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ABSTR ACT
BACKGROUND: The Support, Health Information, Nutrition, and Exercise (SHINE) trial recently showed that a telephone adaptation of the Diabetes 
Prevention Program (DPP) lifestyle intervention was effective in reducing weight among patients with metabolic syndrome. The aim of this study is to 
determine whether a conference call (CC) adaptation was cost effective relative to an individual call (IC) adaptation of the DPP lifestyle intervention in the 
primary care setting.
METHODS: We performed a stochastic cost-effectiveness analysis alongside a clinical trial comparing two telephone adaptations of the DPP lifestyle 
intervention. The primary outcomes were incremental cost-effectiveness ratios estimated for weight loss, body mass index (BMI), waist circumference, 
and quality-adjusted life years (QALYs). Costs were estimated from the perspective of society and included direct medical costs, indirect costs, and 
intervention costs.
RESULTS: After one year, participants receiving the CC intervention accumulated fewer costs ($2,831 vs. $2,933) than the IC group, lost more weight 
(6.2 kg vs. 5.1 kg), had greater reduction in BMI (2.1 vs. 1.9), and had greater reduction in waist circumference (6.5 cm vs. 5.9 cm). However, participants 
in the CC group had fewer QALYs than those in the IC group (0.635 vs. 0.646). The incremental cost-effectiveness ratio for CC vs. IC was $9,250/QALY, 
with a 48% probability of being cost-effective at a willingness-to-pay of $100,000/QALY.
CONCLUSIONS: CC delivery of the DPP was cost effective relative to IC delivery in the first year in terms of cost per clinical measure (weight lost, BMI, 
and waist circumference) but not in terms of cost per QALY, most likely because of the short time horizon.

KEY WORDS: diabetes, diabetes prevention program, cost-effectiveness anlaysis

CITATION: Hollenbeak et al. cost-effectiveness of SHine: a telephone  
translation of the Diabetes Prevention Program. Health Services Insights  
2016:9 21–28 doi:10.4137/HSi.S39084.

TYPE: Original research

RECEIVED: February 5, 2016. RESUBMITTED: april 17, 2016. ACCEPTED FOR 
PUBLICATION: april 24, 2016.

ACADEMIC EDITOR: charles Phillips, editor in chief

PEER REVIEW: three peer reviewers contributed to the peer review report. reviewers’ 
reports totaled 1,085 words, excluding any confidential comments to the academic editor.

FUNDING: This study was funded by NIH/NIDDK R18-DK078553. The authors confirm 
that the funder had no influence over the study design, content of the article, or selection 
of this journal. 

COMPETING INTERESTS: lD discloses stock and stock options in Omada Health, 
stock options in Jana care, and personal fees received from Jana care. cH discloses 

consultancy fees received from SUnY Upstate Medical School, during the conduct of 
this study. Other authors disclose no potential conflicts of interest.

COPYRIGHT: © the authors, publisher and licensee libertas academica limited. 
this is an open-access article distributed under the terms of the creative commons 
cc-BY-nc 3.0 license.

CORRESPONDENCE: chollenbeak@psu.edu 

Paper subject to independent expert single-blind peer review. all editorial decisions 
made by independent academic editor. Upon submission manuscript was subject to 
anti-plagiarism scanning. Prior to publication all authors have given signed confirmation 
of agreement to article publication and compliance with all applicable ethical and legal 
requirements, including the accuracy of author and contributor information, disclosure of 
competing interests and funding sources, compliance with ethical requirements relating 
to human and animal study participants, and compliance with any copyright requirements 
of third parties. this journal is a member of the committee on Publication ethics (cOPe).

Published by libertas academica. learn more about this journal.

