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Abstract

Aims: Cost-effectiveness (CE) of lifestyle change programs (LCP) for type 2 diabetes (T2D)
prevention is influenced by a participant’s risk. We identified the risk threshold of developing
T2D in the intervention population that was cost-effective for three formats of the LCP: delivered
in-person individually or in groups, or delivered virtually. We compared the cost-effectiveness
across program formats when there were more than one cost-effective formats.

Methods: Using the CDC-RTI T2D CE Simulation model, we estimated CEs associated with 3
program formats in 8 population groups with an annual T2D incidence of 1% to 8%. We generated
a nationally representative simulation population for each risk level using the 2011-2016 National
Health and Nutrition Examination Survey data. We used an incremental cost-effectiveness ratio
(ICER), cost per quality-adjusted life year (QALY) gained in 25-years, to measure the CEs of the
programs. We took a health care system perspective.

Results: To achieve an ICER of $50,000/QALY or lower, the annual T2D incidence of the
program participant needed to be =5% for the in-person individual program, =4% for the digital
individual program, and =3% for the in-person group program. For those with T2D risk of >4%,
the in-person group program always dominated the digital individual program. The in-person
individual program was cost-effective compared with the in-person group program only among
persons with T2D risk of >8%.

Conclusions: Our findings could assist decision-makers in selecting the most appropriate target
population for different formats of lifestyle intervention programs to prevent T2D.
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INTRODUCTION

Diabetes imposes substantial burdens on US society through reduced life-expectancy, loss
of productivity, reduced quality of life, and high medical expenditures.! The Diabetes
Prevention Program (DPP) in the US and trials in other countries have shown that lifestyle
change programs (LCPs) are effective in preventing type 2 diabetes (T2D)?3 and also cost-
effective.*® To reduce the national health and economic burden imposed by T2D, the US
Congress has authorized the Centers for Disease Control and Prevention (CDC) to establish
and manage the National DPP to scale DPP intervention nationwide.® Through the National
DPP, CDC provides evidence-based curriculum and participant materials to organizations
that deliver LCPs in community. The CDC approves and recognizes organization’s LCP
that meets the requirements of programs’ curriculum, intensity, and duration; nearly 2000
organizations offer CDC-recognized LCPs nationwide.®

The implementation of the LCP in the National DPP can vary in delivery formats such as in-
person versus virtually, or individual versus group coaching.” Such variations in intervention
LCP delivery formats are likely to influence the cost, effectiveness, and sustainability of
program. More intensive and more costly programs (e.g., more sessions, more frequent
contacts, longer duration, or individual coaching) are likely to be more effective in reducing
body weight and preventing T2D.8

The potential health benefits of LCPs also depend on T2D risk level in the intervention
population.® An LCP with the same relative risk reduction would yield greater health
benefits among those at high T2D risk due to their high absolute level of diabetes risk than
among those at low risk. Thus, the various combinations of LCPs, along with the differing
risk levels within the intervention population, are likely to yield divergent overall health and
economic benefits and cost-effectiveness.

Previous studies examined and found that the cost-effectiveness of LCPs differed by
program intensity and by subpopulations, defined by different categories of intermediate
hyperglycemia or different characteristics on T2D risk.19-12 However, no studies examined
the cost-effectiveness of various program-risk combinations to match the existing LCPs with
the T2D risk of intervention populations. This study examined the cost-effectiveness of three
primary delivery formats of LCPs in populations with varying risk levels of T2D to identify
the threshold of the underlying T2D risk to which each LCP format can be cost-effective.
We also compared the cost-effectiveness across the LCPs formats when there are more than
one cost-effective formats available at a given risk level.

METHODS

We estimated the cost-effectiveness associated with 24 program-population combinations
to identify the risk levels of the intervention population that make the LCP cost-effective.
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The 24 combinations were a result of 3 formats of LCPs and 8 intervention populations
with an annual risk of developing T2D, ranging from 1% to 8%. We also compared the
cost-effectiveness of different LCP formats among the participants with T2D risk level

greater than the identified risk threshold.

Simulation samples

We used the 2011-2016 National Health and Nutrition Examination Survey to generate

a nationally representative sample of US adults without diabetes aged 18-84 years. The
baseline characteristics included age, race/ethnicity, sex, serum cholesterol level, smoking
status, and status of diabetes-related comorbidities (Appendix A). The annual risk of T2D
ranged from 1% to 8%, which was estimated based on HbAlc levels at baseline, ranging
from 5.2% to 6.5% (Appendix B).13 This estimation was based on a systemic review study
that modeled the HbA1c level as a function of diabetes incidence using data from previous
cohort studies.13

Lifestyle change programs

We grouped LCPs into three formats: program with in-person individual coaching, in-person
group coaching program, and digitally delivered program with individual coaching.

