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Summary
Background—In the 2·8 years of the Diabetes Prevention Program (DPP) randomised clinical
trial, diabetes incidence in high-risk adults was reduced by 58% with intensive lifestyle
intervention and by 31% with metformin, compared with placebo. We investigated the persistence
of these effects in the long term.
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Methods—All active DPP participants were eligible for continued follow-up. 2766 of 3150
(88%) enrolled for a median additional follow-up of 5·7 years (IQR 5·5–5·8). 910 participants
were from the lifestyle, 924 from the metformin, and 932 were from the original placebo groups.
On the basis of the benefits from the intensive lifestyle intervention in the DPP, all three groups
were offered group-implemented lifestyle intervention. Metformin treatment was continued in the
original metformin group (850 mg twice daily as tolerated), with participants unmasked to
assignment, and the original lifestyle intervention group was offered additional lifestyle support.
The primary outcome was development of diabetes according to American Diabetes Association
criteria. Analysis was by intention-to-treat. This study is registered with ClinicalTrials.gov,
number NCT00038727.
Findings—During the 10·0-year (IQR 9·0–10·5) follow-up since randomisation to DPP, the
original lifestyle group lost, then partly regained weight. The modest weight loss with metformin
was maintained. Diabetes incidence rates during the DPP were 4·8 cases per 100 person-years
(95% CI 4·1–5·7) in the intensive lifestyle intervention group, 7·8 (6·8–8·8) in the metformin
group, and 11·0 (9·8–12·3) in the placebo group. Diabetes incidence rates in this follow-up study
were similar between treatment groups: 5·9 per 100 person-years (5·1–6·8) for lifestyle, 4·9 (4·2–
5·7) for metformin, and 5·6 (4·8–6·5) for placebo. Diabetes incidence in the 10 years since DPP
randomisation was reduced by 34% (24–42) in the lifestyle group and 18% (7–28) in the
metformin group compared with placebo.
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Interpretation—During follow-up after DPP, incidences in the former placebo and metformin
groups fell to equal those in the former lifestyle group, but the cumulative incidence of diabetes
remained lowest in the lifestyle group. Prevention or delay of diabetes with lifestyle intervention
or metformin can persist for at least 10 years.
Funding—National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).
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Prevention of type 2 diabetes mellitus is a major public health challenge because of its large
effect on health. Diabetes affected an estimated 171 million people worldwide in 2000, and
this number is projected to rise to 366 million by 2030, owing to increases in age, obesity,
and urbanisation of the world’s population.1 Diabetes was the world’s fifth leading cause of
death in 2000.2 In the Diabetes Prevention Program (DPP), a US multicentre randomised
clinical trial, intensive lifestyle intervention or metformin prevented or delayed development
of type 2 diabetes in adults at high risk because of raised fasting plasma glucose (5·3–6·9
mmol/L), impaired glucose tolerance (2-h postload glucose 7·8–11·0 mmol/L), and bodymass index of 24 kg/m2 or higher (≥22 kg/m2 in Asian Americans).3,4 Development of
diabetes5 was the primary outcome, and cardiovascular disease and its risk factors were
secondary outcomes.
The Diabetes Prevention Program Outcomes Study (DPPOS) is a long-term follow-up of the
DPP to investigate whether the delay in development of diabetes seen during the DPP can be
sustained and to assess long-term effects of the interventions on health. In this first phase of
DPPOS, we report the intervention effects on diabetes incidence, weight change, and
cardiovascular disease risk factors and their treatment during 10 years of follow-up since
DPP randomisation.
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Methods
Participants
Recruitment and random assignment of DPP participants and other study methods have been
described.3,4,6 We enrolled 3234 participants (68% women, 45% from ethnic and racial
minority groups, and 20% aged 60 years or older) between 1996 and 1999. Participants were
randomly assigned centrally to one of three interventions: intensive lifestyle (aimed to help
participants to achieve and maintain 7% weight loss and 150 min or more per week of
moderate-intensity physical activity); metformin 850 mg twice per day; or placebo. The
metformin and placebo groups were masked (double blind) to treatment.3,4,6 Masked
treatment was discontinued in July, 2001, after we established that lifestyle intervention
reduced incidence of diabetes by 58% and metformin by 31% compared with placebo during
an average of 2·8 years in the DPP.4 We defined the 13 months from Aug 1, 2001 to August
31, 2002, as the bridge because it bridged the time between the two main protocols—DPP
and DPPOS.
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Figure 1 shows recruitment, randomisation, enrolment, and follow-up for the DPPOS. All
3150 surviving DPP participants who had not withdrawn consent were eligible, irrespective
of whether they had developed diabetes. Enrolment started in September, 2002, and was
largely completed within 1 year, by which time 2665 participants (85%) had enrolled. By
Aug 27, 2008, the closing date for this analysis, 2766 (88%) had enrolled. The protocol and
informed consent procedures were approved by all responsible institutional review boards.
Participants signed written consent forms after discussion of all aspects of the study with
study staff.
Procedures