Introduction
Metabolic syndrome, which affects approximately 34% of 
adult Americans, is a condition that is defined by central 
obesity and at least two of the following conditions: elevated 
blood pressure, elevated fasting glucose, and dyslipidemia.1 
Those who have metabolic syndrome are at an increased risk 
for serious chronic illnesses, such as type 2 diabetes and car-
diovascular disease. A landmark intervention, the Diabetes 
Prevention Program (DPP), was designed to assess whether 
patients at high risk of developing type 2 diabetes, including 
those with metabolic syndrome, could decrease their risk by 
losing weight. Results showed that those who lost a signifi-
cant amount of weight (the goal was 7% of their body weight) 
were able to decrease their risk of type 2 diabetes three years 
later by 58%.2,3

The weight loss program developed for the DPP, known as 
the “Lifestyle Balance Program,” helped individuals decrease 

their fat and calorie intake and increase their activity level. 
This program, based on key elements of successful behavioral 
weight-loss interventions, has been adapted and successfully 
translated to different settings and patient groups to increase 
reach and decrease cost.4,5

Our research team recently reported significant weight 
reduction in a DPP translation conducted by telephone, 
called Support, Health Information, Nutrition, and Exercise 
(SHINE).6,7 DPP translations are commonly conducted in a 
group setting, with the assumption being that a group inter-
vention is less costly, and potentially more cost effective, than 
an individual intervention. However, this assumption has not 
been tested. In SHINE, we compared an individual call (IC) 
to a conference call (CC) adaptation of the DPP. SHINE also 
had two key elements that could affect cost: (1) the interven-
tionists were primary care staff who had never delivered a 
weight loss intervention, and were trained to do so for SHINE 
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and (2) the intervention was delivered over the telephone to 
make it convenient and accessible to individuals who are 
unable to attend in-person sessions, due to age, disability, 
geography, or personal circumstances.

Details of the SHINE trial have been reported 
previously.6 To summarize results, both intervention arms lost 
significant amounts of weight after 1 year (IC: -4.6 ± 17.6 kg; 
CC: -4.9  ±  17.7  kg). The intervention continued during a 
second year, and after two years, those receiving IC began 
to regain (IC: -2.2  ±  14.2  kg), a common result in weight 
loss trials, while those receiving CC continued to lose 
(-6.2 ± 14.3 kg). Patients were followed up for a third year 
with no intervention to measure maintenance of weight loss, 
and again, the IC group continued to regain, though their 
weight remained significantly lower than baseline while the 
CC group maintained their weight loss.7 The purpose of this 
study was to assess whether the CC intervention was cost 
effective relative to the IC intervention.

Methods
Study participants and procedures. Methods and pro-

cedures for the SHINE trial have been reported in detail 
previously.6 We provide an overview here. Study partici-
pants were recruited from July 2007 through November 
2009 in five diverse primary care practice sites in upstate 
New York.6 Potential participants were identified from a 
diagnosis of metabolic syndrome in their electronic medi-
cal record and were sent a recruitment letter, with all pri-
mary care providers granting their approval to reach out to 
their patients. Of 938 potential participants who were sent 
recruitment letters, 331 were assessed for eligibility and 257 
were randomized to CC (n  =  128) or IC (n  =  129) inter-
ventions (the CONSORT diagram has been published pre-
viously).6 The cost-effectiveness analysis presented here is 
derived from the first-year assessments. After the first year, 
only 53 CC patients and 54 IC patients had recorded com-
plete costs in their diaries, which forms the sample used in 
the analysis. At baseline, participants did not differ on any 
demographic characteristics. Their mean age was 52 years, 
75% were female, their mean body mass index (BMI) was 
39 kg/m2, 85% were non-Hispanic white, and approximately 
40% had incomes less than $40,000/year. Outcomes (pri-
mary outcomes were changes in weight and waist circum-
ference) were assessed after one, two, and three years by a 
research nurse blinded to group assignment. This study was 
approved by the Institutional Review Board (IRB) of the 
SUNY Upstate College of Medicine and complies with 
the Declaration of Helsinki. Patients gave their written, 
informed consent to participate in the research.

