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ABSTRACT

OBJECTIVE—In the current study we explore the long-term health benefits and
cost-effectiveness of both a community-based lifestyle program for the general
population (community intervention) and an intensive lifestyle intervention for
obese adults, implemented in a health care setting (health care intervention).

RESEARCH DESIGN AND METHODS—Short-term intervention effects on BMI
and physical activity were estimated from the international literature. The
National Institute for Public Health and the Environment Chronic Diseases Model
was used to project lifetime health effects and effects on health care costs for
minimum and maximum estimates of short-term intervention effects. Cost-
effectiveness was evaluated from a health care perspective and included
intervention costs and related and unrelated medical costs. Effects and costs were
discounted at 1.5 and 4.0% annually.

RESULTS—One new case of diabetes per 20 years was prevented for every 7-30
participants in the health care intervention and for every 300-1,500 adults in the
community intervention. Intervention costs needed to prevent one new case of
diabetes (per 20 years) were lower for the community intervention (€2,000-
9,000) than for the health care intervention (€5,000-21,000). The cost-
effectiveness ratios were €3,100-3,900 per quality-adjusted life-year (QALY) for
the community intervention and €3,900-5,500 per QALY for the health care
intervention.

CONCLUSIONS—Health care interventions for high-risk groups and community-
based lifestyle interventions targeted to the general population (low risk) are both
cost-effective ways of curbing the growing burden of diabetes.

Abbreviations: CDM, chronic diseases model ¢ DPP, Diabetes Prevention
Program ¢ NNT, number needed to treat « QALY, quality-adjusted life-year e
RIVM, National Institute for Public Health and the Environment
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INTRODUCTION

Risk factors for developing type 2 diabetes include a high body weight, physical
inactivity, and smoking, whereas moderate consumption of alcohol or coffee
appears to be protective (1-9). The most serious of these factors is overweight.
With every 1 unitincrease in BMI, the risk of developing type 2 diabetes increases
by '~10-30% (10). There is substantial evidence that lifestyle interventions
focused on diet and physical exercise can reduce diabetes incidence in individuals
at high risk of developing diabetes (11-14). Although the direct effect of lifestyle
interventions on diabetes incidence in other target populations is relatively
unknown, it is suggested that a relatively small shift of the entire general
population toward more healthy behavior could lead to a reduction in the
incidence of diabetes (15).

Modeling can be used to assess the potential long-term impact of lifestyle
programs on future health and health care costs. Such information is interesting
to policy makers who have to decide on optimal allocation of limited budgets.
Models have been used to demonstrate that intensive lifestyle modification
programs are cost-effective for individuals at high risk of developing diabetes
(16,17). However, the cost-effectiveness of such interventions for individuals at
lower risk of developing diabetes is relatively unknown (15,16,18-20). The
incidence of diabetes in individuals without a high risk of developing this disease
has been assessed directly in only a few lifestyle intervention studies (18,21).
However, effects on the most important diabetes risk factors, BMI and physical
inactivity, have been evaluated for different kinds of lifestyle interventions in
different target populations. The long-term impact of lifestyle interventions can be
modeled through modifying risk factor levels, with the advantage that effects of
risk factor modification on all-cause mortality and diseases other than type 2
diabetes can be taken into account (22).

Therefore, the aim of this study was to explore and compare the cost-
effectiveness of lifestyle interventions for individuals at different levels of diabetes
risk, using the National Institute for Public Health and the Environment (RIVM)
chronic diseases model (CDM). The CDM is a Markov type, dynamic population
model that describes transitions between risk factors, chronic diseases, and
mortality (23). This allows the effects of risk factor modification on mortality and
the incidence and prevalence of several diseases to be measured. A second aim
was to explore the potential health benefits for large-scale implementation of
lifestyle interventions in the Netherlands.

