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Abstract

Background Lifestyle change interventions (LCI) for prevention of type 2 diabetes are covered by Medicare, but rarely by
US Medicaid programs that constitute the largest public payer system in the USA. We estimate the long-term health and
economic implications of implementing LClIs in state Medicaid programs.

Methods We compared LCIs modeled after the intervention of the Diabetes Prevention Program versus routine care advice
using a decision analytic simulation model and best available data from representative surveys, cohort studies, Medicaid
claims data, and the published literature. Target population were non-disability-based adult Medicaid beneficiaries aged
19-64 years at high risk for type 2 diabetes (BMI >25 kg/m? and HbAlc > 5.7% or fasting plasma glucose > 110 mg/dl) from
eight study states (Alabama, California, Connecticut, Florida, Iowa, Illinois, New York, Oklahoma) that represent around
50% of the US Medicaid population. Incremental cost-effectiveness ratios (ICERs) measured in cost per quality-adjusted
life years (QALYSs) gained, and population cost and health impact were modeled from a healthcare system perspective and
a narrow Medicaid perspective.

Results In the eight selected study states, 1.9 million or 18% of non-disability-based adult Medicaid beneficiaries would
belong to the eligible high-risk target population — 66% of them Hispanics or non-Hispanic black. In the base-case analysis,
the aggregated 5- and 10-year ICERs are US$226 k/QALY and US$34 k/QALY; over 25 years, the intervention dominates
routine care. The 5-, 10-, and 25-year probabilities that the ICERs are below US$50 k (US$100 k)/QALY are 6% (15%),
59% (82%) and 96% (100%). From a healthcare system perspective, initial program investments of US$800 per person would
be offset after 13 years and translate to US$548 of savings after 25 years. With a 20% LCI uptake in eligible beneficiaries,
this would translate to upfront costs of US$300 million, prevent 260 thousand years of diabetes and save US$205 million
over a 25-year time horizon. Cost savings from a narrow Medicaid perspective would be much smaller. Minorities and low-
income groups would over-proportionally benefit from LCIs in Medicaid, but the impact on population health and health
equity would be marginal.

Conclusions In the long-term, investments in LCIs for Medicaid beneficiaries are likely to improve health and to decrease
healthcare expenditures. However, population health and health equity impact would be low and healthcare expenditure
savings from a narrow Medicaid perspective would be much smaller than from a healthcare system perspective.

1 Introduction
The findings and conclusions in this report 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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Diabetes mellitus is a burdensome and costly disease
that disproportionally affects minorities and low-income
populations [1-3]. Pursuant to the Affordable Care Act,
as of November 2018, 37 states had expanded Medicaid
to individuals with a family income < 138% of the federal
poverty level (FPL) [4]. With that change, an even larger
proportion of people with or at risk for type 2 diabetes are
being covered by Medicaid programs, putting substantial
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Key Points for Decision Makers

Eighteen percent of the non-disability-based adult
Medicaid population is at high risk for developing type 2
diabetes.

Life-style change intervention programs to prevent type

2 diabetes in Medicaid beneficiaries at high risk for type
2 diabetes are likely to be cost effective in the long-term
from a healthcare system perspective.

The cost effectiveness is lower from a narrow Medicaid
perspective and the population-level health impact of
intervening in beneficiaries at high risk for type 2 diabe-
tes is small.

financial pressure on the state’s Medicaid budgets [5]. The
U.S. Diabetes Prevention Program study (DPP), the Da
Qing Diabetes Prevention study, and subsequent translation
studies have shown that structured lifestyle interventions
lead to sustainable reductions in diabetes incidence in peo-
ple at high risk of diabetes and reduced cardiovascular and
all-cause mortality decades after the intervention stopped
[6-11]. The National DDP (NDDP), a national public—pri-
vate partnership connecting health departments, employers,
insurers, healthcare professionals, and community-based
organizations, provides the infrastructure for implement-
ing DPP-like lifestyle change interventions (LCI) and has
motivated many private payers and Medicare to pay for this
program [12-15]. But despite encouraging studies on the
feasibility of DPP-like LCI in the Medicaid population [13,
16, 17] and the intriguing opportunity to diminish health
disparities through Medicaid benefits, to date, few Medic-
aid programs pay for LCIs [18-20]. Information about the
budget impact and the economic implications is important
for policy makers. However, data on the number of eligible
beneficiaries at high risk of type 2 diabetes are scarce and,
owing to differences in socio-demographic and contextual
factors, the generally favorable evidence on the cost effec-
tiveness of DPP-like LCI in the general population at high
risk of type 2 diabetes [21-24] might be not applicable to
Medicaid beneficiaries. The current study addresses this
evidence gap and aims to analyze the size of the eligible
Medicaid population at high risk of type 2 diabetes, as
well as the cost-effectiveness, economic, and health equity
impact of implementing DDP-like LCI in state Medicaid
programs.
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2 Methods
2.1 Study Design and Data Sources

