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Abstract 

Several RCT studies have shown that prevention of type 2 diabetes is feasible via lifestyle 
interventions. Nevertheless, the empirical evidence for economic effectiveness of prevention 
in real-world settings is scarce. We analyze costs and effectiveness of a specific type 2 
diabetes prevention program in Finland, the GOAL Lifestyle Implementation Trial (GOAL 
LIT). We developed a Markov model with five mutually exclusive (disease) states and 
discrete one-year intervals to simulate the health effects of the intervention over 15 years. 
Based on the 3-year follow-up results from the intervention and a risk factor matched control 
group, we computed annual transition probabilities between BMI levels. The mortality 
differences between intervention and control group after 15 years are insignificant for both 
sexes. Projected cumulative costs of diabetes for both sexes are significantly lower in the 
intervention group compared to control group. From the perspective of the health care system 
the cost saving of the study depends on the assumed degree of complications with type 2 
diabetes. For an all-male intervention group, the net benefit is positive above the threshold of 
8 per cent average annual complication rate. The average overall monetary gain of the 
intervention then lies between €213.8 and €354.8 per person. The GOAL LIT would also be 
cost-effective, if the program was conducted in a representative Finnish population, with 
possible costs savings following the intervention between €64.8 and €155.8 per person. 
The results indicate that a diabetes prevention program like the GOAL LIT can be cost 
effective. Potential cost effects are mainly due to male participants, but nevertheless also 
notable in a representative population. However, our framework only focuses on one obesity 
related disease and thus tends to underestimate the cost savings as well as potential mortality 
benefits. 
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1. Introduction 

The worldwide rise in obesity and its health consequences have become a major concern in 

public health. The obesity epidemic is particularly severe in the US, with two-thirds of the 

population being overweight or obese in 2000 and projections of up to 80 per cent being 

overweight by 2020 (Ruhm et al., 2007). However, obesity is also a growing problem in other 

developed countries. For example, in Finland 48 per cent of the population were overweight 

in 2006 compared to 36 per cent in 1983 (Statistical Yearbook, 2007), and comparable rates 

can be found all over Europe (Brunello et al., 2009). The reasons for this trend are basically a 

combination of increased intake of calories and reduced physical activity (Finkelstein et al., 

2005) and the resulting energy imbalance leading to a continuous weight gain that will lead to 

severe chronic diseases such as type-2 diabetes. Globally, it is estimated that 438 million 

people (7.8% of the adult population) will have developed type 2 diabetes by 2030 unless 

effective prevention programs are implemented (IDF 2009). Obesity and overweight, together 

with the diseases emerging as consequences of excessive weight, cause a sizable economic 

burden (Guh et al., 2009). Accounting for the direct medical costs of treatment as well as for 

indirect costs of illness these costs become a public health care problem (Konnopka et al., 

2011; Finkelstein et al., 2003). In response to the growing burden that obesity poses for health 

care spending, public primary prevention programs against obesity have been widely 

recommended (WHO, 2004). 

The European guideline for the prevention of type 2 diabetes focuses on confronting obesity 

and a sedentary lifestyle as these are the main modifiable risk factors of the disease 

(Paulweber et al., 2010). Major trials on preventing type 2 diabetes have proven the efficacy 

and effectiveness of lifestyle modification among adults with pre-diabetes (Knowler et al., 

2002; Tuomiletho et al., 2001; Norris et al., 2005). Several studies (Lindgren et al., 2007;DPP 

Research Group, 2003; Icks et al., 2007; Bertam et al., 2010) estimated the cost effects of 

diabetes prevention trials for different countries. The studies differ with regard to 

intervention, population, time-perspective, and measurement of the costs, yet they all find that 

diabetes and obesity prevention can be cost-effective (Klein et al., 2011; Lehnert et al., 2012). 

