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OBJECTIVE

To assess the cost-effectiveness (CE) of an intensive lifestyle intervention (ILI)
compared with standard diabetes support and education (DSE) in adults with
overweight/obesity and type 2 diabetes, as implemented in the Action for Health
in Diabetes study.

RESEARCH DESIGN AND METHODS

Data were from 4,827 participants during their first 9 years of study participation
from 2001 to 2012. Information on Health Utilities IndexMark 2 (HUI-2) and HUI-3,
Short-Form 6D (SF-6D), and Feeling Thermometer (FT), cost of delivering the
interventions, and health expenditures was collected during the study. CE was
measured by incremental CE ratios (ICERs) in costs per quality-adjusted life year
(QALY). Future costs and QALYs were discounted at 3% annually. Costs were in
2012 U.S. dollars.

RESULTS

Over the 9 years studied, the mean cumulative intervention costs and mean
cumulative health care expenditures were $11,275 and $64,453 per person for ILI
and $887 and $68,174 for DSE. Thus, ILI cost $6,666 more per person than DSE.
Additional QALYs gained by ILI were not statistically significant measured by the
HUIs and were 0.07 and 0.15, respectively, measured by SF-6D and FT. The ICERs
ranged from no health benefit with a higher cost based on HUIs to $96,458/QALY
and $43,169/QALY, respectively, based on SF-6D and FT.

CONCLUSIONS

Whether ILI was cost-effective over the 9-year period is unclear because different
health utility measures led to different conclusions.

For people with type 2 diabetes and overweight or obesity, modest and sustained
weight loss can produce numerous clinical benefits, such as improving glycemic
controls, lowering blood pressure, and improving quality of life (1,2). Weight loss can
lead to economic benefits by reducing the need for health care and medications for
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glucose, lipid, and blood pressure control
(3,4). Weight loss can be achieved with
intensive behavioral lifestyle interven-
tion programs that include counseling
focused on diet and physical activity (1).
The American Diabetes Association rec-
ommends diet, physical activity, and be-
havioral interventions designed to achieve
5% weight loss for people with type 2
diabetes and overweight or obesity (5).
The U.S. Preventive Services Task Force
recommends diet and physical activity
counseling for people with unhealthy
weight with known risk factors for car-
diovascular disease (CVD), such as type 2
diabetes, high blood pressure, and un-
healthy cholesterol levels, or with a pre-
vious CVD event (6).
Delivering behavioral lifestyle inter-

vention programs to a targeted popula-
tion, however, can be challenging and
may require both health care and non–
health care resources. For example, in
the Diabetes Prevention Program (DPP),
the intensive lifestyle program cost
$2,780/person over the 3 years of the
program. This did not include ancillary
expenses such as transportation and
childcare (7). Improving dietary intake and
increasing physical activity could also in-
cur additional costs toparticipants in term
of food and exercise expenses (7). There is
limited evidence on whether the benefits
of lifestyle interventions in persons with
type 2 diabetes are worth the costs.
Cost-effectiveness (CE) analysis is an

analytical framework that weighs health
and economic benefits with costs of an
intervention relative to status quo or
another intervention. Such analysis is
often used to evaluate an intervention to
see if it is worthwhile, as judged by the
societal willingness to pay for a health
outcome. The result of the CE analysis is

often expressed as an incremental CE
ratio (ICER), which is calculated as the
difference in net costsmeasured in dollar
terms divided by the gain in health out-
comes such as quality-adjusted life years
(QALYs). A QALY is a single global out-
come measure that combines changes
in both mortality (measured in life years)
and morbidity (measured in patient
health-related quality of life or health
utility) due to the program. Health utility
values normally range from 1, represent-
ing “full” health, to 0, representing
death. A value of between 1 and 0 rep-
resents a “not full” health state. One
QALY is equal to 1 year of life with full
health. The purpose of theQALYmethod is
to normalize health outcomes resulting
from different interventions across dis-
eases, thereby making it possible to com-
pare interventions.

