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Does diabetes prevention translate into reduced long-term vascular
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Abstract
The global epidemic of type 2 diabetes has prompted numerous studies and public health efforts to reduce its development. A
variety of interventions, including lifestyle modifications and pharmacological agents directed at ameliorating the major risk
factors for type 2 diabetes, are of proven efficacy in reducing the development of type 2 diabetes in people with impaired glucose
tolerance. While prevention of the hyperglycaemia characteristic of diabetes is arguably an important, clinically relevant out-
come, a more compelling outcome with greater clinical significance is the prevention or reduction of the relatively diabetes-
specific microvascular and less-specific cardiovascular disease (CVD) complications associated with diabetes. These complica-
tions cause the majority of morbidity and excess mortality associated with diabetes. Any reduction in diabetes should, logically,
also reduce the occurrence of its long-term complications; however, most diabetes prevention trials have not been of sufficient
duration to allow such an evaluation. The limited long-term data, largely from the Da Qing Diabetes Prevention Study (DQDPS)
and the Diabetes Prevention Program (DPP) and their respective follow-up studies (DQDPOS and DPPOS), suggest a reduction
in microvascular complications and amelioration of CVD risk factors. Only the DQDPOS and Study to Prevent Non-Insulin-
Dependent Diabetes Mellitus (STOP-NIDDM) studies have shown a reduction in CVD events and only DQDPOS has demon-
strated a decrease in CVD and overall mortality. While these limited data are promising, whether diabetes prevention directly
reduces complication-related morbidity and mortality remains unclear. Longer follow-up of prevention studies is needed to
supplement the limited current clinical trial data, to help differentiate the effects of diabetes prevention itself from the means
used to reduce diabetes development and to understand the balance among benefits, risks and costs of prevention.
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Abbreviations
ACE Acarbose Cardiovascular Evaluation
ACEi Angiotensin-converting enzyme inhibitor
ACR Albumin/creatinine ratio
ACT NOW Actos Now for Prevention of Diabetes
BMI Body mass index (kg/m2)
CAC Coronary artery calcification
CIMT Carotid intima–medial thickness
CVD Cardiovascular disease
DPP Diabetes Prevention Program
DPPOS Diabetes Prevention Program

Outcomes Study
DQDPOS Da Qing Diabetes Prevention

Outcome Study
DQDPS Da Qing Diabetes Prevention Study
DREAM Diabetes Reduction Assessment

with Ramipril and
Rosiglitazone Medication

FDPS Finnish Diabetes Prevention Study
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
ORIGIN Outcome Reduction with an Initial

Glargine Intervention
STOP-NIDDM Study to Prevent Non-Insulin-

Dependent Diabetes Mellitus

Introduction

The association between diabetes and the increased risk for
long-term microvascular complications is definitional.
Specifically, the glycaemic levels selected for the diagnosis
of diabetes are predicated on the levels associated with the
risk of developing retinopathy [1, 2]. Logically, therefore, pre-
vention of diabetes should also prevent (or at least reduce)
long-term diabetes-specific microvascular complications, in-
cluding diabetic retinopathy, neuropathy and nephropathy:
less diabetes, fewer diabetes complications.

Surprisingly, despite this ineluctable reasoning, the antici-
pated relationship between diabetes prevention and reduction
in long-term complications has not been definitively proved.
Since cardiovascular disease (CVD) is multifactorial and not
diabetes-specific, prevention of diabetes might attenuate the
risk for CVD or reduce its risk factors and need for antihyper-
tensive or lipid-lowering medications. However, diabetes pre-
vention would not be expected to have as strong an effect on
reducing CVD as on microvascular complications where
hyperglycaemia plays a more prominent role.

Amelioration of the long-term complications that cause
most of the morbidity, mortality, suffering and cost associated
with diabetes [3, 4] is central to defining successful preven-
tion. We review the results of major diabetes prevention stud-
ies to assess the role of diabetes prevention on the

development and progression of long-term diabetes-associat-
ed complications. Several studies that did not include diabetes
prevention as the primary outcome, but which are informative,
have been included.

