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OBJECTIVE

This study examined specific measures of weight loss in relation to incident di-
abetes and improvement in cardiometabolic risk factors.

RESEARCH DESIGN AND METHODS

This prospective, observational study analyzed nine weight measures, character-
izing baseline weight, short- versus long-termweight loss, short- versus long-term
weight regain, and weight cycling, within the Diabetes Prevention Program (DPP)
lifestyle intervention arm (n = 1,000) for predictors of incident diabetes and im-
provement in cardiometabolic risk factors over 2 years.

RESULTS

Although weight loss in the first 6 months was protective of diabetes (hazard ratio
[HR] 0.94 per kg, 95% CI 0.90, 0.98; P < 0.01) and cardiometabolic risk factors (P <

0.01), weight loss from 0 to 2 years was the strongest predictor of reduced diabetes
incidence (HR 0.90 per kg, 95% CI 0.87, 0.93; P < 0.01) and cardiometabolic risk factor
improvement (e.g., fasting glucose: b =20.57 mg/dL per kg, 95% CI20.66,20.48;
P < 0.01). Weight cycling (defined as number of 5-lb [2.25-kg] weight cycles) ranged
0–6 times per participant and was positively associated with incident diabetes (HR
1.33, 95% CI 1.12, 1.58; P < 0.01), fasting glucose (b = 0.91mg/dL per cycle; P = 0.02),
HOMA-IR (b = 0.25 units per cycle; P = 0.04), and systolic blood pressure (b = 0.94
mmHg per cycle; P = 0.01). After adjustment for baseline weight, the effect of weight
cycling remained statistically significant for diabetes risk (HR 1.22, 95% CI 1.02, 1.47;
P = 0.03) but not for cardiometabolic traits.

CONCLUSIONS

Two-year weight loss was the strongest predictor of reduced diabetes risk and
improvements in cardiometabolic traits.

Obesity is an established risk factor for a range of complex diseases, including type 2
diabetes, cardiovascular disease, several cancers, osteoarthritis, and periodontitis.
Intentional weight loss, on the other hand, reduces the risk of most of these dis-
eases. A person’s body weight can vary considerably in both the short- and long-term.
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Factors associated with fluctuations in
body weight include many biopsychoso-
cial processes, such as genetic predispo-
sition, thoughts, and emotions, and
barriers in a person’s social or cultural
environment (1–3). Regaining weight
after intentional weight loss is common
(4,5). Although the extent and rate of
weight regain varies greatly from one
person to the next, few studies have
considered the dynamic nature of
changes in body weight in relation to
diabetes and cardiometabolic risk
(6,7). Studies that seek to determine
the dynamic relationships between var-
iations in body weight and susceptibility
to disease may yield novel insights into
the role of obesity in chronic disease
and thus give rise to tailored interven-
tions that seek to mitigate disease risk.
The purpose of this analysis was to

compare the effects of weight loss
variables on diabetes incidence and car-
diometabolic risk factor levels in partic-
ipants who received the Diabetes
Prevention Program (DPP) weight loss
intervention. We also sought to estab-
lish an optimized set of weight loss var-
iables that are most strongly related to
the risk of type 2 diabetes.

RESEARCH DESIGN AND METHODS

Participants
The design, methods, and main out-
comes of the DPP have been published
previously (4). In the DPP, 3,234 partic-
ipants aged 25 years or older with ele-
vated fasting glucose (5.3–6.9 mmol/L,
or #6.9 mmol/L for American Indians),
impaired glucose tolerance (glucose
7.8–11.0 mmol/L 2 h after a 75-g oral
glucose load), and elevated BMI ($22
kg/m2 for Asian Americans, $24 kg/m2

for others) were randomly assigned to
one of three treatments: intensive life-
style intervention, metformin, or pla-
cebo control (4). This analysis was
limited to participants randomized to
the intensive lifestyle intervention. Par-
ticipants included those who had com-
pleted at least 2 years of the lifestyle
intervention to allow sufficient time to
examine fluctuations in body weight af-
ter the initial 6 months of weight loss
with the core curriculum. Of the 1,079
DPP participants originally randomized
to intensive lifestyle, 63 were excluded
due to less than 2 years of total partici-
pation and another 16 were excluded
due to missing measurements, leaving

1,000 participants in the current analy-
sis (93% of the total lifestyle cohort).
Measurements for fasting glucose,
HOMA-insulin resistance (IR), triglycer-
ides, and weight at baseline were not
systematically different between the
79 excluded subjects (Supplementary
Table 1) and the 1,000 participants in-
cluded in the analysis (Table 1).