To answer these questions, we combined nationally rep-
resentative data sources, population-based cohort studies,
Medicaid claims data, and published data on the effect of
DPP-like LCI and ran simulations using the CDC-RTI dia-
betes model [25]. Owing to great heterogeneity in demo-
graphic, epidemiological, and economic characteristics
between state Medicaid programs, we present state-specific
analyses for eight states (Alabama, California, Connecticut,
Florida, Towa, Illinois, New York, and Oklahoma) that cap-
ture the country’s regional and demographic heterogeneity
and represent approximately 50% of the country’s adult
Medicaid population. We present population-size-weighted
average and/or cumulative estimates for the combined data
of the eight states as main results and report additionally
state-specific estimates. Details on the selection criteria for
the states are presented in Online Appendix A-M1.

The study was conducted in compliance with ethical
standards and in all studies from which data were used par-
ticipants gave informed consent.

2.2 Characteristics and Size of the Eligible
Population

2.2.1 Eligibility

We used clinical eligibility criteria close to those defined by
the Medicare DPP, i.e. a BMI > 25 kg/m? and a laboratory
result of either Hbalc >5.7% or a fasting plasma glucose
(FPG) level > 110 mg/dL [26]. As there is no compelling
evidence on the program’s feasibility and effectiveness in the
disabled population, and as most dually eligible beneficiaries
will be eligible for DPP-like LCI through the Medicare DPP
[26, 27], we restricted our analyses to non-disability-based
Medicaid beneficiaries aged 19—64 years with full benefits.

2.2.2 Population Size and Characteristics

We sampled participants without diabetes and insured under
Medicaid or with a family income below 138% FPL from
the nationally representative National Health and Nutrition
Examinations Surveys (NHANES, waves 2006-2016) who
matched the age, sex, and race/ethnicity characteristics of
Medicaid beneficiaries without diabetes in Medicaid claims
files (2008-2012) for the eight selected states. The preva-
lence of people at high risk of type 2 diabetes and their
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demographic and clinical characteristics were then taken
from this merged NHANES-Medicaid claims data set. We
then combined data on the total number of non-disability-
based adult beneficiaries with full benefit with the estimated
prevalence of people with high risk of type 2 diabetes to cal-
culate the number of non-disability-based adult beneficiaries
with full benefit that are at high risk of type 2 diabetes [28,
29]. Details of these steps are described in Online Appendix
A-M2 and A-M4.

2.3 Design and Input Parameters of the Simulation
Scenarios

2.3.1 Intervention and Comparators

We compared in-person DPP-like LCIs delivered by trained
and certified clinic staff, community health workers, peers in
the workplace and church and community settings, as well
as virtual programs, as delivered in several studies in the
Medicaid population, with a counterfactual of routine care
advice for people who are identified as having increased risk
for type 2 diabetes in their usual care setting [17, 30]. DPP-
like LCI programs focus on healthy eating, physical activity,
and coping skills and generally consist of 16 weekly core
sessions over 4 months plus 8 monthly follow-up sessions.
Programs have been adapted for various ethnic and racial
groups [9, 31-34], and evidence from various studies has
shown that the delivery of LCI versions tailored to the needs
of the Medicaid population is feasible and results in clini-
cally relevant weight loss [17, 18, 35]. Recent demonstration
projects further indicated that the tools and infrastructure
built by the Centers for Disease Control and Prevention
(CDC) and its partners [16, 36-38] might be successfully
used to facilitate implementation of DPP-like LCI in state
Medicaid programs [16, 30].