Why diabetes prevention studies that report
effects on long-term complications are
limited in number and difficult to interpret

Numerous clinical trials to prevent diabetes have been per-
formed during the past 40 years [reviewed in 5, 6]; however,
only nine of them have reported the association of diabetes
prevention with microvascular or CVD complications or their
risk factors [7–36]. The reasons for the limited availability of
data on diabetic complications from these diabetes prevention
studies include the following: (1) most prevention trials have
been insufficient in size and/or duration to provide data re-
garding the long-term complications of diabetes and (2) many
prevention trials were designed to evaluate metabolic out-
comes but not microvascular or cardiovascular outcomes.
Details of the nine major diabetes prevention studies reporting
vascular outcomes, including their study cohorts, durations
and reductions in the cumulative incidence of diabetes, are
summarised in Table 1. Some studies undertook long-term
follow-up to ascertain vascular outcomes; generic challenges
to these studies include the loss to follow-up over time that
limits the confidence of findings. Moreover, once participants
develop diabetes in the trials, they receive multifactorial treat-
ment for their diabetes, which may reduce the incidence of
complications. These interventions diminish the ability to de-
tect differences that might otherwise have been attributable to
‘prevention’. Finally, even the largest and longest duration
prevention study reporting HbA1c over time, the Diabetes
Prevention Program (DPP) and its long-term follow-up
Diabetes Prevention Program Outcomes Study (DPPOS),
demonstrated only a small separation in glycaemic levels be-
tween those who developed diabetes and those who did not,
with even smaller treatment-group differences. These small
differences in glycaemic levels make it more difficult (perhaps
impossible) to determine differences in glucose-dependent
complications.

Clinical trials to prevent diabetes, conducted mainly in peo-
ple with impaired glucose tolerance (IGT; see Table 1), have
used a variety of interventions and it is possible that effects
specific to these interventions may have confounded the as-
sessment of the development of long-term complications by
being independent of diabetes prevention or reduction in
hyperglycaemia. For example, several prevention studies have
used angiotensin-converting enzyme inhibitors (ACEi) or an-
giotensin II receptor blockers (ARBs) [23, 27]. These classes
of BP-lowering medications have glucose-independent salu-
tary effects on CVD, CVD risk factors and some
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microvascular complications and thus might reduce complica-
tions independent of the prevention of diabetes.

Microvascular complications

Various microvascular complications have been measured,
some more objectively than others, and we have indicated
which complications have been measured in each of the nine
prevention trials of interest. The two largest prevention studies
that have performed long-term follow-up to examine micro-
vascular complications are the Da Qing Diabetes Prevention
Study (DQDPS) with its long-term follow-up (Da Qing
Diabetes Prevention Outcome Study [DQDPOS]) [7–12]
and the DPP and its DPPOS extension [13–21]. Both of these
trials utilised lifestyle modifications directed at ameliorating
obesity and sedentary lifestyle, the major risk factors for type
2 diabetes. DPP/DPPOS also used metformin in a separate
treatment arm. Other studies with fewer participants or shorter
duration that have examined the role of medications in diabe-
tes prevention have also reported microvascular results

[26–29]. Finally, some studies not directly focusing on diabe-
tes prevention have reported diabetes prevention and diabetes
vascular complications as secondary outcomes [32, 33].

Da Qing Diabetes Prevention Study The DQDPS, which be-
gan in 1986, and its outcome study DQDPOS, reported mi-
crovascular outcomes (retinopathy, nephropathy and neurop-
athy) after 20 years of follow-up in 94% of the original 6 year
diabetes prevention trial cohort [9]. Since reduction in diabe-
tes incidence was not different among the three original clinic-
randomised lifestyle intervention groups (diet, exercise, and
diet + exercise) at the end of the trial, the investigators com-
bined the three active intervention groups into a single group
for follow-up analysis of complications. As interim examina-
tions for complications were not performed during follow-up,
the outcomes reported were limited to those that could be
reliably identified and assessed retrospectively from medical
history and records or from history and clinical examination of
living participants at the 20 year time point. Severe retinopa-
thy was defined as vision loss, proliferative retinopathy or
photocoagulation therapy identified by record review or by

Table 1 Description of major diabetes prevention studies reporting long-term complications

Study Total number
of participants

Cohort Durationa Post-trial
follow-
upb

Intervention HR (95% CI)c HbA1c at study endd,
active vs control (%)
(mmol/mol)

DQDPS [7] 577 IGT 6 Lifestyle 0.49 (0.33, 0.73)

DQDPOS [8] 20 Lifestyle 0.57 (0.41, 0.81) NA

DQDPOS [12] – – – 30 Lifestyle 0.61 (0.45, 0.83) NA

DPP [13] 3234 IGT + IFGe +
BMI ≥25

2.8 Lifestyle
Metformin

0.42 (0.34, 0.52)
0.69 (0.57, 0.83)

5.9 vs 6.1 (41 vs 43)
6.0 vs 6.1 (42 vs 43)

DPPOS [14] 15 Lifestyle
Metformin

0.73 (0.65, 0.83)
0.82 (0.72, 0.93)

6.2 vs 6.3 (44 vs 45)
6.1 vs 6.3 (43 vs 45)

