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Abstract

In addition to the revascularization and glycemic management interventions assigned at random, the
Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) design includes the
uniform control of major coronary artery disease risk factors, including dyslipidemia, hypertension,
smoking, central obesity, and sedentary lifestyle. Target levels for risk factors were adjusted
throughout the trial to comply with changes in recommended clinical practice guidelines. At present,
the goals are low-density lipoprotein cholesterol <2.59 mmol/L (<100 mg/dL) with an optional goal
of <1.81 mmol/L (<70 mg/dL); plasma triglyceride level <1.70 mmol/L (<150 mg/dL); blood
pressure level <130 mm Hg systolic and <80 mm Hg diastolic; and smoking cessation treatment for
all active smokers. Algorithms were developed for the pharmacologic management of dyslipidemia
and hypertension. Dietary prescriptions for the management of glycemia, plasma lipid profiles, and
blood pressure levels were adapted from existing clinical practice guidelines. Patients with a body
mass index >25 were prescribed moderate caloric restriction; after the trial was under way, a lifestyle
weight-management program was instituted. All patients were formally prescribed both endurance
and resistance/flexibility exercises, individually adapted to their level of disability and fitness.
Pedometers were distributed as a biofeedback strategy. Strategies to achieve the goals for risk factors
were designed by BARI 2D working groups (lipid, cardiovascular and hypertension, and
nonpharmacologic intervention) and the ongoing implementation of the strategies is monitored by
lipid, hypertension, and lifestyle intervention management centers.

The clustering of major coronary artery disease (CAD) risk factors, such as dyslipidemia and
hypertension, contributes to the high incidence of CAD and increased cardiovascular mortality
in patients with type 2 diabetes mellitus. 1.2 Smoking (an independent CAD risk factor for type
2 diabetes3‘5), low levels of physical activity,e'7 and central obesity8 interact with the major
risk factors to compound this risk. The uniform management of all CAD risk factors in all

randomized patients has been an important goal of the Bypass Angioplasty Revascularization
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Investigation 2 Diabetes (BARI 2D) trial since its inception. The importance of aggressive
CAD risk-factor control in patients with type 2 diabetes has been strengthened by the results
of additional studies and key clinical practice gwdellnes9 13 that support this approach.
Interventions of both pharmacotherapy and lifestyle modification are part of the management
of CAD risk factors. In BARI 2D, the patients receive coordinated care provided by both a
diabetologist and a cardiologist in order to reach predetermined treatment goals and attainment
strategies that were delineated by working groups before the study began. Protocol adjustment
according to evolving clinical practice recommendations, as well as adherence to the protocol,
is ensured through monitoring by clinical management centers and semiannual review by the
BARI 2D Steering Committee. In this article, we describe the rationale for choosing the
treatment goals, strategies, implementation, and monitoring patterns comprising a “best
practice” model, aimed at uniformly controlling CAD risk factors in BARI 2D participants.

Management of Dyslipidemia

Treatment goals

The aggressive treatment of unhealthy plasma lipid levels in individuals with diabetes is now
widely accepted glven the high risk of CAD events and clinical trial evidence of benefit.
Both the low- den5|ty Ilpoproteln (LDL) and very-low-density lipoprotein (VLDL) fractions
are important to address, 14 and the BARI 2D protocol is designed with these twin foci. The
evidence on which these guidelines are established is limited but persuasive. There is little
doubt that total and LDL cholesterol values predict CAD events in men®® and women,16
independently of other major risk factors. A series of subgroup analyses in patients with
diabetes from the major trials of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors
(statins) show beneflts in patients Wlth diabetes similar to those seen in the general population,
in both prrmary 18 and secondary —21engd points. The results of the Heart Protection Study
(HPS) and the CoIIaboratlve Atorvastatin Diabetes Study (CARDS) 2 which were
published after BARI 2D recruitment was well under way, provide further evidence for the
primary use of statins in most patients with diabetes. Elevated plasma triglyceride
concentrations, the hallmark of the specific dyslipidemia in diabetes, have also been strongly
implicated as a major CAD risk factor in patients with type 2 diabetes.23 The National
Cholesterol Education Program Adult Treatment Panel 111 (NCEP ATP II1) also recognizes the
importance of the dyslipidemia associated with glucose intolerance and insulin resistance, with
its secondari/ focus on the metabolic syndrome and non-high-density lipoprotein (HDL)
cholesterol.~~ Interventions directed mainly at VLDL or triglyceride values, such as
gemfibrozil therapy in the Veterans Affairs HDL Intervention Trial (VA-HIT), have also been
reported to have generally positive results, 24 aIthough these results were not always significant
among patients with diabetes because of their small number in these trials. 250ne angiography
study, the Diabetes Atherosclerosis Intervention Study (DAIS), which tested fenofibrate and
targeted patients with type 2 diabetes, also reported positive results.26