CEofbehavioral lifestyle intervention
programs designed to produce weight
loss in people with type 2 diabetes
is often evaluated based on a single
short-term outcome such as body weight
loss (8). Whether such programs are
cost-effective based on global outcome
measures like QALY is unclear. Only one
study (9) estimated the CE of lifestyle
modification in people with type 2
diabetes. This study projected the
long-term health and economic con-
sequences of seven lifestyle intervention
programs using a computer simulation
model in a Dutch setting. Two programs
that aimed at weight reduction were
found to be cost-effective at a cost
of #V20,000 (;$23,000 U.S.)/QALY.
However, the effectiveness of the two
programs was based on data observed
over 1 year. For the simulation, several
assumptions had to be made on how
the short-term effects on biomarkers

would translate into long-term morbid-
ity and mortality outcomes. Whether
these assumptions can be supported by
evidence from long-term clinical trials or
follow-up of short-term trials is unclear.
In contrast, CE analysis that uses data
directly observed from long-termclinical
trials does not require such assumptions
andcanalsobeusedtovalidatetheresults
from the modeling studies.

The 16-center Look AHEAD (Action for
Health in Diabetes) study was a random-
ized, controlled clinical trial of 5,145 U.S.
adults aged 45–76 years with type 2
diabetes and either overweight or obe-
sity. Participants were randomized to an
intensive lifestyle intervention (ILI) de-
signed to induce and maintain weight
loss through reduced energy intake and
increased physical activity or standard
diabetes support and education (DSE).
The primary outcome was a composite
of cardiovascular morbidity and mortal-
ity. The trial started in 2001 and was
stopped for futility after a median
(maximal) follow-up of 9.6 (11.5) years.
In this report, we evaluate the CE of
the ILI compared with DSE during the
trial.

RESEARCH DESIGN AND METHODS

Study Population
Characteristics of the Look AHEAD
study participants are detailed else-
where (9). We used data from 4,827
participants over the first 9 years of
the intervention period (cost data
from one study site and outcome data
at year 10 were not available for many
study participants). Eligible participants
had BMI .25 kg/m2 (or .27 kg/m2

if receiving insulin therapy). All partic-
ipants signed a consent form ap-
proved by their local institutional review
board.

16Department of Health and Physical Activity,
University of Pittsburgh, Pittsburgh, PA
17Division of Diabetes, Endocrinology and Metab-
olism, Department of Medicine, University of Min-
nesota Medical School, Minneapolis, MN
18National Institute of Diabetes and Digestive
and Kidney Diseases, Phoenix, AZ
19Department of Medicine, University of Pitts-
burgh, Pittsburgh, PA
20Department of Epidemiology, School of Public
Health, University of Alabama at Birmingham,
Birmingham, AL
21Indian Health Service, Shiprock, NM
22Diabetes Research Center, Massachusetts
General Hospital, Boston, MA

23Department of Medicine, St. Luke’s-Roosevelt
Hospital Center, Columbia University, New York,
NY
24Houston Methodist Research Institute, Baylor
College of Medicine, Houston, TX
25Division of Endocrinology and Diabetes, Keck
School of Medicine of the University of Southern
California, Los Angeles, CA
26Center for Weight and Eating Disorders, Uni-
versity of Pennsylvania, Philadelphia, PA
27Department of Medicine, School of Medicine,
University of Colorado Anschutz Medical Cam-
pus, Aurora, CO

Corresponding author: Ping Zhang, paz2@cdc
.gov

Received 28 February 2020 and accepted 7
October 2020

Clinical trial reg. no. NCT00017953, clinicaltrials
.gov

This article contains supplementary material online
at https://doi.org/10.2337/figshare.13084802.

*A complete list of the members of the Look
AHEAD Research Group can be found in the
supplementary material online.

© 2020 by the American Diabetes Association.
Readersmayuse this article as long as thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.

