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Abstract

Purpose of review—Cardiovascular disease (CVD) is the leading cause of mortality in type 2
diabetes mellitus (T2DM), and modifying cardiovascular risk through lifestyle intervention and
pharmacologic therapy is paramount. This review focuses on recent advances in treatment of
classical (traditional) cardiovascular risk factors and highlights the impact of novel risk factors,
including sleep disorders, socioeconomic status and chronic psychological stress on CVD in
T2DM.

Recent findings—Obesity is a substantial cardiovascular risk factor, and recently, large trials of
lifestyle and surgical (e.g. gastric bypass) interventions impact on CVD in overweight and obese
patients have been reported. Lifestyle intervention including low calorie diet and exercise reduced
individual cardiovascular risk factors but did not decrease the rate of long-term cardiovascular
events. Bariatric surgery was beneficial in reducing cardiovascular risk factors and long-term
cardiovascular events. Sleep insufficiency, poor sleep quality and obstructive sleep apnoea lead to
higher CVD and further research is needed to characterize the benefit of treating sleep disorders
on long-term cardiovascular events in T2DM. Lastly, socioeconomic status and chronic
psychological stress independently have a major impact on increasing CVD in T2DM, and public
health policies to reduce this burden will be important to address over the coming decade.

Summary—CVD in T2DM is multifactorial and requires a multifaceted approach in reducing
known cardiovascular risks at the individual patient level through lifestyle, pharmacotherapy and
surgical interventions and at the societal level through public health policies that support reduction
in classical and novel cardiovascular risk factors.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality in diabetes
mellitus. Individuals with type 2 diabetes mellitus (T2DM) have a two-fold increase in all-
cause mortality and a three-fold increase in cardiovascular mortality [1]. Reduction of
cardiovascular risk in T2DM is thus paramount. In 1998, a study showed that diabetic
patients without a previous myocardial infarction (MI) have as high a risk of Ml as
nondiabetic patients with a previous MI [2], which led to vigorous research over the last 16
years to aggressively treat known traditional risk factors and to define novel risk factors. In
this review, we summarize recently published studies describing advances in treatment to
reduce CVD risk and highlight novel CVD risk factors.

RECENT INNOVATION IN APPROACH TO GOALS AND TREATMENT OF
TRADITIONAL RISK FACTORS OF CARDIOVASCULAR DISEASE

In the following sections, we summarize recent findings addressing traditional CVD risk
factors in type 2 diabetes.

HYPERTENSION

The 2013 American Diabetes Association Clinical Practice Guidelines changed the SBP
target to less than 140 mmHg, from the previous target of less than 130 mmHg [3]. This
recommendation was changed on the basis of data from the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) [4] and Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE)
trials [5], as well as two meta-analyses [6,7] that showed no statistically significant
difference in treating to a target of less than 130 versus 130-140 mmHg.

In a recent Swedish cohort study involving 34 009 consecutive CVD-free T2DM patients
followed for 11 years, the lowest risk of cardiovascular events was observed at a SBP of
135-139 mmHg and a DBP of 74-76 mmHg [8]. Another recent study evaluated over 15
000 individuals with T2DM recently diagnosed with hypertension and examined blood
pressure control at 1 year after diagnosis and prospective cardiovascular risk. The rates of
major cardiovascular events were lowest in those with mean 1-year blood pressure
measurements of 130-139/80-89 mmHg [9]. Taken as a whole, these results indicate that
SBP lowering is beneficial and 130-140 mmHg represents the middle of a U-shaped curve
with increased cardiovascular risk outside of those ranges.

GLYCEMIC CONTROL

Both glycemic targets and glucose-lowering agents have potential implications in the
prevention and treatment of CVD.

Glycemic targets and cardiovascular disease

The role of intensive glycemic control in the prevention of CVD in diabetes has been the
focus of several clinical trials recently summarized in three meta-analyses. As shown in
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Table 1 [10-12], the meta-analyses differed in the clinical trials they included, which
resulted in slightly different findings. Ray et a/. [10], conducting a meta-analysis of six
studies, found that tight glycemic control was associated with a 17% reduction in nonfatal
MI, 15% reduction in coronary heart disease (CHD) events, but no effect on stroke or all-
cause mortality. In the meta-analysis by Kelly et al. [11], which included five trials and
excluded the PROactive Study, there was a 16% reduction in nonfatal Ml, no effect on
cardiovascular or all-cause mortality and a two-fold higher risk of hypoglycemia in the
intensive than in conventional arms. The study by Boussageon et al. [12] was inclusive of all
trials (13) and found no effect of intensive glycemic control on cardiovascular or overall
mortality but a two-fold higher risk of severe hypoglycemia and 47% increase in congestive
heart failure. Collectively, these data suggest that any benefit of intensive glycemic control
on CVD risk in T2DM is modest at best and very low HbAlc levels (<6.5%) are not
beneficial in preventing diabetes-related CVD.

