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Glycemicmanagement is central in prevention of small vessel and cardiovascular complications in type 2 diabetes.With the plethora
of newer medications and recommendations for a patient centered approach, more information is necessary to match the proper
drug to each patient. We showed that BARI 2D, a five-year trial designed to compare two different glycemic treatment strategies,
was suitable for assessing different responses according to different phenotypic characteristics. Treatment with insulin sensitizing
medications such as thiazolidinediones and metformin was more effective in improving glycemic control, particularly in the more
insulin resistant patient, when compared to the insulin provision strategy using insulin and or sulfonylureas. Triglyceride and high
density lipoprotein ratio (TG/HDL-cholesterol ratio) was found to be a readily available and practical biomarker that helps to
identify the insulin resistant patient. These results support the concept that not all medications for glycemic control work the same
in all patients. Thus, tailored therapy can be done using phenotypic characteristics rather than a “one-size-fits-all approach.”

1. Introduction

Information of long term clinical trials with combina-
tion glycemia-lowering therapy in type 2 diabetes mellitus
(T2DM) is scarce. Recommendations for initial glycemic
control consist of therapeutic lifestyle changes together
with monotherapy, mainly metformin [1]. Personalization of
medications should be done selecting the appropriate drug
or drugs, ensuring patient decisions, quality of life, and
balancing benefits of glycemic control with potential harm.

Long term effectiveness data ofmonotherapy is limited to one
clinical trial (ADOPT) comparing efficacy and side effects of
three medications: metformin, glyburide, and rosiglitazone
[2]. This study revealed differences among them and failure
to normalize glycemia as long-termmonotherapy, suggesting
that combination therapy is necessary in the majority. With
the plethora of newer medications available and recommen-
dations for a patient centered approach, more information
is necessary to match the proper drug to each patient [1].
The findings in this study support the concept that tailored
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therapy can be done according to the degree of insulin
resistance, one aspect of the phenotype, rather than using the
“one size fits all approach.”

The Bypass Angioplasty Revascularization Investigation
2 Diabetes (BARI 2D) clinical trial compared cardiovascular
and diabetes treatment strategies with respect to mortality
and cardiovascular events in patients with T2DM and stable
CAD [3, 4]. It was a five-year trial designed to compare two
different strategies, an insulin sensitization- (IS-) strategy
primarily, where thiazolidinediones (TZDs) and/metformin
were used, and an insulin provision- (IP-) strategy where
insulin and/or a sulfonylurea (SUO) drugs were prescribed.
We postulated that those patients with a greater degree
of insulin resistance (IR) would respond better to an IS-
strategy. Assuming this hypothesis was correct, tailoring
therapy according to a patient’s predominant pathogenetic
phenotype would be more effective than using “a one drug
fits all approach.”We reviewed patient characteristics and the
impact on glycemic response to each of the two strategies,
according to phenotype using dyslipidemia as a biomedical
marker.

2. Methods

Detailed descriptions of BARI 2D have been published [3, 4].
With a 2 × 2 factorial design, the BARI 2D trial simultane-
ously assigned patients at random to one of two treatment
strategies for glycemic control and to one of two revascular-
ization strategies with all-cause mortality and cardiovascular
events as outcomes. The diabetes component compared an
IS-strategy that included TZDs and metformin versus an IP-
strategy that included sulfonylureas (SUOs) and insulin. All
patients were managed with aggressive medical therapy for
hypertension, dyslipidemia, angina, and antiplatelet therapy.
All blood tests were requested to be done in the fasting
state; the glycemic and lipid values were affected by medical
therapy. A HbA1c of <7.0% was the glycemic target, and
patients were allowed to use medication from the opposite
treatment arm if their HbA1c remained >8.0%. The second
component of the 2 × 2 factorial design compared a strategy
of prompt revascularization with aggressive medical treat-
ment to a strategy of initial aggressive medical treatment
alone with delayed revascularization if clinically required.
Revascularization consisted of either percutaneous coronary
intervention or coronary artery bypass graft (CABG) that was
prespecified before randomization, with patients who had
more severe CAD typically slated to undergo CABG.

In order to define higher degrees of IR we looked for
practical clinical markers, a difficult task in an IR-population
with type 2 diabetes that was already receiving intensive
medical treatment. We determined the ability of the Adult
Treatment Panel III (ATP III) criteria [5] where metabolic
syndrome is present if three or more of the criteria are met.
Since in the BARI 2D population all patients had diabetes
and were receiving medical therapy, using this criterion was
less than ideal. We therefore used triglycerides/high-density
lipoprotein cholesterol (TG/HDL) ratios as a simple and
practical surrogate marker for higher degrees of IR, a factor

already validated in nondiabetic individuals [6]. A threshold
of 3.75 in men and 3.00 in women was used to define IR.