68 Lifestyle Interventions in Type 2 Diabetes Diabetes Care Volume 44, January 2021

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/44/1/67/532462/dc200358.pdf by guest on 10 April 2024

mailto:paz2@cdc.gov
mailto:paz2@cdc.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
https://doi.org/10.2337/figshare.13084802
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license


Interventions
The goal of the ILI was to achieve and
maintain at least a 7% decrease inweight
frombaseline. Details of the intervention
havebeendescribedpreviously (10).Briefly,
for the first 6 months, participants at-
tended one individual and three group
sessions per month and were encour-
aged to replace two meals and one snack
a day with liquid shakes and meal bars.
Duringthesecond6months, theyattended
one individual and two group meetings
per month and continued to replace one
mealperday. Inyears2–4, treatmentwas
provided mainly on an individual basis
and included at least one on-site visit per
month and a second contact by telephone,
mail, or e-mail. Short-term (6–8 weeks)
refresher groups andmotivational health
promotion campaigns also were offered
three times yearly to help participants
reverse small weight gains. In subsequent
years, participants were offered monthly
individual visits, as well as one refresher
groupsessionandonecampaignayear.To
help participants achieve and maintain
weight loss, a variety of diet strategies
(e.g., prepared meals and liquid formula),
exercise strategies, and the optional weight
loss medication orlistat were used based
on a preset algorithm and participant
progress. Participants in DSE were offered
three group sessions each year focusing on
diet, physical activity, and social support.
Regular medical care was provided by the
participant’s own physician in both groups.

CE Analysis
The ICER of ILI relative to DSE was calcu-
lated as the incremental cost divided by
incremental effectiveness. The methods
used and the findings related to both the
incremental cost and incremental effec-
tiveness have been published previously
(4,11,12)andaredescribedbrieflybelow.
We took a health care system perspec-
tive, considering the direct medical costs
only. Analyses followed intention-to-treat
principles and used all available data.
Participants were included in their ran-
domization group regardless of adher-
ence. We estimated the 95% CI of ICER
using bootstrapping method. We used a
threshold of $100,000/QALY, an amount
of willingness to pay for 1 year of life with
“perfect” health (13), to judge the CE of ILI.

Incremental QALYs From ILI
As noted above, themethods and results
of the comparison of ILI over DSE in

health utility have been reported pre-
viously (11). In brief, four instruments
were used to assess health utility value:
the Feeling Thermometer (FT), Health
Utilities IndexMark 2 (HUI-2), HUI-3, and
Short-Form 6D (SF-6D). For FT scores,
individual respondentswere asked to rate
their current health on a vertical ther-
mometer-like scale with scores ranging
from0, representingworst possiblehealth,
to 100, representing best possible health.
The reported minimally important differ-
ence (MID) for FT was between 0.061 and
0.074 (14). HUI-2 andHUI-3 used a 40-item
questionnaire to assess participants’ cur-
rent physical and mental functions and
published scoring rules to calculate health
utility values. HUI-2 measures a total of
24,000 health states with scores ranging
from 20.03 to 1.00. HUI-3 measures
972,000health stateswith scores ranging
from20.36 to1.00. The reportedMID for
theHUIswasbetween0.02 and0.04 (15).
The SF-6D score was estimated based on
data fromselected itemsof the SF-36 and
published scoring rule derived from a
representative sample of 611 people
from the general population of the U.K.
SF-6D measures a total of 18,000 health
states with scores ranging from 0.296 to
1.0. TheMID for SF-6Dwas 0.035 (16,17).

FTwas administered at baseline, quar-
terly during year 1, and semiannually in
years 2 through 9. The HUI-2, HUI-3, and
the SF-36 questionnaires were adminis-
tered at baseline, quarterly during year 1,
semiannually during years 2 through 4,
and annually in years 5 through 9.

