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AbstrACt 
Introduction With the rapid ageing of the population 
in Europe, reliable estimates of the future development 
of the disease and disability burden as well as healthy 
life years in the older sections of the population are 
crucial. Meanwhile, the future prospects of the health 
and functional ability of the working-aged population 
are critical. The aims of the Projections of the burden of 
disease and disability in Finland – health policy prospects 
research project are to provide information about the 
long-term consequences of health-related behaviours of 
the population and to project the potential improvement 
of the burden of disease and disability based on realistic 
scenarios about the development of risk behaviours in the 
total population and its subgroups.
Methods and analysis The analyses will be based on 
data from representative cross-sectional and longitudinal 
health examination surveys (HESs) conducted between 
1972 to 2017 in Finland, and register data from several 
national administrative registers. Included HESs (FINRISK 
Surveys from 1972 to 2012, Mini-Finland Survey from 1978 
to 1980, the Health 2000/2011 Surveys and the FinHealth 
2017 Study) provide abundant information about biological 
and behavioural risk factors and the health and morbidity 
of the population. The modifiable risk factors used as 
predictors include hypertension, hyperlipidaemia, obesity, 
diabetes, physical inactivity, smoking, alcohol use and 
unfavourable diet. The main outcomes are ischaemic heart 
disease, cerebrovascular diseases, lung cancer, chronic 
obstructive pulmonary disease, Alzheimer’s disease and 
diabetes. Within the project, novel projection techniques of 
data-driven Bayesian hierarchical models to provide robust 
and comparable estimates will be developed.
Ethics and dissemination The prevailing legislation and 
regulations have been followed for all surveys. Surveys 
since 1997 have been approved by the respective Ethics 
Committees covering the scope of this project. A written 
informed consent was obtained from participants since 
1997. The outputs of the project will include 8 to 10 
scientific papers in peer-reviewed journals.

IntroduCtIon
With the rapid ageing of the population 
in Europe, healthcare systems are facing 

increasing demand and patient load. There-
fore, reliable estimates of the future develop-
ment of the disease and disability burden as 
well as healthy and disease-free life years in the 
older sections of the population are crucial. 
At the same time, the future prospects of the 
health and functional ability of the working 
aged population are of critical importance 
as they must provide the necessary financial 
resources and manpower for maintaining 
and caring for the older population.

Non-communicable diseases (NCD) are 
the leading cause of mortality globally. About 
71% of all deaths are related to NCDs, with 
cardiovascular disease (CVD) (eg, coronary 
heart disease, stroke), cancers, respiratory 
diseases and diabetes being the most frequent 
causes of NCD deaths.1 NCDs are also respon-
sible for 28% of premature mortality, deaths 
under age of 70 years, in high-income coun-
tries. CVD, diabetes, cancers and chronic 

strengths and limitations of this study

 ► All included surveys included physical measure-
ments and laboratory samples in addition to self-re-
ported data.

 ► The linkage of survey data with administrative reg-
isters enables the use of comprehensive follow-up 
data.

 ► Statistical methods for health projections will be 
developed in the project, and estimated intervention 
effects on risk behaviours and their consequences 
obtained from literature on randomised clinical trials 
will be incorporated in different scenario projections.

 ► Comparison of different scenarios on the population 
level or in subgroups provides insight into optimal 
decision-making in public health policy.

 ► Although the questionnaires and measurements 
have been kept as similar as possible through-out 
the study years, methodological differences across 
the surveys may limit the comparability of data.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-2738-2654
http://dx.doi.org/10.1136/bmjopen-2019-029338
http://dx.doi.org/10.1136/bmjopen-2019-029338
http://dx.doi.org/10.1136/bmjopen-2019-029338
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-029338&domain=pdf&date_stamp=2019-06-20


2 Paalanen L, et al. BMJ Open 2019;9:e029338. doi:10.1136/bmjopen-2019-029338

Open access 

obstructive pulmonary disease (COPD) are among the 
most important causes of hospitalisations and absences 
from work.2

The burden of disease estimates for Finland for 2016 
reported by the WHO in collaboration with the Institute 
of Health Metrics and Evaluation, include ischaemic 
heart disease (IHD), Alzheimer's disease, cerebrovascular 
diseases and lung cancer within the top 10 causes of both 
disability adjusted life years (DALYs) and years of life lost 
(YLLs) to premature mortality (http:// ghdx. healthdata. 
org/ gbd- 2016). For years lived with disability (YLDs) also 
diabetes was on the top-10 list (http://www. healthdata. 
org/ finland). Thus, this group of potentially preventable 
NCDs poses a serious challenge to the economies of most 
countries and is responsible for remarkable economic 
burden to all European countries.3