Because all BARI 2D participants have both type 2 diabetes and CAD, BARI 2D has adopted
a primary goal level of LDL cholesterol <2.59 mmol/L (<100 mg/dL) for all participants and
a secondary goal level of triglycerides <2.26 mmol/L (<200 mg/dL) or non-HDL cholesterol
<3.37 mmol/L (<130 mg/dL) in accordance with the NCEP ATP IlI guidelines.10 Consistent
with the NCEP guidelines, no goal level for HDL cholesterol was set. These goals, however,
do not preclude investigators treating to lower targets, should that be their preference. It was
anticipated that treatment goals would be revised as national guidelines and policy changed.

Accordingly, in April 2004, the triglyceride goal was lowered to 1.70 mmol/L (150 mg/dL),

9 and in October 2004, investigators were encouraged, but not mandated, to consider an LDL
cholesterol goal of <1.81 mmol/L (<70 mg/dL) and to achieve a decrease in LDL cholesterol
>30% from baseline in all newly treated participants. 7

Am J Cardiol. Author manuscript; available in PMC 2009 April 20.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 3

Lipid management protocols

To achieve these lipid goals, early introduction of statin therapy is encouraged and expected
by the 3-month visit, at the latest, unless contra-indicated (eg, allergy, prior side effects, liver
disease). Figure 1 depicts an overview of the BARI 2D lipid management protocol. Fenofibrate
or gemfibrozil therapy is also acceptable as first-line drug therapy if there is only modest LDL
cholesterol elevation or optimal LDL cholesterol values together with hypertriglyceridemia
and/or low levels of HDL cholesterol. Other drug classes in addition to statins are also
encouraged, as needed, including bile acid sequestrants and, since its availability in 2004, the
cholesterol absorption inhibitor ezetimibe. Once the LDL goal level is achieved, triglyceride
and non—-HDL cholesterol lowering is encouraged by means of a variety of approaches,
including lifestyle modification, omega-3 fatty acid supplementation (fish oil), and where
appropriate, combination statin—fibric acid therapy.10 Niacin therapy, however, is discouraged
because of its direct conflict with the study’s insulin sensitization compared with insulin
provision hypothesis,28 despite acceptance by many of the group that niacin has a place as a
therapeutic agent for dyslipidemia in some patients with type 2 diabetes.

Monitoring levels and policies

To encourage consistent compliance with the BARI 2D protocol and to enhance the attainment
of trial goals, a Lipid Management Center was established. This center comprises a responsible
investigator, a part-time research assistant, a coordinating center analyst, and a facilitator.
These individuals meet every 2 months to review monitoring tables produced by the analyst
that describe the mean levels, percentage of participants at goal, and lipid distributions at each
periodic data freeze. These values represent those reported to the coordinating center from the
local sites as measured by local laboratories. The values analyzed annually by the core
laboratory are not used for clinical case monitoring. The actions taken by the field centers for
each patient whose plasma lipid values remain above goal are also reviewed, as are detailed
listings of all clinic visits for patients whose values are above the established monitoring level.
This monitoring level (initially an LDL cholesterol level of 3.37 mmol/L [130 mg/dL] and a
triglyceride value of 4.52 mmol/L [400 mg/dL] at or after the 6-month visit) is used to trigger
further follow-up with a particular study site. If the database suggests that less than optimal
intervention is being adopted, the investigators responsible for participants whose plasma lipid
values are above the monitoring goal are sent an e-mail letter seeking further information and
offering appropriate advice. In addition, every 2 months, field centers with >10 participants
with >6 months of follow-up receive a graphic display of how their site compares to others
(whose identities are masked) in attaining lipid goals. This graph is accompanied by a listing
of all of the center’s participants whose lipid levels are above goal to encourage and facilitate
further review of the management of these cases. Monitoring is also conducted at the center
level, and each center with a low ranking (at the time of writing, this was defined as centers
with a third or more of participants above goal at >6 months) is reviewed in depth. Where
necessary, further follow-up with the site investigators is made.