The predicted health utility by study
year was estimated using generalized
linear models to account for data skew-
ness. Modified Park and Pregibon Link
tests were used to select the best fitting
distribution and link function. A b re-
gression using binomial distribution with
a logit link was used for FT. Poisson
distributions with an identity link were
used for HUI-2, HUI-3, and SF-6D. Addi-
tionally, since HUI-2 and HUI-3 scores
were left-skewed, we first modeled the
disutility score (1-utility score), then
back-transformed to obtain the utility
scores. Baseline age, sex, prior CVD, BMI,
systolic blood pressure (SBP), clinic site,
baseline health utility scores, interven-
tion arm, year, and intervention arm by
year interaction were used as predictors.

Survival probabilities by follow-up
year were estimated using a parametric
Weibull model, with adjustment for

baseline age, sex, prior CVD, BMI, SBP,
clinic site, and intervention arm. Mortal-
ity statuswas assessed every 6months or
by spontaneous report. Incremental QA-
LYs were calculated as the difference in
average QALYs across study participants
between the ILI and DSE. Annual QALYs
for each study participant were the
product of predicated survival probabil-
ity and predicted health utility in each
year during the 9-year period. Annual
QALYs fromeach of the four health utility
measurements were added together
over 9 years to get the cumulative QALY
for that measure. Annual estimates of
QALYs were discounted at 3% per year.
Recycled prediction was used to obtain
average QALY for DSE assuming all par-
ticipants were from DSE and average
QALY for ILI assuming all participants
were from ILI. The 95% confidence level
of QALY estimates for each intervention
group and the difference between DSE
and ILI were estimated using bootstrapping.

Incremental Cost of ILI
The incremental cost was calculated as
the difference in the average total cost
of ILI compared with DSE on a per-
participant basis. The total cost for each
participant was the sum of the costs
associated with delivering the interven-
tion and medical care over the study
period. To estimate the accumulated
costs over9 years, annual estimateswere
adjusted for survival probabilities and
were discounted at 3% per year and
summed. All costs are reported in 2012
U.S. dollars.

Methods used for data collection and
analysis for estimating the cost of in-
tervention have been reported previ-
ously (12). In short, the intervention cost
included timecostsof staffwhodelivered
the intervention and nonstaffing costs
such as meal replacements, weight-loss
medications, and diabetes-related edu-
cational materials. The data used to es-
timate personnel costs came from salary
data for each type of staff member (e.g.,
registered dietitian, exercise specialist,
and nurse) from study sites and periodic
staff surveys on theamountof time spent
delivering the intervention. Staffing cost
data from one study site were not avail-
able because of privacy concerns. Non-
staffing costs were estimated from study
records that included the number and
type of visits each participant attended
and, for participants in the ILI group, use
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of meal-replacement products and orli-
stat weight-loss medication provided
by the trial. Research-related staffing
costs and facility (building/rent) costs
were excluded. We used the predicted
intervention cost for each participant to
be consistent with the effectiveness
data. Predictors were baseline age,
sex, prior CVD, BMI, SBP, clinic site, in-
tervention arm, year, and arm-by-year
interaction.
Health care expenditures by study arm

have also been reported previously (4).
The health care expenditures for each
study participant included costs associ-
ated with hospitalizations, outpatient
visits (office, hospital clinic, or other),
outpatient tests and procedures, reha-
bilitation/long-term care, and home care.
Data on the use of each type of carewere
collected annually through face-to-face
interviews at clinic visits and at 6-month
intervals by telephone. Unit costs for
each care category were obtained from
various sources. Hospitalization costs
were estimated based on regression

models using data from the Nationwide
Inpatient Sample (4). Outpatient care
costs were based on the Medicare Phy-
sician Fee Schedule. Rehabilitation, long-
term care, and home health services
costs were based on Medicare Skilled
Nursing Facility Prospective Payment
System and National Home Health Uti-
lization statistics for Medicare Parts A
and B. Medication costs were based on
adjusted average wholesale prices ob-
tained from the Red Book (https://www
.ibm.com/products/micromedex-red-book).
We used the predicted health care expen-
diture for each participant to be consistent
with the effectiveness data. A generalized
linear model was fit with g distribution
and a log link. Baseline age, sex, prior CVD,
BMI,SBP, clinic site, interventionarm,year,
andarm-by-year interactionwere included
in the model as predictors.

