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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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1 | INTRODUCTION

Diabetes imposes substantial burdens on US society through reduced life-expectancy, loss 

of productivity, reduced quality of life, and high medical expenditures.1 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)2,3 and also cost-

effective.4,5 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.6 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.6

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.7 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.9 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.10-12 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.

2 | 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.

2.1 | 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 HbA1c 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

2.2 | 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.5 

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.15,16 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.17

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.

2.3 | 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.5 The costs of in-person group and digital individual programs were based on 

published literatures.4,17,18,20,21 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.25 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.

2.4 | 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.26 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.17,22,26 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.27 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 QALYs were discounted at an annual rate of 3%.

2.5 | 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 

SA5). 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 QALYs, 0% and 5% 

(SA8 and SA9). Details appear in Appendix E.
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3 | RESULTS

3.1 | 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 QALYs 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% (HbA1c 

≤5.8%–<5.9%) for the digital individual program, and over 3% (HbA1c ≤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%.

3.2 | 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.

4 | 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 (HbA1c ≥ 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.27 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,27 

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’ HbA1c 

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.29 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 studies17,22,26; 

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 HbA1c 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.7 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.

5 | 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.
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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, ≥4% 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

Park et al. Page 12

Diabet Med. Author manuscript; available in PMC 2022 October 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 13

TA
B

L
E

 1

C
os

ts
 a

nd
 e

ff
ec

tiv
en

es
s 

of
 th

re
e 

ty
pe

s 
of

 li
fe

st
yl

e 
ch

an
ge

 p
ro

gr
am

s

C
os

t/
ef

fe
ct

iv
en

es
s

B
as

e 
ca

se
 v

al
ue

D
at

a 
so

ur
ce

Se
ns

it
iv

it
y 

an
al

ys
is

L
if

es
ty

le
 in

te
rv

en
tio

n 
w

ith
 in

-p
er

so
n 

in
di

vi
du

al
 c

oa
ch

in
g

C
os

ts
 (

$)

Y
ea

r 
1

26
00

H
er

m
an

.5
13

00
–3

90
0

Y
ea

r 
2

13
00

65
0–

19
50

Y
ea

r 
3

13
00

65
0–

19
50

Y
ea

r 
4,

 b
ey

on
d

0
0

R
ed

uc
tio

n 
in

 d
ia

be
te

s 
ri

sk
 (

%
)

Y
ea

r 
1

55
.0

H
er

m
an

 e
t a

l.22
40

–8
0

Y
ea

r 
2

55
.0

D
PP

 R
es

ea
rc

h 
G

ro
up

30
25

–6
5

Y
ea

r 
3

55
.0

25
–6

5

Y
ea

r 
4,

 b
ey

on
d

0.
0

L
if

es
ty

le
 in

te
rv

en
tio

n 
w

ith
 in

-p
er

so
n 

gr
ou

p 
co

ac
hi

ng
C

os
ts

 (
$)

Y
ea

r 
1

59
2

L
i e

t a
l.4

L
aw

lo
r 

et
 a

l.21
38

9–
68

4

Y
ea

r 
2

26
7

Z
hu

o 
et

 a
l.17

18
2–

35
2

Y
ea

r 
3

26
7

L
aw

lo
r 

et
 a

l.21
18

2–
35

2

Y
ea

r 
4,

 b
ey

on
d

0
0

R
ed

uc
tio

n 
in

 d
ia

be
te

s 
ri

sk
 (

%
)

Y
ea

r 
1

40
.0

Z
hu

o 
et

 a
l.17

M
ud

al
ia

r 
et

 a
l.23

V
ito

lin
s 

et
 a

l.24

25
.1

–5
5.