2.3.2 Simulation Model

Cost and health effects of the LCI were projected using the
decision analytic CDC-RTI diabetes computer simulation
model. The CDC-RTI diabetes cost-effectiveness model is
a Markov model that uses annual transition probabilities to
simulate cohorts through different health states including
‘pre-diabetes’ (i.e. people at high risk for type 2 diabetes),
type 2 diabetes, and death. Each health state is associated
with a distinct set of costs for treatment and quality of life
(QoL) decrements and the model accumulates incremental
costs and health benefits, measured in quality-adjusted life
years (QALYs) in each intervention arm [25].

The disease pathways and complications that are mod-
elled in the diabetes module include nephrology, neuropa-
thy, retinopathy, coronary heart disease, and stroke. The
respective key transition probabilities are mainly based on

data from the United Kingdom Prospective Diabetes Study
(UKPDS) [39] and the risk equations of the American Col-
lege of Cardiology/American Heart Association (ACC/
AHA) [40].

The ‘prediabetes’ module follows individuals from the
time of diagnosis of ‘prediabetes’ to diagnosis of type 2
diabetes or death, whichever comes first. People with ‘pre-
diabetes’ may already have some complications at diagnosis
of ‘prediabetes’ and may also experience coronary heart dis-
ease, stroke, early stages of nephropathy and neuropathy, or
death while in the ‘prediabetes’ phase. Most of the model’s
disease progression parameters are based on data of [41] the
DPP study, the UKPDS and the ACC/AHA risk equations
[39-41].

In both disease modules, intervention effects can be mod-
elled through changes in the annual probability of transi-
tioning from ‘pre-diabetes’ to type 2 diabetes, as well as
changes in BMI, systolic and diastolic blood pressure, and
total cholesterol and high-density lipoproteins.

The model has been validated against the results of large
longitudinal studies/trials [25] and has been used success-
fully for economic evaluations of various prevention and
treatment strategies in clinical and non-clinical settings [21,
23, 42]. Details of the model and simulation structure are
provided in Online Appendix A-M3.

2.3.3 Model Parameters

Details on the data sources and methods for estimating
Medicaid-specific input parameters are described in Online
Appendix A-M4—A-M10. The most important model param-
eter is the effect of the LCI on type 2 diabetes incidence and
modifiable risk factors. To obtain valid and reliable esti-
mates on these effectiveness parameters we used system-
atic reviews that tested the efficacy of LCIs versus routine
care in RCTs [10, 43, 44], reviews on randomized and non-
randomized studies that tested interventions modelled after
the DPP in more real-world settings [9, 45], observational
data from the NDPP registry [20] as well as observational
data from studies that implemented DPP-like interventions
in the Medicaid population [46]. Following this combined
evidence, we assumed that the LCI induces a type 2 diabetes
risk reduction of 24% in years 1 and 2, of 12% in years 3—10
and of 6% in years 11-25. Conservatively, we also assumed
that the intervention induces a weight loss of 2 kg in the
years 1-2 and no effect on other risk factors. We assumed
that these effectiveness parameter did not differ between LCI
delivery modes (for details on these assumptions see Online
Appendix A-M6).

Other crucial input parameters comprise characteris-
tics of the Medicaid population at high risk for diabetes
(directly estimated from Medicaid claims and NHANES
data, for details see Online Appendix A-M4), their annual
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background probability for developing type 2 diabetes [esti-
mated from the National Health Interview Surveys (NHIS),
the Atherosclerosis Risk in Communities (ARIC) Study,
and the Coronary Artery Risk Development in Young
Adult (CARDIA) Study, for details see Online Appendix
A-MS5], the cost for recruitment, referral and delivery of the
DPP-like LCI (based on previous studies and current prac-
tice, for details see Online Appendix A-M7 and A-M8), as
well as the costs (directly estimated from Medicaid Ana-
lytic eXtract files of the eight states, for details see Online
Appendix A-M9) and QoL decrements [estimated from the
Medical Expenditure Panel Survey (MEPS), for details see
Online Appendix A-M10] associated with diabetes and its
complications.