Similar to analysis of QALY, recycled
prediction was used to obtain survival-
adjusted estimates for total cost for DSE
and ILI. The incremental cost of ILI was
estimated using bootstrapping method.

RESULTS
The major clinical and socioeconomic
characteristics of study participants in-
cluded in this study are presented in
Table 1. There were no statistically sig-
nificant differences in any of the char-
acteristics between the intervention and
control groups.

The predicted health utility values by
measure and study arm are shown in Fig.
1. In year 1, the health utility values for all
four instruments (FT, SF-6D, HUI-2, and
HUI-3) were higher for the ILI group than
for the DSE group. When evaluated over
the full 9 years, ILI participants’ mean
FT and SF-6D scores were significantly
higher thanDSEparticipants’ scores (0.02
[95% CI 0.015–0.026], P , 0.001 for FT;
and 0.009 [95% CI 0.005–0.014], P ,
0.001 for SF-6D). No significant differ-
ences were observed between the study
groups for the HUI-2 or HUI-3 (20.003
[95% CI20.01 to 0.003], P5 0.28 for the
HUI-2; and0.00 [95%CI20.008 to0.008],
P 5 0.99 for the HUI-3). The survival
probability declined over time for all
study participants (Fig. 1E), with no sig-
nificant difference between ILI and DSE
participants (P5 0.46). The difference in
survival probability at year 9 was 0.005
(20.008 to 0.017).

Predicted intervention costs by inter-
vention group over time are presented
inFig. 2 (Fig. 2AandSupplementary Table
1). The costs associated with both ILI and
DSE declined over time. For the ILI par-
ticipants, the cost was $2,891/participant
in year 1, $1,946 in year 2, and decreased
gradually to about $1,000/year in years 5–
9. For DSE participants, the cost was $192/
participant in year 1, $128 in year 2, and
decreased to ;$100/year in years 5–9.

The health care expenditure per study
participant by study arm is presented in
Fig. 2 (Fig. 2B and Supplementary Table
1). Health care expenditure increased
over the study period for both ILI andDSE
participants, starting at ;$6,000 in year
1 and increasing to .$10,000 by year
9 for both ILI and DSE. The difference in
health care expenditures between the
two study groups by year varied, but the
expenditure of DSE participants was al-
ways higher than that of ILI participants.

Cumulative QALYs by utility measure-
ment by study group and cumulative total
cost by intervention group are presented
in Supplementary Fig. 1. CumulativeQALYs
and total cost increased with time for all
utility measurements and both intervention

Table 1—Baseline characteristics of the Look AHEAD study participants by
intervention arm

Baseline characteristics DSE ILI P value*

N 2,416 2,411

Age, years (%) 0.10
45–54 23.6 25.1
55–64 53.8 54.8
65–76 22.6 20.2

Sex (%)
Men 41.5 41.6 0.95
Women 58.5 58.4

Race/ethnicity (%)
White 67.3 67.1 0.98
African American 16.5 16.5
Hispanic 7.9 7.8
Other 8.3 8.6

BMI, kg/m2 (%) 0.23
25.0–29.9 13.7 15.4
30.0–34.9 34.5 34.6
35.0–39.9 28.8 26.8
.40 23.1 23.2

Duration of diabetes, years 6.8 6.7 0.83

Mean HbA1c (%) 7.3 7.2 0.05

Hypertension (%) 83.3 84.2 0.37

Medication use (%)
Antihypertensive 73.2 75.2 0.12
Diabetes 87.5 86.9 0.50
Lipid 52.3 51.8 0.75

Annual household income, U.S.
dollars (%) n 5 248 missing n 5 254 missing 0.89

,$40,000 29.8 30.1
$40,000 to ,$80,000 38.7 39.0
$$80,000 31.6 30.9

*x2 test.
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groups. There were no significant differ-
ences in QALYs between the two study
groups as measured by HUI-2 and HUI-3
(Supplementary Fig. 1A and B). In com-
parison, ILI participants had a higher
cumulative QALYs than DSE partici-
pants as measured by SF-6D and
FT (Supplementary Fig. 1C and D).