The treatment goals, drug management protocols, and monitoring levels and policies were
developed by the lipid management group (LMG), a group of investigators who meet every 6
months at the steering committee meetings and more frequently by conference call or e-mail
if needed. An updated report is presented every 6 months, including any additional monitoring
analyses requested by the group. The impact of new developments in lipid management on
BARI 2D are discussed at these meetings. To date, these new developments have included
publication of ATP Il guidelines10 and a subsequent report27; the results of newly completed
trials, eg, the HPS13; and the release of new drugs/preparations, eg, ezetimibe. The LMG
decides when to recommend protocol changes in response to these developments and also
develops operations memos when appropriate. The LMG also reviews the treatment and
monitoring goals with the intent of steadily improving performance at all BARI 2D sites. Since
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the original LMG recommendations were put in place, the LMG lowered the monitoring levels
for LDL cholesterol to 2.98 mmol/L (115 mg/dL) and triglycerides to 3.39 mmol/L (300 mg/
dL) at the April 2003 meeting, and 1 year later (April 2004) further lowered the triglyceride
monitoring level to 2.83 mmol/L (250 mg/dL). As more patients achieve and maintain their
LDL cholesterol goals, it is anticipated that the LMG will further lower the triglyceride goal
and monitoring level.

Management of Hypertension

Treatment goals

Aé)proximately 50% of patients with newly diagnosed type 2 diabetes will have hypertension,
29 which will account for 35%-75% of diabetes-related cardiovascular and renal
complications. Blood pressure control, with lower target blood pressure levels in patients with
hypertension and diabetes than in those without diabetes, has been recommended as an
important strategy to prevent or retard the progression of cardiovascular morbidity and
mortality.30 Incorporation of recently recommended guidelines for hypertension treatment is
a cornerstone of medical care for patients with type 2 diabetes, who are at very high risk for
early cardiac mortality. As recommended by the seventh Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC VI I),31 BARI
2D defined hypertension as a blood pressure level >130 mm Hg systolic or >80 mm Hg
diastolic; these levels are considered the targets for nonpharmacologic and/or pharmacologic
treatment.

At study entry, patients were questioned about history, duration, and treatment of hypertension.
Blood pressure was measured using an appropriately sized cuff after 5 minutes of rest and
recorded to the nearest 2 mm Hg for systolic and diastolic levels. Blood pressure was recorded
in the supine, sitting, and standing positions because patients with type 2 diabetes may have
decreased baroreceptor sensitivity and/or autonomic neuropathy, resulting in blood pressures
that vary with body position. Sitting blood pressure is regarded as the measurement for
diagnosis and treatment in BARI 2D.

Treatment strategies

All patients in BARI 2D received counseling on lifestyle modification on enrollment in the
study. This information includes advice on (1) smoking cessation; (2) dietary intervention,
with the goals of weight reduction, reduction of sodium intake, and modification of alcohol
intake; and (3) increased physical activity. Algorithms for the treatment strategies used in BARI
2D are shown in Figures 2 and 3.

Failure to achieve a blood pressure level of 130/80 mm Hg or lower after 3 months of
nonpharmacologic treatment triggers the addition of pharmacologic treatment in patients not
already diagnosed with hypertension and not receiving pharmacologic treatment at the time of
BARI 2D enrollment, or modification of such treatment if present at enroliment. Treatment
response is assessed at clinic visits every month for the initial 6 months and thereafter every 3
months.