Oral hypoglycemic agents, insulin and cardiovascular risk

In a study of 304 Chinese T2DM patients with a history of coronary artery disease (CAD),
individuals treated with metformin as compared with glipizide for 3 years had a 46%
decrease in cardiovascular events [13]. This result is supported by previous research in the
United Kingdom Prospective Diabetes Study 34 trial, showing decreased macrovascular
events with metformin therapy [14] and a meta-analysis showing a 26% reduction in
cardiovascular death with metformin therapy [15].

The controversy surrounding the potential adverse cardiovascular effects of rosiglitazone
[16] led the Food and Drug Administration to require pharmaceutical companies to establish
CVD risk of new glucose-lowering agents. Two new trials were recently published involving
the dipeptidyl peptidase (DPP)-1V inhibitors saxigliptin [17*] and alogliptin [18"], which
reported no effect of these agents on CVD outcomes (Table 2) [17",18",19,20"" 21-28]. But
more patients in the saxagliptin than in the placebo group were hospitalized for heart failure
[3.5 versus 2.8%; hazard ratio, 1.27; 95% confidence interval (Cl) 1.07-1.51; A= 0.007]
[17"]. There was not a significantly higher risk of heart failure with alogliptin than with
placebo [18]. It is well established that thiazolidinediones are associated with heart failure
[16,29].

Finally, The Outcome Reduction with an Initial Glargine Intervention Trial [19], also
recently published, compared glargine with placebo in individuals with impaired fasting
glucose, impaired glucose tolerance or T2DM and found no difference in coprimary
outcomes of nonfatal MI, nonfatal stroke or death from CVD at 6.2 years.

In summary, metformin seems to have proven benefit for CVD risk without significant risks
of heart failure. Currently, there are no other oral hypoglycemic agents, which have proven
CVD benefit without increasing risk of heart failure. Neither insulin nor one of the newest
classes of incretin mimetics, DPP-4 inhibitors, appear to be associated with increased CVD
risk or enhanced CVD benefit.
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DYSLIPIDEMIA

OBESITY

Dyslipidemia is a critical component in the pathogenesis of vascular disease in T2DM.
Statin therapy has been shown to resoundingly reduce cardiovascular events in individuals
with T2DM in small trials [30,31] and was confirmed in the Cholesterol Treatment Trialist
meta-analysis of 18 686 people with diabetes [32].

Recently, a meta-analysis of multiple trials showed a 9% increased risk of developing T2DM
with statin therapy[33]. A comparison of those individuals who developed diabetes during
those trials and those who did not showed a similar composite cardiovascular risk reduction
of 37% at 4 years [34]. A recent analysis showed that the risk of hyperglycemia and T2DM
was not the same with all statins, with pravastatin having the lowest risk and rosuvastatin
having the highest risk, suggesting an association between potency and risk for incident
T2DM [35]. A meta-analysis examining 26 trials with 3232 T2DM participants with five
different statins found that overall statin therapy had no impact on HbAlc, BMI, fasting
insulin or HOMA-IR. However, subgroup analysis showed a significant, detrimental effect
of atorvastatin on HbAlc, whereas simvastatin improved HbA1c, suggesting a variable
impact on glycemic control [36]. More research is needed to confirm these findings and
elucidate the mechanisms, which could yield clinically relevant data on statin choice.

Overweight and obesity are the most important predictors of T2DM [37,38] and recent data
suggest that the risk is specifically associated with visceral fat [39]. Obesity is also an
independent predictor of clinical CVD [40-42]. The underlying relationship between
obesity, CVD and diabetes has been reviewed extensively and is mediated through the
adipokines released from visceral fat [43-46]. A reduction in weight is beneficial for
cardiovascular risk and is reviewed in the following section.