A total of 2368 patients from 49 international sites were
recruited. HbA1c was determined at baseline and at monthly
and quarterly visits during the study follow-up. The duration
of follow-up averaged 4.3 years. Of the 2368 patients, 2204
had baseline data to determine IR as defined above and
also both a baseline HbA1c measurement and at least one
follow-up value during or after the 6-month clinic visit. We
identified a subset of 1308 patients whose baseline HbA1c
was above the goal of 7.0%; they were designated as “likely
candidates for glycemic improvement,” targeting this cohort
for detailed analysis. Most participants were taking multiple
prescriptionmedications at study entry, with an average of 1.6
drugs for treatment of hyperglycemia, 2.2 drugs for angina,
hypertension or heart failure, and 0.9 for lipids. Medications
for glycemic control were extensively used with 54% taking
metformin, 19% taking TZDs, 53% taking SUOs, and 28%
taking insulin. Over 50% were treated with combination
therapy.

We calculated themean follow-upHbA1c for each patient
as an “area-under-the-curve” (AUC) average, defined as the
area under a line connecting the follow-up HbA1c values
measured over time, divided by the length of time between
the first HbA1c value starting at the 6-month visit and the
last HbA1c value in the BARI 2D follow-up among 2204
patients who had HbA1c measurements available both at
baseline and at 6 months or later. The multiple HbA1c
values were summarized by calculating a single AUC mean
per patient. For most patients, greater than >90%, each
contributed somewhere between 5 and 25 HbA1c values to
these calculations. The HbA1c values used in this analysis
included those recorded in the central laboratory as well as
those performed at the local sites. We use AUC mean rather
than a conventional mean as the latter would be artificially
high for patients who underwent repeatedHbA1c tests during
periods in which they were known or suspected to have poor
glycemic control. Focusing on the 1308 patients who entered
the study above goal (baseline HbA1c >7.0%), we used linear
regressionmodels to compare AUC average between patients
randomized to an IP-strategy and patients randomized to
an IS-strategy. The use of regression allowed to control for
baseline HbA1c and also to do the comparison within groups
defined by IR as defined above and also by other variables
such as gender, age, and insulin use.

3. Results

Of the 2368 patients enrolled, 2061 hadHbA1cmeasurements
obtained at baseline, 2 years, and with three or more visits
in between. Figure 1 shows their mean HbA1c value, as
measured by the participating clinical sites, starting at study
entry and continuing during the protocol visits until the
termination of the study. The patients were already under
medical therapy, but after randomization and study entry, a
rapid lowering of the mean HbA1c was observed between
baseline (represented as month 0) and 3 months later. From
a mean HbA1c of 7.8% at study entry, the individuals in
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Figure 1: Estimates based on 𝑛 = 2061 patients with HbA1c meas-
urements at baseline, at 2 years, and at three or more follow-up visits
in between. Shown are the mean response (black), IP-strategy (red),
and IS-strategy (green).

the IS-strategy group experienced better glycemic control
than those randomized to the IP-strategy, an unintended
difference as the study tried to attenuate divergence between
the two arms. The mean HbA1c remained fairly stable with
some trend up at study end. After three months a significant
separation between the IP-strategy and the IS-strategy can be
noticed with improved glycemic control in the latter, a gap
that remained throughout the duration of the study. Figure 2
depicts the differences between IP and IS patients in glycemic
control improvement following randomization. The mean
follow-up HbA1c values are based on the individual (one
per patient) AUC averages described earlier. The left panel
illustrates changes of HbA1c in the entire population of 2204
patients and the right panel the changes among 1308 (59.3%)
patients with a baseline HbA1c >7.0%. The higher baseline
HbA1c resulted in a more dramatic improvement with IS
patients with an overall reduction in mean HbA1c of 0.44%
in excess of the reduction found in IP patients.

Baseline characteristics are summarized in Table 1. The
analysis is largely focused on the cohort of patients with a
baseline HbA1c of >7.0% (𝑛 = 1308). Using dyslipidemia
measured as TG/HDL ratio as a surrogate for IR, the cohort
was divided into 509 patients with a lower TG/HDL ratios
(normal) and 799 patients with a higher TG/HDL ratios
(elevated) and defined as having IR; 22 members of the
latter group were treated with fibrates, niacin, or omega
3 polyunsaturates at baseline. The IR patients were more
obese, younger, and with shorter duration of diabetes. There
were no differences in gender, blood pressure, or blood
pressure treatment at study entry. Differences were found
among the ethnic/racial groups with a higher TG/HDL ratio
more common in the non-Hispanic White and Hispanic
populations, particularly those recruited in Mexico City. The
non-Hispanic black population, on the other hand, had a
lower TG/HDL ratio.