A body of evidence indicates that lifestyles such as 
smoking, diet, alcohol use and physical activity have a 
major influence on health and longevity. The 10 leading 
risk factors contributing to the burden of disease in 
Finland are dietary habits, hypertension, obesity, alcohol 
and drug use, smoking, high fasting plasma glucose, 
high cholesterol, low physical activity and low glomerular 
filtration rate and low bone mineral density. It has been 
shown that adherence to a healthy lifestyle is associated 
with a lower risk of mortality. The relative risk of all-cause 
mortality declines proportionate to a higher number 
of healthy lifestyle factors.4 Lifestyles also make a large 
contribution to inequalities in health and functioning.5 6

Researchers from the EPIC-Norfolk prospective popula-
tion study found that the combination of four behavioural 
risk factors, smoking, physical inactivity, alcohol drinking 
and low fruit and vegetable consumption, predicted a 
four-fold difference in the risk of dying over an average 
period of 11 years for middle-aged and older people.7 
They also showed that the risk of death, particularly 
from CVD, decreases as the number of positive health 
behaviours increases. Results from the Healthy Ageing: a 
Longitudinal study in Europe (HALE) project indicated 
that adherence to a Mediterranean diet, non-smoking, 
moderate alcohol use and any physical activity among 
elderly were associated with a more than 50% lower rate 
of all-cause and cause-specific mortality.8 Lifestyle factors 
such as smoking, physical activity and obesity are also 
shown to be associated with healthy and disease-free life 
expectancy. In a recent large multi-cohort study, people 
with none of these three lifestyle-related risk factors were 
shown to have on average 8 years longer life expectancy in 
good health between the ages 50 and 75 years, compared 
with people with at least two of the three risk factors.9 
Similarly, the European Society of Cardiology European 
Action on Secondary and Primary Prevention by Inter-
vention to Reduce Events survey has shown that a large 
proportion of people at high risk for CVD have uncon-
trolled blood pressure, lipids and diabetes demonstrating 
the need for more effective prevention.10

Evidence based health policy planning requires the 
best available information on the future development of 

the main public health problems and how to influence 
this development. Ideally, health projections should take 
into account the history and current levels of health and 
its determinants as well as potential scenarios for changes 
in the health determinants in the total population 
and subgroups. Health projections based on different 
scenarios concerning the amenable determinants of 
public health have been produced, based on the Global 
Burden of Disease data or using the so called IMPACT 
model for coronary heart disease.11–13 However, the data 
sources available in Finland are much richer than those 
used in the Global Burden of Disease estimates. They can 
be used to improve the accuracy of the projections. In 
particular, the national health examination surveys with 
mortality and morbidity follow-up and re-examinations 
studies provide a unique data source which allows the 
projections to make use not only of the current levels of 
the risk factors but also the population and individual 
level changes from the past.

In 2017, a research project called the Projections of the 
burden of disease and disability in Finland – health policy pros-
pects (PoDDy-HePo) was launched. The project was started 
in the end of 2017 and will be carried out until 2021. 
The overall aim of the project is to provide information 
about the long-term consequences of health related 
behaviours of the population and to what extent can 
the projected development of the burden of disease and 
disability be improved according to realistic scenarios 
about the development of risk behaviours in the total 
population and its subgroups. This information will help 
local, national and international governments and other 
policymakers to develop policies to address the growing 
problems of NCDs and inequalities, and to increase 
healthy life expectancy.

Making use of the wealth of relevant data sources 
available in Finland and novel statistical techniques, the 
project will provide up-to-date information about the 
prevalence of major chronic disease risk factors and the 
burden of disease, and health projections under different 
risk factor and policy scenarios in the Finnish population 
and its subgroups. Such data are highly relevant for poli-
cymakers and other stakeholders working in the field of 
public health and especially on prevention of chronic 
diseases. Statistical methods, which will be developed in 
the project, should be directly applicable to other coun-
tries with a comprehensive health monitoring system, 
such as Denmark, UK and the Netherlands. We will apply 
flexible statistical methods to account for interactions 
and non-linearities. For example, the random forest or 
non-parametric Bayesian methods allow combining time-
to-event data obtained from registers with categorical 
or continuous variables commonly collected in surveys. 
The results will also facilitate the improvement of health 
projections in countries with less comprehensive health 
monitoring data.

http://ghdx.healthdata.org/gbd-2016
http://ghdx.healthdata.org/gbd-2016
http://www.healthdata.org/finland
http://www.healthdata.org/finland
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MEthods And AnAlysIs
The analyses of the PoDDy-HePo project will be based 
on existing data from cross-sectional and longitudinal 
health examination surveys (HESs) conducted between 
1972 to 2017 in Finland, and register data from several 
administrative registers. Included HESs are based on 
random samples of the general population. They provide 
abundant information about biological and behavioural 
risk factors, and the health and morbidity of the 
population.