An overview of the resulting parameters is described in
Table 1. For example, the annual probability of develop-
ing type 2 diabetes of a Medicaid enrollee eligible for LCI
are between 4% and 8%, the combined costs of recruitment,
referral and delivering of the DPP-like LCI are around
US$800, annual excess costs of treating diabetes versus
remaining in the pre-diabetes state are around US$1400,
the QoL decrement for diabetes is —0.04 and the QoL dec-
rements for complications lies between —0.03 (myocardial
infarction) and —0.08 (stroke).

2.3.4 State-Specific Parameters and Assumptions

For the clinical and demographic characteristics of the popu-
lation at high risk of type 2 diabetes, the annual background
incidence of type 2 diabetes, and the costs of treating dia-
betes and its complications we could derive state-specific
input parameters and used them in the state-specific model
scenarios. For the effectiveness and the costs of the DPP-like
LCI and the impact of diabetes and diabetes-related compli-
cations on health-related QoL we had no state-specific data
and assumed that they are the same in each of the 8 states
(for details see Table 1).

2.4 Cost-Effectiveness Analyses

A healthcare system perspective was chosen because the
societal perspective includes indirect costs that are not
directly relevant to the Medicaid program or other payers
in the healthcare system [47]. We simulated individuals at
high risk for type 2 diabetes over 5, 10, and 25 years from
the start of a DPP-like LCI. Twenty-five years was chosen as
maximum time horizon as this approximately coincides with
the longest follow-up of current LCI studies and as every
effect beyond this time horizon was considered to be quite
hypothetical. Both costs, consisting of costs for referral,
intervention, and treatment of diabetes and complications,
and health effects, described in QALYs, a measure that com-
bines length and QoL, were discounted at 3% annually. Costs
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are indexed to the year 2018. Incremental costs and QALY's
were used to calculate incremental cost-effectiveness ratios
(ICERs). To capture structural and stochastic uncertainties,
we conducted univariate and probabilistic sensitivity analy-
ses. In the univariate sensitivity analyses we varied crucial
model parameters by + 50%. In the probabilistic sensitiv-
ity analyses we permuted parameters simultaneously (for
details, see Online Appendix A-M11). We also estimated
the maximal intervention cost at which the ICERs are below
US$50,000/QALY and US$100,000/QALY in the base case
analysis [48]. Analysis and reporting are based on the rec-
ommendations of the Consolidated Health Economic Evalu-
ation Reporting Standards [33].

2.5 Return on Investment (ROI) from a Health Care
System and Medicaid Perspective

Monetary return on investment (ROI) from a health care
system perspective equals the cost outcome from the cost-
effectiveness analyses. Given the specific Medicaid policy
context, we conducted additional analysis in which we
considered factors relevant to the ROI for state Medicaid
programs. First, non-disability-based Medicaid enrollees
are generally not eligible for Medicaid beyond the age of
64 years. We therefore assumed that savings that occur from
preventing type 2 diabetes and its complications beyond age
64 years won’t be captured by the Medicaid system [27].
Second, Medicaid enrollees typically move in and out of
Medicaid eligibility, a phenomenon often referred to as
‘churning’. Data show that average non-disability-based
Medicaid beneficiaries are enrolled 8.6 months or 72% of the
fiscal year in Medicaid [49]. In our adjusted ROI model sce-
nario, we therefore pragmatically assumed that until Med-
icaid beneficiaries turn 65 only 72% of savings that occur
from preventing type 2 diabetes and its complications will
be captured by Medicaid (for details, see Online Appendix
A-M12).

2.6 Population Health, Health Equity and Cost
Impact

To estimate the expected upfront investments and the long-
term cost and health impact on a population level, in a next
step, we combined data on the number of expected partici-
pants with the per-participant ROI estimates. Furthermore,
using the CDC-RTI model and the background type 2 inci-
dence of race/ethnicity and income strata in the Medicaid
and non-Medicaid populations, we calculated the cumula-
tive type 2 incidence in the general US adult population
with and without implementing LCI for eligible Medicaid
beneficiaries at high risk of type 2 diabetes. We then cal-
culated the absolute and relative narrowing in the differ-
ence of the cumulative diabetes incidence between white
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and non-Hispanic black, and Hispanics, and between people
below and above 138% FPL in the general US adult popula-
tion. For all those analyses, we assumed that 20% of eligible
beneficiaries participated in DPP-like LCI (for details, see
Online Appendix A-M13).