Lifestyle intervention

The Look AHEAD trial is the first long-term study to examine the effect of lifestyle
intervention on clinical CVD outcomes [20™"]. The study enrolled 5145 overweight or obese
patients with T2DM and randomized them to intensive lifestyle intervention (ILI) or
diabetes support and education (DSE). The primary outcome, a composite of death from
cardiovascular causes, nonfatal MI, nonfatal stroke or hospitalization from angina, was not
significantly different at 9.6 years despite greater weight loss in the ILI group throughout the
study. There were other benefits of the ILI including an improvement in glycemic control,
depression, sleep apnea, quality of life, physical functioning and mobility [20™"]. There are
some hypotheses about the lack of CVVD benefit from the ILI. First, the ILI group used
significantly less antihypertensive medications, insulin and statin therapy owing to lower
LDL in the intervention group. Statin use is not only associated with a significant reduction
in all-cause mortality and major vascular events [32] but is also associated with beneficial
effects beyond low-density lipoprotein (LDL) lowering (e.g. stabilization of coronary
plaques, improvement in endothelial dysfunction through enhanced nitric oxide
bioavailability and inhibition of inflammatory responses) [47]. Finally, there is the question
of maintenance of the ILI as weight increased in years 2-5 in the ILI group and the
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estimated mean metabolic equivalents decreased precipitously after year one [48]. These
data indicate that future research is needed to determine better approaches to weight loss
maintenance and prevention of weight regain, which may impact CVD risk in diabetes. In
addition, future ILI for CVD risk reduction in T2DM should consider not only caloric
reduction but also dietary composition, as patients will likely derive benefit from increased
amounts of vegetables, nuts, olive oil, fish and a reduction in red meat as evidenced by the
PREDIMED [21] study and the Adventist Health Study 2 [22] (Table 2).

Bariatric surgery

SMOKING

Bariatric surgery is an effective method for weight loss demonstrated in many trials, the
largest of which is the Swedish Obese Subjects (SOS) [49] trial, a nonrandomized
prospective, contemporaneous matched-controls trial. In SOS, they showed an adjusted 29%
reduction in all-cause mortality at 11 years mostly due to reduction in MI and cancer [49].
At 15 years, there was 83% reduction in incident T2DM [50], a 37% reduction in
cardiovascular events and a 53% reduction in cardiovascular death with a postoperative
mortality rate of 0.2% [51]. Within the last 2 years, there have been four trials of gastric
bypass reporting results in patients with T2DM. The details of the most recent bariatric
surgery trials examining the impact of surgical intervention on weight loss, diabetes risk and
glycemic control are summarized in Table 2. A recent meta-analysis evaluated bariatric
surgery for weight loss and glycemic control in nonmorbidly obese adults (BMI 30-35
kg/m?2) with T2DM and found that surgery was associated with greater weight loss and
glycemic control than nonsurgical groups during 1-2 years of follow-up consistent with data
from these four trials [52]. Only one study, a T2DM subgroup analysis of the SOS trial, has
examined the impact of bariatric surgery on CVD outcomes among individuals with T2DM
and found a significant 44% reduction in MI with no effect on stroke incidence at 13 years
[23].

Improvement in insulin resistance and dyslipidemia following roux-en-y gastric bypass
compared with simple gastric banding and reduction of stomach volume occur prior to
weight loss [53]. The reasons for this are not entirely elucidated and it is an area of active
investigation, but may be related to alteration in the incretin system or changes in gut
microbiota. One recent trial of faecal transplant in 18 men with metabolic syndrome showed
improved cholesterol and insulin sensitivity at 6 weeks in individuals who received faeces
from a lean donor group compared with a group with reinfusion of their own feces [54].
Future understanding of these mechanisms might lead to development of novel CVD risk
reduction interventions in T2DM.

Smoking remains a strong CVD risk factor. In 2013, a large meta-analysis [55] showed that
in individuals with T2DM, smoking was associated with a significantly increased risk of
total and cardiovascular mortality, CHD, stroke and MI compared with nonsmokers.
Smoking cessation is beneficial, with studies showing a near return to baseline of diabetic
cardiovascular risk following cessation [56]. One of the unanswered questions was whether
the weight gain of 3-6 kg that occurs after smoking cessation would cause increased
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cardiovascular risk in those with diabetes. A recent trial found that smoking cessation was
still associated with decreasing the incidence of CHD despite a 3.6 kg weight increase [57].
Notably, the risk was not reduced back to nonsmoking baseline demonstrating the
importance of public health policies for smoking prevention.