The project has two aims:
1. Estimation of the proportion of ill health attributable 

to modifiable risk factors, where the objectives are to
 ► understand determinants of the health inequalities 

and their changes over time, and to assess the contri-
bution of modifiable risk factors to these inequalities;

 ► assess the impact of modifiable risk factors and their 
combinations to mortality and DALYs; and

 ► assess the impact of modifiable risk factors and their 
combinations on healthy life expectancy and disability 
and disease-free life years.

2. Providing projections of the incidence, prevalence 
and number of cases of major chronic disease and disa-
bility measures under different scenarios in the whole 
population and its subgroups. For this aim, the objectives 
are to

 ► assess and document the strengths and weaknesses of 
available projection methods;

 ► prepare statistical methods for projecting incidence, 
prevalence, life expectancy and expected healthy 
life years and the number of diseased individuals 
accounting for birth cohort differences and trends;

 ► account for sampling, parameter, model and predic-
tion uncertainties in the projections using, for 
example, Bayesian predictive distributions or multiple 
imputation techniques;

 ► assess existing knowledge from randomised clinical 
trials (RCT) about intervention effects; and

 ► provide projections on health outcomes and risk 
factors.

health examination survey data
The following population-based HESs among the adult 
Finnish population form the basis for the PoDDy-HePo 
project: FINRISK Surveys from 1972 to 2012,14 Mini-Fin-
land Survey (MFS) from 1978 to 1980,15 the Health 
2000/2011 Surveys16 17 and the FinHealth 2017 survey.18 
Information from repeated measurements on the same 
persons is available from the Mini-Finland Health Survey 
and the Health 2000/2011 re-examinations.

All these HESs included health examinations with phys-
ical measurements, blood pressure measurements and 
laboratory samples as well as a self-administered question-
naire and/or interviews resulting in comprehensive infor-
mation about health and functioning, diseases, health 
behaviours and living conditions. Covered age groups, 
numbers of participants and participation rates are given 
in table 1. The covered core topic areas in questionnaires 
or interviews and included physical measurements are 
given in tables 2–3. The laboratory samples of all surveys 
included at least blood collection, and key biomarkers, 
such as serum total cholesterol, have been determined 
for all surveys.

Table 1 Age groups, number of participants and participation rate in the National FINRISK studies 1972 to 2012, the Mini-
Finland Health Survey (MFS), Health 2000/2011 surveys and the FinHealth 2017 survey

Age groups (years)
Participants, health 
examination (n)

Participants, 
questionnaire or 
interview only (n)

Participation rate, 
total (%)*

FINRISK 1972 25–59 10 938 - 88

FINRISK 1977 30–64 10 199 - 90

FINRISK 1982 25–64 9347 - 82

FINRISK 1987 25–64 6479 - 82

FINRISK 1992 25–64 6051 - 76

FINRISK 1997 25–64† 8446 - 73

FINRISK 2002 25–64† 8798 782 71

FINRISK 2007 25–74 6258 1735 67

FINRISK 2012 25–74 5827 597 65

MFS 1978–1980 30+ 7217 486 96

Health 2000 30+ 6354 1061 93

Health 2011 29+ 4729 1174 74

FinHealth 2017 18+ 5957 841 69

*Because of differences in age groups the participation rates are not directly comparable between the surveys.
†In some areas 25–74.
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National cross-sectional HESs, called the FINRISK 
surveys, were conducted among the general Finnish 
population every 5 years in selected geographical areas 
between 1972 to 2012.14 Each time an independent strati-
fied random sample was drawn from the National Popula-
tion Information System. The sample sizes varied between 
7927 to 13 500 persons (altogether 98 977 persons).

The Mini-Finland Health Survey (MFS, 1978 to 1980) 
involved a representative sample of the Finnish popula-
tion.15 The sample size was 8000 persons. A total of 1278 
participants from the MFS survey were invited to partici-
pate in a re-examination in connection to the Health 2000 
Survey and 89% agreed. In 2011 to 2012, those 920 subjects 
still alive were invited to participate in a second re-exam-
ination in connection to the Health 2011 Survey and 81% 
agreed.