Analyses and simulations were run in 2018.

3 Results

3.1 Eligible Population Size and Population
Characteristics

In the eight study states, 30 million people are insured under
Medicaid, and approximately 18% or 1.9 million of the 10.5
million non-disability-based, adult, full-benefit Medicaid ben-
eficiaries fall in our category of having increased risk of type
2 diabetes. The number of those high-risk beneficiaries ranges
from 7000 in Alabama to 902,000 in California (Table 2). On
average, this at high-risk population is young, diverse (two-
thirds are non-Hispanic blacks or Hispanics), and at high risk
for cardiovascular diseases (28% have hypertension, and 49%
have high cholesterol). Considerable differences in demo-
graphic and clinical characteristics exist between states.

3.2 Cost-effectiveness

Given our default assumptions on weight change and rela-
tive type 2 diabetes incidence reduction, the LCI translates
to absolute risk reductions of 3.4% for type 2 diabetes and
0.05% (end-stage renal disease) to 0.68% (microalbuminu-
ria) for complications over a 25-year time horizon (Online
Appendix A-R-Table 1 + 2). For the combined data of
the eight states, over a 5-year and 10-year time horizon,
this leads to a gain of 0.003 and 0.010 QALYSs at costs of
US$657 and US$349, resulting in ICERs of US$226 k/
QALY and US$34 k/QALY. Over 25 years, the interven-
tion leads to a per-person QALY gain of 0.043 at savings
of US$548 meaning that the LCI intervention dominates
routine care (Table 3 and Fig. 1a). The probability that the
intervention is cost effective at willingness to pay (WTP)
thresholds of US$50 k and US$100 k per QALY is 6% and
15% over 5 years, 59% and 82% over 10 years, and 96% and
100% over 25 years, respectively (Fig. 1¢). Given a WTP
threshold of US$50 k (US$100 k) per QALY, the maxi-
mal upfront intervention costs need to be below US$288
(US$433), US$957 (US$1462), and US$3519 (US$5690)
to make the intervention cost effective over a time hori-
zon of 5, 10, and 25 years. There is substantial variation in
the ICERs between states; however, over a 10- or 25-year
time horizon, the intervention is dominant or cost effective
in all eight analyzed Medicaid programs (Fig. 1b, Online
Appendix A-R-Table 2). The main driver of the variance
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in ICERs is the difference in costs of treatment for diabetes
and complications. The univariate sensitivity analyses show
that the results are most sensitive to the effectiveness of the
LCI and the costs of treating diabetes, but that even under
most conservative assumptions the intervention is likely to
be cost effective over 10 and 25 years (compare lower part
of Table 3).

3.3 Return on Investment From a Health Care
System and Medicaid Perspective

From a healthcare system perspective, the break-even point
(the point where cost savings from prevented type 2 diabe-
tes and diabetes complications offset initial program invest-
ments) would be 15 years and the 25-year ROI would be
US$548. From a narrow Medicaid perspective, the break-
even point would be delayed to 24 years and the 25-year
ROI would decrease to US$27 (Fig. 1d and Online Appendix
A-R-Table 3 for state-specific estimates).

3.4 Population Cost, Health, and Health Equity
Impact

Assuming that 20% (i.e. 0.37 million) of the 1.87 million
eligible Medicaid beneficiaries in the eight analyzed states
participate in a LCI, one could expect that upfront invest-
ments of US$300 million would lead to savings of US$205
million and US$10 million from a healthcare system and
narrow Medicaid perspective over a 25-year time horizon
(Table 4). Owing to variance in per-person ROI and popu-
lation size, the cost and health impact differs substantially
between the states (Online Appendix A-R-Table 4).

Furthermore, with a 20% LCI participation in eligible
Medicaid beneficiaries, one could expect that the average
25-year cumulative diabetes incidence in the general US
adult population would decrease by 0.02%, from 27.30 to
27.28%. Due to their overrepresentation in Medicaid, type
2 diabetes incidence reductions in Non-Hispanic black
(—0.04%), Hispanic (—0.02%), and low-income adults
(—0.05%) would be higher than in white (0.01%) and non-
low-income adults (0.00%). This would decrease the differ-
ence in the cumulative type 2 diabetes incidence between
whites and non-Hispanic blacks, between whites and His-
panics, and between adults > 138% FPL and adults < 138%
FPL at the population level by 0.31%, 0.13%, and 1.07% in
relative terms (Online Appendix A-R-Table 5).

