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IntroductIon
For persons who are contemplating different weight loss 
strategies, improvement in health-related quality of life 
(HRQL) is an important consideration. In this context, 
improvements in HRQL could be mediated by weight loss 
or, rather, could occur through other intervention effects. 
For example, weight loss could improve well-being and 
reduce bodily pain, depression, or anxiety (1–3). Conversely, 
components of lifestyle interventions that enhance social 
activation (4) and increase physical activity (5) could produce 
greater HRQL improvements than non-lifestyle interventions 
(e.g., pharmacotherapy), regardless of weight loss.

A recent systematic review of randomized trials found 
mixed evidence for any consistent or meaningful change in 

common HRQL measures with weight loss interventions (3). 
However, this review was unable to disentangle HRQL changes 
occurring as a result of weight loss vs. other intervention 
effects. In addition, very few prior studies have focused on the 
impact of weight changes on health state utilities (3,6). Health 
utilities are generic HRQL measures that capture individual 
preferences for different states of health and functioning using 
a continuum from 0 (representing death) to 1 (representing 
optimal health) (7). Health utilities are used to calculate 
quality-adjusted health outcomes in cost-effectiveness research 
and are instrumental for informing policy decisions (7) and 
perhaps personal treatment choices (8–10).

The Diabetes Prevention Program (DPP) was a large, 
 multicenter, randomized trial that demonstrated the 
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effect of an intensive lifestyle (ILS) intervention and of 
pharmacotherapy with metformin on the development of 
type 2 diabetes mellitus among overweight or obese adults 
with impaired glucose tolerance (11,12). The DPP collected 
annual data that can be used to calculate health utilities and 
other HRQL measures. Because participants in all three DPP 
treatment groups experienced varying degrees of weight loss, 
the extent to which changes in health utilities were a result of 
weight loss as opposed to some other effect of the different 
treatment approaches is not yet clear. We evaluated whether 
changes in body weight were associated with changes in health 
utility scores over 1 and 2 years of follow-up in the DPP. In 
addition, we explored whether relationships between changes 
in body weight and changes in health utilities differed by the 
type of weight loss approach (i.e., ILS intervention, medication 
(metformin), or standard lifestyle intervention (placebo)), or 
by baseline obesity severity.

Methods And Procedures
design and participants
DPP participants were ≥25 years of age, had a BMI of ≥24 kg/m2 
(≥22 kg/m2 in Asian Americans), and had impaired glucose tolerance, 
defined by a plasma glucose level of 140–199 mg/dl 2 h following a 75 g 
oral glucose challenge (13).

dPP study interventions
The DPP ILS intervention was a goal-based diet and physical activity 
intervention designed to achieve and maintain modest weight reduction 
(14). Goals were to achieve and maintain at least 150 min per week of 
moderate physical activity (e.g., walking or swimming) and to reduce 
weight by 7% from baseline. Participants were counseled to reduce 
dietary intake to 1,200–2,000 kcal/day based on their baseline weight, 
and to reduce dietary fat to <25% of total calories. ILS participants 
were assigned a personal lifestyle coach who met with them 16 times 
over the first 24 weeks to complete a core curriculum and then met at 
least bimonthly for the remainder of the trial. Periodic group classes 
and campaigns were used to maintain weight and activity goals. 
Approximately three-fourths of DPP ILS participants achieved the 
intended treatment goal for physical activity and half achieved the 7% 
weight loss goal at 6 months; this translated to a 58% reduction in the 
risk for developing diabetes over 2.8 years of follow-up (12).

Participants in both placebo and metformin arms received standard 
lifestyle recommendations in the form of written information and an 
annual 20–30-min individual session that emphasized the importance 
of a low-fat diet and regular physical activity to achieve modest weight 
reduction. Treatment with metformin was increased over 1 month to a 
full dose of 850 mg taken twice daily. The placebo group also received a 
matching placebo tablet taken twice daily.