RESEARCH DESIGN AND METHODS

A large amount of data are available about the long-term effects of two types of
interventions, namely, community-based lifestyle programs and intensive lifestyle
programs for high-risk groups (24-27). Typically, community programs comprise
mass media campaigns and a range of activities in various settings with the aim of
changing risk factor behavior in the general population. Lifestyle interventions for
high-risk groups are typically implemented in a health care setting and comprise
dietary advice, exercise programs, and/or behavior modification therapy for
individuals or groups. In the current study, we explore the lifetime health effects
and cost-effectiveness of a once-only implementation of the following
interventions: 1) a community-based program with a duration of 5 years, focusing
on nutrition and exercise and targeted to the general population, referred to as
"community intervention," and 2) an intensive lifestyle intervention with a
duration of 3 years, focusing on diet and exercise, for adults with moderate risks
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of developing diabetes (obese adults 30-70 years), implemented in a health care
setting, referred to as "health care intervention."

Short-term effects on BMI and physical (in)activity are estimated from published
studies, which are representative for the aforementioned interventions. In
general, community programs have modest effects on body weight and physical
inactivity (25,28-32), whereas, on average, the effects of health care
interventions are larger (11-13,26,33). In the current study, potential
intervention effects are expressed within a range that reflects the diversity of
positive intervention effects that we found in the international literature.

Effects of the community intervention are defined as minimum effect, average
BMI decreases by 0.05 kg/m? and physical (in)activity is unchanged, and
maximum effect, average BMI decreases by 0.25 kg/m? and 15% of inactive
individuals increase their level of physical activity (to moderately active). Effects
are assumed for adults 20-80 years of age.

Effects of the health care intervention are defined as minimum effect, average
BMI decreases by 0.3 kg/m? and 50% of inactive individuals increase their level of
physical activity (to moderately active), and maximum effect, average BMI
decreases by 1.5 kg/m?, 75% of inactive individuals become moderately active,
and 20% of moderately active individuals increase their level of physical activity
(to active).

In the current study, intervention costs are based on two Dutch projects. The
community-based program, Hartslag Limburg (Heart Health Limburg), is aimed to
decrease the prevalence of cardiovascular diseases in the general population (34).
Total intervention costs for activities focusing on nutrition and physical activity for
5 years were ~£4.50 per inhabitant (or €6 per adult 220 years of age) in the
target area (35). The Study on Lifestyle Intervention and Impaired Glucose
Tolerance Maastricht is an intensive lifestyle intervention with the aim of
improving lifestyle in overweight subjects with impaired glucose tolerance by
means of a 3-year dietary advice program and an exercise program (36,37). The
cost calculations for this intervention are briefly outlined in online Appendix A
(available at http://care.diabetesjournals.org). The costs for large-scale
implementation are estimated to be ~€700 per participant, based on the
assumption that 50% of the participants will participate in the exercise program.
Health effects, intervention costs, and effects on health care costs are assumed to
be proportional to the number of intervention participants (which implies that the
cost-effectiveness ratios are independent on the reach of the interventions).

For each intervention, the CDM computes lifetime health effects, effects on health
care costs, and costs per quality-adjusted life-year (QALY) resulting from the
minimum and maximum estimated intervention effect. In the model, each
intervention is compared with a reference scenario that describes developments in
the Dutch population when no interventions are applied.