FDPS [34] 522 IGT + BMI ≥25 3.9 – Lifestyle 0.42 (0.3, 0.7) NA

NAVIGATOR [22, 23] 9306 IGT + CVD or
CVD risk factors

5 – Nateglinide
Valsartan

1.07 (1.0, 1.15)
0.86 (0.8, 0.92)

6.1 vs 6.3 (43 vs 45)
NA

ACE [26] 6522 IGT + CHD 5 – Acarbose 0.82 (0.71, 0.94) 5.88 vs 5.94 (41 vs 41)

ACT NOW [30] 602 IGT + IFG +
BMI ≥25

2.3 – Pioglitazone 0.28 (0.16, 0.49) 5.50 vs 5.70 (37 vs 39)

STOP-NIDDM [24] 1429 IGT + IFG +
BMI ≥25

3.3 – Acarbose 0.75 (0.63, 0.90) NA

ORIGIN [32] 1456 CVD + IGT
or IFG

6.2 – Glargine 0.72 (0.58, 0.90) 6.3 vs 6.5 (45 vs 48)

DREAM [27, 28] 5269 IGT and or IFG 3 – Rosiglitazone
Ramipril

0.38 (0.33, 0.44)
0.91 (0.80, 1.03)

NA

aDuration of original controlled clinical trial in years
b Total follow-up from randomisation in years
c HR of active intervention vs control for annual incidence (all studies except ORIGIN, which reports OR) for diabetes development. All studies represent
reduction in annual incidence (95% CI) except DREAM and NAVIGATOR, which analysed differences in prevalence at study end. All reductions in
diabetes incidence significant (p < 0.05) compared with control group except for nateglinide in NAVIGATOR study and ramipril in DREAM
dHbA1c levels between active and control groups at study end, except in DPPOS where HbA1c is the mean over the entire 15 years of follow-up, in ACE
where the HbA1c difference is at 1 year and in ORIGIN where HbA1c is at 6 years
e IFG in DPP was a fasting plasma glucose of 5.3–6.9 mmol/l (95–125 mg/dl)

NA, not available; CHD, coronary heart disease
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slit-lamp biomicroscopy or fundus photographs in the exam-
ined survivors. Severe nephropathy was defined as kidney
failure requiring renal replacement therapy, death from renal
disease or an albumin/creatinine ratio (ACR) ≥300 mg/g
(34 mg/mmol). Neuropathy was defined as a history of
lower-extremity ulceration, gangrene or amputation or loss
of light touch sensation with a 10 g monofilament. The cumu-
lative incidence and prevalence of these conditions at the 20
and 30 year evaluations were compared between the com-
bined intervention groups and the control group [9, 12].

The 20 year analyses revealed that the incidence rate of
severe retinopathy was reduced by 47% but non-
proliferative retinopathy was not significantly different be-
tween the active intervention and control groups. Severe ne-
phropathy was infrequent and not significantly different be-
tween the two groups (2.0% vs 2.1%). Similarly, among sur-
vivors the proportion displaying an ACR ≥300 mg/g (34 mg/
mmol) and 30–299 mg/g (3.4–34 mg/mmol) did not differ
significantly between the active treatment and control groups
(4.0% vs 4.6% and 36.6% vs 40.5%, respectively), nor was
prevalence of neuropathy different (8.6% vs 9.1%).
Comparing participants who developed diabetes with those
who did not, 41.6% vs 14.3% developed non-proliferative
retinopathy (p < 0.0001) independent of their original treat-
ment assignments; only participants who developed diabetes
in either treatment group had developed renal failure. The
secondary epidemiological analyses of prevention trial results
are by nature less compelling than the primary intention-to-
treat analyses; however, they do provide insight into the con-
sequences of developing diabetes in comparison with blood
glucose levels remaining at sub-diabetes levels.

The 30 year DQDPS followed 94% of the original cohort
and demonstrated a 35% lower risk (p = 0.025) of composite
microvascular outcomes (cumulative incidence of 25.1% [95%
CI 20.2, 30.1] in the combined intervention group vs 34.0%
[95% CI 24.5, 43.8] in the control group) [12]. The cumulative
incidence of retinopathy was 40% lower (p = 0.032) in the
intervention vs control groups; although nominally lower in
the active intervention groups, incidences of nephropathy and
neuropathy did not significantly differ from those in control.