After participants were informed of the main results from DPP, those in the metformin and
placebo groups entered into a 1–2 week drug washout study to identify whether treatment of
fasting glucose accounted for the diabetes risk reduction with metformin.7 They were then
unmasked to their treatment assignments, and placebo was stopped. All participants,
including the original lifestyle group and those who had developed diabetes, were offered a
group-administered version of the 16-session lifestyle curriculum as a bridge protocol. The
Lancet. Author manuscript; available in PMC 2011 July 13.
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programme, undertaken from Jan 2, 2002 to July 31, 2002,8 was nearly identical in content
to the DPP lifestyle intervention, and was delivered, with few exceptions, by the original
staff. Individualised problem solving and behaviour-change support were not provided. At
least some sessions were attended by the original placebo (57%), metformin (58%), and
lifestyle (40%) participants.8
The DPPOS follow-up protocol was started in September, 2002. Lifestyle sessions (HELP)
were offered to all participants every 3 months, with provision of educational materials to
reinforce the original weight loss and physical activity goals. DPP lifestyle participants were
also offered two group classes (BOOST) each comprising four sessions every year to
reinvigorate their self-management behaviours for weight loss. Those previously assigned to
the metformin group continued to receive metformin 850 mg twice daily, now unmasked, as
tolerated, unless the drug was discontinued for safety reasons or participants had developed
diabetes with a glycated haemoglobin (HbA1c) of more than 7%, which, according to the
protocol, needed management by their own physician. Outcome assessment examinations
continued on the same yearly and 6 monthly schedule as in the DPP. We defined the
baseline visit for DPPOS as the last yearly visit that occurred between Aug 1, 2001 and Aug
31, 2002, (n=2629). For 115 participants without such a visit, another visit from Aug 1,
2001 to Oct 31, 2003 was used as DPPOS baseline.
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The primary outcome, as in the DPP, was development of diabetes according to American
Diabetes Association criteria—fasting plasma glucose 7·0 mmol/L or higher measured every
6 months, or 2-h plasma glucose 11·1 mmol/L or higher after a 75 g oral glucose load,
measured yearly. A provisional diagnosis by either test needed confirmation with a repeat
test.4,5 Weight loss, the main goal of the lifestyle intervention,3 was analysed as a key
process variable. Blood pressure, plasma lipids, and medication history were obtained
yearly. The primary objectives of follow-up were to assess long-term effects of DPP
interventions on the development of diabetes and its complications.
Statistical analysis
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Comparisons between groups were done with the χ2 test of independence for qualitative
variables, and the ANOVA or t test for quantitative variables apart from triglycerides, which
have a highly skewed distribution and for which the non-parametric Kruskal-Wallis or
Wilcoxon tests were used. We did three pair-wise comparisons of diabetes incidence in the
three intervention groups, each at an α of 0·017—ie, the conventional 0·05 adjusted for three
comparisons. The intention-to-treat analysis compared each intervention with placebo on a
modified product-limit life-table distribution with a log-rank test statistic. Treatment groups
and periods during the study were also compared with incidence per 100 person-years.
Cases were new confirmed diagnoses of diabetes. Person-years were the sum of time under
follow-up for all participants in a group before diagnosis of diabetes or end of follow-up if
diabetes did not develop during the time of interest.
For analyses of changes over time in quantitative measures we used the normal errors
longitudinal regression model.9 Interaction between treatment groups and time was assessed
first to see if changes over time varied across treatment groups by inclusion of an interaction
term in the model. Each analysis of change from the start of DPPOS was adjusted for the
study’s baseline value, and each analysis of change from DPP randomisation until the
analysis closing date was adjusted for the DPP baseline value. To help with interpretation of
the treatment-group comparisons of glycaemia, blood pressure, and lipids over time, we also
examined the prevalence of drug use to treat these variables. For the analysis of drug use
over time we used generalised estimating equations with repeated measures over time10 to
model the percentage of participants taking medicines during the study. Analyses were done
with SAS versions 8.1 and 9.1.
Lancet. Author manuscript; available in PMC 2011 July 13.
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Although this follow-up study was not anticipated in the DPP design, we present betweengroup comparisons of diabetes incidence for the total follow-up from DPP randomisation
through the bridge period, plus a median of 5·7 years (IQR 5·5–5·8) of the DPPOS to Aug
27, 2008. Although not independent of the DPP-only and DPPOS-only analyses, these
overall analyses were included to describe the cumulative experience of the cohort. This
study is registered with ClinicalTrials.gov, number NCT00038727.
Role of the funding source
The sponsor of this study was represented on the Steering Committee and played a part in
study design, how the study was done, and publication. The funding agency was not
represented on the writing group, although all members of the Steering Committee had input
into the report’s contents. All authors in the writing group had access to all data.