The in-person individual program was based on the DPP trial. It included a 16-lesson

core curriculum addressing dietary changes, increased physical activity, and behaviour
modification, delivered by case managers on a one-to-one basis during the first 6 months.>
A subsequent adherence/maintenance phase was followed to provide individual and group
sessions at regular intervals, which continued throughout the 3 years.14

The in-person group program was the DPP-like program as implemented in community
settings, which were designed to translate key elements of the DPP trial to the community
level at a lower cost using a group-based approach.1516 The program began with 16
group-based core sessions over 4-5 months, followed by 6 monthly group sessions as a
maintenance phase. In the following two years, we assumed that the participants would
attend eight maintenance sessions every year.’

Lastly, the digital individual program was based on a digital intensive behavioural
counselling program, which retains the core components of the DPP trial but is delivered

in a digital, online format using internet-enabled devices.18:19 Participants first received 16
weekly core sessions, followed by 8 monthly maintenance sessions during the first year. The
maintenance phase, which took 8 lessons per year, lasted for the next 2 years. Participants
received several behavioural tools and regular, individualized counselling from a lifestyle
coach.

Program costs and effectiveness

The costs of LCPs included supplies, personnel time, and program administration base on
previous studies. The costs of the in-person individual program were obtained from the
DPP study.® The costs of in-person group and digital individual programs were based on
published literatures.#17:18.20.21 Table 1 summarizes the details.
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We estimated the effectiveness of the LCPs in reducing the annual incidence of T2D onset
using published literature. The 55% annual risk reduction in T2D incidence for in-person
individual program was from the DPP study.22 The risk reduction for the in-person group
program was estimated at 40% in the first year of intervention.17:23.24 Given the limited
information on the effectiveness of the group program after the first year, we assumed that
the intervention would lead to a diabetes risk reduction of 20% in the second and 12% in
the third year. For the digital individual program, we estimated the risk reduction by 35%
in the first year using average percentage weight change during the DPP-based digitally
delivered program.2® The risk reductions in the second and third years were estimated in the
same way as the in-person group program: 17.5% and 10.5% in the second and third years,
respectively. Details are described in Appendix C.

Simulation model

We used CDC-RTI T2D Cost-Effectiveness Simulation (CDC-RTI T2D CE) Model to
project the 25-year costs and health consequences of implementing each of the 24 program-
population combinations, compared with no intervention.28 The CDC-RTI T2D CE model
is Markov cohort simulation model, which simulated the progression of the disease through
different health states, including T2D, comorbidities, diabetes complications, and death.22:26
The model has been validated and used for evaluating the cost-effectiveness of various
interventions for preventing T2D and diabetes-related complications.1?:2226 Details of the
simulation model are described in Appendix G.

People in the simulated intervention group received three formats of LCPs for a 3-year time
window. The T2D progression of the study population was based on their annual incidence
of Tdiabetes, and the LCPs was assumed to reduce the risk of T2D onset. People in the
comparison group did not receive LCPs and their T2D progression would follow the annual
incidence of diabetes.

We estimated incremental cost-effectiveness ratio (ICER), expressed in costs per quality-
adjusted life year (QALY), to measure the cost-effectiveness of each program-population
combination. We adopted a threshold of $50,000/QALY to determine whether a program-
population combination is cost-effective.2” We took a health care system perspective and
considered only the intervention costs and the direct medical costs associated with treating
T2D and diabetes-related complications. All costs were expressed in 2018 US dollars. Costs
and QALY were discounted at an annual rate of 3%.

Sensitivity analysis

We conducted multiple univariate sensitivity analyses (SA). First, we assumed that the
effectiveness of intervention lasts up to 5 years instead of 3 years (SA1). Second, we
examined if the ICERs differed by age group (<65 and =65 years) (SA2 and SA3).2 Third,
we applied lower and upper bounds of costs and effectiveness of interventions (SA4 and
SADB). Fourth, we estimated the 10-year (SA6) and lifetime (SA7) cost-effectiveness of each
of the 3 formats of LCPs. Lastly, we varied a discount rate of costs and QALY's, 0% and 5%
(SA8 and SA9). Details appear in Appendix E.
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RESULTS

Main analysis

Figure 1 shows the ICERs of the three formats of LCPs associated with each of the T2D
risk levels among the intervention population. Overall, ICERs were higher in the in-person
individual program, followed by the digital individual program and the in-person group
program. Compared to no intervention group, the QALY gained were the highest in the
in-person individual program, followed by the in-person group program and the digital
individual program (Table 2). Using the $50,000/QALY threshold, a program was deemed
cost-effective when it was implemented among people with the following annual risk levels:
over 5% (HbA1c <5.9%-<6.1%) for the in-person individual program, over 4% (HbAlc
<5.8%—<5.9%) for the digital individual program, and over 3% (HbAlc <5.6%-<5.8%) for
the in-person group program.