Furthermore, Li et al. (2010) found that among all of the different interventions recommended 

by the ADA, the evidence was strongest for the cost-effectiveness of intensive lifestyle 

modification among persons with impaired glucose tolerance (IGT). Nevertheless, it is still 

controversial if primary prevention conducted in more real-world settings and among people 
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with increased risk but not yet exhibiting IGT can really be a long-term cost-effective strategy 

for facing the obesity epidemic. We examine the question whether prevention pays for itself 

in a simulation model based on the results of the Good Ageing in Lahti Region Lifestyle 

Implementation Trial (GOAL LIT), a diabetes prevention program conducted in a specific 

region in Finland. 

This paper is organized as follows: The next section presents an overview of the GOAL LIT 

and its results. Then, Section 3 characterizes the simulation model framework with special 

regard to the transition probabilities used. Section 4 presents the results of the medium-term 

simulation and the conducted validation. In Section 5 we discuss our findings and concluding 

remarks are offered in Section 6. 

2. Overview of the GOAL Lifestyle Implementation Trial 

In response to the growing obesity and type 2 diabetes epidemic, a new generation of research 

emerged in the early 2000’s and started to develop and test strategies to translate findings 

from prevention trials to real-world settings. The GOAL LIT (Uutela et al., 2004; Absetz et 

al., 2007) was one of the first of these implementation trials (Simmons et al., 2010). It was 

designed for the primary health care setting with lifestyle objectives derived from the Finnish 

Diabetes Prevention Study (DPS), one of the major efficacy trials supporting lifestyle 

modification (Tuomiletho et al., 2001). The GOAL LIT was designed to replicate the DPS 

results with a program with more modest resources, delivered by existing health care 

personnel. One- and three-year effectiveness of the intervention was analyzed with a quasi-

experimental single group pretest-posttest design for risk factor changes, and using the DPS 

results as a benchmark for lifestyle objective attainment (Uutela et al., 2004; Absetz et al., 

2007). 

Intervention Setting and Participants 

The GOAL LIT was conducted in the 14 primary care centers of the Päijät Häme Province in 

Finland. In each primary health care center, a study nurse was appointed for recruitment, 

laboratory referrals, and clinical measurements. Over a two-month recruitment period, 

physicians and nurses referred prospectively patients (aged 50-65) with already identified risk 

factors (obesity, hypertension, elevated blood glucose or lipids) to the study nurse. They were 

screened for risk status with a validated type 2 diabetes risk test, the FINDRISC (The Finnish 

Diabetes Risk Score) (Lindström and Tuomiletho, 2003). The risk test took approximately 
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five minutes to complete. The inclusion criterion was set at risk score 12 (17% 10-year-risk). 

Risk status was screened in 462 patients. Clients with mental health problems or substance 

abuse likely to interfere with participation, acute cancer, or myocardial infarction during the 

past 6 months were excluded from the study. Altogether 389 participants were enrolled in the 

intervention, 385 of which provided the necessary data at baseline. At the baseline, 95.5% of 

the participants were overweight or obese (BMI >25). Type 2 diabetes was diagnosed in 32 

participants and one participant lacked the baseline blood glucose test; thus, the effectiveness 

analyses (Uutela et al., 2004; Absetz et al., 2007) excluded these patients. In the end, the 

effectiveness study sample consisted of 352 participants [mean FINDRISC score 16.2 (±3.3)] 

of whom 312 (88.6%) attended the measurements at year one and 271 (77.0%) at year 3. 

Eight participants responded at year three but not at year one. The study sample was mostly 

representative of the general population but it had comparably more retired and unemployed 

persons. Study drop-out was not related to gender or socioeconomic status (SES), but women 

with larger baseline waist circumference were less likely (p < .05) to participate at the one-

year follow-up. 

Intervention objectives and theoretical background 

The intervention program was designed to facilitate the adoption of physical activity, healthy 

nutrition, and weight loss, with specific targets drawn from the Finnish DPS (Tuomiletho et 

al., 2001). The program components were based on psychological theories, and behavior 

change techniques that were used have been described in detail in other works (Uutela et al., 

2004; Absetz et al., 2007; Hankonen, 2011). 