Interventions. After randomization, subjects partici-
pated in 16 sessions of the DPP lifestyle intervention core 
curriculum (weekly for five weeks, then monthly) during the 
first year. A primary care provider staff member was pro-
vided with detailed scripts and was trained to deliver the 

intervention. These sessions were augmented by monthly calls 
with a dietitian coach for individualized problem solving. 
Subjects also completed a second year of monthly contact with 
educators. The content of both interventions was the same: 
a behavioral weight loss intervention that targeted decreased 
fat and calories, and increased activity, with goal-setting, 
self-monitoring, activity and dietary changes, and problem-
solving. For the CC intervention, educators were trained and 
prompted to engage all group members in the discussions.

Costs. Costs were estimated from the perspective of 
society in US dollars as it prevailed in 2013 and included 
medical care costs, program costs, intervention costs, and indi-
rect costs. Medical costs included physician office visits and 
inpatient hospital stays, which were obtained from surveys and 
valued at the average cost per day for the state of New York8 
and the average reimbursement for a family practice internal 
medicine office visit in the United States.9 Program costs were 
costs incurred by patients for participating in the program and 
included costs for cooking equipment, exercise equipment, food 
and groceries and fitness programs, such as gym memberships. 
These were obtained from surveys at baseline and one year fol-
lowing the start of the interventions. Intervention costs were 
estimated from billing records and included the cost of educa-
tors and coaches, cell phone costs for the IC intervention, CC 
costs for the CC intervention, and shipping costs for materials. 
Indirect costs were assessed by assuming that each hospital day 
resulted in a loss of eight hours of full-time work, and each 
office visit resulted in a loss of two hours of work. In addition, 
each hour spent on the phone participating in the program or 
working with a coach was counted as an hour of productiv-
ity lost. These lost hours were valued at the self-reported wage 
for each participant. For participants who were not working or 
retired, the lost hours were valued at the minimum wage for 
the state of New York ($8.00 per hour).10 Total costs were com-
puted as the sum of all Medicare costs, program costs, inter-
vention costs, and indirect costs for each patient. Univariate 
comparisons of costs were made using Student’s t-tests.

Effectiveness. We studied four measures of effective-
ness for the stochastic cost-effectiveness analysis: quality-
adjusted life years (QALYs), weight lost (in kilogram), 
reduction in waist circumference (in centimeter), and reduc-
tion in BMI (per kg/m2). QALYs were estimated from the 
self-administered Quality of Well-being (QWB) scale.11,12 
The QWB is a 71-item multi-attribute utility instrument 
that was calibrated to community preferences and has been 
used previously to study utilities in diabetes.13 Scoring the 
QWB for utility involved aggregating sections summarizing 
acute and chronic symptoms, self care and mobility, physical 
activity, and self care and usual activity. These sections are 
weighted, yielding utility values that indicate the patient’s 
preference for her current health state. The QWB was admin-
istered at baseline and one year following the intervention. 
Utilities estimated from the QWB were multiplied by the 
life years of each patient in the post-intervention period to 
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estimate QALYs. Univariate comparisons of effectiveness 
measures were made using Student’s t-tests.

Cost-effectiveness analysis. Cost-effectiveness was 
deter mined by estimating the incremental cost-effectiveness 
ratio (ICER).14 Four ICERs were estimated: (1) incremental 
cost per QALYs gained, (2) incremental cost per centime-
ter of waist circumference reduced, (3) incremental cost per 
kilogram of weight lost, and (4) incremental cost per unit of 
BMI lost. ICERs were not computed when an intervention 
was both less costly and more effective, as such interventions 
are cost effective regardless of the ICER.

Stochastic cost-effectiveness analysis was used to char-
acterize the uncertainty of the cost-effectiveness results and 
estimate a 95% confidence ellipse around the ICER.15 The 
bootstrap method re-sampled the data 10,000 times with 
replacement and computed the ICER for each replicate. From 
the bootstrap samples, we estimated the probability that CC 
intervention was cost-effective relative to the IC interven-
tion for a given willingness-to-pay threshold. In addition, we 
computed cost-effectiveness acceptability curves (CEACs), 
which plot the probability that the CC was cost-effective rela-
tive to the IC intervention over a reasonable range of levels of 
willingness-to-pay.16 All stochastic cost-effectiveness analyses 
were performed using R statistical software (version 3.1.1, 
http://www.r-project.org).