Measures
Generic quality of life assessments were collected annually using both 
the Medical Outcomes Study 36-item short form (SF-36) (15–17) 
and the self-administered version of the Quality of Well-being Scale 
(QWB-SA) (18,19). Although the QWB-SA has been used previously 
to model quality-adjusted health outcomes in the DPP (20,21), study 
sites did not begin administering this instrument until midway 
through recruitment. Thus, only 807 DPP participants completed the 
QWB-SA at baseline, making it less useful for exploring changes in 
health utilities with changes in weight over time and across participant 
subgroups. By contrast, the SF-36 was administered from the start of 
the DPP and is available for 3,206 participants. The short-form-6D 
(SF-6D) is a preference-based health state classification developed 
from the SF-36 (22,23). The six dimensions captured by the SF-6D 
are physical  functioning, role limitations, social functioning, pain, 

mental health, and vitality. Each dimension has between two and 
six levels. An SF-6D “health state” is defined by selecting one level 
from each dimension. A total of 18,000 health states are possible. In a 
previous study, preference weights for a sample of these health states 
were obtained from a community-based population using a standard 
gamble technique, and estimates for all remaining health states were 
modeled using multivariable regression (22). All responders to the 
SF-36 questionnaire can be assigned an SF-6D score if the 11 items 
used to calculate the SF-6D were completed. The SF-6D is a continuous 
measure, scored on a 0.29–1.00 scale, with 1.00 indicating optimal 
health (22,24). The SF-6D is valid, reproducible, and sensitive to change 
across a variety of disease states (22,24). In past studies involving 
adults with a wide spectrum of chronic health conditions, meaningful 
differences in other measures of global health status were associated 
with average differences in the SF-6D (i.e., a “minimally important 
difference”) of ~0.041, with a relatively wide range of estimates for 
minimally important difference (0.011–0.097) across studies (24).

We explored changes in weight associated with changes in mental and 
physical health constructs by using the physical component summary 
(PCS-36) and mental component summary (MCS-36) of the SF-36. Both 
scales have been used extensively in past research and are valid and repro-
ducible in adults with a variety of chronic illnesses (25).

Weight was measured to the nearest 0.1 kg with participants wearing 
usual clothes. Dietary information was collected by personal interview 
using a modified Block semi-quantitative food frequency question-
naire (26). Physical activity was measured by the Modifiable Activity 
Questionnaire (27,28). Leisure activity levels (MET-hours per week 
averaged over the past year) were derived from the product of the 
duration and frequency of each activity (hours/week), weighted by 
an estimate of the metabolic cost of that activity (MET) and summed 
across all activities performed.

Analysis
Our primary dependent variable was change in SF-6D, calculated as 
the difference between scores at baseline and follow-up. Our primary 
independent variable was change in body weight, also calculated 
as the difference between baseline and follow-up. We assessed the 
significance of associations between changes in SF-6D and changes 
in weight using multivariable linear regression, with separate 
models to assess changes at 1 and 2 years of follow-up. We believed 
a priori that several factors might confound observed relationships 
between changes in body weight and SF-6D scores. In bivariate 
analyses, we found no association in the DPP study sample between 
changes in SF-6D score and either age or selected comorbid diseases 
(hypertension or dyslipidemia). To avoid potential confounding by 
other factors, we included the following covariates in each of our 
models: sex, a five-category race/ethnicity indicator (Hispanic, 
non-Hispanic white, non-Hispanic black, Native American, Asian/
Pacific Islander), baseline marital status (married or living together 
vs. not married), baseline employment (full time/part-time vs. 
retired vs. other), baseline education (high school or less vs. beyond 
high school), baseline Beck Anxiety Inventory (range: 0–63) (29), 
baseline Beck Depression Inventory (BDI; range: 0–63) (30), 
baseline percent calories from fat, baseline MET-hours per week 
of modifiable physical activity, and baseline weight. Because our 
main effect was the change in SF-6D, models already accounted for 
differences in baseline HRQL. However, we conducted sensitivity 
analyses that re-ran regression models including the baseline value 
of the dependent variable (e.g., baseline SF-6D) as a covariate. These 
sensitivity analyses showed no statistically significant or clinically 
meaningful differences in effect estimates when compared to models 
without covariate adjustment for the dependent HRQL variables. 
Because the SF-6D score was highly correlated with PCS-36 and 
MCS-36 subscales, we did not include these indicators as covariates 
in models assessing changes in SF-6D. However, we did explore the 
influence of change in weight on change in PCS-36 and MCS-36 in 
separate models.
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We included variables for treatment group (ILS, metformin, placebo) 
in all models to evaluate the independent significance of DPP treatment 
group effects on changes in HRQL that were unrelated to changes in 
weight. To test whether associations between changes in weight and 
HRQL measures differed across treatment groups, we included a weight 
change-by-treatment group interaction term in models. Similarly, to 
explore whether associations between changes in weight and HRQL 
differed across baseline BMI subgroups (<30, 30–34.9, ≥35 kg/m2), we 
included (in separate models) a weight change-by-baseline BMI group 
interaction term. Finally, to evaluate three-way interactions between 
weight change, treatment group, and baseline BMI group, we constructed 
separate models, stratified by baseline BMI subgroup, and including the 
weight change-by-treatment group interaction term. We used the SAS 
analysis system for all analyses (version 8.2; SAS Institute, Cary, NC).