Useof thiazidediuretics orb-adrenergic
antagonists was an exclusion criterion,
but other classes of antihypertensive
agents were permitted. New medical
therapies initiated by nonstudy physicians
after enrollment were not restricted.
Study procedures and documents were
approved by institutional review boards
at all participating sites. All participants
provided written informed consent for
their participation. The study was per-
formed in accordance with the Declara-
tion of Helsinki.

Intervention
The DPP lifestyle intervention has been
previously described in detail (8). In
brief, the lifestyle intervention had two
specific goals: to facilitate $7% of
body weight loss and to achieve $150
min/week of moderate intensity physical
activity. Participants were given calorie
goals to promote weight loss deter-
mined by initial body weight and fat
gram goals that were based on 25% of
calories from fat. Lifestyle coaches met
with participants individually over the
first 24 weeks to review a 16-session
core curriculum that focused on diet,
physical activity, and strategies for be-
havioral modification. After the first 6
months, lifestyle coaches offered tai-
lored individual sessions at least once
every 2 months and group classes/cam-
paigns three times per year to help im-
prove physical activity levels and sustain
weight loss.

Outcomes Measures
Subjects were weighed in light clothing
without shoes at each intervention and
outcome visit. Diabetes incidencewas de-
termined by fasting plasma glucose levels
every 6 months and 2-h glucose levels
from 75-g oral glucose tolerance tests
performed annually. Diabetes events
through the 1.5-year checkup (before
the 2-year follow-up) are excluded from
our analysis for the diabetes outcome (n =
48), and only those between year 2 and
the end of DPP (31 July 2001) are consid-
ered (n = 952). Therefore, the risk of

diabetes conditional on the fact that a
participant was diabetes-free before the
2-year follow-up ismodeled. Cardiometa-
bolic risk factor assessments were done
for fasting glucose (mg/dL), insulin resis-
tance (HOMA-IR) (9,10), fasting triglycer-
ides (mg/dL), and systolic blood pressure
(SBP; mmHg). Cardiometabolic outcome
measuresweremadeat the 2-year follow-
up assessment.

Weight Loss Variables
To determine which aspects of weight
loss were most strongly related to the
incidence of diabetes and levels of car-
diometabolic risk factors, nine separate
variables for weight or weight loss over
specific time intervals were examined.
These included:

c Baseline weight (kg)
c Weight loss (kg) from baseline (imme-

diate loss) to:

+ 1 month

+ 3 months

+ 6 months

+ 2 years
c Weight loss (kg) up to 24 months (de-

layed loss):

+ From 6 to 24 months

+ From 18 to 24 months
c Weight cycling: A completeweight cy-

cle is defined as a 5-lb (2.25-kg) or
more weight loss from the highest
weight since last cycle and then a
5-lb (2.25-kg) or more weight regain
from the lowest weight since the
last cycle. Weight cycling for a given
participant is the number of such
cycles in the 2-year period starting
from the DPP baseline.

c Average weight in the first 2 years:
Theweighted average of the available
weight measures from baseline to
year 2, where each weight observa-
tion is weighted by the time duration
between this measure and its previ-
ous measure.

Statistical Methods
The relationships of the weight variables
with diabetes incidence and cardiome-
tabolic risk factor levels were estimated
using Cox proportional hazards and lin-
ear regression models, respectively. Co-
variates included age at randomization
(years), race, sex, and the corresponding
baseline measure of glucose, HOMA-IR,
SBP, and triglyceride level. The Pearson
correlation coefficient between the
baseline weight and weight loss from
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1, 3, and 6 months and 2 years to base-
line, weight cycles, and average weight
in the first 2 years were significantly dif-
ferent from zero (P , 0.01; Table 2).
Therefore, baseline weight was not con-
trolled for due to the moderate-to-high
degree of correlations between baseline
weight and some of the other measures
of weight.
To assess the effects of weight cycling

beyond baseline weight, 2-year weight

loss, and average weight, we performed
secondary analyses where baseline
weight, 2-year weight loss, and average
weight were adjusted in addition to num-
ber of 5-lb weight cycles. Assessments of
weight loss from 18 to 24 months were
replaced in the Cox models by a variable
quantifying weight loss in the most re-
cent 6 months, which was treated as a
time-varying coefficient. Outliers in the
cardiometabolic outcomes (one in fasting

glucose, one in HOMA-IR, and one in
SBP) were deleted before linear regres-
sion analyses were performed for the
corresponding outcomes.