Results
Characteristics of CC (n = 53) and IC (n = 54) patients are pre-
sented in Table 1. The characteristics of participants were well 
balanced, with the exception of gender; 64.2% of participants 
in the CC group were female, while 81.5% of participants in 
the IC group were female (P = 0.04).

A summary of costs is presented in Table 2. The majority 
of costs incurred during the one year following the interven-
tion were for medical care, including office visits and inpatient 
hospital days. Participants in the CC group had slightly more 
office visits (4.98 vs. 2.87), but they also had slightly fewer 
hospital days (0.6 vs. 0.94). Total costs for medical care were 
$1,967 (range: $0–44,194) for those in the CC group and 
$2,299 (range: $0–79,108) for those in the IC group. Program 
costs, including expenditures on equipment, groceries, and 
health programs were slightly higher for the CC group, largely 
because of more spending on fitness and health programs. The 
intervention costs for the CC group were substantially higher 
($218.32 vs. $66.45). Most of this difference was additional 
spending on educators and telephone costs. The bridging 
technology to host CCs was more expensive than individual 
cell phones for subjects. Indirect costs for time lost from work 
were slightly higher for CC subjects ($132.66 vs. $94.51, 
P  =  0.37). Most of the difference in indirect costs was due 
to a greater number of physician office visits. Average total 
costs per patient were $2,831 (range: $308–46,306) for the 
CC group subjects and $2,933 (range: $248–79,281) for the 
IC group (P = 0.95).

Baseline cost effectiveness results are presented in Table 3. 
The CC approach yielded better clinical outcomes. Participants 

Table 1. Summary of characteristics of subjects receiving cc and ic 
interventions.

VARIABLE INTERVENTION GROUP P-VALUE

CC (n = 53) IC (n = 54)

age (Mean [SD]) 55.2 [11.8] 54.0 [11.1] 0.26

gender (%) 0.044

Male 35.8% 18.5%

Female 64.2% 81.5%

race/ethnicity (%) 0.89

White non-Hispanic 86.8% 90.7%

Black 9.4% 9.3%

Hispanic 3.8% 0.0%

Marital status (%) 0.35

Single 24.5% 18.5%

Married 54.7% 57.4%

Divorced 13.2% 14.8%

Widowed 7.5% 9.3%

Abbreviations: ic, individual call; cc, conference call.

Table 2. Summary of costs for participants in the cc and ic 
interventions.

VARIABLE INTERVENTION GROUP P-VALUE

CC (n = 53) IC (n = 54)

Medical care

Office visits 4.98 2.87

Hospital days 0.60 0.94

total medical care costs $1,966.79 $2,298.96 0.85

Program costs

cooking equipment $35.04 $30.37

exercise equipment $52.68 $47.78

Food/groceries $349.63 $352.23

Fitness/health programs $75.96 $43.06

total program costs $513.31 $473.44 0.55

intervention costs

educators $97.23 $11.86

coaches $20.37 $20.37

telephone $96.94 $30.44

Shipping $3.78 $3.78

total intervention costs $218.32 $66.45 0.0001

indirect costs

time lost from work (hours) 14.79 13.30

total indirect costs $132.66 $94.51 0.37

total one year costs $2,831.08 $2,933.35 0.95

Abbreviations: ic, individual call; cc, conference call.
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who received the CC intervention reduced their waist 
circumference by a mean of 6.5 cm, compared to 5.9 cm for 
those who received the IC intervention (P = 0.69). CC partici-
pants also lost a mean of 6.2 kg of weight, while IC participants 
lost 5.1  kg (P  =  0.48). And those in the CC group reduced 
their BMI by a mean of 2.1 units, while those in the IC group 
reduced their BMI by 1.9 units (P = 0.62).

These improvements in clinical outcomes did not trans-
late into more QALYs. Participants in the CC group achieved 
0.635 QALYs and participants in the IC group achieved 
0.646 QALYs. The incremental cost-effectiveness ratio was 
$9,250 per additional QALY, which does not reach a thresh-
old of cost-effectiveness. The CC intervention, however, 
dominated the IC approach in terms of the clinical measures, 
achieving better outcomes at a lower cost.