ANTI-PLATELET THERAPY: ASPIRIN FOR THE PRIMARY PREVENTION OF
CARDIOVASCULAR DISEASE?

The benefit of aspirin for secondary prevention of cardiovascular events in those with and
without T2DM has been proven in both clinical trials and observation studies, but the role of
aspirin in primary prevention remains speculative and inconclusive [58-61].

There are two trials underway, Aspirin and Simvastatin Combination for Cardiovascular
Events Prevention Trial in Diabetes [62] and A Study of Cardiovascular Events in Diabetes
[63], with a combined enrollment of 15 000 patients to further answer the question regarding
primary prevention in diabetes. Given that many of the other trials occurred prior to the time
of uniform statin therapy, these trials should be more relevant to our current clinical practice.

NOVEL RISK FACTORS

It is known that classical cardiovascular risk factors do not account for all of the excess CVD
risk in diabetes. It is therefore important to identify novel cardiovascular risk factors as
potential targets for CVD prevention and intervention in T2DM.

SLEEP DISORDERS, DIABETES AND CARDIOVASCULAR DISEASE RISK

The understanding of the relationship between impairment in the quantity and quality of
sleep and cardiovascular risk has expanded over recent years, and over the last year, there are
more data on possible mechanisms and interventions for the increased cardiovascular risk of
obstructive sleep apnea (OSA) and sleep insufficiency.

Obstructive sleep apnea

OSA is an important complication of obesity and is highly prevalent among individuals with
T2DM [64]. In the Sleep AHEAD study, 86% of individuals with T2DM and obesity were
diagnosed with OSA [65]. On the basis of these numbers, OSA in the primary care setting
has been underrecognized and thus untreated with reported prevalences of 18% of all
diabetic individuals and 23% in obese diabetic individuals [64]. A prospective study of 1889
individuals with treated and untreated OSA versus controls over 12 years showed that
untreated sleep apnoea has a hazard ratio of 1.96 for hypertension compared with controls
and that OSA treated with CPAP therapy was associated with a lower risk of hypertension
with a hazard ratio of 0.71 [66].

A recent review [67] discusses some of the causes of increased CVD risk in OSA including
hypoxia in adipose tissue leading to chronic inflammation, macrophage infiltration,
reduction of adiponectin, elevation of leptin and mitochondrial dysfunction; worsening
insulin resistance and beta cell dysfunction; impaired clearance of triglyceride rich
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lipoproteins and inactivation of the lipoprotein lipase; endothelial dysfunction and elevated
daytime and nocturnal blood pressure.

Sleep insufficiency

The Institutes of Medicine estimates that 50—-70 million Americans chronically suffer from a
disorder of sleep and wakefulness, hindering daily functioning and adversely affecting their
health and longevity [68]. Insufficient sleep has been associated with worry [69], financial
and home stress [70,71], smoking [71,72], meal timing [72], physical inactivity [71,73],
obesity, heavy drinking [71,72,74] and electronics use prior to bedtime [75]. Sleep
insufficiency has a higher prevalence among non-Hispanic blacks than among non-Hispanic
whites [76] and among those of lower versus higher socioeconomic status in all races [77].

Sleep insufficiency has also been shown to cause dyslipidemia [low high-density lipoprotein
(HDL) and elevated triglycerides] [78], total body [79] and adipocyte insulin resistance [80],
hyperglycemia and incident T2DM [81,82], reduced leptin and elevated ghrelin levels [83],
elevated afternoon and evening cortisol [79], weight gain [81,82,84], sympathetic nervous
system activation and hypertension [85-88]. Short sleep duration has been linked directly to
incident coronary calcification in a dose-dependent manner in nondiabetic individuals, with
a 33% reduction in coronary calcification for every hour of sleep after 4h [89]. A prospective
Japanese study [90] showed an increase in a composite endpoint of stroke, MI and
cardiovascular death over 10 years in diabetic individuals with short sleep (<7.5 h) versus
more than 7.5 h, but the short sleep group had higher smoking rates. These data correspond
with a US multiethnic national analysis wherein self-reported insufficient sleep over the last
month was associated with increased odds of CVD, CHD, stroke, diabetes and obesity [91].