The Health 2000 Survey, carried out in 2000 to 2001, 
covered a representative sample of the Finnish popula-
tion.16 Health examination was conducted in the age group 
30 years and older (sample size 8028). In the age group 
18 to 29 years (sample size 1894) only a questionnaire was 
administrated. The 8022 persons selected to the Health 
2000 Survey and living in Finland in 2011 were invited to 
take part in a re-examination, Health 2011.17 They were at 
least 29 years of age in 2011. Also a new sample (n=1994) 
was selected from the age group 18 to 28 years.

In 2017, a comprehensive nationally representative HES, 
the FinHealth 2017 Survey, was conducted (sample size 
12 037).18

In addition to the foregoing surveys among the general 
adult population in Finland, data from the Migrant 
Health and Well-being Study (Maamu) will be used in 
some substudies.19 The Maamu Study was carried out in 
Finland among three migrant groups in 2010 to 2012. 
The sample size was 3000 persons of whom 1510 (50%) 
participated in the health examination.

Administrative register data
All Finnish residents have a unique personal identity 
code (PIC), which enables linkage of different data 
sources such as survey data to administrative registers. In 
the PoDDy-HePo project, comprehensive register-based 
data including (a) background information, (b) disease 
history and (c) follow-up data on disease outcomes, 
mortality and causes of death, will be utilised. Further-
more, the information about population structure and 
estimated demographic changes required for the projec-
tions will be obtained from the Statistics Finland.

All cross-sectional HESs described earlier, have been 
linked to the national administrative registers using the 
PIC with the exception of the MFS. The administrative 
registers that will be used are

 ► Care Register for Healthcare: dates and diagnoses of 
hospitalisations (https://www. thl. fi/ fi/ web/ thlfi- en/ 
statistics/ information- on- statistics/ register- descrip-
tions/ care- register- for- health- care)

 ► Causes of death register: date and cause of death 
(http://www. stat. fi/ meta/ til/ ksyyt_ en. html)To
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 ► Socio-demographic data from Statistics Finland.
 ► Registers of the Social Insurance Institution: entitle-

ment to specifically reimbursed medications due to 
specific chronic conditions, sickness absence, work 
disability pensions, purchase of medicines by  anatom-
ical therapeutic chemical (ATC) code (http://www. 
kela. fi/ web/ en/ statistics- by- topic_ statistics- on- reim-
bursement- entitlements- in- respect- of- medicines)

 ► Finnish Cancer Register: date and diagnoses of 
cancers (http://www. cancer. fi/ syoparekisteri/ reki-
sterointi/ rekisteriseloste)

 ► Population Register Centre: geographical informa-
tion (geographical coordinates) of the place of resi-
dence and the examination centres (http:// vrk. fi/ 
en/ population- information- system)

The MFS has been linked only to Care register for 
healthcare, Causes of death register and registers of the 
Social Insurance Institution.

Predictors
The modifiable risk factors used as predictors include 
hypertension, hyperlipidaemia, obesity, diabetes, physical 
inactivity, smoking, alcohol use and unfavourable diet. 
These risk factors are associated with most of the diseases 
selected as the main outcomes of the project.

Marital status and education will be used as the main 
socio-demographic and socio-economic indicators. The 
possible correlation and interaction of these indicators 
with other relevant background factors will be considered 
in the analyses of each substudy individually.

outcomes
The focus will be on IHD, cerebrovascular diseases, 
lung cancer, COPD, Alzheimer’s disease and diabetes. 
These diseases were selected as they were among 
the top 10 causes of DALYs and years of life lost due 
to premature mortality, premature mortality, phys-
ical and cognitive disability and multi-morbidity by 
previous Global Burden of Disease estimates.20 Diabetes 
is included as both a predictor and outcome as it is a 
risk factor for several diseases listed as outcomes and, 
on the other hand, diabetes will also be examined as a 
disease outcome within the project. Cancers will not be 
in the focus of this project as there is another ongoing 
project called Prospective Cancer Meta Cohort Study 
(METCA) on the causes of cancer and cancer burden 
in Finland with which our study groups collaborates 
(https:// cancerregistry. fi/ research/ research- themes/ 
the- causes- of- cancer- and- cancer- burden/).

The burden of disease will be estimated using indica-
tors introduced by the WHO in collaboration with the 
Institute for Health Metrics and Evaluation.21 DALYs, 
YLLs and YLDs will be calculated using the algorithms 
by WHO and the Institute for Health Metrics and Eval-
uation. Disability weights updated in 2016 will be used 
(http:// ghdx. healthdata. org/ record/ global- burden- 
disease- study- 2016- gbd- 2016- disability- weights).