4 Discussion
Offering DPP-like LCI to Medicaid beneficiaries at high risk

of type 2 diabetes may lower the morbidity burden from type
2 diabetes and its complications in low-income populations
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Fig. 1 a Cost-effectiveness plane for the combined data of the eight study
states with pairs of QALYs and cost estimates from n=250 bootstrap sam-
ples. Green dots show bootstrap samples of pairs of QALYs and cost esti-
mates over a 5-year time horizon, red dots show bootstrap samples over a
10-year time horizon, and blue dots show bootstrap samples over a 25-year
time horizon. The large diamonds represent the mean of cost QALY and cost
estimates. The gray dotted lines show the willingness to pay thresholds of
US$50,000/QALY and US$100,000/QALY; realizations below these lines are
considered to be cost-effective under the given willingness to pay threshold.
b Cost-effectiveness plane with pairs of incremental QALYs and cost esti-
mates for each of the eight study states. The large blue diamonds represent the
pairs of population size-weighted incremental QALYs and cost estimates for
the combined data of the eight study states (identical to 1a). The green circle
frames the state-specific results of the analyses over a 5-year time horizon, the
red circle frames the state-specific results of the analyses over a 10-year time
horizon, and the blue circle frames the state-specific results of the analyses
over a 25-year time horizon. The gray dotted lines show the willingness to pay
thresholds of US$50,000/QALY and US$100,000/QALY; realizations below
these lines are considered to be cost-effective under the given willingness to
pay threshold. ¢ Cost-effectiveness acceptability curves for the combined data

Cost-effectivness planes showing pairs of 5, 10, and 25 year incremental costs and QALY estimates

b Cost-effectivness planes showing pairs of 5, 10, and 25 year incremental costs and QALY estimates:
state specific results of 8 states*

900
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300

dicsounted accumulated cost in US$

-300 ~

Time horizon in years h

----- Medicaid perspective: Beneficaries insured 60% of time until they reach age 65
= = Medicaid perspective: Beneficaries insured 72% of time until they reach age 65
— — Medicaid perspective: Beneficaries insured 80% of time until they reach age 65

Medicaid perspective: beneficaries insured 100% of time until they reach age 65
= = Health care system perspective (default assumptions)

d Return on investment over time from a health care system and Medicaid perspective: average of 8
states*

of the eight study states with the WTP on the vertical axis and the probability
of the intervention being cost-effective at a given WTP on the horizontal axis.
Curves are derived on the basis of net benefit values from n=250 bootstrap
samples of incremental cost and QALY estimates. The green curve shows the
S5-year time horizon, the red curve shows the 10-year time horizon, and the
blue curve shows the 25-year time horizon. The gray dotted lines show the
willingness to pay thresholds of US$50,000/QALY and US$100,000/QALY. d
Curves of the per participant return on investment for the combined data of the
eight study states with the time horizon on the horizontal axis and the accu-
mulated costs on the vertical axis. The accumulated costs represent the value
of upfront costs of US$800 for the intervention minus cost savings associ-
ated with prevention of diabetes and complications. The blue line represents
the base-case scenario from a healthcare system perspective, the gray and red
curves show the ROI from a Medicaid perspective assuming that beneficiaries
are insured for 60—-100% of their lifetime under Medicaid before they lose eli-
gibility at age 65 years. Negative accumulated costs indicate a positive return
on investment. * AL Alabama, CA California, CT Connecticut, FL Florida, IA
Towa, IL Illinois, NY New York, OK Oklahoma. LCT lifestyle change interven-
tion, QALY quality adjusted life year, JCER incremental cost-effectiveness
ratio, CE cost-effectiveness, WTP willingness to pay
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and the healthcare cost in state Medicaid programs. We used
the best available data from eight US states and a simulation
model to analyze the health and economic consequences of

paying for DPP-like LCI in Medicaid programs. Accord- £ s|lg 5 glgg
ing to our data, 18% of non-disability-based adult Medicaid = =28 E EIRS
beneficiaries could profit from LCIs—almost half of them E E i 5, E -4
are below the age of 45 years, and two-thirds are Hispanic = § § Sl

|

or non-Hispanic black. Implementing DPP-like LCI is likely
to be a highly cost-effective or dominant strategy in the long
term, but irrespective of LCI uptake, its impact on popula-
tion health and health equity is expected to be small. Fur-
thermore, due the fragmentation of the US healthcare sys-
tem, the anticipated long-term cost savings from a narrow
Medicaid perspective are much lower than from a general
healthcare system perspective.