Results

NIH-PA Author Manuscript

Enrolment into this follow-up study from the DPP cohort did not differ significantly by sex
or ethnic origin, but was lower in women with a history of gestational diabetes than in those
without and higher in participants who had developed diabetes by Sept 1, 2002, than in those
without diabetes (table 1). Enrolment was also related to greater age, HbA1c, cholesterol
concentrations, and in women, by lower weight and body-mass index (webappendix p 1).
Table 2 shows DPPOS baseline characteristics. Median follow-up from randomisation in the
DPP to the most recent assessment in the DPPOS was 10·0 years (IQR 9·0–10·5).
Figure 2 shows weight change by treatment group from DPP randomisation and during
DPPOS only. Participants had similar changes in BMI and waist circumference
(webappendix pp 3–5). The lifestyle group participants initially lost the most weight (a mean
of 7 kg by 1 year), but gradually regained, although still weighing about 2 kg less than they
did at randomisation. The metformin group lost a mean of 2·5 kg during DPP and
maintained most of that weight loss. The placebo group’s mean weight loss was less than 1
kg from DPP entry. Thus, the groups’ mean weights differed at the start of DPPOS—90·6 kg
for lifestyle, 92·0 kg for metformin, and 93·4 kg for placebo (p=0·0158). The lifestyle group
subsequently regained about 1 kg, whereas the metformin and placebo groups initially lost
and then regained weight back to their respective levels at DPPOS baseline (figure 2).
Participants younger than 45 years at randomisation had less sustained weight loss from
randomisation throughout the DPPOS than did those aged 45 years and older. Participants in
both the metformin and placebo groups who were aged 60–85 years at DPP randomisation
lost weight (figure 2). Every age-group in the lifestyle intervention gained weight, on
average, during the DPPOS.
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Figure 3 shows the cumulative frequency of diabetes since randomisation to DPP and during
the DPPOS only. During this study, cumulative incidence curves for the 1994 participants
who remained without diabetes on Sept 1, 2002, (five of the original 1999 had no follow-up)
did not continue to separate as they had in DPP, because the accumulation of additional
cases of diabetes was similar in the three groups (figure 3).
Table 3 and figure 4 show diabetes incidence during the different study periods. The original
DPP report covered an average 2·8 years of follow-up4 and when the masked treatment
phase of DPP was stopped in July, 2001, the average follow-up had extended to 3·2 years.
During DPPOS, diabetes incidence rates did not significantly differ between groups (table
3). Incidence rates were stable in the lifestyle group, but fell in the placebo and metformin
groups during the DPPOS. During the combined DPP, bridge, and DPPOS periods, the
incidence rate of the lifestyle group was reduced by 34% (95% CI 24–42) and metformin by
18% (7–28) compared with placebo. The lifestyle effect was greatest in participants aged
Lancet. Author manuscript; available in PMC 2011 July 13.
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60–85 years at randomisation (49% rate reduction), in whom metformin had no significant
effect (figure 3).
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The median delay to onset of diabetes can be estimated from the differences between
treatment groups in the time to 40% cumulative incidence of diabetes (40% was used
because 50% cumulative incidence had not yet occurred in all groups, figure 3). This point
was delayed by about 4 years by lifestyle and 2 years by metformin, compared with placebo.
At the most recent yearly examination, 23% in the lifestyle, 19% in the metformin, and 19%
of participants in the placebo groups had become normoglycaemic by criteria defined and
reported previously (fasting glucose <6·1 mmol/L, 2-h glucose <7·8 mmol/L, and no
previous diagnosis of diabetes).4,5 With a definition of normoglycaemia of fasting glucose
less than 5·6 mmol/L,11 2-h glucose less than 7·8 mmol/L, and no previous diagnosis of
diabetes, the corresponding frequencies were 13%, 11%, and 10%.
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Figure 5 shows differences in fasting glucose, HbA1c, and antidiabetic medicine use over
time by treatment group for all participants, irrespective of whether diabetes had developed.
HbA1c and fasting glucose concentrations were lower in the metformin and lifestyle groups
than in the original placebo group, despite more people in the placebo group using
antidiabetic drugs than those in the metformin (excluding study-assigned metformin) or
lifestyle groups. Cardiovascular disease risk factors improved in all three treatment groups
since randomisation. Averaged over all follow-up, systolic and diastolic blood pressure and
triglycerides were lower in the lifestyle than in the other groups, although use of antihypertensive drugs was less frequent. Overall, systolic and diastolic blood pressure and
triglycerides were lower in the lifestyle than in the metformin and placebo groups, but these
differences were not maintained by the end of follow-up (table 4).
During DPPOS, 57% of the non-diabetic metformin participants took 80% or more of the
prescribed metformin dose and 70% took metformin in any amount, compared with 1% of
non-diabetic participants in the lifestyle group and 3% in the original placebo group who
took metformin prescribed outside the study. Attendance at quarterly lifestyle sessions
(HELP) averaged 18% for the original lifestyle group, 15% for the metformin group, and
14% for the placebo group (20%, 15%, and 14%, respectively, in non-diabetic participants).
In each sex and treatment group, attendance was roughly twice as high in those aged 60–85
years at randomisation than in those aged 25–44 years. Attendance at BOOST sessions for
the original lifestyle group averaged 17% (19% for participants without diabetes), and was
positively associated with age.