Cumulative total costs for ILI participants
were higher than those for DSE partic-
ipants in all study years (Supplementary
Fig. 1E and Supplementary Table 1).

Incremental QALYs, incremental costs,
and ICER of ILI over DSE are shown in
Table 2. As ILI led tono increases inQALYs
as measured by HUI-2 and HUI-3, the

ICERs were not defined using these two
utility measurements. The gains from ILI
were 0.07 QALYs (i.e., 26 days with full
health) for SF-6D and 0.15 QALYs (i.e.,
55 days with full health) for FT, respec-
tively. Over the study period, ILI partic-
ipants cost anaverageof $10,388more in
intervention costs, $3,721 less in health

Figure 1—Predicted health utility values with different measurements and survival probability by study arm: HUI-2 (A), HUI-3 (B), SF-6D (C), FT (D),
and survival probability (E) in the ILI and DSE groups during the 9-year study period.
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care expenditures, and $6,666 more in
the incremental cost than DSE partici-
pants. Theestimated ICERswere$96,458/
QALY based on the SF-6D and $43,169/
QALY based on FT.

CONCLUSIONS

Previous studies reported that lifestyle
intervention is cost-effective for the pur-
pose of preventing type 2 diabetes in
persons with prediabetes (18,19). This
analysis sought to determine whether a
lifestyle intervention program designed
to produce weight loss in people with
overweight/obesity and type 2 diabetes
is an efficient use of limited health care
resources.Nopreviousstudyhascollected
data on all components of a formal CE
analysis over an extended period to
answer this question. The Look AHEAD
trial sought to answer this question through
prospective collection of data on health
utility scores, costs associated with de-
livering the intervention, generalmedical
care use, and mortality over 9 years.
Random assignment to ILI, compared
with DSE, led to a higher overall cost of
;$6,700, little or no difference in health-
related quality of life, and no significant
improvement in mortality. The large
variations in CE ratios of ILI by different
health utility measures imply that there

are some uncertainties associated with
the CE of ILI. There is not a universally
acceptable threshold to judge the CE
of an intervention for adoption. Using
$100,000/QALY as a threshold (13), only
two of the four measurements showed
that ILI was cost-effective. Thus, health
care systems should be cautious about
adopting the lifestyle intervention with-
out further evidence from longer follow-
up of Look AHEAD participants.

The ILIwas not likely to be cost-effective
for two main reasons. First, delivering ILI
as implemented in the trial was resource
intensive (12), with frequent treatment
contact and individual sessions. Although
ILI led to fewer hospitalizations, less use
of medications, and lower total medical
care costs (4), the savings in health care
expenditures were not large enough to
offset the costs of delivering ILI. Second,
the intervention led to little or no gain in
QALYs. The ILI participants had a better
survival than DSE participants, but the
difference was not significant. The gains
from better health-related quality of life
measured by health utility ranged from
none asmeasured by HUI-2 and HUI-3 to
small improvements as measured by
SF-6D and FT.

The ILI didnot lead toa lower incidence
of the compositeCVDoutcome, theprimary

end point of the Look AHEAD trial. How-
ever, ILI improved other clinical out-
comes or biomarkers. At 1 year of
intervention, the ILI group lost an aver-
age of 8.6% of their initial body weight,
while theDSE group lost 0.7% (20).Mean
fitness levels improved by 20.4% in ILI
and by 5% in DSE (14). At the end of the
trial, ILI participants still had a mean 6%
weight loss, while DSE participants had
3.5%(20). ILI also resulted inother clinical
benefits, including improved glucose con-
trol, improved blood pressure, less sleep
apnea, lower liver fat, less depression, less
urinary incontinence, less severe kidney
disease, less knee pain, improved sexual
function, lowered inflammation markers
(20), and higher disability-free years (21).
However, these improved clinical out-
comes and biomarkers did not translate
into a higher score on all four health
utility measurements used in our study.