Facing economic pressure, on the one hand, and encour-
aging data on expected cost savings from LCI in its benefi-
ciaries, on the other, the Centers for Medicare and Medicaid
Services (CMS) recently decided to pay for in-person DPP-
like LCI in Medicare [15, 21, 26]. With around 23 million
people aged 65 years and older who have ‘pre-diabetes’
and may be eligible for DPP-LClIs, this was a landmark in
chronic disease prevention in the USA [3]. However, despite
promising data on the feasibility and effectiveness of LCI
in Medicaid beneficiaries, only a few Medicaid programs
currently pay for DPP-like LCI [17, 50, 51]. This is the first
study that comprehensively addresses policy relevant eco-
nomic questions such as the short- and long-term budget-
ary impact of a program implementation in state Medicaid
programs.

Various previous studies have analyzed and described the
cost-effectiveness of the DPP or DPP-like LCI in different
populations with increased diabetes risk. The within-trial
cost-effectiveness analyses of the original DPP and DPP-
Outcome studies reported ICERs of US$27,000/QALY
and US$10,000/QALY over a 3- and 10-year time horizon,
respectively [52, 53]. Noteworthy, with intervention costs
of around US$2250 over 3 years and weight loss of around
6% after 1-year follow-up, the costs and weight loss effect in
this efficacy trial was higher compared to our model assump-
tions. A recent systematic review showed that studies that
modelled the life-time cost effectiveness of individual and
group-based diet and physical activity promotion programs
to prevent type 2 diabetes among persons at increased risk,
reported ICERs ranging between negative values that indi-
cate dominance and US$20,000/QALY [22]. However, the
socio-demographic and contextual factors of populations
insured under Medicaid differ substantially from the general
population and data on the cost effectiveness of DPP-like
LCI in the Medicaid population at high risk for diabetes are
scarce. The only other economic evaluation in the Medicaid
population that we are aware of showed that a community-
based DPP-like LCI for Montana Medicaid beneficiaries

Number of eligible Medicaid beneficiaries at high risk of type 2 diabetes (n)
Number of participating, eligible Medicaid beneficiaries at 20% participation (n)
Health care cost saved: from a health care system perspective (in US$) °

Health care cost saved: from a Medicaid perspective (in USS$)

Upfront intervention cost at 20% participation (in USS$)*
QALYs gained (in QALYYs)

Years of type 2 diabetes prevented (years of diabetes)

Population
Cost impact

Health impact
“Sum of costs for referral and intervention minus savings for prevention of treatment for type 2 diabetes and complications assuming that only savings from preventing type 2 diabetes and its

Sum of costs for referral and intervention minus savings for prevention of treatment for type 2 diabetes and complications assuming that all savings from preventing type 2 diabetes and its com-
complications in the Medicaid system are captured. It is assumed that beneficiaries are insured for 72% of their time under Medicaid until they turn 65 years

plications in the US Healthcare System are captured

Table 4 The 25-year population-level health and cost impact assuming a 20% DPP-like LCI participation in eligible Medicaid beneficiaries: sum of 8 states

2Sum of costs for referral and intervention

QALY quality-adjusted life year
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is cost effective at an ICER of US$39,500/QALY over a
20-year time horizon [54]. This estimate is similar to find-
ings for the least cost-effective state in our analysis (Ala-
bama, 20-year ICER=US$17,000/QALY). Notably, 1-year
weight loss was comparable (around 2 kg) and upfront costs
per participant in this study (US$940) were slightly higher
than in ours (US$800). However, the model only captured
healthcare costs related to diabetes complications, but not
costs related to routine diabetes care, which might lead to an
underestimation of actual cost savings.