Studies in the general population have shown not only that short sleep duration but also poor
sleep quality is associated with incident CHD [92]. Sufficient sleep of more than 7 h,
compared with insufficient sleep, had an added benefit of lower CVD risk when considered
with other cardiovascular risk factors in the MORGEN study [93]. Although these data are
from a general population, they demonstrate that sleep, which accounts for one-third of the
normal human lifespan, is likely an important emerging frontier in combating CVD in all
individuals, including patients with T2DM. Future studies should examine sleep disorders as
risk factors for CVD specifically in individuals with T2DM and determine whether
treatment interventions aimed at OSA, sleep insufficiency and poor sleep quality improve
cardiovascular risk factors and lower CVD risk.

Melatonin: a possible sleep and cardiovascular disease link

Another possible novel causative agent linking T2DM and CVD is melatonin, which is
secreted in a diurnal pattern peaking 3-5h after sleep onset in a dark environment. Both
T2DM and CVD are mediated by inflammation and melatonin has known anti-inflammatory
properties, as a direct free radical scavenger and indirect antioxidant activity. Its
investigation in mitochondrial dysfunction and ischemia reperfusion in cell-based systems
has proven beneficial [94-96] and it also has a beneficial effect on hypertension in humans
[97]. From the T2DM perspective, recently genome-wide association studies with loss of
function of the melatonin receptor have been associated with a high incidence of T2DM
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[98]. A large nested case—control study showed that lower melatonin secretion was
associated with a higher risk of developing T2DM [99]. Melatonin is a hormone in need of
further study for its potential therapeutic application in the prevention and treatment of
T2DM and CVD.

SOCIAL DETERMINANTS/SOCIOECONOMIC STATUS

National Health And Nutrition Examination Survey data from 1988 to 2008 showed
improved cardiovascular risk factor reduction in T2DM, but these reductions were
significantly greater in those with higher educational levels, and notably, there was no
improvement in poor glycemic control and smoking rates in individuals with less than a high
school degree [100]. In another study at community health centres of low SES individuals,
those with diabetes had significantly increased mortality risk compared with nondiabetic
individuals over 5.9 years [101]. A study examining managed care patients with T2DM from
2000 to 2007 showed stepwise increasing rates of total and cardiovascular mortality in
individuals with low incomes and education compared with those at higher levels [102]. A
third recent study [103] used a previously validated ‘social adaptability index” (SAI)
composed of a linear combination of indicators, including education, employment, income,
marital status and substance abuse to quantify SES. In adults with T2DM, higher SAI score
was significantly associated with improved survival in a dose-dependent manner [103].
Identifying the causative mechanisms linking low SES with higher cardiovascular risk in
diabetes is an area ripe for further research. In nondiabetic populations, there is some
evidence that lower SES is a risk factor for both higher levels of stress [104] and insufficient
nocturnal blood pressure dipping [105], which could lead to higher cardiovascular risk.

CHRONIC PSYCHOLOGICAL STRESS

Various forms of chronic psychological stress, including work and home-related stress,
financial stress and stressful life events (e.g. death of a child or spouse), are associated with
an increased risk of MI worldwide [106,107]. Depression has also been associated with an
increased risk of CVD in individuals with and without diabetes [107,108]. The concept of
allostasis describes the capacity of an organism to adapt to a changing environment or
stressful challenge to support homeostatic systems essential to life [109,110]. Allostatic load
summarizes the cumulative impact of physiological wear and tear related to maladaptive
stress patterns that predispose individuals to disease [109,111]. The biological systems
involved in adaptation that mediate the link between stress and physiological functions are
the hypothalamic-pituitary-adrenal (HPA) axis, autonomic nervous system and immune
system [109,112] (Fig. 1). Allostatic load scores estimate stress-induced physiological
dysfunction by summing the number of parameters within each system for which individuals
fall into the highest-risk quartile [109]. Examples of physiological parameters include
cardiovascular measures (lipids), metabolic measures (waist circumference, Hbaqc), HPA
axis function (dehydroepiandrosterone sulphate, cortisol), autonomic function (heart rate,
urinary catecholamines) and immune function (C-reactive protein, interleukin-6) [109].
Various types of chronic psychological stress are associated with increased allostatic load
[113-115], and in the MacArthur studies of ageing, high allostatic load scores predicted
incident CVD and all-cause mortality, independent of SES and baseline morbidity [109].
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MECHANISMS OF NOVEL CARDIOVASCULAR DISEASE RISK FACTORS IN
CLINICAL CARDIOVASCULAR DISEASE IN DIABETES