7

Y
ea

r 
2

20
.0

—
10

–3
0

Y
ea

r 
3

12
.0

—
0–

20

Y
ea

r 
4,

 b
ey

on
d

0.
0

—
Y

4:
 0

–5
Y

5:
 0

L
if

es
ty

le
 in

te
rv

en
tio

n 
w

ith
 d

ig
ita

lly
 d

el
iv

er
ed

 in
di

vi
du

al
 c

oa
ch

in
g

C
os

ts
 (

$)

Y
ea

r 
1

67
2

IC
E

R
18

33
6–

89
1

Y
ea

r 
2

33
4

Su
 e

t a
l.20

16
7–

39
2

Y
ea

r 
3

22
2

Su
 e

t a
l.20

11
1–

33
7

Diabet Med. Author manuscript; available in PMC 2022 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 14

C
os

t/
ef

fe
ct

iv
en

es
s

B
as

e 
ca

se
 v

al
ue

D
at

a 
so

ur
ce

Se
ns

it
iv

it
y 

an
al

ys
is

Y
ea

r 
4,

 b
ey

on
d

0
0

R
ed

uc
tio

n 
in

 d
ia

be
te

s 
ri

sk
 (

%
)

Y
ea

r 
1

35
.0

Jo
in

er
 e

t a
l.25

25
–4

5

Y
ea

r 
2

17
.5

—
10

–3
0

Y
ea

r 
3

10
.5

—
0–

20

Y
ea

r 
4,

 b
ey

on
d

0.
0

—
Y

4:
 0

–5
Y

5:
 0

N
ot

e:
 A

ll 
co

st
s 

w
er

e 
ex

pr
es

se
d 

in
 2

01
8 

U
S 

do
lla

rs
.

Diabet Med. Author manuscript; available in PMC 2022 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 15

TA
B

L
E

 2

In
cr

em
en

ta
l c

os
ts

, Q
A

LY
s 

ga
in

ed
, a

nd
 in

cr
em

en
ta

l c
os

t-
ef

fe
ct

iv
en

es
s 

ra
tio

s 
fo

r 
ea

ch
 p

ro
gr

am
 f

or
m

at
 (

re
la

tiv
e 

to
 n

o 
in

te
rv

en
tio

n)

T
2D

 r
is

k
In

cr
em

en
ta

l c
os

ts
 (

$)
Q

A
LY

s 
ga

in
ed

IC
E

R

In
-p

er
so

n 
in

di
vi

du
al

 c
oa

ch
in

g
1%

49
53

0.
01

7
29

4,
36

3

2%
44

17
0.

03
3

13
3,

95
4

3%
39

77
0.

04
7

  8
4,

54
8

4%
36

19
0.

05
8

  6
2,

18
1

5%
33

52
0.

07
0

  4
7,

79
4

6%
31

63
0.

08
1

  3
9,

16
4

7%
29

52
0.

08
8

  3
3,

50
3

8%
27

69
0.

09
4

  2
9,

33
5

D
ig

ita
lly

 d
el

iv
er

ed
 w

ith
 in

di
vi

du
al

 c
oa

ch
in

g
1%

14
54

0.
00

7
21

7,
12

5

2%
11

97
0.

01
3

  9
2,

67
4

3%
99

3
0.

01
8

  5
3,

86
5

4%
80

6
0.

02
3

  3
5,

00
2

5%
67

9
0.

02
8

  2
4,

48
6

6%
58

4
0.

03
2

  1
8,

27
3

7%
48

7
0.

03
5

  1
3,

96
0

8%
40

2
0.

03
7

  1
0,

76
6

In
-p

er
so

n 
gr

ou
p 

co
ac

hi
ng

1%
13

19
0.

00
8

17
2,

30
6

2%
10

39
0.

01
5

  7
0,

34
0

3%
81

6
0.

02
1

  3
8,

67
6

4%
61

5
0.

02
6

  2
3,

29
7

5%
47

6
0.

03
2

  1
4,

97
5

6%
37

3
0.

03
7

  1
0,

19
0

7%
26

5
0.

04
0

66
54

8%
17

2
0.