The majority of patients with hypertension in BARI 2D will likely require >2 drugs to attain
the target blood pressure. In the UKPDS,32 at 9 years of follow-up, >60% of patients assigned
to tight blood pressure control required >2 drugs to achieve a target blood pressure <150/80
mm Hg, a level substantially higher than the BARI 2D target level. Compared with patients in
the UKPDS, for whom diabetes was a new diagnosis, patients in BARI 2D were expected to
be older, to have established diabetes, and to have had a longer history of hypertension,
increasing the likelihood that they would need multiple antihypertensive drugs.
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Numerous recent clinical trials have established the classes of drugs that are effective in
reducing blood pressure and cardiac morbidity and mortality in patients with type 2 diabetes.
The UKPDS32 showed that tight blood pressure control with either an angiotensin-converting
enzyme (ACE) inhibitor (eg, captopril) or a f-adrenergic receptor blocker (eg, atenolol) reduces
the incidence of microvascular disease, stroke, and heart failure, with a nonsignificant
reduction of risk (21%) for mg/ocardial infarction (MI). The Systolic Hypertension in the
Elderly Program (SHEP) trial 3indicated that in the subgroup of elderly hypertensive subjects
with diabetes, diuretic (thiazide) treatment was associated with a significant reduction in
cardiovascular events. In patients with type 2 diabetes and proteinuria, angiotensin receptor
blockers are effective blood pressure—lowering agents and may prevent or retard the
progression of diabetic nephropathy.347

Findings of several trials, such as Appropriate Blood Pressure Control in Diabetes (ABCD)
and Fosinopril Versus Amlodipine Cardiovascular Events Randomized Trial (FACET),?’6
have suggested a higher relative risk of Ml associated with calcium channel blockers (ie,
nisoldipine and amlodipine) compared with ACE inhibitors (ie, enalapril and fosinopril)
despite equipotent ability to lower blood pressure in patients with type 2 diabetes. Analysis of
the subgroups with diabetes in other large clinical trials, however, has not suggested adverse
cardiovascular mortality in patients with diabetes and hypertension who are treated with
calcium channel blockers. The Hypertension Optimal Treatment (HOT) study37 and the
Systolic Hypertension in Europe (Syst-Eur) Trial38 demonstrated reduced cardiovascular
mortality when calcium channel blockers (ie, felodipine and nitrendipine) were used to treat
hypertension in the diabetic subgroups. HOT also demonstrated that the greatest reduction in
cardiovascular mortality was experienced in the group randomized to the lowest target blood
pressure, eliminating the concern that overaggressive lowering of blood pressure may be
harmful for patients with diabetes, particularly those with a history of vascular disease. The
Antihy-pertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)
39 showed that amlodipine was as effective as chlorthalidone or lisinopril in reducing blood
pressure and the incidence of cardiovascular end points. Furthermore, compared with placebo,
amlodipine did not increase mortality in patients with diabetes and congestive heart failure
(New York Heart Association functional class 111 or 1V) in the Prospective Randomized
Amlodipine Survival Evaluation (PRAISE).40 More recently, in the International Verapamil
SR and Trandolapril Study (INVEST), verapamil was shown to have benefits similar to those
of atenolol in reducing cardiovascular morbidity and mortality in patients with type 2 diabetes
and CAD.41

Most patients in BARI 2D will be treated with s-blockers, either as treatment for angina pectoris
or as secondary prevention for CAD events. In patients with hypertension, the dose of the j-
blocker may be increased to achieve target blood pressure level. Caution is warranted, however,
because g-blockers in patients with diabetes may reduce peripheral blood flow (incur or
exacerbate claudication symptoms), mask warning signs of hypoglycemia, and/or impair
glucose recovery in hypoglycemia. Adding another drug is a more prudent approach in these
patients, particularly if the dose of the prescribed S-blocker is at a level that has been shown
to provide secondary prevention against CAD.

Monitoring levels and policies

Blood pressure is monitored by the hypertension management center (HMC), which performs
the following functions: (1) ensures that all patients enrolled in BARI 2D are on appropriate
standard (background) medications as outlined in the BARI 2D Manual of Operations, and (2)
monitors systolic and diastolic blood pressures in all patients to ensure that BARI 2D goals
(<130 mm Hg systolic and <80 mm Hg diastolic) are attained. The HMC will also assist sites
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when individual patients are found to have persistently elevated blood pressure and/or the
average blood pressure of all patients at a particular site is persistently elevated.