Diabetes Prevention Program and Outcome Study The DPP
was a randomised controlled clinical trial conducted in 27
centres across the USA during 1996–2001 [13]. It compared
intensive lifestyle intervention, double-blinded metformin
(850 mg twice daily) and matching placebo. The DPPOS
followed 88% of the original DPP cohort, with unblinded
metformin continued in the original DPP-assigned metformin
group and reduced-intensity lifestyle intervention offered to
all three of the original intervention groups [14]. Long-term
outcomes were measured objectively using methods similar to
those in DQDPOS. To improve power, the primary microvas-
cular complications outcome was a composite including

retinopathy (Early Treatment Diabetic Retinopathy Study
[ETDRS] severity score ≥20 in either eye by fundus photog-
raphy), nephropathy (annual urinary ACR ≥30 mg/g [3.4 mg/
mmol] or eGFR <45 ml min−1 [1.73 m]−2) or neuropathy (<8
of 10 monofilament light touches recognised). The average
prevalence of each of these outcomes after a mean 15 years
of follow-up was not significantly different among the three
intervention groups (12.4% of the placebo group, 13.0% of
metformin group and 11.3% of intensive lifestyle intervention
group). The separation in HbA1c levels among treatment
groups was small (Table 1, Fig. 1). In a pre-specified subgroup
analysis by sex, women in DPPOS, representing 68% of the
entire cohort, showed a significant reduction in prevalence of
the aggregate microvascular outcome with lifestyle interven-
tion compared with placebo and metformin (8.7% vs 11.0%
and 11.2%, respectively), with a 21% and 22% relative risk
reduction (p < 0.05), respectively. In addition, a 28% signifi-
cant reduction in prevalence of complications was observed in
individuals that did not develop diabetes vs those who did,
independent of treatment assignment. The separation in
HbA1c levels between the diabetic and non-diabetic
subcohorts was 0.8% (8.7 mmol/mol) at year 15 [14].

Fig. 1 HbA1c levels and 95% confidence bands, measured annually over
time in DPP/DPPOS in all participants, based on original intention-to-treat
assignments (red, placebo; green, intensive lifestyle intervention; blue,
metformin). The coloured area surrounding each line represents the 95%
CI. The differences in the mean HbA1c over time for intensive lifestyle
intervention vs placebo, and metformin vs placebo, were significant
(p < 0.001). The dashed lines reflect the HbA1c levels currently used by
the American Diabetes Association to define ‘prediabetes’ (5.7–6.4% [39–
46mmol/mol]) and diabetes (≥6.5% [48 mmol/mol]). Values in mmol/mol
on the right-hand y-axis are converted from the % values on the left and
rounded up or down. This figure is available as a downloadable slide
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Outcome Reduction with an Initial Glargine Intervention
Study Other studies have examined the effects of medications
on diabetes incidence and reported vascular complications and
risk factors (Table 1). For example, the Outcome Reduction
with an Initial Glargine Intervention (ORIGIN) study of
glargine therapy in individuals with dysglycaemia included
almost 1500 participants (out of more than 12,000) who had
IGT at baseline [32]. Analyses of the entire cohort over
6.2 years examined the development of advanced microvas-
cular complications (kidney disease defined as severe ne-
phropathy with renal failure or doubling of serum creatinine
or change in albuminuria from normoalbuminuria to
microalbuminuria or microalbuminuria to ‘clinical protein-
uria’; severe retinopathy defined as a history of photocoagu-
lation or vitrectomy) in subcohorts with baseline HbA1c

<6.4% (46 mmol/mol) and ≥6.4% [33]. In the subcohort with
baseline HbA1c <6.4% (46 mmol/mol), there was no signifi-
cant difference between the glargine intervention and placebo
(HR 1.07 [95% CI 0.95, 1.20]) in preventing these advanced
complications. In the subgroup with baseline HbA1c ≥6.4%
(46 mmol/mol), the glargine intervention resulted in a signif-
icant reduction in these advanced complications (HR 0.90
[95% CI 0.891, 0.99]). Of note, the separation in HbA1c

achieved with glargine vs placebo in the higher-baseline
HbA1c group was 0.33% (3.6 mmol/mol) compared with
0.22% (2.4 mmol/mol) in the lower baseline group. The de-
velopment of complications overall was strongly related to
HbA1c level.

Acarbose Cardiovascular Evaluation trial In the large prospec-
tive randomised Acarbose Cardiovascular Evaluation (ACE)
trial [26] comparing acarbose vs placebo in a study of second-
ary CVD prevention in IGT, severe nephropathy (defined as
clinical renal failure, doubling of serum creatinine or a 50%
reduction in eGFR) was reduced by a non-significant 19%
(1.3% vs 1.5%) in the acarbose group compared with placebo.
Diabetes development was reduced by 18% with acarbose
(p = 0.005) but HbA1c was separated by only 0.07% (5.88 vs
5.94% [40.8 vs 41.4 mmol/mol]).