Improvements in health utility scores
resulting from ILI were small and statis-
tically significant only using SF-6Dand FT.
In addition, the higher utility scores did
not reach to the level of MID for either
SF-6D or FT. The lack of or small signif-
icant effects might be due to effective
clinical management of CVD risk factors
in both study arms, which may limit the
ability of the ILI to affect long-term
QALYs. Reasons for the discordant scores
byutilitymeasurewereunclear but could
be due to a combination of factors. The
four instruments are correlated with one
another, but their scores are not inter-
changeable (22). The lack of significant
effectmeasured by HUI-2 and HUI-3 over
the9-year studyperiod couldbedue to:1)
magnitude of improvements in health-
related quality of life resulting from ILI
was relatively small, and 2) the two
measures were not sensitive enough to
capture these small improvements. Ex-
amining health utility scores by interven-
tion year indicted ILI led to a statistically

Figure 2—Predicted annual intervention cost and health care expenditures by study arm:
intervention cost (A) and health care expenditures (B) in the ILI and DSE groups during the
9-year study period.

Table 2—Total and incremental QALYs, total and incremental costs, and CE ratio ($/QALY) of ILI relative to DSE

Measurements DSE (95% CI) ILI (95% CI) D ILI-DSE (95% CI) CE ratio ($/QALY) (95% CI)

HUI-2 (QALYs) 6.08 (6.03, 6.13) 6.10 (6.05, 6.15) 0.03 (20.04, 0.09) d

HUI-3 (QALYs) 5.94 (5.88, 5.99) 5.94 (5.87, 5.99) 0 (20.08, 0.07) d

SF-6D (QALYs) 5.92 (5.88, 5.96) 5.99 (5.95, 6.03) 0.07 (0.02, 0.12) 96,458 (41,597, 2,95,448)

FT (QALYs) 6.03 (5.98, 6.06) 6.18 (6.14, 6.22) 0.15 (0.10, 0.21) 43,169 (23,053,76,588)

Intervention cost ($) 887 (877, 898) 11,275 (11,134, 11,405) 10,388 (10,247, 10,514) d

Health care expenditures ($) 68,174 (66,305, 70,147) 64,453 (62,549, 66,375) 23,721 (26,273, 21,167) d

Total cost ($) 69,062 (67,192, 71,038) 75,728 (73,864, 77,636) 6,666 (4,082, 9,203) d
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significant higher utility score measured
by all four utilitymeasures including HUI-
2 and HUI-3 in the 1st year, which could
be related to a larger body weight re-
duction in that year. Examining scores
of individual domains included in HUI-2
and HUI-3 over the entire study period
indicated that the ILI participants expe-
rienced small improvements in the cog-
nition,mobility, and ambulationdomains,
but no improvements in other domains
(11). These small positive effects in the
three domains, however, were not large
enough to lead to a significant change in
overall utility scores. Health utility scores
as measured by both FT and SF-6D were
statistically significant in the 1st year and
remained significant in later years. This
result could imply that FT and SF-6Dwere
morecapable todetect the small changes
in health domains affected by the ILI than
HUI-2 and HUI-3. Previous studies also
showed ability to detect difference in
health utility improvement varies by util-
ity measurement in persons with osteo-
porosis (23). HUIs may only be able to
detect large improvements in health util-
ity in patients with type 2 diabetes with
overweight/obesity with little limitations
in physical functions. The lack of ability
to detect small improvements by HUIs
could also limit interpretability of results
measured by the two health utility
instruments.
Lifestyle interventions among adults