Our analyses show that there is heterogeneity in the cost
effectiveness between Medicaid programs, but that paying
for LCls is likely to be a cost-effective or dominant strategy
in all eight analyzed states and is cost effective even under
most conservative assumptions. We identified four influen-
tial drivers that have the potential to make the intervention
more cost-effective in the real world. First, the cost of deliv-
ering the intervention, second, the relative risk reduction
achieved by the intervention, third, the level of diabetes
risk of eligible participants, and forth, the costs of treating
diabetes and complications. Some of those factors can be
altered or influenced: for example, investments in the deliv-
ery, referral, and reimbursement infrastructure, as currently
ongoing in the Medicare DPP, could increase efficiency and
reduce delivery costs in the long term. Further, tailoring the
programs to the young and diverse eligible Medicaid popula-
tion and addressing competing priorities such as childcare,
transport, and mobility that naturally exist in these predomi-
nantly employed populations has the potential to improve the
reach and effectiveness of LCIs. Also the use of virtual or
telehealth DPP-like LCI versions may increase effectiveness
and reach [55-57]. In addition, expected advances in this
technology sector raise hope that virtual or telehealth ver-
sions might become less costly in future. Finally, applying
selective strategies and concentrating on even higher risk
segments with even higher HbAlc or FPG may be a strat-
egy to improve the cost effectiveness and per-person ROI.
In contrast, the costs of treating diabetes and complications
can be hardly influenced by policy makers; however, given
the trend of rising costs for medication and treatment, which
is not captured by our model, the real-world, long-term sav-
ings of LCI per se are likely to be higher than our results
suggest [58, 59].

With 18% of Medicaid beneficiaries who could benefit
from LCIs and an expected 25-year ROI of US$548 per
participant, the expected long-term savings of DPP-like
LCIs from a healthcare system perspective would be sub-
stantial. However, owing to Medicaid population turnover,
a substantial proportion of future savings would not be
absorbed by Medicaid programs, but by beneficiaries, pri-
vate insurance, or the Medicare program (compare Fig. 1d).
As some of anticipated savings that occur beyond age 65
are expected to be absorbed by Medicare [27], CMS could

consider maximizing health benefits and its overall cost
savings through mechanisms that encourage state Medicaid
programs to cover DPP-like LCI interventions.

Our analyses further suggest that paying for DPP-like LCI
in state Medicaid programs could not only be cost effec-
tive but also reduce health disparities, at least modestly.
However, the numbers also indicate that individual-level
approaches for vulnerable high-risk adults have a very small
population health impact and need to be complemented by
effective population-wide policies to substantially improve
health on a population level and diminish health disparities
[60, 61]. Several US and international examples show the
potential of these approaches in reducing important risk fac-
tors for diabetes [62—65].

Some limitations should be considered in the interpreta-
tion of our study results. Our study is based on a simulation
model, and the results are thus influenced by model assump-
tions and input parameters that are likely to vary in the real
world. For example, we used Medicaid data from the years
2008-2012 to populate our model with demographic and
economic estimates, although with state Medicaid expan-
sions in 2014 the population’s characteristics and expendi-
ture might have changed between 2012 and 2018 [66]. As
there is no evidence from randomized studies on the effec-
tiveness of DPP-like LCI in the Medicaid population, we
had to extrapolate from observational data on pre—post LCI
weight loss to the expected long-term diabetes incidence
reduction. Furthermore, to date, all the long-term clinical
trials that have data on the reduction in diabetes incidence
have been limited to people with impaired glucose tolerance,
leaving open the question of whether the level of risk reduc-
tion extends to the full segment of the population with our
high-risk definition. However, in light of the robustness of
our results toward variations in our crucial model assump-
tions, the aforementioned limitations are unlikely to change
the general conclusions of our study.

5 Conclusion

This study provides detailed state-specific data on the size
and characteristics of people at high risk of type 2 diabetes,
and on the short- and long-term health and cost impact of
DPP-like LCI in eight state Medicaid programs. Whereas
the health and economic implications of paying for DPP-
like LCI in other Medicaid programs remains unknown,
the results from our eight highly heterogeneous study states
indicate that paying for DPP-like LCI is probably a highly
cost-effective policy in most state Medicaid programs. As
population health impact is small there is a need to comple-
ment high-risk lifestyle approaches by alternative popula-
tion-based prevention policies.
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