Although there are many novel CVD risk factors being studied that have implications in the
development of CVD in the setting of diabetes, the ones that we present in this review —
sleep disorders, low SES and chronic psychological stress — share common pathways of
neuroendocrine and immune system activation (Fig. 1). Activation of these pathways can
enhance CVD risk in the setting of T2DM. Activation of the HPA axis and the resultant
subclinical hypercortisolism lead to accumulation of visceral fat [116,117], which is a risk
factor for T2DM, hypertension and CVD. A recent study in the Multi-Ethnic Study of
Atherosclerosis demonstrated HPA axis dysfunction in the setting of T2DM with a blunted
diurnal cortisol profile and higher daily cortisol exposure in women compared with women
without T2DM, independent of depressive symptoms [118]. In addition to elevated cortisol
levels and altered HPA axis dynamics in the setting of these physiological and psychological
stressors, catecholamines and inflammatory markers are also elevated, inducing insulin
resistance and enhancing CVD risk (Fig. 1) [119,120]. Inflammation, also associated with
visceral adiposity [121], induces endothelial damage and dysfunction [122,123], leading to
hypertension and atherosclerosis. Thus, activation of these interrelated stress systems can
lead to CVD in the setting of T2DM and they deserve further study as potential intervention
and prevention targets.

CONCLUSION

Control of CVD risk factors is known to prevent CVD, but unfortunately a large analysis has
historically shown poor CVD risk factor control [124]. In 2010, 24% of individuals with
T2DM met ADA goals for SBP, LDL-C and HbA1C [125], improved from 7.3% in 2000
[126], but still leaving three-quarters of individuals with T2DM uncontrolled for these three
key risk factors. The picture is more grim for secondary CVD prevention, wherein risk factor
control ranges from 8 to 23% [127]. These harrowing data indicate that in addition to
focusing on novel therapies/targets, we must remain vigilant in aggressively treating known
CVD risk factors and build on research into successful implementation of improved delivery
of care targeting CVD risk factors in diabetes.
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KEY POINTS

Metformin is the only oral hypoglycemic agent associated with decreased
cardiovascular disease risk in T2DM.

Bariatric surgery improves cardiovascular risk factors and long-term
cardiovascular events in type 2 diabetes, whereas intensive lifestyle
intervention improves cardiovascular risk factors but does not lower the risk
of long-term clinical cardiovascular events in T2DM.

Novel cardiovascular risk factors, sleep disorders, low socioeconomic status
and chronic stress increase cardiovascular risk in type 2 diabetes through
interrelated neuroendocrine and inflammatory pathways.

Despite studies showing a benefit of cardiovascular risk factor control in
lowering cardiovascular events in type 2 diabetes, risk factor control remains
poor and it is thus imperative to remain vigilant in aggressively treating
known risk factors to prevent CVD in type 2 diabetes.
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FIGURE 1.
A hypothesized relationship between novel cardiovascular risk factors and clinical

cardiovascular disease in type 2 diabetes.
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Table 1

Meta-analyses of trials of glycemic control and cardiovascular outcomes in type 2 diabetes mellitus

Number of
Study Trials included in meta-analysis patients Results
Ray et al. [10] UKPDS, ACCORD, ADVANCE, 33040 17% decrease in nonfatal MI; 15% decrease in CHD events;
VADT, PROactive (n= 6) No effect on stroke or all-cause mortality
Kelly et al. [11] UKPDS, ACCORD, ADVANCE, 27 802 16% decrease in nonfatal MI; No effect on CVD or all-cause
VADT (n=15) mortality; 2-fold increase in severe hypoglycemia
Boussageon et al. Above as well as UGDP studies, 34533 No significant effect on CVD or overall mortality; Slight
[12] PROactive, Kumamoto Study, HOME decrease in nonfatal MI; 2-fold increase in severe
Study (n=13) hypoglycemia and 47% increase in CHF

ACCORD, Action to Control Cardiovascular Risk in Diabetes Trial; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron
MR Controlled Evaluation trial; CVD, cardiovascular disease; HOME, Hyperinsulinemia: the Outcome of its Metabolic Effects; MI, myocardial
infarction; PROactive, The PROspective pioglitAzone Clinical Trial In macroVascular Events; UGDP, University Group Diabetes Program;
UKPDS, United Kingdom Prospective Diabetes Study; VADT, Veterans Affairs Diabetes Trial.
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Summary of new studies focusing on cardiovascular disease in type 2 diabetes mellitus: 2012—-2013

Category
study Study

Population characteristics

Study design/interventions

Summary of primary
findings

Glycemia treatment SAVOR-TIMI 53 [17"]

16 492 patients with T2DM
with a HbA1C of 6.5
12.0%, and either a history
of established
cardiovascular disease or
multiple risk factors for
vascular disease.