04
3

40
31

N
ot

e:
 F

or
 e

ac
h 

pr
og

ra
m

 f
or

m
at

, i
nc

re
m

en
ta

l c
os

ts
, Q

A
LY

s 
ga

in
ed

, a
nd

 in
cr

em
en

ta
l c

os
t-

ef
fe

ct
iv

e 
ra

tio
s 

w
er

e 
ca

lc
ul

at
ed

 c
om

pa
re

d 
to

 n
o 

in
te

rv
en

tio
n 

gr
ou

p.
 T

he
 s

im
ul

at
io

ns
 w

er
e 

pe
rf

or
m

ed
 s

ep
ar

at
el

y 
fo

r 
ea

ch
 T

2D
 r

is
k 

le
ve

l.

A
bb

re
vi

at
io

ns
: I

C
E

R
, i

nc
re

m
en

ta
l c

os
t-

ef
fe

ct
iv

en
es

s 
ra

tio
; Q

A
LY

, q
ua

lit
y-

ad
ju

st
ed

 li
fe

 y
ea

r;
 T

2D
, t

yp
e 

2 
di

ab
et

es
.

Diabet Med. Author manuscript; available in PMC 2022 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 16

TA
B

L
E

 3

To
ta

l c
os

ts
, Q

A
LY

s,
 in

cr
em

en
ta

l c
os

t-
ef

fe
ct

iv
en

es
s 

ra
tio

s 
of

 th
re

e 
lif

es
ty

le
 c

ha
ng

e 
pr

og
ra

m
s 

by
 ty

pe
 2

 d
ia

be
te

s 
ri

sk
 le

ve
l

T
2D

 r
is

ka
In

te
rv

en
ti

on
To

ta
l c

os
t 

($
)

To
ta

l Q
A

LY
s

Δ
C

os
t 

($
)

Δ
Q

A
LY

IC
E

R
b

3%
N

o 
in

te
rv

en
tio

n
67

,0
74

9.
56

0
—

—
—

In
-p

er
so

n 
G

ro
up

67
,8

90
9.

57
7

81
6

0.
01

7
48

,0
00

4%
N

o 
in

te
rv

en
tio

n
69

,8
45

8.
80

0
—

—
—

D
ig

ita
l I

nd
iv

id
ua

l
70

,6
51

8.
82

7
80

6
0.

02
3

34
,9

06

In
-p

er
so

n 
G

ro
up

70
,4

60
8.

83
0

−
19

1
0.

00
3

D
om

in
an

t

5%
N

o 
in

te
rv

en
tio

n
70

,5
79

8.
50

0
—

—
—

D
ig

ita
l I

nd
iv

id
ua

l
71

,2
58

8.
52

3
67

9
0.

02
8

24
,5

17

In
-p

er
so

n 
G

ro
up

71
,0

55
8.

52
7

−
20

3
0.

00
4

D
om

in
an

t

In
-p

er
so

n 
In

di
vi

du
al

73
,8

49
8.

56
8

27
94

0.
04

1
68

,3
13

6%
N

o 
in

te
rv

en
tio

n
70

,7
68

8.
13

1
—

—
—

D
ig

ita
l I

nd
iv

id
ua

l
71

,3
51

8.
16

3
58

3
0.

03
2

18
,2

19

In
-p

er
so

n 
G

ro
up

71
,1

40
8.

16
8

−
21

1
0.

00
5

D
om

in
an

t

In
-p

er
so

n 
In

di
vi

du
al

73
,8

48
8.

21
5

27
08

0.
04

7
57

,9
87

7%
N

o 
in

te
rv

en
tio

n
72

,2
37

8.
07

0
—

—
—

D
ig

ita
l I

nd
iv

id
ua

l
72

,7
24

8.
10

5
48

7
0.

03
5

13
,9

54

In
-p

er
so

n 
G

ro
up

72
,5

03
8.

11
0

−
22

1
0.

00
5

D
om

in
an

t

In
-p

er
so

n 
In

di
vi

du
al

75
,0

96
8.

16
2

25
93

0.
05

1
50

,6
45

8%
N

o 
in

te
rv

en
tio

n
73

,5
53

8.
01

6
—

—
—

D
ig

ita
l I

nd
iv

id
ua

l
73

,9
55

8.
05

3
40

2
0.

03
7

10
,7

77

In
-p

er
so

n 
G

ro
up

73
,7

26
8.

05
8

−
22

9
0.

