 2015 and 2022

Tingbjerg Denmark

2003 2015 2022 2003 2015 2022

Population N 4425 5019 4628 4 189 498 4 555 051 4 785 345

Age Median (Q1, Q3) 38 (28, 53) 37 (27, 51) 40 (27, 55) 45 (32, 59) 48 (33, 63) 49 (32, 64)

Gender % female 51.6 48.4 50.7 51.1 50.7 50.6

Education Low 56.1 46.3 40.0 35.5 30.4 25.2

Intermediate 32.9 29.9 34.8 40.7 41.1 40.7

High 11.1 23.8 25.2 23.8 28.5 34.1

Occupation Not working 41.8 35.4 26.4 16.2 14.5 14.1

Working 35.5 40.8 46.5 57.1 53.0 55.7

Student/retirement 22.8 23.8 27.1 26.8 32.6 30.2

Ethnicity Dane 48.4 22.1 22.9 92.5 88.4 85.5

Migrant 48.5 67.1 59.4 7.0 10.3 12.5

Migrant heritage 3.1 10.8 17.7 0.5 1.4 2.1

Type 2 diabetes Prevalence % 5.1 8.6 10.9 3.3 6.1 7.2

Figure 2  Predicted age-specific incidence rate of type 2 
diabetes and 95% CI (1/100 000 person years).
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area, which due to high statistical power is barely visible 
for the estimated incidence in the national population. 
In both populations, estimated incidence rates were 
smaller for women than men. For both women and men, 
the incidence rates varied by period and residency. In 
the national population, there was an overall increase 
throughout the full period even though rates temporarily 
dropped from approximately 2008 to 2015. In Tingbjerg, 
an increasing trend was observed from 2003 until approx-
imately 2015, followed by a decreasing trend until the end 
of the observation period in 2022. From 2015 to 2022, the 
annual incidence rate of type 2 diabetes in Tingbjerg thus 
steadily approached the incidence rate in the background 
national population. Although a simple extrapolation of 
current findings will result in converged trend lines for 
Tingbjerg and Denmark, the statistical model does not 
permit assumptions about trends outside the observation 
period.

In a sensitivity analysis, the modelled trends were 
restricted to observations from people who had not moved 
away from Tingbjerg or Denmark, respectively, during the 
previous two calendar years. In another sensitivity anal-
ysis, models were adjusted for occupational status rather 
than education. The trends from both sensitivity analyses 
were in line with the trends shown in figures 3 and 4 (see 
online supplemental material).

DISCUSSION
This study explored the trends in the incidence rate of 
type 2 diabetes for the disadvantaged neighbourhood of 
Tingbjerg, Copenhagen, during a span of 20 years. We 
compared the data with the nationwide incidence rate 
of type 2 diabetes in Denmark and found a significantly 
higher incidence rate in Tingbjerg during the entire 
period, except for 2022 where the rates approached 
each other. The estimated incidence rate in Tingbjerg 
increased prior to 2015 and then declined until the end 
of the observation period in 2022. Contrary, during the 
period from 2015 to 2022, the incidence rate in Denmark 
increased.

Multiple health promotion interventions were imple-
mented and coordinated by Tingbjerg Changing 
Diabetes during this period, and it is therefore reason-
able to suggest that the interventions may have contrib-
uted positively to the estimated incidence trend in the 
neighbourhood.

The incidence analyses were adjusted for age, gender 
and educational attainment and those factors are 
unlikely to explain the observed trends. Interestingly, the 
increasing incidence rate of type 2 diabetes in Tingbjerg 
from 2003 to 2015 coincided with an increase in propor-
tion of immigrant residents or descendants thereof in the 
neighbourhood. However, from 2015 to 2022 the number 
of immigrants and descendants thereof stagnated while 
the incidence of type 2 diabetes declined in Tingbjerg 
and increased in Denmark at large. Most of the immi-
grants originate from countries in the Middle East, North 
Africa and South-East Asia, whereas a larger proportion 
of migrants in Denmark at large originates from other 
European countries.

Previous studies have documented significant reduc-
tions in the incidence of type 2 diabetes among people 
enrolled in specific diabetes prevention programmes 
targeting lifestyle change, education and/or counsel-
ling.25–28 These interventions have been implemented in 
accordance with specific lifestyle prescriptions in super-
vised environments. In a systematic review of the effective-
ness of community-based health promotion interventions 
in urban areas around the world, various behavioural 
changes were observed but only limited changes in 
primary health outcomes.1 The review concluded that 
community-based interventions are promising for health 
promotion and disease prevention, although their poten-
tials had not been fully realised. To our knowledge, the 
present study is the first to document reductions in the 

Figure 3  Predicted annual incidence rate of type 2 diabetes 
in women and 95% CI (1/100 000 person years).

Figure 4  Predicted annual incidence rate of type 2 diabetes 
in men and 95% CI (1/100 000 person years).
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primary health outcome of type 2 diabetes incidence 
rates at population level in non-prescriptive community-
based health promotion interventions. Tingbjerg 
Changing Diabetes is thus a long-term natural experi-
ment in community development with a strong emphasis 
on promoting social transition and healthy living. Inter-
ventions are defined and implemented jointly by citizens 
and frontline practitioners operating in Tingbjerg across 
a wide spectrum of professions, sectors and settings. 
Numerous national stakeholder organisations from the 
public sector, the private sector, civil society and academia 
provide technical, educational and financial support to 
the local initiatives. In this way, a resilient partnership-
based system of support has been established, and opera-
tions have been sustained over long periods of time.

This study has strengthened our conviction that 
complex health challenges must be addressed by 
complex interventions and that impactful single change 
agents and actions are illusory. We therefore advocate for 
studying change potentials at population level based on 
wider community mobilisation and development efforts.

Despite inclusion of data from a full national popula-
tion, the population in Tingbjerg constituted only 0.1% of 
our data resulting in limited statistical power. Therefore, 
the study was restricted exclusively to investigate long-
term trends for the full population and was not powered 
to explore incidence trends in further details. Neither 
could we explore impact of potential mediators between 
the intervention and subsequent incidence rates. More-
over, a large CI for the Tingbjerg trend estimate makes 
the true direction of the trend lines uncertain and they 
cannot be extrapolated beyond the observation period. 
The relatively short follow-up time from initiation of 
Tingbjerg Changing Diabetes until the end of follow-up is 
a limitation, given that type 2 diabetes may develop slowly 
in many people, and potential benefits of the interven-
tion may not unfold during the follow-up period. A future 
study with longer follow-up time will offer potential to 
provide further insights and strengthen the conclusions.

A main strength of the study is the use of nationwide 
register data free of bias associated with non-responses. 
Other studies based on self-reports are characterised by 
lower response rates particularly among ethnic minorities 
and vulnerable residents.29

CONCLUSION
We estimated an increasing trend in the incidence rate 
of type 2 diabetes in Tingbjerg in both men and women 
in the period from 2003 to 2015. This was followed by 
a slightly decreasing trend until the end of follow-up in 
2022 corresponding to the timing of intensified health 
promotion interventions implemented through Tingb-
jerg Changing Diabetes. The latter decrease coincided 
with an increase in incidence rate of type 2 diabetes in the 
national Danish background population. Even though 
we cannot attribute observed trends in the incidence 
rate to any specific causes, we find it possible that the 

interventions impacted positively on the health status and 
trends in the incidence of type 2 diabetes in the neigh-
bourhood. The present study therefore concludes that 
complex long-term community-based interventions in 
disadvantaged neighbourhoods may have the potential to 
facilitate positive health outcomes including reductions 
in onset of type 2 diabetes.
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