results
DPP participants were enrolled from June 1996 to May 1999 
and followed through July 2001 for an average follow-up of 
3.2 years. A total of 3,234 participants were randomized: 1,079 
to ILS, 1,073 to metformin, and 1,082 to placebo. SF-36 data 
were available to calculate SF-6D health utility scores for 

99.5, 94.2, and 92.8% of participants at baseline, 1 year, and 
2 years, respectively. Basic characteristics of DPP participants 
are shown in Table 1. Mean BMI was 34 kg/m2, and the mean 
baseline SF-6D utility score was 0.801. This health utility level is 
consistent with a prior study reporting an average SF-6D score 
of 0.804 in a general population of adults aged 45–54 (31).

Table 1 also summarizes major behavioral, metabolic, and 
HRQL outcomes by DPP treatment group at 1 year. Mean 
weight change was greatest for ILS participants (−6.74 kg 
vs. −2.71 kg for metformin participants and −0.42 kg for 
placebo; overall P < 0.001). At 1 year, persons randomized 
to ILS reported participating in more physical activity and 
eating fewer total calories and calories from fat, compared to 
metformin or placebo participants (all P < 0.001).

Overall changes between treatment groups in HRQL, Beck 
Depression, and Beck Anxiety measures from baseline to year 1 
were highly statistically significant (Table 1). However, the 
magnitudes of change within treatment groups were clinically 

table 1 Baseline and 1-year behavioral, metabolic, and quality of life variables by dPP treatment group*

Variable

Baseline (overall) 
N = 3,206

1 Year

Lifestyle Metformin Placebo

Mean (s.d.) N Mean (s.d.) N Mean (s.d.) N Mean (s.d.)

Age (years) 50.6 (10.7) — — — — — —

Female 68% — — — — — —

Non-Hispanic white 55% — — — — — —

African American 20% — — — — — —

Hispanic 16% — — — — — —

American Indian 5% — — — — — —

Asian American 4% — — — — — —

Weight (kg) 94.2 (20.3) 1,023 87.2 (20.2) 1,015 91.5 (20.0) 1,026 93.89 (20.6)

Weight change (kg) — 1,023 −6.75 (6.98)† 1,015 −2.72 (4.73)† 1,026 −0.43 (4.73)**

%kcal from fat 34.1 (7.1) 987 27.6 (6.7) 993 33.3 (6.6) 988 33.3 (7.1)

Total kcal/day 2,126 (1,037) 987 1,660 (718) 993 1,849 (787) 988 1,852 (808)

Physical activity  
(MET-hours per week)

16.3 (25.8) 1,013 22.5 (22.8) 1,008 18.3 (26.7) 1,015 18.1 (24.2)

SF-6D 0.800 (0.103) 1,024 0.802 (0.106) 1,016 0.797 (0.105) 1,019 0.788 (0.111)

Change in SF-6D — 1,015 0.000 (0.103) 1,009 −0.002 (0.108) 1,012 −0.013 (0.106)†

QWB-SA (N = 807) 0.683 (0.107) 679 0.710 (0.115) 707 0.693 (0.114) 702 0.700 (0.115)

Change in QWB-SA — 268 0.022 (0.113)*** 262 0.017 (0.105)** 252 0.013 (0.124)