Individuals randomized to
saxagliptin daily versus
placebo, in addition to
existing hypoglycemic/CV
agents and followed for a
median of 2.1 years for the
primary endpoint of a
composite of cardiovascular
death, myocardial infarction
or ischemic stroke.

Primary endpoint
occurred in 7.3% in
saxigliptin group
versus 7.2% in
placebo. No difference
in CVD events.

EXAMINE [18"]

5380 patients with T2DM
and either an acute
myocardial infarction or
unstable angina requiring
hospitalization.

Individuals randomized to
alogliptin or placebo in
addition to existing
hypoglycemic and CV drug
therapy within 15-90 days
of AMI or UA and followed
for a median of 1.5 years
for primary endpoint of a
composite of death from
cardiovascular causes,
nonfatal myocardial
infarction or nonfatal
stroke.

The primary endpoint
event occurred in
11.3% of patients
assigned to alogliptin
and in 11.8% patients
assigned to placebo.
HBALC 0.36% lower
in alogliptin group.

ORIGIN [19]

12 537 people with CV risk
factors along with impaired
fasting glucose, impaired
glucose tolerance or
T2DM.

Patients received insulin
glargine (with a target
fasting blood glucose level
of <95 mg per decilitre) or
standard care. The
coprimary outcomes were
nonfatal myocardial
infarction, nonfatal stroke
or death from
cardiovascular causes and
these events along with
revascularization or
hospitalization for heart
failure over a median of 6.2
years.

The first coprimary
outcome occurred in
5.52 (glargine) and
5.28 (standard care
groups with a hazard
ratio, 1.02 P=0.63)
and the second
coprimary outcome
occurred in 5.52 and
5.28 per 100 person-
years HR 1.04, (P=
0.27). No difference
in CV events with
addition of glargine to
standard care.

Lifestyle interventions Look AHEAD [20™]

5145 overweight or obese
patients with T2DM.

Patients randomized to
either intensive lifestyle
intervention that promoted
weight loss through
decreased caloric intake and
increased physical activity
(intervention group) or
received diabetes support
and education (control
group) and followed a
median of 9.6 years for the
development of the primary
outcome of a composite of
death from cardiovascular
causes, nonfatal myocardial
infarction, nonfatal stroke
or hospitalization for
angina.

The primary outcome
occurred at a rate of
1.83 (intervention)
and 1.92 events per
100 person-years
(control) with a
hazard ratio in the
intervention group of
0.95 (P=10.51).

PREDIMED [21]

7447 persons in Spain at a
high cardiovascular risk
with either T2DM or at
least three of the following
major risk factors:
smoking, hypertension,
elevated LDL cholesterol,
low HDL cholesterol

Patients were randomized
to one of the three diets: a
Mediterranean diet
supplemented with extra-
virgin olive oil, a
Mediterranean diet
supplemented with mixed
nuts or a control diet

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2017 November 28.

The primary endpoint
occurred in 96
patients with
Mediterranean diet
with extra-virgin olive
oil (multivariable-
adjusted HR 0.70 and
83) patients in the
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Category
study Study

Population characteristics

Study design/interventions

Summary of primary
findings

levels, overweight or
obesity or a family history
of premature coronary
heart disease but with no
known CVD.

(advice to reduce dietary
fat) and were followed until
trial stopped early at 4.8
years for the development
of the primary endpoint of
major cardiovascular events
(myocardial infarction,
stroke or death from
cardiovascular causes).

group assigned to a
Mediterranean diet
with nuts
(multivariable
adjusted HR 0.72),
versus 109 patients in
the control group.

Adventist Health
Study 2 [22]

73 308 Seventh-day
Adventist participants with
no history of cancer or
CVD.

Participants were followed
prospectively to assess the
association between
vegetarian dietary patterns
and mortality over a median
of 5.79 years. The primary
endpoint was all-cause
mortality with a secondary
endpoint of CVD mortality.

The adjusted hazard
ratio (HR) for all-
cause mortality in all
vegetarians combined
Versus nonvegetarians
was 0.88 (95% ClI
0.80-0.97). The
adjusted hazard ratio
(HR) for CVvD
mortality in male
vegetarians combined
versus nonvegetarians
was 0.71 (95% CI
0.57-0.90).