The BARI 2D Coordinating Center forwards data to the HMC to track the blood pressure of
all enrolled patients throughout the course of the trial. The coordinating center calculates and
tracks both an overall BARI 2D average (and median) systolic and diastolic blood pressure
and a center-specific percentage of subjects at goal. The coordinating center forwards to the
HMLC the systolic and diastolic blood pressure recorded for each patient at each clinic visit and
will calculate the mean value of the systolic and diastolic blood pressure for every BARI 2D
clinical site every 3 months by visit number. These data are provided to the HMC as a single
histogram of all BARI 2D patients across all centers, as separate histograms of all patients
within each center, and as a single histogram of the mean systolic and mean diastolic blood
pressure levels of each center. Accompanying these histograms are tables of the distribution
of the systolic and diastolic blood pressure levels that indicate the 10th, 25th, 50th, 75th and
90th percentile values as well as the percentage of patients who have and have not achieved
systolic and diastolic blood pressure goals. Individual patients whose blood pressure levels are
above goal levels have their medications reported to the HMC, which makes recommendations
regarding case management. The HMC investigates clinical sites with mean/median systolic
blood pressure levels >150 mm Hg and diastolic blood pressure levels >95 mm Hg diastolic
or with 50% of patients above goal to assess the adequacy of treatment for those subjects.

To monitor medications used as background medical therapy and to treat hypertension, all
clinical sites use a standardized drug check-off form, which is updated whenever a new drug
is introduced into the protocol. The study coordinator at each clinical site will record the
initiation and discontinuation dates of each drug used for blood pressure management. These
data will be sent to the HMC, which will maintain in its database the drug use history of each
BARI 2D patient from entry into the protocol until study completion.

Nonpharmacologic Management

Smoking cessation

Smokinf is an independent risk factor for CAD,? stroke,42 and peripheral vascular
disease3 and is additive to type 2 diabetes.2:3: Smoking is associated with central adiposity,
unfavorable plasma lipid levels, elevated grocoagulation factors, 244 worse plasma glucose
control independent of dietary factors,24> and increased microvascular complications
independent of glucose control and optimal antihypertensive treatment. 46 Despite the adverse
effects of smoking, approximately 22% of the population of US adults with diabetes continue
to smoke.47 Patients with type 2 diabetes are counseled to stop smoking less often than they
receive other aspects of preventive care.48 Given the success of smoking cessation programs
in patients without diabetes# and recently in patients with type 2 diabetes,? it has been
suggested that smoking cessation intervention is probably the single most cost-effective
intervention for CAD management in this population.48

The principles that guide the smoking cessation intervention in BARI 2D are based on
established clinical practice guidelines for the general population.50!51 The recently published
guidelines underscore that (1) all tobacco products, not just cigarettes, exact devastating costs
on the nation’s health and welfare; (2) for most, tobacco use results in true drug dependence,
comparable to that caused by opiates, amphetamines, and cocaine; (3) chronic tobacco use
warrants repeated clinical intervention just as do other addictive disorders. There is a positive
correlation between the duration of the treatment and its effectiveness. Cessation is targeted in
every smoking patient throughout the duration of the BARI 2D study.
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Although smoking cessation treatment is included under the nonpharmacologic interventions,
>1 of the 5 first-line pharmacologic therapies to aid in smoking cessation— bupropion, nicotine
gum, nicotine inhaler, nicotine nasal spray, and nicotine patch—is prescribed in the absence
of contraindication. It has been determined to be safe to prescribe nicotine for BARI 2D
participants except in the presence of recent MI or unstable angina. However, second-line
agents (ie, clonidine and nortriptyline) are relatively contraindicated for this population.

Dietary and weight control management

Dietary interventions are essential for the proper management of patients with type 2 diabetes
and CAD.52 The specific goals include attaining and maintaining control of glycemiaand CAD
risk factors as well as prevention and treatment of obesity.53v54 On average, 70% of all patients
with type 2 diabetes are overweight or obese.8:55 Weight control is essential for control of
glycemia, dyslipidemia, and blood pressure in overweight and obese patients with type 2
diabetes.>® Although a normal, ideal body weight is defined as a body mass index of <25,
attaining a normal body weight in many patients with type 2 diabetes may not be realistic.
However, even a small change in body weight (5% to 10%) that is maintained over time may
drastically improve glucose control, lipid profile, and blood pressure in overweight and obese
patients with type 2 diabetes.53:9°