One model was fitted for each combi-
nation of outcome and weight measure.
For the same outcome, we compared
the size of the coefficients correspond-
ing to different standardized weight
measures. For example, we fitted nine
models for the same fasting glucose

Table 1—Weight variables and cardiometabolic risk factors of the study cohort

Mean SD Minimum 25th percentile Median 75th percentile Maximum

Baseline
Fasting glucose (mg/dL) 106.27 8.15 76.00 100.00 105.00 112.00 139.00
HOMA-IR 6.99 4.33 0.56 4.15 6.05 8.89 54.46
Triglyceride (mg/dL) 163.42 97.38 31.00 98.00 139.00 198.00 796.00
SBP (mmHg) 123.42 14.63 84.00 112.00 122.00 132.00 175.00

At year 2
Fasting glucose (mg/dL) 104.92 14.78 74.00 97.00 103.00 110.00 331.00
HOMA-IR 5.97 4.67 0.46 3.20 4.87 7.31 60.03
Triglyceride (mg/dL) 140.95 84.00 31.00 86.00 118.00 169.00 672.00
SBP (mmHg) 120.12 14.72 84.00 110.00 119.00 129.00 209.00

Baseline weight (kg) 93.70 20.29 48.60 79.00 90.90 104.58 192.20

Weight loss from baseline to (kg)
1 month 1.38 2.66 217.17 20.18 1.27 2.83 15.85
3 months 4.40 3.87 29.62 1.79 4.13 6.51 25.27
6 months 6.84 5.62 213.25 3.20 6.45 9.60 35.55
2 years 5.39 7.56 219.15 1.05 4.50 8.50 77.50

Weight loss from (kg)
18 months to 2 years 21.38 5.73 227.60 24.35 21.20 1.13 49.20
6 months to 2 years 20.61 3.18 217.95 22.25 20.60 0.90 33.60

5-lb weight cycles (n) 1.45 0.99 0 1 1 2 6

Average weight (kg) 83.03 19.87 44.93 74.02 84.57 98.66 188.68

All body composition variables are raw weight loss values in the units of kilograms. The study sample consisted of 1,000 intensive lifestyle participants
with at least 2 years of follow-up and excluded participants who developed diabetes during those 2 years (n = 952).

Table 2—Pearson partial correlation coefficients between the nine weight metrics conditional on age at enrollment

BL
weight

BL to 1
month

BL to 3
months

BL to 6
months

18 months to 2
years

BL to 2
years

6 months to 2
years

5-lb cycles
(n)

Average
weight

BL weight 1 0.10 0.26 0.33 0.01 0.20 20.06 0.35 0.96
0.00 ,0.01 ,0.01 0.78 ,0.01 0.10 ,0.01 ,0.01

BL to 1 month 1 0.80 0.60 20.07 0.38 20.10 0.05 20.06
,0.01 ,0.01 0.03 ,0.01 0.00 0.13 0.08

BL to 3 months 1 0.86 20.08 0.56 20.12 0.06 0.04
,0.01 0.02 ,0.01 0.00 0.09 0.24

BL to 6 months 1 20.10 0.67 20.12 0.05 0.08
,0.01 ,0.01 0.00 0.14 0.02

18 months to
2 years

1 0.26 0.45 20.11 0.03
,0.01 ,0.01 0.00 0.39

BL to 2 years 1 0.66 20.10 20.06
,0.01 0.00 0.09

6 months to
2 years

1 20.19 20.16
,0.01 ,0.01

5-lb cycles (n) 1 0.38
,0.01

BL, baseline.
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outcome and obtained nine coefficient
estimates for the nine standardized
weight measures. Weight measures
were standardized by the corresponding
ethnic- and sex-specific SDs, which yield
directly comparable regression coeffi-
cient estimates. Therefore, the regres-
sion coefficient of each measure of
weight is the difference in the outcome
corresponding to 1 SD change in the
given weight measure. Pairwise com-
parisons among the nine coefficients
were made. We then tested whether
the difference between a pair of coeffi-
cients varied from zero.
Themost predictive single weight var-