Discussion
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We report the first phase of the long-term follow-up (DPPOS) of the DPP cohort. The
second phase is due to be completed in 2014. The DPP and other clinical trials12–16 have
established the feasibility of interruption of the worsening of hyperglycaemia in overweight
people who have raised fasting or postload glycaemia. 10 years after DPP randomisation,
cumulative incidence of diabetes remained lower in the lifestyle and metformin groups than
in the placebo group, despite changes in treatments after a mean of 3·2 years. Metformin
was at least as effective as lifestyle intervention in prevention of rises in fasting glucose and
HbA1c (figure 5). This finding became evident during the DPPOS, and could be a result of a
greater effect of metformin when combined with lifestyle sessions, or a more sustained
effect achieved with metformin than with that of the lifestyle intervention alone. Such
conclusions about treatment effects during the DPPOS are tentative because of group
differences, including the prevalence of diabetes, at DPPOS enrolment (table 2).
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Diabetes incidence during the DPPOS did not differ significantly between the three
randomised groups. This finding was not attributable to a rebound effect in the lifestyle
group but to a fall in incidence in the placebo and metformin groups that resulted in similar
rates as achieved by lifestyle intervention, which changed little throughout follow-up (table
3 and figure 4). The brief drug washout study7 at the end of DPP probably accounted for the
transient rise in diabetes incidence in the metformin group during the bridge period. During
the washout, an estimated 15 diabetes cases occurred in the metformin group above those
expected from the placebo experience. Had these cases not occurred, incidence rates would
have been similar in the metformin and placebo groups during the bridge period.
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Incidence rates in the former placebo and metformin groups might have fallen during
DPPOS because most participants who were susceptible to diabetes developed the disease
during the DPP, leaving a reduced number at risk during the present study. However, this
hypothesis is not supported by stability over time of diabetes incidence in the lifestyle group,
by findings in high-risk Pima Indians, in whom the yearly incidence of diabetes in people
with impaired glucose tolerance increased rather than decreased during a 10-year followup,17 or by results of the Finnish Diabetes Prevention Study18 in which diabetes incidence in
the control group was similar during the clinical trial and follow-up period. Unlike in
DPPOS, all intervention in the Finnish trial ended after completion of the original 4 year
study. An additional explanation for the reduction in incidence in the former metformin and
placebo groups in our study is that participants benefited from the group-implemented
lifestyle programme offered to all during the bridge and DPPOS periods. This benefit might
have been especially relevant for people aged 60–85 years at randomisation, who lost weight
during this time.
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In this study, onset of diabetes was delayed by about 4 years by lifestyle intervention and 2
years by metformin compared with placebo. The delay in median time to diabetes diagnosis
was previously estimated to be 11 years for the lifestyle and 3 years for the metformin
groups on the basis of extrapolation of DPP incidence.19 The present estimated delays are
smaller than the original estimates owing largely to the reduction in diabetes incidence in the
placebo group. Lifestyle and metformin interventions succeeded in producing long-term (10year) weight loss. During DPP, weight loss was associated with diabetes prevention.20 As
far as we are aware, no other weight-loss study using behavioural or drug interventions has
reported this amount of weight loss over such a long period. For example, in the nonsurgical treatment group of the Swedish Obese Subjects Study21 of bariatric surgery, a 0·1%
weight gain was reported, on average, after 10 years. The extent to which participants’