Intervention Program content 

The program consisted of six structured two-hour group sessions. The first five sessions were 

delivered at two-week intervals during a three-month intensive intervention period and one 

booster session at eight months. The protocol included no other formal post-intervention 

contact with the participants except follow-up measurements at years one and three. The 

sessions were delivered by public health nurses in the primary health care centers, either solo 

or together with another nurse or a physiotherapist. These group facilitators received two days 

of training with a standardized training program, training manuals and practical exercises. 

Printed materials for program users and participants included existing, free-of-charge health 

education leaflets, materials adapted from earlier studies (Lindahl et al., 1999), and materials 
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developed for the intervention. A project dietician supported facilitators and gave dietary 

counseling during one group session. Municipal sports officers introduced the groups to local 

sports facilities and guided one exercise session (e.g., gym, aquatic exercise, Nordic walking). 

Participants requiring medical care during the program were referred to their GP. 

Attrition 

Overall, 57% of participants attended all six sessions, and 74% the first five sessions. The 

intervention exposure was unrelated to gender or SES. Baseline measures of waist 

circumference, BMI, exercise, diet, and the psychological determinants were similar for those 

who attended all vs. only part of the sessions (p > .05). 

Summary of results from the effectiveness studies 

Compared to the DPS, the GOAL LIT had equal or even better improvements in diet 

behavior, whereas physical activity and weight loss goals were achieved less frequently in the 

GOAL LIT (Absetz et al., 2007). On average, men experienced more improvements in risk 

factor changes than women but socio-economic groups performed equally well (Absetz et al., 

2007). The three-year follow-up (Absetz et al., 2009) demonstrated that despite the relatively 

modest initial risk reduction (e.g., weight reduction at year one was only 0.8 kilograms in the 

GOAL trial compared to 4.5 kg in the DPS (Norris et al., 2005)), program maintenance was 

quite good. Between years one and three, an average regain of one kilogram was found in the 

DPS, resulting in a −3.5kg±5.1 weight reduction from baseline to three years (Lindström et 

al., 2003), while in the GOAL trial the weight decrease achieved at year one persisted 

throughout the follow-up. The same pattern was also evident in BMI. Improvement in blood 

lipids from baseline to three years was similar to the DPS. The 12% conversion rate from 

impaired glucose tolerance (IGT) to diabetes found at year three is moderate compared to 9% 

in the intervention and 20% in the control group of the DPS (Lindström et al., 2003). 

Furthermore, a significant number of participants (n = 65, 43% of those with baseline IGT) 

reverted to normal glucose tolerance (< 7.8 mmol/l) during the follow-up. 

Ethical aspects 

The Ethical Commission in Päijät-Häme Central Hospital and the Ethical Committee of the 

National Public Health Institute gave their approval of the project. Participants provided a 

written informed consent and were treated according to the APA ethical standards. 
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3. Methods 

The main goal of our analysis is the evaluation of the cost savings of obesity prevention, thus 

our modeling of diabetes is kept in a simple style - with a binary option of the disease. The 

numerous other obesity-related diseases will not be regarded separately in order to keep the 

model tractable; nevertheless they are reflected in the mortality rates of the non-diabetic states 

of the model. 

We estimate the cost effects of GOAL LIT regarding the trend in diabetes prevalence over 15 

years. For a shorter period, no significant changes in the prevalence of diabetes can be 

expected and for a longer period the effects of prevention on BMI become increasingly 

doubtful. In addition, we focus on the overall mortality effects of the intervention. All costs 

are expressed in 2008 euros and all future costs were compounded at an annual discount rate 

of 3 percent. 

3.1. Markov Model 

We developed a state-transition Markov model with five mutually exclusive (disease) states 

and discrete one-year intervals. The model structure depicted in Figure 1 allows us to follow a 

starting population over 15 years, using the annual forecasts for every state of interest. The 

individuals representing the control and intervention groups move between the Markov states 

according to the given transition probabilities. We assume that according to the GOAL LIT 

participants none of the individuals entering the model suffers from type 2 diabetes. 