iable was selected, whose model was
called the core model. To determine
whether a combination of the weight
variables could be defined that im-
proved the predictive accuracy for inci-
dent diabetes of the core model,
expanded models that included addi-
tional weight variables besides the co-
variates in the core model were
selected, and the predictive ability of
different models was assessed consider-
ing both statistical significance and clin-
ical importance. Statistical selection of
candidate weight measures was done
by stepwisemodel selections, with a sig-
nificance level for variable entry of P =
0.25 and a significance level for variable
removal of P = 0.15. The three stron-
gest predictors of diabetes identified
through the stepwise model selection
ranked by effect sizes are 1) weight
loss from baseline to year 2, 2) average
weight in the first 2 years, and 3) weight
loss in the first month after randomiza-
tion. None of these variables was collin-
ear (variance inflation factor ,2).
We also estimated the predictive ac-

curacy of the logistic model including
the top threeweightmeasures (11). Fur-
thermore, three sets of sensitivity anal-
yses were tested to determine the
prognostic power of weight loss from
baseline to year 2 on diabetes risk by
adding dietary and physical activity
measurements to the model. In the first
sensitivity analysis, the average daily ca-
loric intake calculated from food fre-
quency questionnaires at baseline and
year 1 was added to the Cox model of
2-year weight loss and demographic var-
iables. In the second sensitivity analysis,
average physical activity measured in
metabolic hours per week at baseline
and year 1 was added in addition to

the same core model. In the third sensi-
tivity analysis, average daily caloric in-
take and weekly physical activity in
metabolic hours per week were both
added. All calculations were done using
SAS 9.2 software (SAS Institute, Cary,
NC).

RESULTS

At baseline, this subgroup of lifestyle
participants was 51 (SD 11) years old
on average, 68% were women, and
54% were white, 18% African American,
16% Hispanic American, 5% Native
American, and 6% Asian American by
self-reported ethnicity. Participants’
mean BMI was 33.77 (SD 6.56) kg/m2.
Other weightmeasures and cardiometa-
bolic risk factors are outlined in Table 1.
The cohort achieved a mean weight loss
of 6.84 (SD 5.62) kg at 6 months and
sustained a mean weight loss of 5.39
(SD 7.56) kg at 2 years. After completion
of the core curriculum at 6 months,
there was a modest mean weight regain
of 0.61 (SD 3.18) kg over the ensuing 18
months, with more rapid weight gain
(mean 1.38 [SD 5.73] kg) between 18
months and 24 months. From baseline
to 2 years, there were small changes in
fasting glucose and systolic blood pres-
sure, with greater changes in HOMA-IR
and triglyceride levels. The average
number of 5-lb (2.25-kg) weight cycles
was 1.45, with a range of 0–6 weight
cycles over 2 years. Weight cycling was
more frequent in men than in women
(1.59 vs. 1.39 cycles/year, P , 0.01),
younger participants (1.60 cycles/year
for age ,45 years vs. 1.40 for 45–59
years, and 1.35 for $60 years, P =
0.01), and in African Americans than
other ethnic groups (1.68 vs. 1.00–1.44
cycles/year, P , 0.01).

Table 2 summarizes the pairwise par-
tial correlation coefficients between
weight variables conditional on age at
enrollment. Baseline body weight and
several weight loss variables were sig-
nificantly correlated with one another.
Higher baseline weight correlated
with a larger number of weight cycles
(r = 0.35, P , 0.01), weight loss (6
months: r = 0.33, P , 0.01; 2 years: r =
0.20, P , 0.01), and a larger average
weight in the first 2 years (r = 0.96, P ,
0.01), but not weight regain between 6
and 24 months (P = 0.10) or from 18 to
24months (P = 0.78). More initial weight
loss (e.g., baseline to 1-month weight

loss) was associated with greater subse-
quent weight loss from baseline to 24
months (r = 0.38, P , 0.01) and less
weight loss/greater weight regain be-
tween 6 and 24 months (r = 20.10,
P , 0.01) but not with more weight cy-
cling (number of 5-lb (2.25-kg) weight
cycles; P = 0.13). Weight cycling was cor-
related with average weight in the first 2
years (r = 0.38, P , 0.001), less weight
loss/greater weight regain between 6
and 24 months (r = 0.19, P , 0.01) and
between 18 and 24 months (r = 20.11,
P, 0.01), and less long-termweight loss
at 2 years (r = 20.10, P , 0.01).