The RIVM CDM

The CDM is a Markov-type, multistate transition model, developed at RIVM (38-
42). An extensive description of the CDM structure and the relevant input data
used are given in online Appendix B (available at
http://care.diabetesjournals.org). The model was updated for diabetes in 2005
(43). In short, the model describes the development over time of demography,
risk factor prevalence, disease incidence, and mortality in the Dutch population.
In the CDM, BMI and physical activity are each modeled in three classes: for BMI,
normal weight (BMI <25 kg/m?, class 1), overweight (BMI 25-30 kg/m?, class 2),
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and obesity (BMI 230 kg/m?, class 3); and for physical activity, active (30 min of
activity of moderate intensity on at least 5 days/week, class 1), moderately active
(30 min of activity of moderate intensity on 1-4 days/week, class 2), and inactive
(30 min of activity of moderate intensity on <1 day/week, class 3). BMI and
physical activity are linked to all-cause mortality, diabetes, cardiovascular
diseases, musculoskeletal disorders, and cancers through relative risks on disease
incidence (43,44). Relative risks are based on the international literature, whereas
incidence, prevalence, transition rates, and mortality rates in the model apply to
the Dutch population. All data are age and sex specific. Health care costs are
based on the Costs of Iliness study in the Netherlands (45,46). The Global and
Dutch Burden of Disease studies are used to compute health effects in terms of
QALYs (46-50). Recently, the RIVM model was extended with a module for cost-
effectiveness analyses (46).

The cohort in the start year of the simulation resembled the total Dutch
population at the end of 2004 (n = 16.3 million). Newborns or migrants are not
included in the analysis. The time step used for modeling is 1 year. A lifetime
horizon (70 years) is applied.

Translation of intervention effects into model parameters

The intervention effects on BMI and physical activity were translated into altered
prevalence rates in each risk factor class in the model. For example, we assumed
that all adults in the Netherlands had been reached by the community
intervention. At the end of year 5, the prevalence of normal weight (BMI class 1)
in the community scenario (maximum effect) was 2.4% points higher than that in
the reference scenario (52.4 vs. 50%). The differences in BMI classes 1-3 and
physical activity classes 1-3 (in percentage points) were +2.4, -1.1, -1.3, no
change, +1.2, and -1.2, respectively. For the health care intervention, we
assumed that 200,000 obese adults participated. In the maximum-effect scenario,
differences between the intervention and reference scenario after 3 years in BMI
classes 1-3 and physical activity classes 1-3 (in percentage points) were no
change, +1.7, -1.7, +0.2, +0.1, and -0.3, respectively. After the interventions,
yearly age- and sex-specific transition probabilities between risk factor classes
(e.g., the chance to gain weight with aging) were equal for the intervention and
reference scenarios. As a result of extinction of the intervention cohorts, the
differences between intervention and reference scenarios gradually declined to
zero.

Cost-effectiveness analysis

The cost-effectiveness analysis was performed from a health care perspective,
meaning that only health-related effects and costs incurred by the health care
system were included. A distinction was made between related and unrelated
medical costs (46). Related medical costs are intervention costs and (prevented)
medical costs for diseases linked to BMI or physical activity withinthe CDM.
Unrelated medical costs are costs for illnesses, for example, dementia, that may
develop in life years gained as a result of the intervention. Costs and effects were
discounted by 4 and 1.5%/year according to recent Dutch guidelines (51). A cost-
effectiveness ratio of <¥€20,000 per QALY gained was considered cost-effective
(52,53).

Outcome measures

Intervention effects in terms of life-years and QALYs per individual were
estimated by dividing the total gain in life-years or QALYs resulting from the
interventions (minimum and maximum estimate) by the number of assumed
intervention participants in each intervention (12 million for the community
intervention and 200,000 for the health care intervention). The same parameters
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applied to effects on health care costs per individual. The number needed to treat
(NNT) to prevent one new case of diabetes or cardiovascular disease (in 20 years)
was calculated by dividing the number of intervention participants by the
cumulative number of incident cases prevented in 20 years. Cost-effectiveness
ratios were determined for intervention costs per prevented diabetes case (in 20
years), intervention costs per QALY gained (lifetime), related costs per QALY
gained (lifetime), and total costs per QALY gained (lifetime).

Sensitivity analysis

Analyses were performed in which intervention costs and discount rates were
varied. Costs for the interventions were varied between €4 and €8 per adult for
the community intervention and between €400, €1,000, and €2,000 (comparable
to the intervention costs found in the Diabetes Prevention Program [DPP]) (54)
per participant for the health care intervention. Both costs and effects were
discounted by 0 or 4%/year. Discount rates of 3% on both costs and effects were
calculated to enhance comparability with a former study (16).