PCS-36 50.3 (7.1) 1,072 50.6 (6.9) 1,067 50.1 (7.3) 1,079 50.4 (7.2)

Change in PCS-36 — 1,017 1.33 (7.00)† 1,011 0.22 (7.49) 1,018 −0.04 (7.12)

MCS-36 54.0 (7.5) 1,072 53.7 (7.6) 1,067 54.1 (7.7) 1,079 54.0 (7.4)

Change in MCS-36 — 1,017 −0.70 (8.67)*** 1,011 −0.58 (8.30)** 1,018 −1.16 (8.33)†

Beck Depression Inventory 4.56 (4.56) 1,011 3.53 (4.58) 1,001 3.84 (4.40) 1,012 4.05 (5.00)

Change in Beck Depression — 998 −1.02 (4.12)†  992 −0.71 (4.03)† 993 −0.58 (4.52)†

Beck Anxiety Inventory 4.01 (4.98) 1,011 3.19 (4.48) 1,001 3.75 (4.69) 1,012 3.78 (4.89)

Change in Beck Anxiety — 998 −0.89 (4.78)† 992 −0.15 (4.44) 993 −0.25 (4.80)

For SF-6D, PCS-36, MCS-36, and QWB-SA, higher scores represent higher quality of life/function; for Beck Depression Inventory and Beck Anxiety Inventory, higher 
scores represent greater depressive/anxiety symptoms.
kcal, kilocalories; MET-hours per week, hours of metabolic equivalents of task per week (1 MET = metabolic rate consuming 1 kilocalorie per kilogram of body weight 
per hour); MCS-36, mental component summary derived from 36-item Medical Outcomes Study short-form; PCS-36, physical component summary derived from 
36-item Medical Outcomes Study short-form; QWB-SA, Self-administered Quality of Well-Being index; SF-6D, short-form-6D health utility index.
*All P values for differences in changes between treatment groups <0.001 except change in SF-6D where P = 0.002. **P < 0.05; ***P < 0.01; †P < 0.001—all P values 
for test of change from baseline, within treatment groups (unadjusted).
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small. At 1 year, ILS participants had small but statistically 
significant improvements in the QWB-SA (+0.022; P = 0.002), 
PCS-36 (+1.33; P < 0.001), BDI (−1.02; P < 0.001), and Beck 
Anxiety Inventory (−0.89; P < 0.001), a small worsening of 
the MCS-36 (−0.70; P = 0.008), and no change in the SF-6D 
(+0.0004; P = 0.90). Metformin participants had comparable 
improvements in the QWB-SA (+0.017; P = 0.014) and the BDI 
(0.71; P < 0.001), a similar worsening of the MCS-36 (−0.58; P = 
0.03), and no significant changes in other  indicators. Placebo 
participants had a small improvement in the BDI (0.58; P < 
0.001), but modest worsening of SF-6D (−0.013; P < 0.001) and 
MCS-36 (−1.16; P < 0.001), and no change in other indicators.

Analyses of changes in hrQl with changes in weight
In a fully adjusted model including both treatment group 
assignment and change in weight, assignment to ILS 
(P = 0.388) or to metformin (P = 0.089) were not signifi-
cantly associated with changes in SF-6D at 1 year when com-
pared to placebo. However, even after adjusting for treatment 
assignment, change in weight was associated with change in 
SF-6D at 1 year (increase of 0.007 for every 5 kg (11 lb) weight 
loss; P < 0.001). Similarly, change in weight at 1 year was 
also associated with change in PCS-36 (increase of 0.64 in 
PCS-36 with every 5 kg weight loss; P < 0.001) and change in 
MCS-36 (increase of 0.28 in MCS-36 with every 5 kg weight 
loss; P = 0.04). Similar associations were observed for SF-6D 
and PCS-36 at 2 years of follow-up. These differences are esti-
mates of mean changes in HRQL mediated by weight loss, 
 regardless of the intervention modality.