The Diabetes Reduction Assessment with Ramipril and
Rosiglitazone Medication trial The Diabetes Reduction
Assessment with Ramipril and Rosiglitazone Medication
(DREAM) trial was a 2 × 2 factorial study that examined the
effects of the ACEi ramipril [27] and the thiazolidinedione
rosiglitazone [28] on the development of diabetes in a cohort
with IGT and/or impaired fasting glucose (IFG). Ramipril had
no significant effect on diabetes development and is not
discussed further; however, rosiglitazone substantially reduced
the proportion of individuals who developed diabetes (11.6%
with rosiglitazone vs 26.0% with placebo; HR 0.38 [95% CI
0.33, 0.44]), the reduction being similar in magnitude to that
found in other prevention studies with thiazolidinediones [30].

During the 36 month study, rosiglitazone resulted in 20% re-
duction (12.3% vs 15%, p = 0.005) in renal outcomes (a com-
posite of any of the following: progression from
normoalbuminuria to either microalbuminuria or proteinuria
or from microalbuminuria to proteinuria; a decrease in eGFR
of ≥30% or renal insufficiency requiring dialysis or transplan-
tation) compared with placebo [29]. The beneficial effect of
rosiglitazone was largely based on a reduction in the progres-
sion of albuminuria. The percentage of individuals experienc-
ing a decrease in eGFR by ≥30% was nominally but not sig-
nificantly reduced by rosiglitazone (3.1% vs 4.0%; HR 0.77
[95% CI 0.58, 1.04]). In a logistic model including medication
assignment and baseline ACR and eGFR, the composite renal
outcome was associated with incident diabetes (HR 1.42 [95%
CI 1.16, 1.74]) and inversely with rosiglitazone (HR 0.83 [95%
CI 0.70, 0.98]).

Cardiovascular disease, atherosclerosis
and CVD risk factors

Considering the dominant role played by CVD in the excess
mortality associated with diabetes, it is not surprising that
diabetes prevention trials have included analyses of CVD risk
factors, non-fatal CVD events, CVDmortality and other mea-
sures of atherosclerosis [8, 10–12, 16–26, 29–32, 34–36]
(Table 2). As with microvascular complications, the effects
of diabetes prevention on CVD outcomes may be confounded
by the extra-glycaemic effects of the interventions used in
individual trials. Moreover, when lifestyle interventions have
been effective in reducing CVD risk factors, the use of med-
ications with proven benefit for CVD has been reduced [16],
with a potential adverse effect on CVD development.

Prevention of cardiovascular events In the 20 year follow-up
of DQDPS, there were no significant differences between the
original groups assigned to lifestyle interventions and the con-
trol group in the rate of first CVD events or mortality, despite a
43% lower incidence of diabetes over the 20 years [8].
However, by the 23 year follow-up report, a significant reduc-
tion in the cumulative incidence of CVD mortality (11.9% vs
19.6%; HR 0.59 [95% CI 0.36, 0.96]) and all-cause mortality
(28.1% vs 38.4%; HR 0.71 [95%CI 0.51, 0.99]) was observed
[10]. The 30 year follow-up of DQDPS further supported the
CVD and mortality benefits of diabetes prevention, with 26%
(95% CI 8, 41; p = 0.006) lower CVD events in the combined
treatments groups than the control group (cumulative inci-
dence 52.9% [95% CI 47.5, 57.9] vs 66.5% [95% CI 57.0,
74.4]) [12]. Cardiovascular and all-cause mortality were also
significantly lower in the combined treatment groups than in
the control group, with cumulative incidences of 25.6% and
35.2% (33% lower [95% CI 60, 52], p = 0.022), respectively,
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for CVD death and 45.5% and 56.3% (26% lower [95%CI 11,
39], p = 0.0015) for all-cause mortality.

The multinational Study to Prevent Non-Insulin-Dependent
Diabetes Mellitus (STOP-NIDDM) trial, which reported that
acarbose compared with placebo reduced the development of
diabetes by 36%over 40months [24], unexpectedly demonstrat-
ed a 49% reduction in major CVD outcomes (2.2 vs 4.7% cu-
mulative incidence; HR 0.51 [95% CI 0.28, 0.95]) including a

significant reduction in myocardial infarction [25]. Acarbose
therapy was also associated with a 34% relative risk reduction
in the incidence of hypertension (absolute risk reduction of
5.3%), strongly associated with the CVD outcome. The
60 month ACE study [26], conducted in China, did not confirm
the beneficial effects of acarbose on CVD seen in STOP-
NIDDM. Despite an 18% reduction in diabetes development
in theACE study, there was no significant reduction in incidence