RESULTS

Health effects

Outcomes for both interventions compared with the reference scenario (no
intervention) are displayed in Table 1. On average, health benefits per participant
are larger for the health care intervention than for the community intervention:
1.17 vs. 0.04 QALYs based on the maximum estimated intervention effects. This
result can be interpreted as an average individual gain of 15 days vs. 14 months
of living in good health. The NNT is lower for the health care intervention: 7-30
obese adults should participate in a health care intervention to prevent one new
case of diabetes in 20 years, and a community program should reach 300-1,500
adults to obtain the same result.
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Table 1— Effects on health, health care costs, and cost-effectiveness of lifestyle

interventions

Outcome

Community
intervention

Health care
intervention

Health effects
Life years”

QALYs™

NNT to prevent 1 case of diabetes in 20 years

NNT to prevent 1 case of cardiovascular disease in
20 years

Costs
Intervention costs
Alifetime related medical costs
Mlifetime unrelated medical costs
Alifetime total medical costs
Cost-effectiveness
Intervention costs per QALY
Related costs per QALY
Total costs per QALY

0.007-0.043
2-16 days

0.006-0.039
2-15 days

1,500-300

3,700-400

5.55
-10 to -70
30-180
20-110

900-140
-500 to -1,500

3,900-3,100

0.32-1.35
4-16 months
0.27-1.17
3-14 months
30-7
60-18

675
-500 to -1,700
1,300-5,600
800-3,900

2,500-600
800 to -900

5,500-3,900

All ranges correspond to result when "minimum intervention effect" is assumed to
result when a "maximum intervention effect" is assumed.

* Effect per intervention participant; life-years and QALYs are discounted by

1.5%/year.

1.
4%/year.

£

Intervention costs and lifetime related medical costs.

iIntervention costs and lifetime total medical costs.

Costs

Costs per adult or intervention participant in 2005 in euros, discounted by

Both interventions reduce cumulative lifetime medical costs for diabetes,
cardiovascular diseases, and other intervention-related diseases ("Related costs
per QALY" in Table 1). Unrelated and total medical costs increase because people

live longer as aresult of the interventions.

For participants in the health care intervention, lifetime-related medical costs per
individual may be reduced by up to €1,700. On the other hand, unrelated health
care costs increase by €5,600. Average lifetime total health care costs therefore

increase by €3,900 for participants in the health care intervention.

Cost-effectiveness

Intervention costs needed to prevent disease are lower for the community
intervention: €1,800-9,000 (300-1,500 x €6) to prevent one new case of
diabetes in 20 years versus €4,900-21,000 (7-30 x €700) for the health care
intervention (intervention costs not discounted). Related costs per QALY in the
community intervention are negative because over a patient’s lifetime, savings in
related health care costs are larger than initial intervention costs. Whether the
high costs of health care intervention are counterbalanced by savings in related
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health care costs depends on the intervention effect achieved. Cost-effectiveness
ratios in which unrelated medical costs are accounted for are €3,100-3,900 per
QALY for the community intervention and €3,900-5,500 for the health care

intervention.

Sensitivity analysis

The results of the sensitivity analysis on QALYs and cost-effectiveness ratios are
given in Table 2. Discounting health effects by 4% (vs. 1.5% in the base-case
analyses) reduces health benefits by ~50%. For both interventions, all cost-

effectiveness ratios remain <€20,000 per QALY.