Strategies for BARI 2D include lifestyle changes such as modifications in energy balance,
leading to weight loss, and/or changes in intake of specific nutrients.9°4 Individual nutritional
needs, personal and cultural preferences, and Iifestgle should be taken into account, as well as
the individual’s wishes and willingness to change. 4

DIET PRESCRIPTION—Since dietary saturated fat and cholesterol are the primary
determinants of LDL cholesterol levels in community-dwelling individuals, the American
Heart Association (AHA) Step 1 diet is recommended for the patients in BARI 2D. Although
certain issues are considered— eg, replacing carbohydrate with monounsaturated fat may
reduce glycemia and triglyceridemia while equally reducing LDL cholesterol levels®6—ad
libitum use of monounsaturated fat should be discouraged because it may promote weight gain.
57 However, increased fiber content and special diet combinations leading to increased fiber
intake have been shown to have favorable effects on glycemic, lipid, and blood pressure control
in patients with and without diabetes as well as to promote weight loss.>8

NUTRITION COUNSELING GUIDELINES—The purposes of the dietary consultation for
the patients in BARI 2D are (1) to customize the dietary prescription according to the individual
patient’s specific medical needs and cultural background and (2) to increase the patient’s
nutritional knowledge regarding the prescribed diet. The need for further dietary consultation
is prompted by a weight gain of 5% of original body weight; glycosylated hemoglobin >7.0%
after maximum pharmacologic treatment (ie, for 2 months in the insulin-sensitizing arm and
1 month in the insulin-providing arm); and/or evidence of worsened glycemic, lipid, or blood
pressure control since the previous measurement. BARI 2D provides basic education
pamphlets, and additional educational materials are used locally for individualized ethnic and
literacy needs (Table 1).

HYPOGLYCEMIA—Specific instructions for the management of hypoglycemia—including
description of symptoms as well as the relation among hypoglycemia, food, and activity
patterns—are stressed and taught to each BARI 2D participant (Table 1).

STRATEGIES FOR WEIGHT REDUCTION—A lifestyle balance weight control program

developed specifically for BARI 2D was designed to enhance uniformity in weight control-
specific counseling tools and resources across the BARI 2D clinical sites. Materials were
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adapted from the Diabetes Prevention Program (WWW.bsc.gwu.edu/dpp/index.htmlvdoc),59
the National Diabetes Education Program (www.ndep.nih.gov), and the Primary Care Weight
Control Project.60 The program is designed to help patients in the BARI 2D study achieve a
10% weight loss in approximately 6 months and is initiated after the 6-month follow-up clinic
visit. A moderate caloric restriction goal of 250-500 calories per day less than the patient’s
estimated total energy expenditure is recommended. Patients are advised to self-monitor intake
of food and beverages as well as physical activity using daily logs (Table 1).

ORLISTAT—Prescription of orlistat (Xenical; Roche Pharmaceuticals, Nutley, NJ) is
accepted and encouraged in BARI 2D. Orlistat as a pharmacologic agent produces small
amounts of weight loss that have been shown to improve glycemic control and lipid profile, at
least in the short term.8:95 However, malntenance of weight loss is improved when follow-up
and long-term treatment are prowded

Physical activity management

Regular exercise has been shown to improve blood glucose control to contribute to weight
loss and its maintenance, and to improve overall well-being.®: 6.9 Increased physical activity is
helpful in the management and control of hypertension and dyslipidemia in type 2 diabetes and
has favorable effects on cardiovascular mortality in patients with established CAD. 11,61 The
question of the type, amount/duration, and intensity of exercise that would be safe and
beneficial for patients with type 2 diabetes and establlshed CAD is not entirely resolved. The
American Diabetes Association (ADA) gU|deI|nes point out the need, in patients with type 2
diabetes and CAD, for a supervised evaluation of the ischemic response to exercise, ischemic
threshold, and propensity for arrhythmia during exercise. In many cases, left ventricular
systolic function must be assessed at rest and in response to exercise. Thus, the maximum
amount of exercise that is well tolerated and safe should be prescribed. In addition to the
precautions taken because of CAD, other aspects of type 2 diabetes (eg, retinopathy,
neuropathy, foot disease) must be considered when determining the goals and strategies of
exercise in these patients.