Bariatric surgery interventions  SOS Substudy [23]

A subset of 607 T2DM
patients in SOS trial, 345
individuals in the surgery
group and 262 individuals
in the control group.

Participants were followed
for a mean of 13.3 years for
all cardiovascular events.

Bariatric surgery was
associated with an
adjusted HR of 0.56
(P=0.025) for CHD.
There was no
significant difference
in stroke incidence
with adjusted HR 0.73
(P=0.29).

STAMPEDE Trial [24]

150 individuals with
uncontrolled type 2
diabetes (HbA1c 9.7%) and
moderate obesity [BMI
36.6 kg/m? 27-43)].

Randomized in a
nonblinded fashion to
intensive medical therapy
(IMT) alone, IMT along
with Roux-en-Y gastric
bypass or IMT along with
sleeve gastrectomy and
followed for 5 years for a
primary endpoint of
HgbA1C <6% at 1 year.

The primary endpoint
at 1 year was reached
in 12% IMT alone
group versus 42% in
gastric bypass group
and 37% in the sleeve-
gastrectomy group.
The mean A1C was
7.5% in the IMT
group versus 6.4% in
gastric bypass and
6.6% in the sleeve
gastrectomy group
with reduced CV and
T2DM medications in
surgical groups.

STAMPEDE Trial
Substudy [25]

60 individuals from the
STAMPEDE trial.

Evaluated at 1 and 2 years
for assessment of beta-cell
function (mixed-meal
tolerance testing) and body
composition.

At 2 years, A1C 8.4%
for IMT versus 6.7%
for gastric bypass and
7.1% for sleeve
gastrectomy with
greater insulin
sensitivity, beta-cell
function and reduction
in truncal fat in the
gastric bypass group,
but not in the sleeve
gastrectomy group.

Mingrone et al. [26]

60 Italian individuals with
BMI >35 kg/m? and A1C
>7%.

Individuals were
randomized to conventional
medical therapy versus
Roux-en-Y gastric bypass
or biliopancreatic diversion
with a primary endpoint of
diabetes remission (A1C
<6.5%) at 2 years in the
absence of pharmacologic

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2017 November 28.

At 2 years, T2DM
remission occurred in
no patients in the
medical-therapy group
(mean HbA1C 7.69%)
versus 75% in the
gastric-bypass group
(mean HbA1C 6.35%)
and 95% in the
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Category
study Study

Population characteristics

Study design/interventions

Summary of primary
findings

therapy (diabetes
remission).

biliopancreatic
diversion group (mean
HbA1C 4.95%) (P<
0.001 for both
comparisons).

Cohen et al. 2012 [27]

66 consecutive individuals
in Brazil with uncontrolled
T2DM (HbA1C >8%) and
BMI 30-35 with no control

group.

Individuals underwent
Roux-en-Y gastric bypass
and were prospectively
studied for a median of 5
years for safety of
procedure and the
percentage of patients
experiencing diabetes
remission (HbAlc, 6.5%
without diabetes
medication).

Durable diabetes
remission occurred in
88% of cases, with
glycemic
improvement in 11%.
Mean HbAlc fell
from 9.7 t0 5.9% (P<
0.001). There was no
mortality, major
surgical morbidity or
excessive weight loss.

Diabetes Surgery
Study [28]

120 individuals with
T2DM and BMI 30-39.9.

Individuals underwent
intensive lifestyle-medical
treatment (ILMT) along
with Roux-en-Y gastric
bypass (60) versus ILMT
alone (60) with a primary
composite outcome of
HgbA1C <7%, LDL
<100mg/dl and SBP <130
mmHg.

At 1 year, they
reported the primary
outcome occurring in
49% of individuals in
the surgery/ILMT
versus 19% in the
ILMT group with an
odds ratio of 4.8, but
notably there were 22
serious adverse events
in the gastric bypass
group compared with
15 in the ILMT alone
group.

EXAMINE, Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care study; ORIGIN, The Outcome Reduction with an
Initial Glargine Intervention Trial; PREDIMED, Prevencién con Dieta Mediterranea; SAVOR-TIMI 53, Saxagliptin Assessment of Vascular
Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)-Thrombolysis in Myocardial Infarction (TIMI) 53; SOS, Swedish Obese
Subjects; STAMPEDE, Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently trial; T2DM, type 2 diabetes mellitus.
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