There were 99 incident diabetes
events ascertained during a median
follow-up of 3 years (range 2–4.5 years).
Table 3 reports the estimated effects
of a 1-unit (kg or weight cycle) change
in the weight loss variable on diabetes
incidence and glucose concentrations,
HOMA-IR, SBP, and triglyceride concen-
trations at 2 years. Figure 1 shows the
comparative effects of 1-SD change spe-
cific to ethnic/sex of the various body
weight variables on diabetes incidence
and cardiometabolic outcomes at 2
years. Greater weight loss in the first 6
months and from 6 months to 2 years
were both predictive of reduced diabe-
tes incidence; however, overall weight
loss from baseline to 2 years was the
strongest single predictor of lower dia-
betes incidence. The effects of 2-year
weight loss on diabetes risk were not
affected by further adjusting for covari-
ates measuring caloric intake and phys-
ical activity (data not shown).

Weight cycling (defined as number of
5-lb weight cycles) was predictive of an
increased incidence of diabetes. More-
over, the effect of weight cycling on
diabetes risk remained statistically sig-
nificant in models adjusted for baseline
weight (hazard ratio [HR] 1.22, 95% CI
1.02, 1.48; P = 0.03) or 2-year weight
loss (HR 1.22, 95% CI 1.02, 1.47; P =
0.03). The effect of the number of 5-lb
weight cycles was no longer significant
when baseline weight and 2-year weight
loss were both included in the same
model (HR 1.11, 95% CI 0.91, 1.35; P =
0.29) or when average weight over 2
years was included in the model (HR
1.15, 95% CI 0.95, 1.39; P = 0.15).

The expandedmodel including demo-
graphic variables, 2-year weight loss,
1-month weight loss, and average weight
adds significant predictive power to the

care.diabetesjournals.org Delahanty and Associates 2741

http://care.diabetesjournals.org


core model (P , 0.01 compared with
the core model). The areas under the
curve (AUCs) of the core model (demo-
graphics and 2-year weight loss) and the
expanded models described above were
0.72 and 0.76, respectively. The AUC in
the model including the top three
weight measures was 0.76, which was
essentially the same as the logistic
model including all candidate weight
measures (AUC 0.76; P = 0.90 for differ-
ence between AUCs). Weight cycling
raised the risk of diabetes (HR 1.33,
95% CI 1.12, 1.58; P = 0.001) but did
not significantly add to the predictive
accuracy of the core model (P = 0.28).

Cardiometabolic Outcomes
Weight loss was predictive of improved
cardiometabolic outcomes in both the
first 6 months and from 6 months to 2
years, but again, was not as predictive as
total weight loss from baseline to 2
years. Weight loss from 18 months to
2 years was a significant predictor of im-
proved triglyceride levels and insulin
sensitivity at 2 years but was not a sig-
nificant predictor of the other cardiome-
tabolic traits or diabetes incidence.
Weight cycling was associated with
worsening of most cardiometabolic risk
factor levels except for fasting triglycer-
ides: fasting glucose (b = 0.91, 95% CI
0.17, 1.65 mg/dL per kg; P = 0.02),
HOMA-IR (b = 0.25, 95% CI 0.01, 0.49
per kg; P = 0.04), and SBP (b = 0.94,
95% CI 0.19, 1.68 mmHg per kg; P =
0.01); however, these effects were no
longer statistically significant when ad-
justed for baseline weight or 2-year
weight loss.