knowledge of DPP results and the addition of the group-implemented lifestyle intervention
contributed to the long-term effects of metformin are unknown. The lifestyle intervention
also resulted in improved blood pressure and lipid concentrations despite a reduction in drug
treatment prescribed by participants’ personal physicians.
Because diabetes is defined by somewhat arbitrary cut-off points of hyperglycaemia, arrest
of progression of hyperglycaemia prevents or delays onset of diabetes. In view of the strong
relation between hyperglycaemia and long-term diabetes complications (microvascular and
macrovascular disease and neuropathy), one might assume that prevention or delay of onset
of diabetes as defined by conventional glycaemic cut-offs would also prevent or delay these
clinical manifestations. Both active interventions improved risk factors for cardiovascular
disease.22,23 However, diabetes complications were too infrequent for analysis of treatment
effects, and the full DPPOS follow-up will be needed to assess whether prevention or delay
of diabetes onset will have the same effect on complications.
Our findings that both lifestyle and metformin interventions delayed or prevented diabetes in
the DPPOS are consistent with results of other reports of similar interventions with lifestyle
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or with other antidiabetic drugs.24,25 Continued separation of cumulative incidence of
diabetes has been reported in long-term follow-up of two other lifestyle intervention
studies.18,26 The Finnish Diabetes Prevention Study used an approach similar to that in the
DPP lifestyle group. During the 4-year active intervention, diabetes incidence was reduced
by 58%. Although the intervention was not actively delivered during the 3-year follow-up, it
remained effective with a 39% reduction in incidence.18 20-year follow-up26 was reported
from the Da Qing12 prevention trial in 577 Chinese individuals with impaired glucose
tolerance. After 6 years of treatment, cumulative diabetes incidences were high (68% in
usual care, 48% in diet, 41% in exercise, and 46% in diet plus exercise groups), with all
three interventions being similarly effective. Treatment and regular follow-up were
discontinued after 6 years, but cumulative incidence during 20 years, gathered largely from
clinical and historical data, remained lower in the three combined treatment groups than in
the usual care group.26 However, the change in ascertainment of diabetes over time
complicates data interpretation. As far as we know, no long-term follow-up of drug
intervention to prevent diabetes has been published except for the DPPOS.
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Limitations of the present analyses include the less than complete enrolment in our study
and the treatment modifications after the end of DPP. Informing participants and the public
of results in 2001, and modifying the protocol to offer core lifestyle sessions to all
participants were ethically necessary. For participants in the lifestyle group, decreased
intensity of treatment during the bridge and DPPOS might have resulted in lowered
adherence at a time when weight regain was taking place. The two groups newly exposed to
lifestyle intervention (metformin and placebo) had higher attendance than did the lifestyle
group during the bridge period, and they achieved modest weight loss, although less than the
lifestyle group did during the DPP.8 Therefore, convergence of diabetes incidence rates in
the three treatment groups during the bridge and DPPOS might be a result of either a
diminished effect of the lifestyle intervention for the original lifestyle group compared with
the intensive lifestyle intervention during the DPP, or the introduction of groupimplemented lifestyle intervention to the DPP placebo and metformin groups, or both.
Session attendance was positively associated with age, perhaps because of differences in
occupational and child-care demands. These factors probably contributed to greater weight
loss (figure 2) and protection from diabetes in the older than in the younger participants,
particularly in the lifestyle group (figure 3).