Table 2— QALYs and cost-effectiveness of both interventions; sensitivity

analyses
Related costs (€ Total costs (€
QALYs )/QALY )/QALY
Community intervention
Base-case analysis” 0.006- -500 to -1,500 3,900-3,100
0.04
Intervention costs €4 per adult -800 to -1,600 3,600-3,100
Intervention costs €8 per adult -200 to -1,500 4,200-3,200
DR 0% costs and effects 0.01-0.06 -1,300 to -2,300 10,000-9,400
DR 3% costs and effects 0.004- -1,100 to -2,700 7,700-6,500
0.03
DR 4% costs and effects 0.003- -1,000 to -2,800 7,200-5,800
0.02
Health care interventipn
Base-case analysis 0.27-1.17 800 to -900 5,500-3,900
Intervention costs €400 per participants -200 to -1,100 4,500-3,600
Intervention costs €1,000 per 1,900 to -600 6,600-4,100
participants
Intervention costs €2,000 per 5,400-200 10,100-4,900
participants
DR 0% costs and effects 0.41-1.75 -300 to -1,300 12,000-11,200
DR 3% costs and effects 0.19-0.82 800 to -1,600 10,000-7,800
DR 4% costs and effects 0.15-0.66 1,500 to -1,600 10,000-6,900

All ranges correspond to result when "minimum intervention effect" is assumed to
result when "maximum intervention effect" is assumed.

* Intervention costs €6 per adult and discount rates (DRs) 4% for costs and 1.5%

for effects.

1.
1.5% for effects.

Large-scale implementation in the Netherlands
The Netherlands has ~12 million adults aged 20-80 years and 1 million obese
adults aged 30-70 years. Potential effects of large-scale implementation of the
lifestyle intervention in the Netherlands are illustrated in Table 3. Theoretically, a
community intervention reaching all adults might prevent 2.4% of the new
diabetes cases in 20 years. A health care intervention including 200,000 (20%) of
the obese adults in the Netherlands may reduce 20-year diabetes incidence by
1.6%, but intervention costs are high.

Intervention costs €700 per participant and discount rates 4% for costs and
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Table 3— Effects of large-scale implementation of lifestyle interventions in the
Netherlands

Reach of the intervention low Reach of the intervention high

estimate

estimate

Community intervention
Adults reached
HAlife-years
AQALYs
Prevented diabetes in 20

years
Prevented CVD in 20 years

Intervention costs €
Mvrelated medical costs

(savings)

HAtotal medical costs

Health care intervention
Obese participants
Mlife-years
AQALYs
Prevented diabetes in 20

years
Prevented CVD in 20 years
Intervention costs €
Mvrelated medical costs

(savings)

HAtotal medical costs

2.4 million (20)
16,000-104,000
15,000-95,000
1,600-8,600 (0.1-0.5)

600-6,200 (0.0-0.1)
13 million
20-160 million

40-280 million

50,000 (5)
16,000-68,000
14,000-59,000
1,500-7,000 (0.1-0.4)

1,000-2,800 (0.0-0.1)
34 million
20-70 million

40-200 million

12 million (100)
81,000-522,000
76,000-477,000
8,000-43,000 (0.4-2.4)

3,000-31,000 (0.1-0.7)
66 million
100-800 million

200-1,400 million

200,000 (20)
64,000-271,000
56,000-234,000
6,000-28,000 (0.3-1.6)

4,000-11,000 (0.1-0.3)
135 million
100-300 million

200-800 million

Data are n (%) unless otherwise indicated. All ranges correspond to result when
"minimum intervention effect" is assumed to result when "maximum intervention
effect" is assumed; discount rates 4% for costs and 1.5% for effects. CVD,
cardiovascular disease.