There was substantial uncertainty surrounding the 
ICERS. As seen in Figure 1, even if a decision maker was 
willing to accept $100,000 per additional QALY lost, the 
CEAC suggests that the probability that the CC interven-
tion is cost effective was only 48%. The CEAC for weight loss 
suggested that the probability that the CC intervention is cost 

effective was over 85%, even if the decision maker was willing 
to pay as little as $8,000 per additional kilogram of weight 
lost (Fig. 2). A similar result was achieved for waist circum-
ference (Fig. 3). Even if a decision maker was willing to pay 
no more than $14,000 per additional centimeter of waist 
circumference reduced the probability that the CC interven-
tion is cost-effective is nearly 80%. Finally, if the decision 
maker was willing to pay $15,000 per additional unit of BMI 
lost, the probability that the CC intervention is cost effective 
was more than 80% (Fig. 4).

Discussion
These results suggest that the CC intervention was cost 
effective in terms of clinical measures (weight lost, waist cir-
cumference reduced, and BMI reduced) but not in terms of 
QALYs; although given the relatively small sample, these 
results should be considered suggestive. The most obvious 
explanation for this finding is the short time horizon of the 
data analyzed. We may not expect that the mode of delivery of 
the DPP lifestyle intervention would impact either length of 
life or quality of life over a very short one-year time horizon. 

Table 3. Summary of costs and cost-effectiveness for cc and ic interventions.

OUTCOME MEASURE CC IC DIFFERENCE ICER

costs (2013 USD) $2,831.08 $2,933.35 -$102.27

QalY (one-year only) 0.64 0.65 -0.011 $9,249.68

reduction in waist circumference (cm) 6.53 5.85 0.68 (Dominant)

reduction in weight (kg) 6.21 5.09 1.11 (Dominant)

reduction in BMi (kg/m2) 2.14 1.86 0.28 (Dominant)

Abbreviations: ic, individual call; cc, conference call.
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Some evidence that supports this comes from Ackermann 
et al, who measured utilities in 3,064 patients in a clinical trial 
comparing outcomes for the DPP lifestyle intervention rela-
tive to a metformin strategy and placebo.17 They found that 
differences between patients were largely driven by weight 
changes independent of treatment, and that even the weight 
change–related effects were very small (0.007 per 5  kg of 
weight lost). Although they measured utilities using a different 
instrument than we did, this result suggests that we should not 
expect to see large differences in utilities or QALYs between 
the CC and IC interventions. We do expect, however, that if 

the gains made in clinical endpoint are sustained (weight lost, 
waist circumference reduced, and BMI reduced), then in the 
future, cardiovascular events will be avoided more for the CC 
group than the IC group, which would be manifest in larger 
differences in both quantity and quality of life. And we note 
that weight loss was maintained at three years (even with no 
intervention for the third year) for the CC group, while the IC 
group regained.7

There is a substantial amount of evidence that the 
DPP lifestyle intervention is cost effective.18 The DPP 
Research group, for example, conducted a cost-effectiveness 
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Figure 2. Plot of 10,000 bootstrap replicates of the incremental cost per kilogram of weight reduced and cost-effectiveness acceptability curve for cc 
relative to ic intervention.
Abbreviations: ic, individual call; cc, conference call.
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analysis alongside a clinical trial to compare the DPP life-
style intervention relative to metformin and placebo.19 
Over three years, they estimated an ICER from a societal 
perspective of $51,600 (year 2000 US dollars) per incremental 
QALY for DPP relative to placebo. This study used the same 
instrument that we used to estimate utilities and QALYs and 
reported similar but slightly higher utilities (0.692–0.703) 
relative to ours. Interestingly, Herman et al report a 10-year 
follow-up cost-effectiveness analysis using adherent patients 
from the DPP Research Group trial.20 The ICER for the 
DPP intensive lifestyle intervention was $19,998 (year 2010 
US dollars) per additional QALY, suggesting that the lifestyle 
intervention remains cost effective 10 years after the start of 
the intervention.