NIH-PA Author Manuscript

Results of the DPP were reported after a mean 2·8 years.4 The present study investigates
further diabetes development in about 7 years’ extended follow-up. For perspective, we have
summarised the data for the cohort over 10 years. Cumulative data are completely contained
within the other separately reported periods, statistically provide no additional information,
and do not represent a predesigned uniform intervention over time. Therefore, significance
tests or CIs reported for the entire time since randomisation should be interpreted cautiously.
Our results have shown that a reduction in diabetes cumulative incidence by either lifestyle
intervention or metformin therapy persists for at least 10 years. Further follow-up will
provide crucial data for long-term clinical outcomes, including mortality. In the next phase
of the DPPOS, the primary objective is to assess intervention effects on a composite
microvascular-neuropathic outcome for diabetic retinopathy, nephropathy, or reduced light
touch sensation in the feet. Secondary outcomes include the individual components of the
composite primary outcome, cardiovascular disease, further development of diabetes,
measures of glycaemia, insulin secretion, insulin sensitivity, cardiovascular disease risk
factors, physical activity, nutrition, body-weight, health-related quality of life, and economic
assessments. These data are needed because speculation about the long-term benefits on the
basis of extrapolation of the DPP and other data by different authors have led to very
different conclusions.19,27,28 The long-term reductions in bodyweight and diabetes are
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encouraging, but further quantification of long-term outcomes is crucial to establish the
benefits of diabetes prevention.
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Figure 1. Trial profile

Screening and recruitment done in the Diabetes Prevention Program (DPP).3 OGTT=oral
glucose tolerance test. ILS=intensive lifestyle intervention. m=month. *Includes 585
randomised to troglitazone before this treatment group was discontinued. †DPP enrolled
participants during 3 years ending June, 1999. Participants had varying durations of DPP
follow-up, dependent on their year of enrolment. ‡DPP participants who had not died or
withdrawn consent as of Sept 1, 2002, were eligible. §Numbers of those examined in year 6
are lower than are those for the other years because the close of data for analysis occurred
before all follow-up examinations were scheduled.
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Figure 2. Mean weight changes

Weight changes for originally assigned treatment group since Diabetes Prevention Program
(DPP) randomisation for (A) all participants, (B) those aged 25–44 years at randomisation,
(C) 45–59 years, and (D) 60 years and older; and since enrolment in the present study for
(E) all participants, (F) those aged 25–44 years, (G) 45–59 years, and (H) 60 years and
older, including participants irrespective of whether they developed diabetes during followup. Webappendix p 2 shows numbers of those in every datapoint.
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Figure 3. Cumulative frequency of diabetes

Development of diabetes since Diabetes Prevention Program (DPP) randomisation for (A)
all participants, (B) those aged 25–44 years at randomisation, (C) 45–59 years, (D) and 60
years and older; and since enrolment in the DPPOS (Sept 1, 2002) for (E) all participants,
(F) those aged 25–44 years at randomisation, (G) 45–59 years, and (H) 60 years and older.
Webappendix p 6 shows numbers of participants remaining at risk of diabetes at every
datapoint.

Lancet. Author manuscript; available in PMC 2011 July 13.

Page 14

NIH-PA Author Manuscript
Figure 4. Incidence rates of diabetes during the three study phases of DPP, bridge, and DPPOS
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The bars show diabetes incidence rates and the error bars 95% CIs. DPP=Diabetes
Prevention Program.
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Figure 5. Fasting glucose, glycosylated haemoglobin, and antidiabetic drug use

A=fasting glucose in mmol/L. B=HbA1c (%). C=use of antidiabetic drugs (%). All
participants were included irrespective of whether they developed diabetes during follow-up.
Study-assigned metformin is excluded from antidiabetic drug use. Information for each data
point is shown in webappendix p 7.
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Number of enrolled participants, number eligible, and percentage enrolled by sex, ethnic and racial origin,
diabetes status, and treatment group
All groups
n/N (%)

ILS group
n/N (%)

Metformin group
n/N (%)

Placebo group
n/N (%)

Men

888/1014 (88%)

291/333 (87%)

307/353 (87%)