Table 2 Cardiovascular events and subclinical atherosclerosis measures in active intervention vs control groups from major diabetes prevention trials

Study Outcomea Average follow-up (years) Active Control HR (95% CI)

CVD events

DQDPS/DQDPOS [8, 12] MACE

Cumulative incidence, % 6 5.2 (3.0, 7.3) 5.4 (1.5, 9.2) 0.96 (0.76, 1.44)

20 40.9 (36.0, 45.9) 44.1 (35.3, 53.0) 0.98 (0.71, 1.37)

30 52.9 (47.5, 57.9) 66.5 (57.0, 74.4)

Incidence rate, per 1000 person-years 6 9.0 (5.0, 13.0) 9.0 (2, 16)

20 23.0 (19, 27) 25.0 (19, 32)

30 22.2 (19.2, 25.6) 29.5 (23.4, 36.7) 0.74 (0.59, 0.92)*

DQDPS/DQDPOS [8, 10, 12] CVD mortality

Cumulative incidence, % 20 12.5 (9.1, 15.8) 17.4 (10.6, 24.2) 0.83 (0.48, 1.04)

23 11.9 (8.8, 15.0)c 19.6 (12.9, 26.3) 0.59 (0.36, 0.96)*

30 25.6 (21.1, 30.4) 35.2 (26.4, 44.2) 0.67 (0.48, 0.94)*

Incidence rate, per 1000 person-years 20 6 (5, 8) 9 (5, 13)

23 6.0 (4.4, 7.7) 10.1 (6.3, 14)

30 8.7 (7.0, 12.7) 12.6 (9.0, 17.1)

FDPS [34] MACE

Incidence rate, per 1000 person-years 10.2 22.9 (17.7, 29.7) 22.0 (16.9, 28.7) 1.04 (0.72, 1.51)

STOP-NIDDM [25] MACE 3.3 2.2 4.7 0.51 (0.28, 0.95)*

ACE [26] MACE 5.0 3.3 3.4 0.98 (0.86, 1.11)

DREAM-Rosiglitazone [29] MACE 3.0 1.3 0.9 1.43 (0.84, 2.44)

DREAM-Ramipril [29] MACE 3.0 1.0 1.1 0.94 (0.56, 1.59)

ORIGIN [32] MACE 6.2 2.9 2.9 1.02 (0.94, 1.11)

NAVIGATOR-Valsartan [23] MACE 6.4 1.4 1.5 0.96 (0.86, 1.07)

Subclinical atherosclerosis measuresb

DPPOS-Met [17] CAC-Men 14 39.5 (26.7, 58.4)* 66.9 (45.3, 98.8)

CAC-Women 14 4.8 (3.4, 7.0) 4.7 (3.3, 6.8)

DPPOS-ILS [17] CAC-Men 14 58.3 (39.4, 86.4) 66.9 (45.3, 98.8)

CAC-Women 14 5.2 (6.3, 7.5) 4.7 (3.3, 6.8)

ACT NOW [31] CIMT 2.3 4.76 (2.39, 7.13)* 9.69 (7.24, 12.15)

DREAM (STARR-Rosi) [36] CIMT 3.0 6.3 ± 1.1 9.0 ± 1.1

DREAM (STARR-Rami) [36] CIMT 3.0 8.3 ± 1.1 6.9 ± 1.1

a CVD events are major cardiovascular events, the components of which differ somewhat between studies and are expressed as incidence rate per 100
person-years, unless stated otherwise. For DQDPS/DQDPOS and FDPS, cumulative incidence is expressed as % (95% CI) and incidence is expressed
per 1000 person-years (95% CI). For DREAM-Rosiglitazon and -Ramipril, data are per cent of participants with event
b CAC is expressed as mean (95%CI) age-adjusted coronary artery calcium severity in Agatston units; CIMTwas expressed as annual progression (95%
CI) in 10−3 mm for ACT NOW and mean ± SEM for DREAM
cThe apparent reduction in cumulative incidence between DQDPOS years 20 and 23 was owing to recapture of participants previously lost to follow-up
and more complete ascertainment of cause of death