The population attributable fractions are calculated 
to estimate the contribution of risk factors to burden of 
disease and disability.22

Projections
In previous studies, a variety of projection methods, such 
as microsimulation methods23 and the IMPACT model12 
have been commonly used to dynamically project not 
only the changes in the health outcomes of interest but 
also in the risk factors. Some of these methods do not 
account for different sources of uncertainty for example 
in parameter estimates in Dynamic Modeling for Health 
Impact Assessment (DYNAMO-HIA).24 Existing software 
tools for projections usually utilise only point estimates 
of model parameters, thus projections based on small 
datasets can underestimate the uncertainty in the projec-
tions. Another common problem in projections has been 
the overly simple assumptions of total eliminations of a 
risk factor. In PoDDy-HePo project, we aim to utilise the 
strengths of these methods and to overcome these limita-
tions by applying estimates obtained from RCT literature 
and Bayesian inference25 which can accommodate various 
forms of uncertainty in analysis.26 We will also account for 
individual trends in risk factors as well as demographic 
changes. We will also account for for example informative 
censoring due to mortality, which can depend on same 
risk factors as morbidity and act as a competing risk.

Within the project, novel projection techniques of data-
driven Bayesian hierarchical models to provide robust 
and comparable estimates will be developed. Hierarchical 
models are needed not only to handle repeated measures 
but also geographical clustering of the sampling designs 
in some of the survey datasets in combining different 
survey datasets, which have been restricted to selected 
geographical areas in Finland. The novel methods will 
allow a natural way to incorporate different sources of 
uncertainty in projections including the large propor-
tion of missing data and expert knowledge based on for 
example, literature about randomised clinical trials.

Non-response adjustment will be applied to prevalence 
and trend estimates as well as to the calculations of popu-
lation attributable risks and projections. Information 
about the characteristics, risk factors and health status of 
the non-participants to the health examination surveys 
will be obtained from the sampling frame and through 
record linkage to administrative registers. Experience 
gained in the Non-participation in health examina-
tion surveys project (NoPaHES, http://www. ehes. info/ 
nopahes) will be used for non-participation adjustment. 
Multiple imputation, data augmentation and weighting 
techniques will be applied to handle missing data which 
originate from loss-to-follow-up, item non-response and 
missing-by-design.27 The same approaches can be used 
for dealing with measurement errors.

Patient and public involvement
Patients and the public were not involved in the design 
or planning of the study. The surveys were carried out 
among the general population.

http://www.kela.fi/web/en/statistics-by-topic_statistics-on-reimbursement-entitlements-in-respect-of-medicines
http://www.kela.fi/web/en/statistics-by-topic_statistics-on-reimbursement-entitlements-in-respect-of-medicines
http://www.kela.fi/web/en/statistics-by-topic_statistics-on-reimbursement-entitlements-in-respect-of-medicines
http://www.cancer.fi/syoparekisteri/rekisterointi/rekisteriseloste
http://www.cancer.fi/syoparekisteri/rekisterointi/rekisteriseloste
http://vrk.fi/en/population-information-system
http://vrk.fi/en/population-information-system
https://cancerregistry.fi/research/research-themes/the-causes-of-cancer-and-cancer-burden/
https://cancerregistry.fi/research/research-themes/the-causes-of-cancer-and-cancer-burden/
http://ghdx.healthdata.org/record/global-burden-disease-study-2016-gbd-2016-disability-weights
http://ghdx.healthdata.org/record/global-burden-disease-study-2016-gbd-2016-disability-weights
http://www.ehes.info/nopahes
http://www.ehes.info/nopahes
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EthICs And dIssEMInAtIon
All included surveys have followed the prevailing legis-
lation and regulations of the time when they were 
conducted. Surveys since 1997 have been approved by the 
respective Ethics Committees at the time when the surveys 
were conducted (table 4). These ethical approvals cover 
the scope of this project. A written informed consent was 
obtained from survey participants, except for the early 
surveys which were conducted before the current legis-
lation on medical research and the Helsinki Declaration. 
The participants of these early surveys were fully informed, 
they participated in the surveys voluntarily and the use 
of the data for medical and public health research was 
explained to them. These data can be used on the basis of 
the law on the National Institute for Health and Welfare 
(THL), which has a statement about the use of archived 
material (Act on the National Institute for Health and 
Welfare (668/2008)). Permissions for the record linkage 
have been obtained from relevant register owners.

The outputs of the project will include 8 to 10 scientific 
papers. The results will be disseminated through scien-
tific publications, social media and conference or work-
shop presentations. Besides the scientific community, one 
of the key objectives is making the results available for the 
planning and evaluation of health policies.
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