TREATMENT STRATEGIES—An individualized exercise prescription written by either a
cardiologist or the cardiologist’s designee is given to each BARI 2D participant to assist with
clinical management. Whenever possible, patients are referred to a formal cardiac rehabilitation
program.

Although the endurance exercises will typically include activities like walking, swimming, or
bicycling, each patient in BARI 2D is instructed on flexibility and resistance training exercises
through information and illustrations of exercises provided in the BARI 2D Lifestyle
Handbook (Table 1). Other information provided describes proper foot care and hypoglycemia
management. Insulin and other medication adjustments, as well as prevention of injuries, are
particularly stressed. Specific challenges to implementing exercise in BARI 2D—and in
patients with type 2 diabetes and vascular disease—include the presence of peripheral
neuropathy, diabetic retinopathy, peripheral vascular disease, and autonomic neuropathy.
These conditions are managed according to the ADA gmdellnes and are addressed
individually with each patient. In BARI 2D, pedometers and instructions for pedometer use
are made available to the clinical sites from the coordinating center. Pedometer use will be
encouraged for all patients in the study as a biofeedback tool to increase physical activity, and
it can be initiated at any time during the study. Patients are encouraged to record their exercise
routine, including the daily number of steps recorded by the pedometer.
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Monitoring levels and policies for nonpharmacologic interventions

To ensure compliance with the nonpharmacologic protocol and to oversee the attainment of

tri

al goals, a lifestyle intervention management center (LIMC) was established in June 2004.

The LIMC monitors the actual implementation of the protocol by reviewing data on smoking,
weight gain, and physical activity by means of data provided by the coordinating center every
3 months with regard to individual sites in relation to the overall study mean. The LIMC will
intervene by keeping in contact with those sites that are outliers (>1 standard deviation above
the study mean) every 6 months.
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v

LDL-C >100 mg/dL*
+ triglycerides >200 mg/dL*

Y

Y

v

LDL-C mildly increased (eg, ~120 mg/dL)
+ triglycerides moderately elevated

(eg, ~300 mg/dL)

LDL-C <100 mg/dL
+ triglycerides >200 mg/dL *

Y

Statin titrated until LDL-C <100 mg/dL

Consider fibrate as initial therapy

Y

Triglycerides remain elevated
despite LDL-C <100 mg/dL

Y

Add fibrate or fish oil therapy

Y

If goal not reached

Y

Therapy with fibrate + fish oil

Figure 1.

Y
Improve glycemic control

Y
If goal not reached

A4

Add fibrate or fish oil therapy

Y

If goal not reached

Y

Therapy with fibrate + fish oil

Overview of the lipid management protocol in the Bypass Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D) study. LDL-C = low-density lipoprotein cholesterol. To
convert conventional units to SI units, multiply by 0.0259 for LDL-C and by 0.0113 for
triglycerides. *Optional LDL goal of <1.81 mmol/L (<70 mg/dL) as of October

2004; Ttriglyceride goal reduced to <1.70 mg/dL (<150 mg/dL) in April 2004. If triglycerides
are substantially elevated (eg, >600 mg/dL), statin therapy is unlikely to be successful and
fibrate therapy may be a more appropriate initial choice.
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Y

B-Blocker*

!

Choose or maintain by indication

\ 4
ACE inhibitor

|

Choose by level of BP

!

'

Anticoagulant®

|

Continuation of pre-study regimen

|

« Cardioselective

— Indicated for both hypertension and
angina (eg, metoprolol, atenolol)

— Indicated for hypertension
(eg, bisoprolol, betaxolol)

» Noncardioselective

— Indicated for hypertension and NYHA
class II-llIl CHF (eg, carvedilol)

» For BP <130/80 mm Hg, ramipril
« For BP >130/80, any ACE inhibitor*

!

Titrate to target dose:

!

Dose adjustment if necessary

|

|

Titrate to target dose':

!

* Metoprolol 50—100 mg bid
» Metoprolol XL 100 mg qd
+ Atenolol 100 mg qd

* Bisoprolol 5 mg qd

+ Betaxolol 10 mg qd

« Carvedilol 12.5 mg bid

Figure 2.