The five Markov states are: 1) no diagnosed diabetes and BMI < 25, 2) no diagnosed diabetes 

and 25 < BMI < 30, 3) no diagnosed diabetes and BMI > 30, 4) diagnosed diabetes 

(afterwards we will refer to these states as ”(no)diabetes”), and 5) death. The initial age of the 

individuals entering the Markov model is 55 years, which is consistent with the average age 

of the GOAL LIT subjects. The initial distribution between the non-diabetic states reflects the 

age and gender specific rates for Finland. The transition probabilities between the three non-

diabetic states result from the analysis of the GOAL LIT prevention program and thus differ 

for the intervention and the control group. We implicitly assume that annual weight changes 

are not pathological, with annual transitions between non-sick states only being possible in 

single steps. The other transition probabilities, including no diabetes to diabetes, no diabetes 

to death, and diabetes to death, are all one way. All of the people who die remain in the death 

state and we only regard diagnosed cases of type 2 diabetes mellitus where no cure is feasible. 
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Those probabilities are assumed to be equal between the two groups of individuals but they 

differ by age and gender. All analyses were performed using TreeAge Pro Healthcare 

(Release 1.0 b1, 2001; TreeAge Software Inc.). 

 

Figure 1: States of the Markov Model 

3.2. Data 

In order to estimate the diabetes prevalence within the framework of the Markov model, we 

rely on the most recent Finnish data concerning type 2 diabetes mellitus and mortality rates. 

For each of these inputs, we attempt to specify the figures by age, gender and BMI level, if 

available. 

Measurements of GOAL LIT 

For participants in the intervention group all clinical and nutritional data were collected by the 

study nurses. Baseline anthropometric measurements were taken at recruitment, followed by 

referral for relevant laboratory tests. At 12 months and three years, participants were mailed 

an invitation to anthropometric measurements, a referral to laboratory tests, and a three-day 

food diary. Questionnaire data were collected from the participants at one month pre-

intervention (response rate 97.5%) as well as nine months (81%), 12 months (83%), and three 

years post intervention. 

The primary outcome of the study we use in our following analyses was a measure taken at 12 

months and three years: relative weight change from baseline. Weight in light clothing was 

measured by the study nurse. Program participation was measured at follow-up. 
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The control group participants were recruited as follows. An age, gender, and risk factor 

(BMI) matched sample (N=304) was selected from the GOAL Cohort Study (Fogelholm et 

al., 2006), a 10-year longitudinal study conducted in the same region as the GOAL LIT. 

Participants were invited for anthropometric and laboratory measurements at the same health 

care centers where the GOAL LIT was conducted. Baseline measurement was in 2002 and 

follow-up three years later, in 2005. Table 1 gives an overview of the baseline characteristics 

of the intervention and the control group. 

Table 1: Descriptive Statistics of the Goal LIT Group and the Control Group at the Start of 
the Intervention 

Weight Changes 

The main aspect of our model is the introduction of weight (and consequentially BMI) shifts 

over time. Based on the differences in the development between the control and intervention 

group in succession of the prevention program, we estimate different scenarios for the mid-

term weight trend. For the model version at hand, we use the data from the three-year follow-

up of the GOAL LIT program, described in detail above. We analyse the individual weight 

changes from the baseline (start of the program) and after one year to the point of the three-

year follow-up. This gives us the in- and outflows of the three BMI categories, on a three-year 

basis, for both groups. As our model requires the transition probabilities on an annual level, 

we compute the transitions between the BMI categories accordingly as annual rates. 

Nevertheless, we cannot assume that these weight changes are persistent over the period of 

the analysis, as the effect of the prevention program is very likely to diminish or even vanish 

completely over time. To account for this catch-up effect we suppose that the annual 

transition rates of the control group reflect a common time trend and estimate the model under 

several scenarios for the development of the intervention group. The reference scenario for 

our analysis is the case of full linear catch-up of the intervention group over the 15 years. In 

addition, we report the extreme case of not catching-up at all as an optimal benchmark. 
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Further, we consider different levels of intermediate adjustment, which we consider to be 

most relevant. The resulting transition probabilities account for the gender of the individuals, 

but - due to the small variance in the baseline age - we cannot distinguish different age 

groups. 