Analyses stratified by treatment group
Table 2 summarizes results of the analysis of changes in SF-6D 
with changes in weight using fully adjusted models, stratified 
by treatment group. Within the ILS treatment group, every 
5 kg of weight loss was associated with an increase in SF-6D 

score of 0.010 (P < 0.001) at 1 year and 0.010 (P < 0.001) at 
2 years. Increases in SF-6D scores with weight loss were of 
similar magnitude at 1 year for the metformin group but 
were not statistically significant within the placebo group. 
Changes in weight were associated with modest but statistically 
significant changes in PCS-36 within all three treatment groups 
at both 1 and 2 years. Statistically significant improvements in 
MCS-36 score were also associated with changes in weight, but 
only within the ILS treatment group, and only after 1 year of 
follow-up. Although these stratified analyses suggested small 
between-treatment group differences in the associations between 
changes in weight and changes in SF-6D, PCS-36, and MCS-36, 
none of these differences were statistically significant when we 
included a treatment group-by-weight change interaction term 
in a fully adjusted model with all three treatment groups.

Analyses of the effects of baseline BMI subgroup
Results of analyses stratified by both treatment group and 
baseline BMI subgroup are shown in Figure 1. We observed 
statistically significant changes in SF-6D in association 
with changes in weight only for participants with a baseline 
BMI ≥35 kg/m2, although the interaction term between weight 
loss and baseline BMI category in models predicting SF-6D 
was not significant for any treatment group. We also found no 
statistically significant three-way interactions between baseline 
BMI, treatment group, and the changes in SF-6D in association 
with weight loss. Regardless of treatment group, participants 
with a baseline BMI ≥35 kg/m2 also had modest but statistically 
significant increases in PCS-36 scores. Among participants 
with baseline BMI ≥35 kg/m2, ILS, metformin, and placebo 
groups increased 0.54 (P = 0.018), 0.97 (P = 0.009), and 1.4 (P < 
0.001) points, respectively for each 5 kg of weight loss. There 
were no statistically significant differences in PCS-36 changes 
with changes in weight within any of the three treatment 
arms for less obese participants. However, an interaction term 

table 2 changes in sF-6d, Pcs-36, and Mcs-36 indicators with every 5 kg decrease in body weight

Variable

Treatment group Weight change-
by-treatment 

group interactionLifestyle Metformin Placebo

Mean change (s.e.) P valuea Mean change (s.e.) P valuea Mean change (s.e.) P valuea P value

Change in SF-6D

 Baseline to year 1 0.010 (0.002) <0.001 0.009 (0.004) 0.01 0.005 (0.004) 0.14 0.56

 Baseline to year 2 0.010 (0.002) <0.001 0.006 (0.002) 0.04 0.006 (0.003) 0.08 0.31

Change in PCS-36

 Baseline to year 1 0.48 (0.16) 0.003 0.87 (0.26) <0.001 0.79 (0.24) 0.001 0.44

 Baseline to year 2 0.71 (0.26) <0.001 1.06 (0.22) <0.001 0.96 (0.22) <0.001 0.21

Change in MCS-36

 Baseline to year 1 0.71 (0.20) <0.001 −0.002 (0.27) 0.99 0.10 (0.28) 0.71 0.13

 Baseline to year 2 0.34 (0.20) 0.080 −0.23 (0.24) 0.34 −0.15 (0.24) 0.54 0.14

MCS-36, mental component summary derived from 36-item Medical Outcomes Study short-form (0–100); PCS-36, physical component summary derived from 36-item 
Medical Outcomes Study short-form (0–100); SF-6D, short-form-6D health utility index (0.26–1.00).
aMean changes >0 indicate an improvement in health-related quality of life with weight loss; P values from two-sided test using stratified multivariable linear regression 
models adjusting for sex, race/ethnicity, marital status, employment, educational attainment, baseline Beck Anxiety Inventory, baseline Beck Depression Inventory, 
 baseline percent calories from fat, baseline MET-hours per week of modifiable physical activity, and baseline body weight (see text for details).
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between weight loss and baseline BMI category in models 
predicting PCS-36 was not significant for any treatment group. 
No consistent changes in MCS-36 scores were observed with 
treatment group × baseline BMI substratum.

dIscussIon
The DPP demonstrated considerable differences in lifestyle 
behavior change and weight reduction occurring 1 and 2 years 
after participants initiated an ILS intervention. Despite these 
impressive changes, we found no statistically significant change 
in the SF-6D HRQL measure for lifestyle intervention group 
participants at 1 year. However, we did find that changes in 
body weight were independently associated with changes in 
health utilities, even when adjusting for potential confound-
ers and for other possible treatment effects that were unrelated 
to weight loss. Thus, these estimates reflect the mean changes 
in HRQL mediated by weight loss, regardless of the interven-
tion modality. Our findings demonstrate that improvements in 
HRQL occurring across different diabetes prevention interven-
tions in the DPP were mediated primarily by weight loss, and 
no significant improvement in global HRQL occurred through 
intervention pathways independent of weight loss.