00
5

D
om

in
an

t

In
-p

er
so

n 
In

di
vi

du
al

76
,2

19
8.

11
3

24
93

0.
05

5
45

,4
10

N
ot

e:
 A

bb
re

vi
at

io
ns

: I
C

E
R

, i
nc

re
m

en
ta

l c
os

t-
ef

fe
ct

iv
en

es
s 

ra
tio

; Q
A

LY
, q

ua
lit

y-
ad

ju
st

ed
 li

fe
 y

ea
r;

 T
2D

, t
yp

e 
2 

di
ab

et
es

.

a IC
E

R
s 

w
er

e 
ca

lc
ul

at
ed

 o
nl

y 
fo

r 
th

e 
pa

rt
ic

ip
an

ts
 w

ith
 T

2D
 r

is
k 

gr
ea

te
r 

th
an

 th
e 

id
en

tif
ie

d 
ri

sk
 th

re
sh

ol
ds

 o
f 

th
e 

th
re

e 
pr

og
ra

m
 f

or
m

at
s 

(3
%

 f
or

 in
-p

er
so

n 
gr

ou
p 

pr
og

ra
m

, 4
%

 f
or

 d
ig

ita
l i

nd
iv

id
ua

l p
ro

gr
am

, 
an

d 
5%

 f
or

 in
-p

er
so

n 
in

di
vi

du
al

 p
ro

gr
am

).

b Fo
r 

ea
ch

 T
2D

 r
is

k 
le

ve
l, 

in
cr

em
en

ta
l c

os
ts

, Q
A

LY
s 

ga
in

ed
, a

nd
 in

cr
em

en
ta

l c
os

t-
ef

fe
ct

iv
e 

ra
tio

s 
w

er
e 

ca
lc

ul
at

ed
 c

om
pa

re
d 

w
ith

 th
e 

ne
xt

 b
es

t a
lte

rn
at

iv
e 

pr
og

ra
m

 f
or

m
at

.

Diabet Med. Author manuscript; available in PMC 2022 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 17

TA
B

L
E

 4

In
cr

em
en

ta
l c

os
t (

$)
 p

er
 Q

A
LY

 g
ai

ne
d 

of
 th

re
e 

lif
es

ty
le

 c
ha

ng
e 

pr
og

ra
m

s 
in

 o
ne

-w
ay

 s
en

si
tiv

ity
 a

na
ly

se
s

L
if

es
ty

le
 c

ha
ng

e 
in

te
rv

en
ti

on
s

A
nn

ua
l T

2D
 r

is
k 

(%
)

B
as

e 
ca

se
 (

$/
Q

A
LY

)