Most studies of the longer-term cost-effectiveness of 
the DPP are derived from Markov models of diabetes pre-
vention. Herman et al report a cost-effectiveness analysis 
of the DPP lifestyle intervention relative to metformin and 
placebo using a Markov model.21 The model is an adaptation 
of an earlier model that was parameterized using data from 
the DPP trial and other sources.22 This model suggests that 
over a patient’s lifetime, the DPP lifestyle intervention has an 
ICER of $1,114 (year 2000 US dollars) per additional QALY 
gained, which is well below the thresholds usually cited for 
cost-effectiveness.23 Eddy et al use the Archimedes model, a 
validated, trial-based simulation model, to estimate the cost-
effectiveness of the DPP lifestyle intervention over a 30-year 
time horizon.24,25 From a societal perspective, the ICER was 
$62,600 (year 2000 US dollars) per QALY gained relative to 
no intervention. There is also evidence from European models 
that suggests that the DPP lifestyle intervention is cost effec-
tive in European populations.26

There have been several adaptations of the DPP lifestyle 
intervention. It has been adapted for group interventions, for 
sustainability in communities, for minority populations, and for 
telephone delivery.6,27,28 The DPP Research Group combined 
data from the DPP study and the DPP Outcomes Study to 
extrapolate cost-effectiveness of an adaptation to group delivery 
of the DPP lifestyle intervention.29 From a societal perspective, 
the DPP was cost effective, with a (discounted) ICER of 
$14,365 per additional QALY gained relative to placebo. Smith 
et al also report the cost-effectiveness of a Markov model group 
delivery adaptation of the DPP lifestyle intervention.30 They 
report an ICER of $3,420 (year 2000 US dollars) per additional 
QALY gained over a three-year horizon.

There are a few important limitations to this study. The 
most important limitation is the small sample size. Cost and 
resource utilization data, which were self reported, were missing 
for more than half of patients at the end of year one. Clinical 
endpoints appeared similar for the subset of patients with 
cost and resource utilization data, but power was substantially 
reduced. We therefore interpret our results with caution. While 
at mean values the ICERs suggest that CC is cost effective, the 
small sample and relatively low power make these result sug-
gestive at best. The second important limitation was the short 
time horizon, which in part stems from the missing cost data. 
This limitation could be overcome in one of two ways: (1) with 
additional follow-up beyond one year and (2) with a model 
that extrapolates findings beyond one year. In fact, the trial did 
collect data on biological endpoints over three years. However, 
response rates for resource utilization dropped steadily over the 
follow-up period. A future study will use the clinical results 
observed in our analysis to parameterize a Markov model and 
extend our results beyond one year. Another limitation is the 

Figure 4. Plot of 10,000 bootstrap replicates of the incremental cost per unit of BMi reduced and cost-effectiveness acceptability curve for cc relative to 
ic intervention.
Abbreviations: ic, individual call; cc, conference call.
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fact that in spite of randomization, there remained significant 
differences in the distribution of sex between the two groups. 
In fact, Weinstock et al reported that there was no significant 
difference in the sex distribution for the full sample. How-
ever, men were less likely to complete the cost surveys, and 
were therefore less likely to be included in this study.

In conclusion, these results suggest that CC delivery of 
the DPP lifestyle intervention is cost effective in terms of cost 
per additional gains in clinical endpoints (waist circumfer-
ence, weight lost, and BMI reduced), but it is not cost effective 
in terms of cost per QALY gained, most likely because of the 
relatively short one-year time horizon of the study. However, 
it should be recognized that there remains substantial 
uncertainty about these results. Given the need to identify 
effective weight loss interventions for patients at risk for 
diabetes that are sustainable, these findings may hold promise 
since they suggest that waist circumference, weight loss, and 
BMI reductions can be achieved at a marginally lower cost by 
delivering the DPP with group CCs and trained primary care 
staff rather than more costly health care providers.

Novelty Statement
•	 This study estimated the cost-effectiveness of a confer-

ence call adaptation of the Diabetes Prevention Pro-
gram (DPP) lifestyle intervention to an individual call 
adaptation.