We also found that changes in body weight were more 
associated with measures of physical function (PCS-36) 
than with mental health function (MCS-36). In subgroup 
analyses, changes in SF-6D in association with weight 
change also appeared most consistent for persons who began 
the study with a BMI ≥35 kg/m2. However, formal testing 
did not confirm an interaction between baseline BMI and 
the degree of SF-6D change associated with a given change 
in body weight. Similarly, we found that improvements in 
the PCS-36 (i.e., physical function) associated with weight 

loss within each treatment arm were statistically significant 
only for those with the highest baseline BMI. These findings 
suggest that changes in weight among overweight or obese 
adults with impaired glucose tolerance are likely to result 
in modest direct benefits on health utilities, but the degree 
of expected benefit depends on the amount of weight loss 
achieved and may be mediated by improvements in physical 
function that occur more consistently for persons with a 
higher level of baseline obesity severity.

Our findings provide estimates of changes in health utilities 
for use in future economic modeling studies to predict 
the cost-effectiveness of interventions to achieve weight 
reduction. In addition, these estimates have implications for 
policies regarding weight management services for adults 
at risk for developing type 2 diabetes. Our analyses suggest 
that weight losses of at least 5–10 kg are needed to produce 
clinically meaningful differences in global health status (24). 
However, it is important to understand that prior estimates 
of minimally important differences in SF-6D scores were 
based on comparisons to other global health indicators and 
not to changes in cost-effectiveness estimates for therapies 
that impact health utilities (24). Because cost-effectiveness 
estimates rely on the sum of incremental quality-adjusted 
life-years associated with a particular therapy, even small 
changes in health utilities could have large impacts on cost-
effectiveness if sustained over several years. For these reasons, 
the policy relevance of therapies that achieve even modest 
weight loss should be determined by future cost-effectiveness 
studies that consider the full health and economic effects of 
a particular therapy over a meaningful time horizon. In light 
of our findings, future studies should also explore whether 
an ILS intervention might be more cost-effective among 
more obese persons who appear to experience similar or 
greater improvements in HRQL with proportionately smaller 
reductions in body weight.

Our study has some notable limitations. Although we used 
data from a large randomized trial, we compared differences in 
HRQL for groups defined by the level of weight loss achieved. 
Because study participants were not randomized to different 
levels of weight reduction, we used statistical models to adjust 
for baseline variables that might confound associations between 
changes in weight and HRQL. In this context, it is possible that 
unmeasured confounders could have impacted our results. It is 
also possible that our results would have differed if we had used 
a health utility instrument other than the SF-6D. The relative 
emphasis (i.e., weighting) of different major HRQL domains 
(e.g., physical functioning, mental health functioning, bodily 
pain) differs across health utility instruments. In our analysis, 
changes in body weight were associated more strongly with 
changes in PCS-36 scores than with changes in MCS-36 scores. 
Thus, a health utility instrument that is constructed with less 
emphasis upon physical function might be less responsive to 
changes in body weight. The preference weights for the SF-6D 
used in our analysis were also based on community surveys 
conducted in the United Kingdom. It is possible that Americans 
may report different health state preferences, and any such 
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Figure 1 Mean changes in SF-6D scores at year 1 by DPP treatment 
group and baseline BMI category. Mean changes >0 indicate an 
improvement in health-related quality of life with weight loss; P values 
shown are for weight change-by-treatment group interaction term, 
from separate multivariable linear regression models, stratified by 
BMI subgroup and adjusting for sex, race/ethnicity, marital status, 
employment, educational attainment, baseline Beck Anxiety Inventory, 
baseline Beck Depression Inventory, baseline percent calories from 
fat, baseline MET-hours per week of modifiable physical activity, and 
baseline body weight (see text for details). aP < 0.05 and bP < 0.01 
for tests of change in SF-6D within individual BMI × treatment group 
substrata. DPP, Diabetes Prevention Program; SF-6D, short-form-6D.
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differences could affect our findings. Lastly, although the DPP 
was a large clinical trial, it is possible that subgroup analyses 
that explored three-way interactions among treatment group, 
baseline obesity severity, and changes in weight may have had 
low statistical power to detect associations with minimally 
important changes in HRQL.