290/328 (88%)

Women

1878/2136 (88%)

619/713 (87%)

617/696 (89%)

642/727 (88%)

290/344 (84%)

93/114 (82%)

97/110 (88%)

100/120 (83%)

1587/1791 (89%)

526/599 (88%)

519/585 (89%)

542/607 (89%)

1506/1712 (88%)

490/560 (88%)

515/582 (88%)

501/570 (88%)

African-American

559/632 (88%)

176/199 (88%)

191/219 (87%)

192/214 (90%)

Hispanic

424/495 (86%)

138/171 (81%)

141/160 (88%)

145/164 (88%)

American Indian

153/169 (91%)

53/59 (90%)

46/52 (88%)

54/58 (93%)

Asian American or Pacific Islander

124/142 (87%)

53/57 (93%)

31/36 (86%)

40/49 (82%)

No

1999/2310 (87%)

739/855 (86%)

652/752 (87%)

608/703 (86%)

Yes

767/840 (91%)

171/191 (90%)

272/297 (92%)

324/352 (92%)

Sex

With GDM*
No GDM
Ethnic and racial origin
White

NIH-PA Author Manuscript

Diabetes†

Data are number of participants enrolled/number eligible (%).
ILS=intensive lifestyle intervention.
Eligible participants are all those randomly assigned to DPP minus those who died or withdrew consent.
*

GDM (history of gestational diabetes) classification was missing for one woman in the metformin group.

†

Not diabetic or had diabetes confirmed according to DPP protocol as of Sept 1, 2002. Enrolment was higher in participants with diabetes than in
non-diabetic participants, both overall and in the metformin and placebo treatment groups.
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Table 2

Characteristics at DPPOS baseline examination
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All groups
(n=2766)

ILS group
(n=910)

Metformin
group (n=924)

Placebo group
(n=932)

Age (years)

55·2 (10·3)

55·3 (11·0)

55·5 (10·1)

54·8 (10·0)

Fasting plasma glucose (mmol/L)

6·03 (1·10)

5·98 (0·98)

5·94 (1·04)

6·18 (1·24)

HbA1c (%)

5·95 (0·69)

5·89 (0·64)

5·94 (0·63)

6·01 (0·79)

888

291

307

290

Weight (kg)

95·6 (20·2)

93·4 (21·6)

95·7 (19.6)

97·7 (19·2)

Height (cm)

175·0 (7·2)

175·0 (7·4)

175·1 (7·0)

174·8 (7·4)

31·1 (5·9)

30·4 (6·3)

31·1 (5·6)

31·9 (5·9)

1878

619

617

642

Weight (kg)

90·3 (21·0)

89·2 (21·7)

90·2 (20·7)

91·4 (20·5)

Height (cm)

162·3 (6·7)

162·4 (6·9)

162·6 (6·8)

162·0 (6·5)

34·2 (7·2)

33·7 (7·3)

34·1 (7·2)

34·7 (7·1)

1999

739

652

608

Fasting plasma glucose (mmol/L)

5·72 (0·52)

5·72 (0·51)

5·66 (0·53)

5·79 (0·51)

2-h plasma glucose (mmol/L)

8·11 (1·92)

7·98 (1·92)

8·19 (2·02)

8·20 (1·78)

Men (n)

Body-mass index

(kg/m2)

Women (n)

NIH-PA Author Manuscript

Body-mass index

(kg/m2)

Without diabetes (n)

HbA1c (%)

5·78 (0·46)

5·75 (0·48)

5·79 (0·43)

5·80 (0·46)

Systolic blood pressure (mm Hg)

121·8 (14·7)

120·6 (14·9)

122·7 (14·4)

122·3 (14·7)

Diastolic blood pressure (mm Hg)

75·1 (9·0)

74·4 (9·0)

75·9 (8·8)

75·2 (9·2)

Cholesterol (mmol/L)

5·08 (0·90)

5·08 (0·91)

5·07 (0·86)

5·08 (0·93)

HDL cholesterol (mmol/L)

1·23 (0·33)

1·25 (0·34)

1·23 (0·34)

1·19 (0·31)

LDL cholesterol (mmol/L)

3·11 (0·80)

3·12 (0·80)

3·08 (0·75)

3·12 (0·85)

1·38 (0·98–1·98)

1·31 (0·93–1·89)

1·41 (1·02–2·00)