The degree of reduction in HbA1c in the IS versus the
IP group was analyzed as a function of TG/HDL ratio is
shown in Table 2. In the entire 2,204 patients analyzed,

elevated TG/HDL ratio (≥3.75 in men, ≥3.00 in women) was
associated with greater reduction of HbA1c (0.46% versus
0.29%; 𝑝 = 0.05). In the 1308 patients who had HbA1c values
of>7.0 at baseline, a greater reduction inHbA1c was observed
in those with an elevated TG/HDL ratio (0.58% versus 0.24%;
𝑝 = 0.009).The importance of the TG/HDL ratio as a marker
for higher degrees of IR and increased responsiveness to IS
medications is more evident in results shown in Figure 3. In
the cohort of 1308 patients with HbA1c of >7.0% at baseline,
increasing ratios in TG/HDL were associated with increasing
decrements in HbA1c in the IS versus the IP group.

The TG/HDL ratio and other factors potentially asso-
ciated with differences in the HbA1c levels between IP-
strategies and IS-strategies during follow-up are also illus-
trated in Figure 3. In addition to the greater reduction in
HbA1c in the IS group as function of TG/HDL ratio, better
glycemic control was observed in younger patients and with
shorter disease duration (𝑝 = 0.002). The improved response
in the IS-strategy arm was more noticeable among non-
Hispanic blacks (𝑝 = 0.008) and among patients who were
not on insulin therapy at baseline (𝑝 = 0.0003). There was
no difference by gender, blood pressure, waist circumference,
and type of revascularization (𝑝 > 0.45 in all cases).

4. Discussion

Glucose control remains a major focus in the manage-
ment of patients with diabetes, always in the context of
a comprehensive cardiovascular risk factor reduction that
includes smoking cessation, adoption of healthy lifestyle
habits, blood pressure control, lipid management with pri-
ority to statin medications, and, when necessary, antiplatelet
therapy. Recommendations for glycemic management are
based on evidence-based clinical trial results performed in
highly selected patient populations. In clinical practice these
recommendations do not always address the range of choices
available, nor do they address the vital question of which
patient might respond better to which therapy and why,
knowing patient-to-patient variability [7, 8].

We analyzed the impact of two different strategies tar-
geting different pathogenetic factors with regard to glycemic
management. The IP-strategy consisted in providing more
insulin by increasing endogenous secretion through SU or
exogenous insulin. The IS-strategy utilized metformin and a
TZD aimed at reducing the IR that is commonly present in
T2DM.The IS-strategy was superior in lowering HbA1c over
the length of the trial, suggesting that IR, more than insulin
deficiency, was perhaps the main driver of hyperglycemia.
We then tested this hypothesis by using TG/HDL ratios
as a biomarker of IR in a cohort of patients who were
already under intensive medical management. More than
half at study entry were treated with combination therapy,
mainlymetformin and SUOs and one-third were treated with
insulin. From a mean HbA1c of 7.8%, the individuals treated
according to the IS-strategy experienced better glycemic con-
trol, a difference that was unintended as the study attempted
to attenuate this variance in order to compare these two arms
on cardiovascular outcomes at similar HbA1c levels.
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Figure 2: Improvement in glycemic control after randomization, overall and among the cohort of patients who entered the study with an
HbA1c above goal (>7.0%).

Preventing progression of ischemic heart disease was
a major goal in BARI 2D and none of the two strate-
gies had a definitive impact. Rosiglitazone was the most
commonly used TZD drug, and despite findings suggesting
that rosiglitazone increases the risk of cardiac ischemic
events [9], this was not the case in the BARI 2D study,
a high risk population with well-established CAD [3]. The
two different strategies did not have an impact on the
primary outcome of cardiovascular death or myocardial
infarction. The divergence in glycemic response among the
two strategies has clinical practice implications, suggesting
that therapy can vary according to phenotypic characteristics
enhancing a better response by choosing the rightmedication
or combination of medications for each patient.This concept
is particularly important nowadays with the widening array
of pharmacotherapy to treat hyperglycemia [1].

Metformin remains the optimal drug of choice for mono-
therapy due to the low cost, proven safety record, weight
neutrality, and possible benefits on cardiovascular outcomes.
Little information is available regarding long term responses
to the different medications and or identifying those who
are better responders or no responders. Since monotherapy
fails to achieve glycemic control in the majority, combi-
nation therapy appears to be necessary [2], but long term
clinical trials outcomes of combination therapy are scarce.
In addition to the BARI 2D, the only other randomized
long term control study is the Rosiglitazone Evaluated for
Cardiovascular Outcomes and Regulation of Glycaemia in
Diabetes (RECORD) trial, designed to assess the effect of
rosiglitazone on cardiovascular events. Rosiglitazone was

used in combination with metformin, a SUO, or both, result-
ing in a lower mean HbA1c when compared to the control
group at 5 years [10]. Treatment with rosiglitazone, however,
increased heart failure risk and fractures mainly in women;
the data while being inconclusive did not show increased
cardiovascular morbidity or mortality risk when compared
with standard glucose lowering drugs. In both RECORD and
BARI 2D trials, sensitizers were more effective in reducing
hyperglycemia.