Our study is consistent with limited past research explor-
ing changes in HRQL with interventions designed to reduce 
body weight. A recent systematic review found mixed effects 
of weight loss interventions on various generic and obesity-
specific measures of HRQL (3). Unlike our study, this review 
was not designed to disentangle changes in HRQL mediated 
by weight loss from those resulting from other intervention 
effects unrelated to weight changes. Our study demonstrates 
that weight loss has an independent but modest association 
with changes in HRQL. Future work is needed to replicate our 
findings in other study populations, over a longer period of 
follow-up, and using different measures of HRQL. This work 
will be extremely helpful for providing more robust informa-
tion to inform policy decisions regarding the most optimal 
 target populations and intervention strategies for confronting 
the growing epidemic of obesity.

AcknowledgMents
The investigators gratefully acknowledge the commitment and dedication of 
the participants of the diabetes Prevention Program. The National Institute of 
diabetes and digestive and Kidney diseases (NIddK) of the National Institutes 
of Health provided funding to the clinical centers and the coordinating center 
for the design and conduct of the study; collection, management, analysis, 
and interpretation of the data. The Southwestern American Indian centers 
were supported directly by the NIddK and the Indian Health Service. The 
General clinical Research center Program, National center for Research 
Resources supported data collection at many of the clinical centers. Funding 
for data collection and participant support was also provided by the Office 
of Research on Minority Health, the National Institute of child Health and 
Human development, the National Institute on Aging, the centers for disease 
control and Prevention, and the American diabetes Association. Bristol-
Myers Squibb and Parke-davis provided medication. This research was 
also supported, in part, by the intramural research program of the NIddK. 
LifeScan Inc., Health O Meter, Hoechst Marion Roussel, Inc., Merck-Medco 
Managed care, Inc., Merck and co., Nike Sports Marketing, Slim Fast Foods 
co., and Quaker Oats co. donated materials, equipment, or medicines for 
concomitant conditions. McKesson BioServices corp., Matthews Media 
Group, Inc., and the Henry M. Jackson Foundation provided support services 
under subcontract with the coordinating center. The opinions expressed 
are those of the investigators and do not necessarily reflect the views of the 
Indian Health Service or other funding agencies. A complete list of centers, 
investigators, and staff can be found in ref. 11.

dIsclosure
The authors declared no conflict of interest.

© 2009 The Obesity Society

reFerences
1. Fontaine KR, Barofsky I. Obesity and health-related quality of life. Obes Rev 

2001;2:173–182.
2. Kushner RF, Foster GD. Obesity and quality of life. Nutrition 2000;16:947–952.
3. Maciejewski ML, Patrick DL, Williamson DF. A structured review of 

randomized controlled trials of weight loss showed little improvement in 
health-related quality of life. J Clin Epidemiol 2005;58:568–578.

4. Helgeson VS. Social support and quality of life. Qual Life Res 
2003;12(Suppl 1):25–31.

5. Bize R, Johnson JA, Plotnikoff RC. Physical activity level and health-related 
quality of life in the general adult population: a systematic review. Prev Med 
2007;45:401–415.

6. Hakim Z, Wolf A, Garrison LP. Estimating the effect of changes in body mass 
index on health state preferences. Pharmacoeconomics 2002;20:393–404.

7. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB. 
Recommendations of the Panel on Cost-effectiveness in Health and 
Medicine. JAMA 1996;276:1253–1258.

8. Barry MJ. Health decision aids to facilitate shared decision making in office 
practice. Ann Intern Med 2002;136:127–135.

9. Kaplan RM. Shared medical decision-making: a new paradigm for behavioral 
medicine—1997 presidential address. Ann Behav Med 1999;21:3–11.