Diabetes Incidence 

In our model, data on the diabetes incidence are necessary in order to estimate the annual 

transitions to the state of diagnosed diabetes. To account for the different BMI levels of the 

non-diabetic individuals the incidence rates have to be adjusted for BMI. Unfortunately, no 

nationwide study of diabetes incidence for Finnish adults exists. The only available data on 

type-2 diabetes is on the prevalence, and we cannot infer the annual incidence from such 

information. We thus rely on the results of several studies in other European countries 

(Bonora et al., 2004; Masso Gonzalez et al., 2009) and on the results of the long-term follow-

up of the Finnish Diabetes Prevention Study (Lindström et al 2006). The Kora cohort study in 

the German region of Augsburg examines in detail several health outcomes with participants 

virtually representative for the whole German (Rathman et al., 2009). 

Diabetes Mortality 

Regarding diabetes-related mortality, we assume that once the disease is diagnosed, the BMI 

level is no longer relevant for the course of the illness and consequently the mortality rate. We 

are aware that this might bias our results, but we think the assumption is reasonable, as we 

estimate the transition to the death state based on aggregated data on diabetes mortality. 

Besides, we take age and gender-dependent mortality differences into account. The data from 

’Finland Statistics’ is available online and includes data on annual diabetes mortality in 

Finland from 2000 through 2008, adjusted for age and gender. These figures are only a lower 

benchmark for the actual situation in Finland, as they only report deaths directly associated 

with the ICD-10 for diabetes. 

Overall Mortality 

In consequence of higher obesity-related morbidity rates, one might directly assume reduced 

life expectancy. Nevertheless, obesity-related excess mortality is somewhat controversial in 

the literature. On the one hand, (Bender et al., 2006) find that mortality rates are significantly 

higher for obese persons. Based on a prospective cohort study for Germany, they assess the 

risk of death from cardiovascular diseases to be 2.2 (1.6) times increased for obese males 
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(females). In addition, (Flegal et al., 2005) show that in the US the number of excess deaths of 

obese persons is significantly higher compared to individuals of normal weight, though being 

overweight has no significant effect. On the other hand the results of (Stevens et al., 1998) 

suggest an increase in overall mortality for obese individuals between 30 and 74 years, though 

the relative risk of excess weight decreases for older people. 

The data on overall mortality is one of the key figures for our framework, as it has to reflect 

all non-diabetic mortality associated with obesity and the relative risk related to the obesity 

level. To our knowledge there exists no epidemiological data on BMI-related mortality rates 

for Finland. Due to this missing direct data base we rely on overall mortality rates adjusted for 

age and gender and evaluate them for different possible influences of the BMI level. As 

discussed above, the link between BMI level and mortality is controversial at least for older 

individuals. Accordingly, we model three different specifications regarding the transition 

between the three ’non-diabetic’ states and the absorbing state. The simple benchmark case 

assumes that mortality is independent of the individual weight. In Case 2, we assume a 

positive correlation between current BMI and current mortality for all ages. In Case 3, we 

assume that the effect of BMI on mortality is age-dependent and has a positive effect till 65 

and a no direct effect afterwards. All transition probabilities entering the Markov model are 

summarized in Table 2. 

Table 2: Annual Transition Probabilities in the Markov Model 
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4. Results 

In the following, we will first discuss the results regarding the mortality effects of the 

intervention, and afterwards, we turn to the results regarding the medical costs of type 2 

diabetes. We do not put any value on changes in the BMI categories themselves - as this 

would require an additional valuation of the quality of life with different BMI levels - but 

treat all individuals without diabetes equally. Based on the changes in the prevalence of 

diabetes after a period of 15 years the concluding cost analysis provides an economic 

evaluation of the GOAL LIT program. 