•	 Conference call delivery of the DPP was cost effective 
relative to individual call delivery in the first year in 
terms of cost per clinical measure (weight lost, BMI, and 
waist circumference).

•	 Conference call delivery was not cost effective in terms 
of cost per QALY, most likely because of the short time 
horizon.

Acknowledgments
The authors would like to thank the patients and primary 
care staff educators and coaches who participated in the 
interventions, as well as the primary care physicians who sup-
ported their work. We would also like to thank Jane Bulger 
MS and Philip C. Morin MS who provided skilled oversight 
of the project.

Trial Registration
ClinicalTrials.gov number NCT00749606.

Author Contributions
Conceived and designed the experiments: CSH, PMT, and 
RSW. Analyzed the data: CSH and DC. Wrote the first draft 
of the manuscript: CSH, PMT, and RSW. Contributed to 
the writing of the manuscript: CSH, PMT, RSW, DC, and 
LMD. Agree with manuscript results and conclusions: CSH, 
PMT, RSW, DC, and LMD. Jointly developed the structure 
and arguments for the paper: CSH, PMT, and RSW. Made 

critical revisions and approved final version: CSH, PMT, 
RSW, DC, and LMD. All authors reviewed and approved of 
the final manuscript

REFERENCES
 1. Mozumdar A, Liguori G. Persistent increase of prevalence of metabolic syn-

drome among U.S. adults: NHANES III to NHANES 1999–2006. Diabetes 
Care. 2011;34(1):216–219.

 2. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence 
of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med. 2002; 
346(6):393–403.

 3. Knowler WC, Fowler SE, Hamman RF, et al. 10-year follow-up of diabetes 
incidence and weight loss in the Diabetes Prevention Program Outcomes Study. 
Lancet. 2009;374(9702):1677–1686.

 4. Ali MK, Echouffo-Tcheugui J, Williamson DF. How effective were lifestyle 
interventions in real-world settings that were modeled on the Diabetes Preven-
tion Program? Health Aff (Millwood). 2012;31(1):67–75.

 5. Boltri JM, Davis-Smith M, Okosun IS, Seale JP, Foster B. Translation of the 
National Institutes of Health Diabetes Prevention Program in African American 
churches. J Natl Med Assoc. 2011;103(3):194–202.

 6. Weinstock RS, Trief PM, Cibula D, Morin PC, Delahanty LM. Weight loss 
success in metabolic syndrome by telephone interventions: results from the 
SHINE Study. J Gen Intern Med. 2013;28(12):1620–1628.

 7. Trief PM, Weinstock RS, Cibula D, Delahanty LM. Sustained weight loss one 
year after group telephone intervention: 3-year results from the SHINE study. 
Diabetes Res Clin Pract. 2014;106(3):e74–e78.

 8. Kaiser Family Foundation. Hospital Adjusted Expenses per Inpatient Day. Menlo 
Park, CA: The Henry J. Kaiser Family Foundation; 2012.

 9. Davis K, Carper K. Use and Expenses for Office-Based Physician Visits by Spe-
cialty, 2009: Estimates for the U.S. Civilian Noninstitutionalized Population. 
Rockville, MD: Agency for Healthcare Research and Quality; 2012. [Report 
No.: 381].

 10. New York State Department of Labor. Labor Standards. Albany, NY: New York 
State Department of Labor; 2013.

 11. Anderson JP, Bush JW, Berry CC. Classifying function for health outcome and 
quality-of-life evaluation. Self- versus interviewer modes. Med Care. 1986;24(5): 
454–469.

 12. Kaplan RM, Atkins CJ, Timms R. Validity of a quality of well-being scale as 
an outcome measure in chronic obstructive pulmonary disease. J Chronic Dis. 
1984;37(2):85–95.

 13. Tabaei BP, Shill-Novak J, Brandle M, Burke R, Kaplan RM, Herman WH. 
Glycemia and the quality of well-being in patients with diabetes. Qual Life Res. 
2004;13(6):1153–1161.