with overweight/obesity and type 2 di-
abetes could be cost-effective in a time
span .9 years as clinical benefits of ILI,
especially on hard health outcomes such
as CVD,may take.9 years to be realized.
Reducing weight and improving fitness,
glucose, and blood pressure, as observed
in the intervention period, may lead to
reduction in diabetes-related complica-
tions anddeath later on. Results from the
ongoing Look AHEAD Extension may be
able to provide an answer regarding the
long-term health benefit and CE of ILI for
this population.
Whether the ILI used in this study

would be cost-effective in a real-world
setting is unknown. The cost associated
with delivering the ILI could be lowered
by using trained laypeople in group set-
tings. A meta-analysis of this literature
showed that therewere no differences in
weight loss achieved by trained profes-
sionals versus lay educators (24). A life-
style intervention program used in the
DPP study cost $1,399/person in year

1 and;$700/person in years 2 and 3 (7);
however, a similar program translated
into community-based programs (e.g.,
YMCA) reduced the program cost over
1 year to $400–$600/participant, which
wasonly about a third of the intervention
cost as implemented in the DPP trial. The
total cost todeliver the ILI over the9-year
study period was $11,275, $6,666 more
than DSE (Table 2 and Supplementary
Table 1). ILI participants, however, had a
lower medical cost of $3,721 ($68,174 vs.
$64,453). If the ILI in this study could be
delivered in a community setting at one-
third of the trial cost ($3,721 in 2012 U.S.
dollars or $4,213 inflated in 2020 U.S.
dollars) as theDPP lifestyle interventionor
lower, the intervention would be cost-
saving. Recently, other efforts to reduce
the cost of lifestyle interventions, as pro-
vided in the DPP, have involved offering
programs at community centers, using lay
community intervention staff (24,25), or
using digital media to deliver programs.

Our results should be interpreted with
caution. While we showed some uncer-
tainties associated with the CE of imple-
menting ILI in all adults with overweight/
obesity and type 2 diabetes, our results
do not imply lifestyle modification should
not be used as a weight-loss strategy in
these patients. The American Diabetes
Association recommends both lifestyle
modification and medication for manage-
ment of type 2 diabetes that is tailored to
patient preferences. ILI is effective in im-
provingHbA1c andbloodpressure, thereby
reducing the medication needed for con-
trolling those risk factors. For those people
whoprefernot tousemedications, lifestyle
modifications may offer an appealing op-
tion to reduce or eliminate the need for
medications.

Our study had several limitations. First,
althoughparticipantsweregeographically
and demographically diverse and had a
broad age distribution similar to people
withtype2diabetes in theU.S., thedegree
to which the findings may generalize to
other populations is unclear because of
the recruitment practices and enrollment
criteria used in the study. Second, data for
cost associated with intervention person-
nel time were based on cross-sectional
surveys. The reported time could be af-
fected by recall bias and be subject to
respondents’ interpretations of the sur-
vey questionnaires. Third, actual salary
data of people who delivered the inter-
vention insteadof the nationalwage rates

were used to estimate the unit cost of
timefordifferent typeofpersonnel,which
may also limit generalization. Fourth, use
of outpatient care and the occurrence of
hospitalizationswereself-reported,which
may be affected by recall bias. Finally, the
HUI-2 and HUI-3 scoring algorithms were
derived from general populations from
Canada, whereas for the SF-6D, we used
a U.K. scoring algorithm. If preference
scores from the U.S. population differed
from those from Canadian and U.K. pop-
ulations, our estimated impact of ILI on
health-related quality of life may be bi-
ased. However, there is no previous re-
search to show the preference scores
were different among the U.S., Canada,
and the U.K.

In conclusion, this study found that the
CE of ILI versus education and support
was unclear over the first 9 years of
the intervention. Different measures of
health utilities led to different conclu-
sions. Whether the ILI is a good use of
health resources in the long term may
need to be reevaluated based on health
outcomes observed from the continued
follow-up of the trial beyond the active
intervention period.
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