CONCLUSIONS

By modeling the effect of risk factor modification on long-term disease incidence,
mortality, and health care costs, we demonstrated that lifestyle interventions can
be cost-effective in individuals with low or moderate risks of developing diabetes.
Community-based lifestyle interventions have been conducted with various results
(25,31). In general, effects on weight are modest. The largest effect on weight,
the maximum effect of the community intervention in our study (-0.25 kg/m?)
was based on this, was found in the Stanford Five City Project (28). In this study,
after 5 years the weight increase was 0.7 kg less in intervention communities than
in control regions. Most community-based programs fail to have substantial
effects on physical activity, but the prevalence of physical inactivity may be
reduced (29,32). In contrast, effects of health care interventions on mean body
weight can be substantial, especially within the 1st year (21). A recent review
revealed that a weight loss of 5% can be achieved within 1 year (27). However,
the effect tends to decrease at longer term follow-up (11-13,21,26,33,55). After
3 years, as we simulated in our study, the maximum effect is about 4.5 kg (or 1.5
kg/m?) (11,13). With regard to physical activity, intensive programs have been
shown to improve maximum oxygen uptake (13), increase time spent on physical
activities (11,12), and reduce physical inactivity (12). As intervention effects differ
considerably between studies, we explored the cost-effectiveness for a range of
potential intervention effects. Despite methodological differences, average
individual health benefits for participants in the health care intervention in our
study were in the same order of magnitude as those projected for participants in
the DPP (0.19-0.82 QALYs vs. 0.56 in the DPP, all discounted at 3%) (11). The
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conclusions in both studies were that intensive lifestyle interventions for
individuals at increased risk for diabetes are cost-effective.

The literature on cost-effectiveness of interventions with the aim of primary
prevention of diabetes is scarce (20). Only one earlier study assessed the cost-
effectiveness of a community-based program aimed to prevent diabetes (56).
Several preventive interventions for different target groups were compared in this
study. In general, the cost-effectiveness of (theoretical) interventions was more
favorable in groups with impaired glucose tolerance compared with mixed
populations. However, lifestyle interventions appeared to be highly cost-effective
in all target groups and were more effective than surgery for the severely obese.
Lifestyle interventions have also been shown to be more cost-effective than
metformin treatment for the primary prevention of diabetes (57).

With respect to the potential impact of community-based lifestyle programs, a
recent study showed that, theoretically, diabetes incidence could fall by 20% if
the entire (U.K.) population were able to meet one more of the five predefined
"diabetes healthy behavior prevention goals" related to BMI, diet, and physical
activity (15). BMI and physical activity had the largest impact on diabetes
incidence, and the authors suggested that even small shifts of the entire
population toward more healthy behavior (through population-level interventions)
would reduce diabetes incidence. Based on more realistic assumptions about
potential effects on just BMI and physical inactivity, the community program in
our study would prevent between 0.4 and 2.4% of the diabetes incidence in 20
years if the entire Dutch population were to be reached by the intervention.
Although the average lifetime health benefits per individual were relatively low (a
gain of a few days in good health), health benefits may be substantial for
individuals whose risk factor levels are actually changed.

Several comments need to be made with respect to the generalizability of the
results obtained from our study. First, cost-effectiveness of lifestyle interventions
differs among countries because of country-specific intervention and health care
costs (17). Although the per individual intervention costs of the health care
intervention in our study (€700) were much lower then the intervention costs
calculated for the U.S. DPP (~£2,000 if screening costs for impaired glucose
tolerance are not considered) (54), they compare well to the costs of other
lifestyle interventions within health care as reported in a recent review (27). Costs
of diabetes care in the Netherlands appear to be relatively low compared with
those in other (European) countries (58). Second, the potential impact of large-
scale implementation of interventions depends on risk factor distributions. For
example, one of four U.S. adults is considered obese, and so there is a large
potential target population for health care interventions. Third, the efficiency of
lifestyle interventions may also differ due to country-specific risk factor
prevalence; a community-based program with the aim of increasing physical
activity might be more cost-effective in, for example, the U.S., where the
prevalence of physical inactivity is three times as high as in the Netherlands (59).

In summary, both an intensive lifestyle intervention implemented in a health care
setting and targeted to individuals at increased risk of developing diabetes and a
community-based lifestyle intervention for the general population are effective in
reducing diabetes incidence. Although the average lifetime health benefit per
individual for the community intervention is relatively low, health gains on a
population level may be substantial when the intervention is implemented on a
large scale. Both kinds of lifestyle interventions are cost-effective ways to curb
the growing burden of diabetes.
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