4.1. Effects on Mortality 

We specified the mortality effects within the analyzed time period as the expected reduction 

of the lifespan of 15 years. In general, the predicted mortality is not significantly different 

between individuals in the control group and participants of the GOAL LIT program. The 

level of mortality crucially depends on the assumptions regarding the relationship between 

BMI level and non-diabetic mortality. For a discussion, of that effect see the sensitivity 

analysis in Section 4. The highest mortality levels for individuals in the control group and the 

intervention group are obtained in the case of Scenario 3 (age and BMI dependent mortality). 

For females, we find a reduction of the lifespan of 0.693 (0.049 S.D.) years in the control 

group, the respective male figure amounts to 1.345 (0.088 S.D.) years. The largest difference 

in the reduction of the lifespan between the intervention group and the control group can be 

observed when the BMI levels of the intervention group do not converge. For the realistic 

scenario of 75 per cent convergence of the BMI levels in the intervention group, we get a 

reduction of 0.648 (0.046 S.D.) years for females and 1.283 (0.085 S.D.) years for males. The 

results for the other scenarios are reported in Table 4 in the Appendix. In all cases the results 

for both genders are not significantly different between the control and the intervention group. 

4.2. Diabetes Costs 

The discounted direct medical costs of individuals developing diabetes over the course of 15 

years depend on the assumed degree of complications, as annual costs for care and medication 

are €800 for those without complications (for Finland in 2008 euros). In our analyses the 

aggregated costs of diabetes care were computed for four different rates of complications: 1) 

as a reference zero per cent, 2) the realistic value of 26%, 3) a lower bound of 15% and 4) an 
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upper bound of 38%. The corresponding annual costs of diabetes of €800 (3000, 2000, 4000) 

were discounted at an annual rate of 3%. Independent of the assumed annual costs of diabetes, 

the differences in the resulting aggregate costs between the control and intervention group are 

minimal under the assumption of full convergence of the BMI transition rates. The 15-year 

costs of diabetes are highest under the scenario of BMI-independent mortality rates for non-

diabetics. Here, with the realistic rate of complications the cumulative costs of diabetes for 

females are €815 (35 S.D.) in the control group (CG) and €694 (28 S.D.) in the intervention 

group (IG). The respective male figures are €2884 (114 S.D.) and €2448 (98 S.D.). The 

largest cost reductions are obtained under no convergence of the BMI levels in the 

intervention group. We do not consider this as a realistic scenario; nevertheless, the results are 

of interest as a lower benchmark of possible cost effects. In the intervention group, we then 

have costs of €651 for females and €2322 for males. All other intermediate cases of BMI 

convergence and different rates of complications are reported in Table 5 (Appendix). For all 

of the cases considered, the results for both genders are significantly different between the 

control and the intervention group. 

For the case of positive BMI-dependent mortality and full convergence the discounted 15 year 

costs of diabetes in the model for females are €808 (33 S.D.) in the control group and €686 

(28 S.D.) in the intervention group. The respective male figures are €2863 (110 S.D.) and 

€2422 (94 S.D.). In all other cases of BMI convergence (Table 6 in the Appendix), we see the 

same cost-reducing movement, with a significant difference between the control and the 

intervention groups. For the scenario of age and BMI-dependent mortality the cost effects are 

slightly below the case described above. The results are reported in Table 7 (Appendix). 

The projected cost effects of diabetes are based on the estimated diabetes prevalence rates 

within the control and the intervention group. They thus reflect the cost trends mentioned 

above, as the prevalence rate for females ranges from 0.312% (0.016 S.D.) in the intervention 

group to 0.392% (0.020 S.D.) in the control group, while the male rates are at a higher level, 

ranging from 1.097% (0.052 S.D.) in the intervention group to 1.367% (0.065 S.D.) in the 

control group. The development of the prevalence rates over the period of 15 years is depicted 

in Figures 2 and 3 in the Appendix for the scenario of a positive correlation between BMI and 

overall mortality. The results remain qualitatively unchanged for the two other scenarios of 

mortality. 
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4.3. Cost Analysis 

For the evaluation of net cost savings of the GOAL program, we have to account for the 

incremental costs in the intervention group. The variable costs of the GOAL intervention were 

€207 per person, which does not include costs associated with the initial intervention design. 