1·43 (1·03–2·01)

767

171

272

324

Fasting plasma glucose (mmol/L)

6·83 (1·65)

7·10 (1·56)

6·61 (1·54)

6·88 (1·76)

HbA1c (%)

6·38 (0·96)

6·47 (0·88)

6·30 (0·85)

6·40 (1·07)

Systolic blood pressure (mm Hg)

123·8 (14·2)

123·7 (14·0)

124·5 (13·8)

123·3 (14·6)

Diastolic blood pressure (mm Hg)

76·3 (9·3)

76·8 (9·9)

75·7 (9·5)

76·5 (8·9)

Cholesterol (mmol/L)

5·00 (0·88)

5·05 (0·88)

4·99 (0·89)

4·98 (0·88)

HDL cholesterol (mmol/L)

1·14 (0·29)

1·12 (0·29)

1·20 (0·30)

1·11 (0·28)

Triglycerides (mmol/L)
With diabetes (n)

NIH-PA Author Manuscript

LDL cholesterol (mmol/L)
Triglycerides (mmol/L)

3·02 (0·78)

3·07 (0·76)

2·98 (0·78)

3·02 (0·80)

1·60 (1·11–2·16)

1·57 (1·16–2·20)

1·51 (1·12–2·14)

1·65 (1·08–2·21)

Data are mean (SD) apart from triglycerides for which data are median (IQR), or number of participants (n). Data from the study baseline
examination were stratified by presence of diabetes as of Sept 1, 2002. At enrolment to the Diabetes Prevention Program Outcomes Study
(DPPOS), we identified significant differences between treatment groups for fasting plasma glucose, HbA1c, weight (overall and in men only) and
body-mass index (BMI; overall and in each sex). We also noted significant differences between treatment groups in those without diabetes for
fasting plasma glucose, systolic and diastolic blood pressure, HDL cholesterol, and triglycerides, and in those with diabetes for fasting plasma
glucose and HDL cholesterol. Data were missing for 22 enrolled people who had no DPPOS baseline examination. Data were missing for
additional people, in varying numbers, for some of the variables.
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ILS=intensive lifestyle intervention. HbA1c=glycosylated haemoglobin.
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Table 3

Incidence (cases per 100 person-years) of diabetes during DPP, bridge period, and DPPOS
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ILS group

Metformin group

Placebo group

DPP (2·8 years)

4·8 (4·1–5·7)

7·8 (6·8–8·8)

11·0 (9·8–12·3)

End of masked treatment (3·2 years)

5·0 (4·3–5·8)

7·7 (6·8–8·8)

10·8 (9·7–12·0)

Bridge period

5·5 (4·1–7·5)

10·6 (8·4–13·2)

7·8 (5·9–10·3)

DPPOS (n=2766)

5·9 (5·1–6·8)

4·9 (4·2–5·7)

5·6 (4·8–6·5)

Combined incidence

5·3 (4·8–5·8)

6·4 (5·9–7·1)

7·8 (7·2–8·6)

Data are incidence rates (95% CI). The bridge period was Aug 1, 2001, to Aug 31, 2002.
ILS=intensive lifestyle intervention. DPP=Diabetes Prevention Program.
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Table 4

Cardiovascular disease risk factors averaged over all follow-up since randomisation to DPP
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ILS group (n= 910)

Metformin group (n=924)

Placebo group (n= 932)

Antihypertensive drugs

32·9% (32·2–33·6)

37·1% (36·4–37·8)

35·6% (34·9–36·3)

Lipid-lowering drugs

18·4% (17·8–19·0)

22·6% (22·0–23·2)

22·7% (22·1–23·3)

120·8/74·4 (120·2/74·1–121·3/74·8)

122·4/75·6 (121·9/75·3–122·9/75·9)

122·3/75·6 (121·8/75·3–122·8/75·9)

Serum cholesterol (mmol/L)

4·92 (4·89–4·95)

4·93 (4·90–4·96)

4·97 (4·94–5·00)

Geometric serum
triglycerides (mmol/L)

1·37 (1·34–1·39)

1·45 (1·42–1·47)

1·45 (1·43–1·48)

Systolic/diastolic blood
pressure (mm Hg)

Data are % (95% CI) or mean (95% CI).
DPP=Diabetes Prevention Program. ILS=intensive lifestyle intervention.
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