 14. Hollenbeak CS, Dillon PW. An introduction to economic evaluation for pediat-
ric surgeons. Semin Pediatr Surg. 2002;11(1):55–59.

 15. Briggs AH, Wonderling DE, Mooney CZ. Pulling cost-effectiveness analysis up 
by its bootstraps: a non-parametric approach to confidence interval estimation. 
Health Econ. 1997;6(4):327–340.

 16. Lothgren M, Zethraeus N. Definition, interpretation and calculation of cost-
effectiveness acceptability curves. Health Econ. 2000;9(7):623–630.

 17. Ackermann RT, Edelstein SL, Narayan KM, et al. Changes in health state utili-
ties with changes in body mass in the Diabetes Prevention Program. Obesity (Sil-
ver Spring). 2009;17(12):2176–2181.

 18. Wylie-Rosett J, Herman WH, Goldberg RB. Lifestyle intervention to prevent 
diabetes: intensive and cost effective. Curr Opin Lipidol. 2006;17(1):37–44.

 19. Diabetes Prevention Program Research Group. Within-trial cost-effectiveness 
of lifestyle intervention or metformin for the primary prevention of type 2 diabe-
tes. Diabetes Care. 2003;26(9):2518–2523.

 20. Herman WH, Edelstein SL, Ratner RE, et al. Effectiveness and cost-effectiveness 
of diabetes prevention among adherent participants. Am J Manag Care. 2013; 
19(3):194–202.

 21. Herman WH, Hoerger TJ, Brandle M, et al. The cost-effectiveness of lifestyle 
modification or metformin in preventing type 2 diabetes in adults with impaired 
glucose tolerance. Ann Intern Med. 2005;142(5):323–332.

 22. CDC Diabetes Cost-Effectiveness Group. Cost-effectiveness of intensive glyce-
mic control, intensified hypertension control, and serum cholesterol level reduc-
tion for type 2 diabetes. JAMA. 2002;287(19):2542–2551.

 23. Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness—the 
curious resilience of the $50,000-per-QALY threshold. N Engl J Med. 2014; 
371(9):796–797.

 24. Eddy DM, Schlessinger L, Kahn R. Clinical outcomes and cost-effectiveness of 
strategies for managing people at high risk for diabetes. Ann Intern Med. 2005; 
143(4):251–264.

http://www.la-press.com
http://www.la-press.com/health-services-insights-journal-j117
https://ClinicalTrials.gov


Hollenbeak et al

28 HealtH ServiceS inSigHtS 2016:9

 25. Eddy DM, Schlessinger L. Archimedes: a trial-validated model of diabetes. 
Diabetes Care. 2003;26(11):3093–3101.

 26. Johansson P, Ostenson CG, Hilding AM, Andersson C, Rehnberg C, Tillgren P. 
A cost-effectiveness analysis of a community-based diabetes prevention program 
in Sweden. Int J Technol Assess Health Care. 2009;25(3):350–358.

 27. Ackermann RT, Marrero DG. Adapting the diabetes prevention program life-
style intervention for delivery in the community: the YMCA model. Diabetes 
Educ. 2007;33(1):69, 74–75, 77–78.

 28. Cramer JS, Sibley RF, Bartlett DP, Kahn LS, Loffredo L. An adaptation of 
the diabetes prevention program for use with high-risk, minority patients with 
type 2 diabetes. Diabetes Educ. 2007;33(3):503–508.

 29. Diabetes Prevention Program Research Group. The 10-year cost-effectiveness 
of lifestyle intervention or metformin for diabetes prevention: an intent-to-treat 
analysis of the DPP/DPPOS. Diabetes Care. 2012;35(4):723–730.

 30. Smith KJ, Hsu HE, Roberts MS, et al. Cost-effectiveness analysis of efforts 
to reduce risk of type 2 diabetes and cardiovascular disease in southwestern 
Pennsylvania, 2005–2007. Prev Chronic Dis. 2010;7(5):A109.

http://www.la-press.com
http://www.la-press.com/health-services-insights-journal-j117