The results of the cost analyses crucially depend on the assumed rate of complications and the 

resulting annual costs of treatment. Table 3 shows the discounted difference between costs of 

diabetes reduction and initial program costs for the GOAL intervention. The reported values 

are based on constant rates of complications per annum. All results are significant at the 10%-

level. We report the results for different rates of complications for both genders and as well 

for a representative Finnish population with an equal share of males and females. The Finnish 

population between 50 and 55 years has an almost equal gender ratio; thus, we can aggregate 

the costs for males and females without any weighting. 

 

Table 3: Net Cost Savings per Person after 15 Years 
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The projected 15-year net cost savings of the GOAL intervention are significantly negative 

for a pure female population for all sensible levels of complications underweight catch-up 

effects in the intervention group. For details on the threshold of positive net cost savings, see 

the sensitivity analysis in the next section. For males the monetary net cost savings were 

positive with a rate of 8% of annual complications (€1500). For 26% (€3000), which is 

realistic for Finland, the gain of diabetes reduction through the GOAL Intervention is between 

€213.8 and €233.80 per individual in the case of full BMI convergence in the intervention 

group. The maximum possible net cost saving of €354.80 would be realized in the situation 

with no weight catch-up in the intervention group. 

Regarding the representative population the threshold for a positive net cost saving of the 

GOAL intervention is a complication rate between 15% and 20%. For 26%, the per-person 

net benefits in succession of the intervention lie between €64.80 and €74.30 with full BMI 

convergence in the intervention group, and between €144.30 and €155.80 in case there is no 

convergence. 

The results change if we impose a dynamic probability of complications after being in the 

diabetes state. Assuming a linear development from zero per cent in the first year to 26% over 

10 years of suffering from diabetes has the following implications: For the female population, 

the results do not change qualitatively, as the intervention does not prove to be cost saving 

over the 15 years under examination. However, for the male population, we still find the 

intervention at least partly cost saving, depending on the assumed scenario for BMI 

convergence in the intervention group. With no (75%) catching-up in weight the significant 

net cost saving of the intervention is €297 (€195), whereas the €180 saving under full BMI 

convergence is no longer significant. For the representative population the intervention has 

positive net cost savings under all scenarios of convergence, but the results are only 

significant at the 10% level with no BMI convergence. 

4.4. Sensitivity Analysis 

To check for the validity of our results, we conducted sensitivity analyses regarding all 

parameters of the model. In general, we find that our results are not driven by the selection of 

the transition probabilities and the other parameters. The results of some of our analyses are 

reported in the Figures in the Appendix. As discussed in the section above, the net cost 

savings of the intervention for females depends on the degree of complications and the 

associated costs of diabetes. Figure 4 shows that our results for full BMI convergence in the 
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intervention group remain unchanged until an unreasonably high value of 45% of annual 

complications. Regarding the mortality associated with diabetes we use only reported rates of 

death directly linked to diabetes; that is certainly only a lower bound for the overall mortality 

rate for diabetics. We controlled for the effect of a broad range of mortality rates in the 

sensitivity analysis reported in Figure 5 for both men and women. The overall mortality 

effects between the control and the intervention group remain qualitatively unchanged for all 

sensible levels of diabetes related mortality. The effects on net cost savings of the intervention 

are depicted in Figure 6 (under the assumption that the annual costs associated with diabetes 

are €3000). For females, the results are not sensitive to diabetes mortality at all, while for 

males, the threshold at which the results qualitatively change is an annual diabetes related 

mortality rate of 23%. Regarding a variation of the discount rate, we found no significant 

effects on our cost analysis results. See Figure 7 for the analysis. 

5. Discussion 

The results indicate that a real-world diabetes prevention program like the GOAL LIT can be 

cost saving over a time period of 15 years, compared to a control group with no treatment. 