CONCLUSIONS

This study expands on previous research
by examining the relative importance of
several measures of body weight as pre-
dictors of diabetes and changes in car-
diometabolic risk factors and identifying
an optimized set of weight loss variables
associated with diabetes risk. We com-
pared the strength and magnitude of
the associations for various weight loss
variables with the change in cardiome-
tabolic levels and diabetes incidence to
quantify the short- and long-term time-
dependent effects of weight loss, recent
weight loss, degree of exposure to ex-
cess weight, and weight cycling in the
first 2 years of the DPP trial. Although
weight loss during the first 6 months of
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the lifestyle intervention was a major
predictor of reduced incidence of diabe-
tes, the strongest predictor of reduced
diabetes risk and improvements in car-
diometabolic traits was the overall 2-
year weight loss: every kilogram of
weight loss in the first 6 months of the
trial corresponded with a 6% reduction

in risk of diabetes, whereas every kilo-
gram of weight loss from baseline to 2
years corresponded with a 10% de-
crease in the risk of diabetes. Our results
differ from those previously reported by
Hamman et al. (12) because we exam-
ined the development of diabetes from
year 2 until study end and excluded

those who had less than 2 years of
follow-up and those who developed di-
abetes within the first 1.5 years of the
intervention.

For all cardiometabolic traits, the
overall weight loss at 2 years was a bet-
ter predictor than average weight in
the first 2 years. Interestingly, the initial

Figure 1—Estimated effects (HR or coefficient) and the corresponding 95% CIs of body weight dynamics on diabetes risks (A), fasting glucose (B),
HOMA-IR (C), triglyceride levels (D), and SBP (E).
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6-month weight loss appears to be a bet-
ter predictor for the reduction in fasting
blood glucose, SBP, and HOMA-IR than
the most recent 6-month weight loss,
whereas the most recent 6-month
weight loss was a predictor of both lower
triglyceride levels and improved insulin
sensitivity.
We also identified an optimized set of

weight loss variables for predicting inci-
dent diabetes in the DPP, which includes
1-month weight loss, 2-year weight loss,
and either initial body weight or expo-
sure to excess body weight over 2 years.
These results suggest that there are
added benefits to early rapid weight
loss in the first month in the context of
successful 2-year weight loss results,
particularly for those who have higher
initial body weights.
Our results are consistent with previ-

ous reports that have shown that weight
losses that are notmaintained are not as
effective in reducing the risk of diabetes
as those that are maintained (12). Our
findings regarding the importance of the
pattern of weight loss are also consis-
tent with findings from the Look AHEAD
(Action for Health in Diabetes) trial, an-
other long-term intentional weight loss
study in people with diabetes. In Look
AHEAD, greater overall weight losses
had the strongest relationship with im-
proved cardiovascular disease risk fac-
tors at 4 years; however, a pattern of
larger month-to-month weight loss dur-
ing the first year was also predictive of
greater improvements in glycated he-
moglobin, HDL cholesterol, and SBP at
4 years, independent of total weight
loss (6). These studies and our data em-
phasize that early larger weight losses
that are sustained seem to confer added
benefits for reducing the risk of diabetes
and improving cardiometabolic out-
comes in the medium-term.
Weight cycling and the average

weight in the first 2 years were both
among the top three predictors of in-
creased incidence of diabetes, implying
that continued efforts to reduce expo-
sure to excess body weight are impor-
tant in reducing the risk of diabetes. The
effect of weight cycling on diabetes risk
was still significant even after adjusting
for baseline weight or 2-year weight
change, but not after adjusting for aver-
age weight in the first 2 years. Impor-
tantly, however, in a translational
setting, one would not know the long-

term weight change before or during
the intervention period, and so focusing
on reducing weight cycling and prevent-
ing weight gain are logical and com-
plimentary objectives for diabetes
prevention. Moreover, a patient’s base-
line weight is clearly not the focus of an
intervention. Thus, in the context of
translation, the correlations among
baseline weight, average weight, and
weight cycling are important for a clini-
cian to consider because heavier pa-
tients are more likely to weight cycle
and develop diabetes. Nevertheless,
this does not mean diabetes risk is not
affected by weight cycling in these pa-
tients or that one should not focus on
reducing weight cycling for diabetes
prevention. By contrast, we conclude
for the cardiometabolic traits that
weight cycling does not convey effects
that are independent of baseline weight
or 2-year weight change.