Table 3 shows the incremental cost-effectiveness of the three LCP formats by comparing
one format to the next more effective format, which were conducted among individuals
with T2D risk above the identified thresholds (i.e., 3% for in-person group, 4% for digital
individual, and 5% for in-person individual programs). For the individuals with T2D risk
levels between 3% and 7%, the in-person group programs dominated the digital individual
programs; the ICERs of in-person individual programs were greater than $50,000 per
QALY compared to the in-person group program. The in-person individual program was
cost-effective compared with the in-person group program among participants at risk =8%.

Sensitivity analysis

Table 4 summarizes the results of the univariate sensitivity analyses for 9 scenarios for

each of the three LCPs. All three program formats were sensitive to changes in the costs
and effectiveness of the interventions (SA5), changes in the time-horizon (SA6 and SA7)
and change in the discount rate (SA8). However, except for SA6, there were no substantial
differences in the diabetes risk threshold at which the program became cost-effective. When
the time horizon was 10 years (SA6), the in-person group program was not cost-effective at
any risk level and the other two programs were cost-effective at higher risk levels than in the
base-case. More detailed results are described in Appendices E and F.

DISCUSSION

Several LCP delivery formats have been implemented in real-world settings based on the
core content of the National DPP. Since these intervention program formats differ in both
cost and effectiveness, applying different program formats to populations with a same risk
level of T2D may not be an efficient approach to use the limited heath care resources.

Using a cost-effectiveness analysis framework, we identified the diabetes risk threshold in
the intervention population to which a program format is considered to be a cost-effective
use of resources. Our findings show that, in order for a program to be cost-effective at a
threshold of $50,000/QALY, T2D risk in the intervention population should be 5% or higher
for in-person individual program, 4% or higher for the digital individual program, and 3%
or higher for the in-person group program. Additionally, when all three LCP formats are
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available, the in-person group program should be considered for adoption if participants’
risk levels were between 3% and 7%, and the in-person individual program could be selected
if participant’s risk levels were >8%.

For a high-cost program format to remain cost-effective, high program costs need to be
compensated by a higher health benefit. With the same level of program’s effectiveness

in terms of relative risk reduction, the health gained would be larger in a higher-risk
population due to a high absolute level of T2D risk. A highly effective program can remain
cost-effective even with smaller health benefits, thus, such a program can be applied to

a population with a lower level of T2D risk. Although the in-person individual program
format is the most effective in reducing T2D incidence, its high cost makes it cost-effective
only among those at risk level of 5% or greater (HbAlc = 5.9%) using the $50,000/QALY
threshold. By comparison, while the digital individual program format is the least effective,
its lower costs (compared to the in-person individual program) allow for its use with a
lower risk population. With lower costs and greater effectiveness than the digital individual
program format, the in-person group program format remains cost-effective even at the 3%
risk level.

While comparing the cost-effectiveness of the three LCP formats, the in-person group
program always dominated the digital individual program. This is mainly because the digital
individual program had a slightly higher cost and lower effectiveness than the in-person
group program. The digital individual program has an advantage of reaching more people,
especially those who live in remote areas. Efforts to improve the effectiveness of the digital
individual program while reducing costs would make this program more attractive. Although
the in-person individual program is the most costly, it may be an attractive option for

those at very high risk of T2D. The absolute health benefits from LCPs would be larger

for individuals with a higher T2D risk, which could offset the additional costs of the
program, making the program cost-effective. Our findings of comparisons between the
program formats can help in choosing an LCP from cost-effectiveness standpoint if all three
formats are available.

Although we used the $50,000/QALY threshold to determine the cost-effectiveness of the
LCP, there is no universal agreement on what threshold should be used for adopting an
intervention.2” When using a lower cost-effectiveness threshold ($20,000/QALY), the risk
thresholds for each program format were higher; 6% for the digital individual program, 5%
for the in-person group program, and not cost-effective at any risk level for the in-person
individual program. On the other hand, using a $100,000/QALY as advocated recently,2
LCPs were cost-effective at even lower risk levels; =3% for the in-person individual program
and =2% for the digital individual and the in-person group programs. As the threshold
would reflect the level of a decision-maker’s willingness-to-pay for an intervention, decision
makers could find the T2D risk thresholds for selecting the target intervention populations
based on their willingness-to-pay from the information in Figure 1.