*p < 0.05 for difference between treatment groups

ILS, lifestyle intervention; MACE, major adverse cardiovascular events; STARR-Rami/Rosi, Study of Atherosclerosis with Ramipril and Rosiglitazone
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of CVD (a five-point composite of cardiovascular death, non-
fatal myocardial infarction, non-fatal stroke, hospital admission
for unstable angina and hospital admission for heart failure) with
acarbose compared with placebo (3.3 vs 3.4 per 100-patient
years; HR 0.98 [95% CI 0.86, 1.11]) and no significant reduc-
tion in any of the individual elements of the composite [26].
Similarly, compared with the control groups, no differences in
incidence of major cardiovascular events were found in the in-
tervention groups in ORIGIN [32], in the valsartan arm of
NAVIGATOR [23] or with lifestyle intervention in the 10 year
follow-up of the Finnish Diabetes Prevention Study (FDPS)
[37], studies in which development of diabetes was reduced
by 28%, 14% and 58%, respectively (Table 1). Furthermore,
although diabetes development was reduced by 60% in the
rosiglitazone arm of DREAM compared with the placebo arm
[28], no significant effect was found forMACE events (1.3% vs
0.9%; HR 1.43 [95% CI 0.84, 2.44]) [29] (Table 2). None of
these trials were powered to test the effect of interventions on
CVD outcomes. In contrast, the ongoing DPPOS is powered to
detect a 30% reduction in major cardiovascular events between
the metformin and placebo arms. DPPOS has not yet accumu-
lated sufficient events to undertake the analysis.

Effects on measures of atherosclerosis Although the study of
the effects of diabetes prevention onCVDoutcomesmay require
decades of follow-up to collect enough data on CVD events,
surrogate outcomes such as coronary calcification (CAC) and
carotid intimal-medial thickness (CIMT) can yield valuable in-
terim information (Table 2). In the DPPOS, CACwas measured
after approximately 14 years of follow-up in 2029 individuals
[17]. Intention-to-treat analysis revealed thatmen but notwomen
in the metformin group had lower CAC severity and prevalence
than in the placebo group. In an epidemiological analysis, 84%
of men and 50% of women in the placebo group had detectable
CAC, and CAC severity was greater in those who had devel-
oped diabetes compared with those who had not. CIMT was
measured at baseline and 2–3 years after randomisation in sub-
sets of several thiazolidinedione prevention trials, including
Actos Now for Prevention of Diabetes (ACT NOW) [31] and
the DREAM Study of Atherosclerosis with Ramipril and
Rosiglitazone (STARR) [36]. Progression of CIMT was signif-
icantly decreased by pioglitazone [31] but not rosiglitazone [36],
despite similar, high rates of reduction in diabetes development
(60–72%) in the studies. While the findings using CAC and
CIMT as markers of subclinical atherosclerosis demonstrate
favourable effects of several interventions, whether the results
are a function of diabetes prevention or the specific medications,
independent of diabetes prevention, is unknown.

Effects on CVD risk factors Many diabetes prevention trials,
conducted mainly in people with IGT, have reported the effects
of interventions directed at diabetes prevention on conventional
CVD risk factors, such as BP and lipids, and novel

cardiometabolic biomarkers over time. Favourable effects have
been recorded for lifestyle, metformin, acarbose and
thiazolidinedione interventions. During the original 3.2 year
DPP, compared with placebo, lifestyle intervention was associ-
ated with significant improvements in systolic and diastolic BP,
HDL-cholesterol, triacylglycerol levels and LDL particle size, as
well as favourable changes in biomarkers of inflammation, co-
agulation and endothelial dysfunction [16, 18]. Metformin had a
triacylglycerol-lowering effect of smaller magnitude and pro-
duced more modest changes in novel biomarkers [16, 18]. The
cumulative incidence of the metabolic syndrome was reduced
41% by the lifestyle and 17% by the metformin intervention in
the DPP [21] and by 38% in the FDPS lifestyle intervention
group [35]. However, in the DPPOS, by a median of 10 years
of total follow-up, in parallel with increasing use of antihyper-
tensive and lipid-lowering medications, there were significant
decreases from baseline in systolic and diastolic BP (~2–
3 mmHg and 5–6 mmHg, respectively), LDL-cholesterol levels
(0.47–0.54 mmol/l) and triacylglycerols (0.18–0.32 mmol/l)
across all three treatment groups, with no significant differences
among them [16]. The use of antihypertensive and lipid-lower-
ing agents was significantly lower in the lifestyle intervention
group compared with the original placebo- and metformin-
assigned groups over time. Importantly, development of diabetes
was accompanied by unfavourable changes in cardiometabolic
factors in all three DPP intervention arms [19, 20]. In sum, while
both lifestyle and pharmacological interventions produce
favourable changes in CVD risk factors, the question of whether
diabetes prevention per se reduces the CVD risk profile is likely
to remain difficult to answer because of confounding by the
effects of the interventions themselves and the progressive use
over time of antihypertensive and lipid lowering medications,
especially in those who develop diabetes.