Our findings generally agree with
those reported elsewhere that indicate
that weight cycling is associated with
weight regain, increased risk of hyper-
tension and diabetes, and elevations in
other cardiometabolic traits (2,13–17).
In contrast to previous studies that
have categorized the magnitude and
frequency of weight cycling (13,15,17)
(e.g., 5–9, 10–19, 20–49, and $50 lb)
(13), we measured the effects of the
number of weight cycles (gain and
loss) of at least 5 lb because most DPP
participants did not have 10-lb weight
cycles over 2 years of follow-up. Al-
though our findings show that overall
weight status is an important determinant
of diabetes and cardiometabolic risk and
that overall weight loss lowers risk, avoid-
ing weight regain of more than 5 lb also
appears to be clinically important.

A strength of our study is that we ex-
amined and compared the relative impor-
tance of a variety of weight loss variables
in a well-characterized, ethnically diverse
cohort of people with impaired glucose
tolerance that was pursuing intentional
weight loss. We also used weight change
data from actual clinic visits rather than
from self-reported weights to assess
weight cycling.

However, these findings must also be
interpreted with several limitations in
mind. Many estimated effects are statis-
tically significant but may not be clinically
relevant due to the large sample size.
The results from analyses focused on

estimating the HRs of each weight vari-
able on diabetes and cardiometabolic
outcomes are not adjusted for multiple
testing. This is because extensive existing
evidence supports an effect of body
weight change on diabetes risk; thus,
the prior probability of association is
likely to be greater than the null, which
is not considered in conventionalmultiple
test correction procedures. By clearly de-
fining the number of tests performed and
presenting nominal P values, we provide
the necessary information for readers to
determine for themselves the possibility
that these associations represent true
positive effects. Potential confounding
factors include changes in diet or activity
that vary within the intervention and
could affect development or worsening
of cardiometabolic risk factors. Although
we measured changes in body weight,
weight cycling, and magnitude of expo-
sure to excess body weight, we did not
examine body fat distribution by waist cir-
cumference or visceral fat, andweight as a
proxy for change in adiposity may lack
precision. Because the DPP is a multieth-
nic cohort of people at high risk for diabe-
tes, these resultsmaynot begeneralizable
to individuals at a lower risk of diabetes.

These findings have several important
clinical implications. First, current pro-
grams that focus on translating the first
months of the DPP lifestyle intervention
need to consider offering maintenance
programs to maximize sustainability of
weight loss, improvements in cardiome-
tabolic risk factors, and the potential to
prevent or delay diabetes. Early rapid
weight loss that is sustained may confer
additional benefits for reducing the risk
of diabetes. Although lapses in eating
behavior may lead to weight regain
and some weight cycling, the ability to
refocus on weight loss behaviors and
achieve weight loss overall appears to
be most important for diabetes preven-
tion and improved cardiometabolic out-
comes. Nevertheless, minimizing weight
cycling is also important for reducing di-
abetes risk and for psychological well-
being and perceived self-efficacy related
to weight loss. Efforts to promote
weight loss should seek to achieve this
in a manner that is steady and consis-
tent over time.

In conclusion, the overall 2-yearweight
loss among the DPP lifestyle interven-
tion participants was the strongest pre-
dictor of reduced risk for diabetes and
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improvements in cardiometabolic traits
compared with eight other body weight
variables. Early rapid weight loss in the
context of successful 2-year weight loss
also provided added benefit in diabetes
risk reduction. In the context of the DPP’s
intentional weight loss program, weight
cyclingwas associatedwithoverallweight
regain, increased risk of diabetes, and el-
evations in SBP, insulin resistance, and
fasting glucose. Weight cycling conferred
an increased risk for diabetes indepen-
dent of baseline weight or 2-year weight
change but not when both were consid-
ered simultaneously or when average
weight over 2 years was considered. The
effects of weight cycling on the cardio-
metabolic traits were not statistically sig-
nificant when baseline weight or 2-year
weight were conditioned upon. Defining
the weight loss variables that are most
strongly associated with the reduced in-
cidence of diabetes and improvements
in cardiometabolic traits may have impli-
cations for the choice of approaches in
studies that examine genetic influences
on weight loss and in the translation of
findings from studies such as the DPP to
clinical practice.
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