Our control group was matched from public panel data; thus, we cannot rule out that selection 

bias effects within the treatment group limit our results. We show that potential cost 

reductions in the intervention group are mainly due to male participants, but nevertheless also 

notable in a representative population. Independent of gender, the intervention has no 

significant effects regarding mortality after 15 years in our model. However, our framework 

only focuses on type-2 diabetes as one obesity-related disease and thus tends to underestimate 

the cost savings as well as potential mortality benefits (Simmons et al., 2010). This is 

certainly a limitation to our findings, but nevertheless we think that this will not alter our 

results qualitatively as we would expect the following effects. Regarding mortality it might be 

possible that a more detailed model with further co-morbidities will raise the overall rates, but 

it seems implausible that this will lead to relatively lower mortality rates in the control group, 

with mortality positively associated with the weight level. It should be noted that the data for 

this study comes from the early version of the GOAL program. Since then, the program has 

been further developed and enhanced, and for example its Australian version has reported 

better results in terms of clinical risk factor changes compared to the early trials (Laatikainen 

et al., 2007). Hence, it can be expected that subsequent versions of this program would lead to 

even more pronounced net cost savings in the intervention group. The overall costs of obesity 
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will certainly rise if we extend the model to further obesity related diseases, still this will not 

change the cost savings of the intervention as long as the cost effects in the control group are 

still higher than in the group of the participants in the intervention. Thus, the inclusion of 

further obesity related diseases might even make the intervention more cost saving for 

females. However, this does not change our main result that the GOAL LIT pays for itself 

from the perspective of the health care system for males and a representative Finnish 

population. 

6. Conclusion 

We show that primary prevention of obesity can be cost saving in a prevention program like 

the GOAL LIT, even if only the costs of diabetes are regarded as the main co-morbidity. We 

think our results can be considered a lower benchmark for the potential cost savings of 

preventing obesity and diabetes. Hence, promoting and financing obesity prevention can be a 

good way to reduce further increases in health care costs. We find the intervention to pay for 

itself due to high cost savings for male participants. However, because females form the 

majority in most documented prevention programs, it seems appropriate to raise the male 

participant rates in obesity prevention. Further studies should examine in detail additional cost 

effects of obesity prevention that are related to other co-morbidities and try to detect 

subgroups of the population in which prevention is most recommendable. 
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Appendix Tables 

Table 4: Expected Reduction of the Lifespan of 15 Years 

 

 

 

 

 

 

 

 

Table 5: 15-Year Costs of Type-2 Diabetes - Scenario (1) 
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Table 6: 15-Year Costs of Type-2 Diabetes – Scenario (2) 

 

 

 

 

 

 

 

 

 

 

 

Table 7: 15-Year Costs of Type-2 Diabetes – Scenario (3) 
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Appendix Figures 

Figure 2: Female Diabetes Prevalence in per cent 

 
Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG. 

 

Figure 3: Male Diabetes Prevalence in % - Scenario (2) for the Mortality Rate of the Non-
Diabetic Individuals 

 
Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG. 
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Figure 4: Female Net Cost Savings with Respect to Annual Costs of Diabetes 

 
Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals and Full Weight-Convergence in the IG. 
Threshold for positive net savings: €5007 Annual Costs of Diabetes; Equals a Rate of Complications of 45%. 
 
 

Figure 5: Mortality Effects of the Mortality Rate of Diabetes 

 
Females (left side) and Males (right side). Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals 
and Full Weight Convergence in the IG. 
 
 
 
 
 
 
 
 
 

24 
 



Figure 6: Cost Effects of the Mortality Rate of Diabetes 

 
Females (left side) and Males (right side). Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals 
and Full Weight Convergence in the IG. 

 

 

Figure 7: Cost Effects of the Discount Rate 

 
Females (left side) and Males (right side). Scenario (2) for the Mortality Rate of the Non-Diabetic Individuals 
and Full Weight Convergence in the IG. 
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