10. Kramer KM, Bennett CL, Pickard AS et al. Patient preferences in prostate 
cancer: a clinician’s guide to understanding health utilities. Clin Prostate 
Cancer 2005;4:15–23.

11. The Diabetes Prevention Program. Design and methods for a clinical trial in 
the prevention of type 2 diabetes. Diabetes Care 1999;22:623–634.

12. 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;346:393–403.

13. The Diabetes Prevention Program: baseline characteristics of the 
randomized cohort. The Diabetes Prevention Program Research Group. 
Diabetes Care 2000;23:1619–1629.

14. Diabetes Prevention Program (DPP) Research Group. The Diabetes 
Prevention Program (DPP): description of lifestyle intervention. Diabetes Care 
2002;25:2165–2171.

15. McHorney CA, Ware JE, Lu JF Jr, Sherbourne CD. The MOS 36-item Short-
Form Health Survey (SF-36): III. Tests of data quality, scaling assumptions, 
and reliability across diverse patient groups. Med Care 1994;32:40–66.

16. McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item Short-Form Health 
Survey (SF-36): II. Psychometric and clinical tests of validity in measuring 
physical and mental health constructs. Med Care 1993;31:247–263.

17. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health 
survey (SF-36). I. Conceptual framework and item selection. Med Care 
1992;30:473–483.

18. Andresen EM, Rothenberg BM, Kaplan RM. Performance of a self-
administered mailed version of the Quality of Well-Being (QWB-SA) 
questionnaire among older adults. Med Care 1998;36:1349–1360.

19. Kaplan RM, Ganiats TG, Sieber WJ, Anderson JP. The Quality of Well-Being 
Scale: critical similarities and differences with SF-36. Int J Qual Health Care 
1998;10:509–520.

20. Diabetes Prevention Program Research Group. Within-trial cost-
effectiveness of lifestyle intervention or metformin for the primary prevention 
of type 2 diabetes. Diabetes Care 2003;26:2518–2523.

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;142:323–332.

22. Brazier J, Roberts J, Deverill M. The estimation of a preference-based 
measure of health from the SF-36. J Health Econ 2002;21:271–292.

23. Brazier J, Usherwood T, Harper R, Thomas K. Deriving a preference-
based single index from the UK SF-36 Health Survey. J Clin Epidemiol 
1998;51:1115–1128.

24. Walters SJ, Brazier JE. Comparison of the minimally important difference 
for two health state utility measures: EQ-5D and SF-6D. Qual Life Res 
2005;14:1523–1532.

25. Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: 
construction of scales and preliminary tests of reliability and validity. Med 
Care 1996;34:220–233.

26. Mayer-Davis EJ, Vitolins MZ, Carmichael SL et al. Validity and reproducibility 
of a food frequency interview in a Multi-Cultural Epidemiology Study. Ann 
Epidemiol 1999;9:314–324.

27. Kriska AM, Knowler WC, LaPorte RE et al. Development of questionnaire 
to examine relationship of physical activity and diabetes in Pima Indians. 
Diabetes Care 1990;13:401–411.

28. Pereira MA, FitzerGerald SJ, Gregg EW et al. A collection of Physical 
Activity Questionnaires for health-related research. Med Sci Sports Exerc 
1997;29:S1–205.

29. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring 
clinical anxiety: psychometric properties. J Consult Clin Psychol 
1988;56:893–897.

30. Beck AT, Beck RW. Screening depressed patients in family 
practice. A rapid technic. Postgrad Med 1972;52:81–85.

31. Petrou S, Hockley C. An investigation into the empirical validity of the EQ-5D 
and SF-6D based on hypothetical preferences in a general population. 
Health Econ 2005;14:1169–1189.


	Changes in Health State Utilities With Changes in Body Mass in the Diabetes Prevention Program
	Abstract
	Introduction
	Methods And Procedures 
	Design and participants 
	DPP study interventions 
	Measures
	Analysis

	Results 
	Analyses of changes in HRQL with changes in weight 
	Analyses stratified by treatment group 
	Analyses of the effects of baseline BMI subgroup 

	Discussion 
	Acknowledgments
	Disclosure
	References