O
ne

-w
ay

 s
en

si
ti

vi
ty

 a
na

ly
se

s 
($

/Q
A

LY
)a

SA
1

SA
2

SA
3

SA
4

SA
5

SA
6

SA
7

SA
8

SA
9

In
-p

er
so

n 
in

di
vi

du
al

 c
oa

ch
in

g
1

29
4,

36
3

27
0,

98
3

30
4,

60
1

24
1,

08
3

28
9,

85
5

32
4,

80
7

95
0,

81
1

13
1,

43
6

19
6,

62
7

37
4,

70
0

2
13

3,
95

4
12

2,
35

8
13

8,
17

1
11

9,
59

8
12

9,
49

9
14

9,
96

8
43

9,
40

1
  7

0,
58

3
  8

6,
29

0
17

2,
97

5

3
  8

4,
54

8
  7

6,
65

3
  8

6,
95

9
  8

6,
54

7
  8

0,
38

4
  9

5,
94

0
27

6,
86

0
  5

1,
07

5
  5

2,
79

9
11

0,
42

7

4
  6

2,
18

1
  5

6,
04

3
  5

9,
82

5
  7

6,
09

1
  5

7,
82

2
  7

1,
54

0
19

7,
84

7
  4

2,
37

0
  3

8,
10

8
  8

1,
69

5

5
  4

7,
79

4
  4

2,
81

7
  4

5,
17

8
  5

9,
59

4
  4

3,
70

9
  5

5,
62

4
14

9,
99

9
  3

5,
18

2
  2

8,
78

0
  6

3,
17

7

6
  3

9,
16

4
  3

4,
95

5
  3

5,
59

4
  4

9,
89

5
  3

5,
19

8
  4

6,
01

6
11

8,
84

8
  3

0,
87

9
  2

3,
48

3
  5

1,
81

1

7
  3

3,
50

3
  2

9,
71

1
  3

0,
04

5
  4

3,
78

0
  2

9,
64

2
  3

9,
79

9
10

0,
34

5
  2

7,
07

9
  1

9,
69

1
  4

4,
61

4

8
  2

9,
33

5
  2

5,
85

4
  2

5,
98

3
  3

9,
22

6
  2

5,
54

0
  3

5,
22

2
  8

6,
55

1
  2

4,
24

0
  1

6,
93

3
  3

9,
28

8

D
ig

ita
lly

 d
el

iv
er

ed
 w

ith
 in

di
vi

du
al

 c
oa

ch
in

g
1

21
7,

12
5

20
1,

57
6

23
1,

37
8

16
2,

79
1

25
0,

83
2

16
3,

22
5

42
4,

84
0

10
6,

30
9

15
9,

28
9

26
3,

85
0

2
  9

2,
67

4
  8

5,
16

4
  9

6,
98

4
  7

8,
02

9
10

4,
77

2
  6

7,
35

4
18

2,
07

6
  5

2,
14

1
  6

4,
78

2
11

5,
13

9

3
  5

3,
86

5
  4

8,
93

2
  5

6,
25

0
  5

4,
50

3
  5

9,
67

1
  3

7,
47

6
12

0,
46

8
  3

4,
02

1
  3

5,
52

6
  6

8,
62

8

4
  3

5,
00

2
  3

1,
37

6
  3

4,
28

5
  4

5,
57

8
  3

7,
16

2
  2

3,
18

4
  7

9,
76

3
  2

4,
56

8
  2

1,
57

8
  4

5,
81

4

5
  2

4,
48

6
  2

1,
63

2
  2

2,
99

6
  3

4,
21

8
  2

5,
10

2
  1

5,
28

3
  5

5,
17

2
  1

8,
52

1
  1

4,
13

3
  3

2,
84

5

6
  1

8,
27

3
  1

5,
93

2
  1

5,
69

6
  2

7,
58

1
  1

7,
77

8
  1

0,
81

4
  3

9,
48

4
  1

4,
87

4
 

99
74

  2
4,

98
0

7
  1

3,
96

0
  1

1,
90

1
  1

1,
19

4
  2

3,
26

7
  1

2,
92

8
 

74
30

  3
0,

02
2

  1
1,

72
5

 
68

22
  1

9,
74

2

8
  1

0,
76

6
 

89
18

 
78

70
  2

0,
03

2
 

93
18

 
49

29
  2

2,
96

8
 

93
45

 
45

08
  1

5,
84

5

In
-p

er
so

n 
gr

ou
p 

co
ac

hi
ng

1
17

2,
30

6
15

8,
92

4
18

3,
78

4
12

9,
65

0
28

4,
59

2
12

3,
22

7
47

2,
54

3
  8

4,
59

5
12

6,
55

9
20

9,
15

5

2
  7

0,
34

0
  6

3,
90

1
  7

3,
42

4
  6

1,
08

2
12

2,
05

0
  4

7,
08

1
20

5,
05

6
  3

9,
51

2