Discussion

The available studies that assess the role of diabetes prevention
on diabetes-associated vascular complications do not provide
consistent support of a benefit. Some studies support a beneficial
effect on microvascular complications [9, 14, 29], though even
these are not internally consistent. In the DQDPOS, a statistical-
ly significant effect of lifestyle interventionwas limited to severe
retinopathy; point estimates of effects on neuropathy or ne-
phropathy were of the same magnitude but with wider confi-
dence intervals [12]. The DPPOS showed that the interventions
had no effect compared with placebo on the aggregate micro-
vascular outcomes, though again there are inconsistencies in that
lifestylemodification reduced their prevalence inwomen but not
men [14]. Similarly, some clinical trials have demonstrated a
benefit with regard to cardiovascular risk factors [16, 18–21],
CIMT progression [31], CVD events [10, 12, 24, 25] and total
mortality [10–12], while others have failed to provide support
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[26]. Despite the fact that type 2 diabetes is defined by a level of
hyperglycaemia that is associated with complications, current
results are neither consistent nor compelling in demonstrating
that diabetes prevention leads to reduced complications. What
might explain this paradox?

A number of major factors probably underlie these weak and
inconsistent associations. First, the development of diabetic mi-
crovascular complications is thought to occur many years after
the onset of hyperglycaemia-defined diabetes and most of the
trials have been relatively brief in duration. The brief duration is
of special concern since the vascular outcomes in many of the
studies have included advanced stages (e.g. laser photocoagula-
tion and vitrectomy for retinopathy, reduced eGFR for nephrop-
athy and major atherosclerotic events for CVD). In the two trials
with longest follow-up, DQDPOS and DPPOS, there is some,
albeit inconsistent, evidence of benefit. The DQDPOS finding
of a significant effect for lifestyle intervention on severe retinop-
athy, but not nephropathy or neuropathy, is presumably due to
the lower number of instances of the latter resulting in wider
confidence intervals, because the point estimates for rate reduc-
tion are nearly the same for all three complications [12]. The
difference by sex in DPPOS, with a potential lifestyle benefit in
women only, is surprising [14]. This may reflect the inclusion of
women with previous gestational diabetes, a ‘metabolic stress’
obviously limited towomen in theDPP.Major sex differences in
the effect of interventions have been seen with other DPP out-
comes (e.g. in the prevention of the metabolic syndrome [21]).

Important factors likely related to the weak effect of
preventing diabetes on complication risk in the DPPOS are the
low absolute HbA1c levels (Table 1, Fig. 1) and modest separa-
tion in those levels between the participants who developed
diabetes and those who did not. Although the limited separation
in chronic hyperglycaemia and relatively brief duration of
follow-up (i.e. exposure to hyperglycaemia) likely explainmuch
of the weak effect, other mechanisms deserve consideration.

One possibility is that the hyperglycaemia associated with
diabetes might not be the major pathogenetic pathway to com-
plications. This is unlikely, given the overwhelming and con-
sistent evidence from earlier type 1 and type 2 diabetes trials,
such as the DCCT [37] and UKPDS [38], demonstrating the
strong causal role of hyperglycaemia in microvascular com-
plications and its less powerful role in CVD [38, 39]. Another
possible explanation is that the ‘complications of diabetes’
may not be specific to diabetes or to diabetes as currently
defined by glycaemic levels. The relatively diabetes-specific
complication retinopathy is present during the prediabetes
state, as shown in the Pima Indian epidemiology study [40],
the Da Qing IGT and Diabetes Study [41] and the DPP [42].
The occurrence of diabetes-specific complications, such as
retinopathy, and less-diabetes-specific complications, such as
albuminuria and peripheral neuropathy, in the prediabetic or
non-diabetic population may interfere with our ability to de-
tect a difference in the development of such complications

between those individuals who develop diabetes and those
who do not. In addition, early occurrence of complications
may reflect a stronger genetic susceptibility [43–45] and this
might reduce the power to detect an effect of diabetes preven-
tion in the limited follow-up of trials to date.

Finally, what are the implications of the current weak and
incomplete data relating reduced diabetes development to re-
duced complication risk? First, extended follow-up of current
trials will be critical to resolving the uncertainty. Second, data
are sufficiently encouraging not to undermine the general case
for diabetes prevention, which can be justified on other
grounds. However, the lengthy time likely needed to demon-
strate prevention of complications should be carefully consid-
ered in cost-effectiveness analyses. Third, these findings add
further strength to the argument that we should also emphasise
research focusing on non-glycaemic pathways for the devel-
opment of complications, particularly for CVD prevention
where there are many interventions that could be applied in
parallel with diabetes prevention.
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