To utilize our study results for selecting the appropriate population for LCPs, it is necessary
to know the risk of developing T2D of the intervention population. If participants’ HbAlc
levels are known, the risk could be estimated by the information provided in Appendix B.
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Another way to predict participants’ T2D risk could be using diabetes risk equations. For
example, the T2D risk can be estimated based on age, sex, race/ethnicity, body mass index,
family history of diabetes, smoking, blood pressure, and cholesterol status.28 Future studies
are needed to develop other risk stratification tool (e.g., mapping of all different risk factors
and diabetes risk levels) to estimate the probability of T2D onset based on individuals’ risk
factors.

In addition to cost and effectiveness of the intervention itself, it is necessary to consider
participants’ preferences or the availability of programs when selecting program and
intervention populations. Selecting a program format that fits participants’ preference may
increase their adherence to the program; for example, participants may prefer individual
consultation, as compared to counselling in groups of several participants.2® Furthermore,
not all program format selections are feasible in certain areas (e.g., rural areas) or
circumstances (e.g., ongoing pandemic or difficulties with transportation). In this case,
digitally delivered program format could be more appropriate, although interventions with
more frequent in-person individual contact are more effective in diabetes risk reduction.18

This study is subject to several limitations. First, as in other simulation models, because
the CDC-RTI T2D CE model and the parameters used in the simulation were developed
based on data from multiple sources, our findings rely heavily on the assumptions in the
model. However, the model has been widely used and validated in previous studies’?+22:26;
therefore, we believe that our incremental estimates are valid with reliable prediction
accuracy. Second, since the CDC-RTI T2D CE model used cohort-based data, our findings
represent the average expected effects of interventions among the general population
rather than at the individual level. Thus, our findings may not apply to individuals with
characteristics that differ from the average population. Third, we used HbAlc value alone
to determine the progression of T2D due to the limited data and our model capacity. As
more data emerge, future stratified analyses could provide insight into how risk thresholds
will vary between different subpopulations based on other biomarkers or risk scores. Fourth,
in our simulation, we did not account for participants’ preference, uptake, and adherence
explicitly to the LCPs, which are important factors that could affect the health benefits of
an intervention.” However, since our model parameters were mostly based on data from
translational trial in real word settings, we believe that our parameters of health benefits
captured the individuals’ uptake and adherence to the intervention. Fifth, our findings are
based on the assumption that participants continue to enrol in the LCPs for 3 years, which
may vary in actual programs. Lastly, due to our computational power constraints, we were
not able to conduct a probabilistic sensitivity analysis. Ideally, each model parameter should
be sampled from the distribution and reflected in the calculation of variations in lifetime
costs and QALYs.

CONCLUSIONS

Our study goal was to identify the target population to implement three formats of LCPs for
T2D prevention from a cost-effectiveness perspective. Our findings suggest that LCPs would
be more cost-effective by incorporating T2D risk levels of the target population. In-person
individual program is cost-effective when implemented among a population at T2D risk of
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>5%. The digital individual and in-person group programs can be implemented in people
with a relatively lower T2D risk (=4% and =3%, respectively). If multiple LCP formats are
available, the in-person group program may be given priority over the other two formats if
the participants’ T2D risks are between 3% and 7%; the in-person individual program is a
cost-effective option if participant’s T2D risk is =8%. Besides considering the availability
of the program formats and participants’ preferences, our findings could assist public health
practitioners and decision-makers in defining the eligibility criteria for the target population
or prioritizing recruitment for the program from a cost-effective perspective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Disclaimer:

The findings and conclusions in this study are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.
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What is already known?

. Lifestyle interventions are cost-effective in reducing the risk of developing
type 2 diabetes (T2D) among high-risk individuals.

. The cost and effectiveness of intervention may vary depending on the delivery
format of intervention program and the participant’s T2D risk level.

What this study has found?

. We found participant’s T2D risk threshold at which each intervention
program can be cost-effective; T2D risk should be =5% for in-person
individual program, 24% for digital individual program, and =3% for in-
person group program, based on $50,000/QALY threshold.

What are the implications of the study?

. Our findings may help decision-makers define eligibility criteria for target
populations that ensure efficient use of health care resources.
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FIGURE 1.

Cost-effectiveness of three lifestyle change intervention programs by annual risk of type 2
diabetes (T2D) based on $50,000/QALY threshold
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