» Ramipril 10 mg qd
(or to BP =100 mm Hg)

+ Other ACE inhibitor
(to suggested dose for that agent,
eg, quinapril 20 mg qd)

+ Aspirin 325 mg qd
(may be reduced to 81 mg qd)
+ Clopidogrel 75 mg qd
+ Neither of the above if warfarin
is used

Background medical therapy in the Bypass Angioplasty Revascularization Investigation 2
Diabetes (BARI 2D) study. ACE = angiotensin-converting enzyme; BP = blood pressure; CHF
= congestive heart failure; NYHA = New York Heart Association; XL = extended release.
*Because all patients in BARI 2D have coronary artery disease, S-blockers will be used (per
American Diabetes Association recommendations) unless contraindications exist. s-Blockers
vary in their indications, thus selection of agent depends on the particular clinical profile of
the patient, eg, presence or absence of hypertension, angina, or CHF. TExceptions: heart rate
is <60 beats per minute, systolic BP is <100 mm Hg, or the maximum tolerated dose is less
than the target dose. *Unless ramipril is provided through BARI 2D. 8Use of 1 anticoagulant
only. There have been case reports of INR elevation in patients on warfarin who receive

omega-3 fish oils.
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Hypertension Management Algorithm

|

Systolic BP>130 mm Hg
and/or
Diastolic BP>80 mm Hg

Y A Y

Combination therapy with Monotherapy with B-blocker* Monotherapy with ACE inhibitor*
B-blocker and ACE inhibitor* (if ACE inhibitor not tolerated) (if B-blocker not tolerated)

Y

Add 1 of the following':

* Diuretic

— Hydrochlorothiazide 12.5-25 mg qd

— Chlorthalidone 12.5—-50 mg daily

— Furosemide 20—40 mg bid

— Indapamide 1.25-2.5 mg qd

>| « Calcium channel blocker* <

— Amlodipine 2.5—-10 mg qd (if angina
requires escalation of therapy)

— Felodipine 2.5—10 mg daily

+ Angiotensin receptor blocker

— Losartan 50—-100 mg qd

— Candesartan 16—32 mg qd

— Irbesartan 150—300 mg qd

Figure 3.

Overview of the hypertension management algorithm in the Bypass Angioplasty
Revascularization Investigation 2 Diabetes (BARI 2D) study. ACE = angiotensin-converting
enzyme; BP = blood pressure. *Ensure titration guidelines are met for ACE inhibitors and -
blockers. Target doses of s-blockers can be exceeded to “maximum” doses providing heart
rate remains >60 beats per minute. TIf an additional agent is necessary, choose from a central
or peripheral a-blocker or a direct vasodilator (eg, hydralazine, minoxidil). ¥In ACE-inhibitor
monotherapy, diltiazem and verapamil may also be considered.
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Table 1
Overview of the Bypass Angioplasty Revascularization Investigation 2 Diabetes
(BARI 2D) nonpharmacologic interventions

. Smoking cessation
—L.ist of local smoking cessation programs
—Nicotine replacement therapy
—Information in the BARI 2D Lifestyle Handbook
. Nutrition/dietary intervention
—"“The First Step to Diabetes Meal Planning”
—"“Exchange List for Meal Planning”
—*“Doctors’ Pocket Calorie, Fat, and Carbohydrate Counter”
—+Formal consultation with a registered dietitian
. Weight-loss strategies
—*“Lifestyle Balance Weight Control Program” patient materials
—“BARI 2D Food and Activity Record”
—Exercise intervention
—Exercise prescription form
—Use of Borg scale
—Pedometers
—Information in the BARI 2D Lifestyle Handbook
. BARI 2D Lifestyle Handbook
—Information on blood glucose control

—  Review of blood glucose control benefits and tips on how to achieve this
—  Review of tests that measure blood glucose control (eg, glycosylated hemoglobin)
—  Ablank logbook with instructions for patient’s use

—Hypoglycemia

—  Review of hypoglycemia symptoms, prevention, and treatment

—Exercise

— lllustrations of endurance, resistance, and flexibility training exercises

—Smoking cessation

—  Review of nicotine dependence, withdrawal, and replacement therapies
— Advice to seek social and psychological support
—  Web sites with information on smoking cessation

—TFoot care

—  Tips to keep feet in optimum condition
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