  4

8,
51

8
  8

7,
89

6

3
  3

8,
67

6
  3

4,
46

0
  4

0,
02

3
  4

1,
69

5
  7

1,
59

0
  2

3,
48

7
12

1,
43

6
  2

4,
32

5
  2

4,
50

0
  5

0,
10

0

4
  2

3,
29

7
  2

0,
21

5
  2

1,
99

7
  3

4,
23

6
  4

6,
50

6
  1

2,
20

0
  7

9,
12

1
  1

6,
33

3
  1

3,
10

3
  3

1,
54

1

5
  1

4,
97

5
  1

2,
55

7
  1

2,
93

4
  2

4,
91

8
  3

2,
76

5
 

62
60

  5
5,

17
2

  1
1,

39
7

 
72

44
  2

1,
26

3

6
  1

0,
19

0
 

82
13

 
72

48
  1

9,
55

1
  2

4,
34

6
 

30
54

  3
9,

80
0

 
84

86
 

41
06

  1
5,

16
0

7
 

66
54

 
49

18
 

35
31

  1
6,

03
2

  1
8,

88
9

 
  3

62
  3

0,
32

6
‰

58
48

‰
15

07
  1

0,
88

3

8
 

40
31

 
24

77
 

  7
82

  1
3,

38
5

  1
4,

82
7

  −
16

32
  2

3,
26

2
 

38
45

 
−

40
2

76
97

a SA
1:

 in
te

rv
en

tio
ns

 w
er

e 
as

su
m

ed
 to

 b
e 

ef
fe

ct
iv

e 
af

te
r 

ye
ar

 3
 (

i.e
., 

ef
fe

ct
iv

en
es

s 
of

 in
-p

er
so

n 
in

di
vi

du
al

 p
ro

gr
am

 w
as

 1
0%

 in
 y

ea
r 

4,
 5

%
 in

 y
ea

r 
5,

 a
nd

 0
%

 th
er

ea
ft

er
; e

ff
ec

tiv
en

es
s 

of
 in

-p
er

so
n 

gr
ou

p 
pr

og
ra

m
 w

as
 6

%
 in

 y
ea

r 
4 

an
d 

0%
 th

er
ea

ft
er

; a
nd

 e
ff

ec
tiv

en
es

s 
of

 d
ig

ita
l i

nd
iv

id
ua

l p
ro

gr
am

 w
as

 5
%

 in
 y

ea
r 

4 
an

d 
0%

 th
er

ea
ft

er
);

 S
A

2:
 p

ar
tic

ip
an

ts
 a

ge
d 

<
65

 y
ea

rs
 o

nl
y;

 S
A

3:
 p

ar
tic

ip
an

ts
 a

ge
d 

≥6
5 

ye
ar

s 
on

ly
; S

A
4:

 u
se

d 
lo

w
er

-b
ou

nd
s 

of
 c

os
ts

 a
nd

 e
ff

ec
tiv

en
es

s 
of

 in
te

rv
en

tio
ns

; S
A

5:
 u

se
d 

up
pe

r-
bo

un
ds

 o
f 

co
st

s 
an

d 
ef

fe
ct

iv
en

es
s 

of
 in

te
rv

en
tio

n;
 S

A
6:

 e
st

im
at

ed
 th

e 
10

-y
ea

r 
co

st
s 

an
d 

he
al

th
 b

en
ef

its
; 

Diabet Med. Author manuscript; available in PMC 2022 October 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Park et al. Page 18
SA

7:
 e

st
im

at
ed

 th
e 

lif
et

im
e 

co
st

s 
an

d 
he

al
th

 b
en

ef
its

; S
A

8:
 c

os
ts

 a
nd

 Q
A

LY
s 

w
er

e 
di

sc
ou

nt
ed

 a
t 0

%
 p

er
 y

ea
r;

 S
A

9:
 c

os
ts

 a
nd

 Q
A

LY
s 

w
er

e 
di

sc
ou

nt
ed

 a
t 5

%
 p

er
 y

ea
r. 

T
2D

, t
yp

e 
2 

di
ab

et
es

; Q
A

LY
, 

qu
al

ity
-a

dj
us

te
d 

lif
e 

ye
ar

. 
 C

os
t-

ef
fe

ct
iv

e 
ba

se
d 

on
 $

50
,0

00
/Q

A
LY

 th
re

sh
ol

d

Diabet Med. Author manuscript; available in PMC 2022 October 18.


	Abstract
	INTRODUCTION
	METHODS
	Simulation samples
	Lifestyle change programs
	Program costs and effectiveness
	Simulation model
	Sensitivity analysis

	RESULTS
	Main analysis
	Sensitivity analysis

	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