Defining IR clinically remains a challenge, as insulin
mediated glucose disposal is distributed continuously thro-
ughout the general population without absolute criteria
with which to classify individuals as being IR. There is no
optimal method to measure insulin resistance or insulin
secretion in large clinical studies or in clinical practice. The
convenient methods that have been proposed as suitable
for large clinical studies have limitations, particularly when
studying individuals with diabetes, with different etiologies of
glucose dysregulation and or populations of diverse racial and
ethnic backgrounds. Comparison of a patient’s fasting values
with the model’s predictions allows a quantitative assessment
of the contributions of insulin resistance and deficient 𝛽-
cell function to the fasting hyperglycemia (homeostasis
model assessment, HOMA); however, the low precision of
the estimates from the model limits its use particularly
in a diverse treated population with T2DM. Similarly, the
oral minimal model remains cumbersome and will provide
different values in different populations and be managed by
different treatments.
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Table 1: Baseline characteristics for the cohort with HbA1c >7.0%.

Baseline characteristics All TG/HDL ratios
(𝑁 = 1308)

Normal TG/HDL
ratio∗

(𝑁 = 509)

Elevated TG/HDL
ratio∗

(𝑁 = 799)

Normal versus elevated
𝑝 value

Female 33.3 31.8 34.3
Race/ethnicity, % <0.0001

White non-Hispanic 61.2 51.1 67.6
Black non-Hispanic 19.6 28.9 13.8
Hispanic 13.7 13.0 14.1
Asian non-Hispanic 5.0 6.7 4.0
Other non-Hispanic 0.5 0.4 0.5

Region of world, % 0.006
USA 60.2 62.9 58.4
Canada 15.1 16.9 13.9
Mexico 4.7 2.9 5.9
Brazil 16.9 15.5 17.8
Czech Republic/Austria 3.1 1.8 4.0

Age at study entry, mean, SD 61.1, 8.8 62.3, 8.5 60.4, 8.9 0.0002
Duration of DM, mean, SD 11.7, 8.7 13.0, 9.5 10.9, 8.1 <0.0001
HbA1c %, mean, SD 8.8, 1.5 8.6, 1.4 8.9, 1.4 0.002
On insulin, % 35.9 40.3 33.2 0.009
On sulfonylurea, % 56.9 52.5 59.8 0.009
On metformin, % 56.8 53.4 59.0 0.047
On TZD, % 18.5 20.8 17.0 0.09
On either metformin or TZD, % 63.1 60.3 64.9 0.09
High BP (>130/85), % 54.9 55.7 54.3
On ≥2 BP medications, % 76.8 75.9 77.3
Uncontrolled BP on medications, % 43.0 44.2 42.2
Waist circumference cm, mean, SD 107.3, 13.8 105.7, 14.4 108.4, 13.3 0.0006
BMI, mean, SD 31.7, 6.0 31.2, 6.5 32.0, 5.6 0.03
TG mg/dL, mean, SD 188.9, 143.5 97.7, 34.3 247.0, 155.8 <0.0001
HDL mg/dL, mean, SD 38.5, 10.3 44.7, 11.1 34.6, 7.5 <0.0001
TG/HDL, mean, SD 5.64, 6.29 2.28, 0.84 7.79, 7.25
On statins, % 73.2 75.8 71.6 0.09
On fibrates, % 8.0 0.0 13.0
On niacin, % 1.5 0.0 2.4
CABG-STRATA, % 32.9 30.3 34.5
∗Elevated triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio means having a value of triglyceride (mg/dL) divided by HDL-cholesterol (mg/dL)
that is 3.75 or higher in men or 3.0 or higher in women. All others are considered “normal.” Note that only 777 patients had TG/HDL ratio at baseline that was
actually elevated. An additional 22 patients are included in this group because they were treated for dyslipidemia (fibrate, niacin, or omega 3 polyunsaturates).

Lipids and lipoprotein abnormalities are closely inter-
twined metabolically with insulin resistance and hyper-
glycemia. The combination of elevated TG, low HDL choles-
terol, and relatively normal LDL cholesterol carried in small,
dense, cholesterol-poor LDL particles has been known as dia-
betic dyslipidemia. People with obesity and insulin resistance
have a characteristic dyslipidemia with an overproduction
of very low density lipoproteins (VLDL) and hypertriglyc-
eridemia [11–13]. The prevalence of obesity among diabetic
patients and observations that plasma levels of free fatty

acids are elevated suggests that free fatty acids are closely
intertwined with glucosemetabolism playing a role in insulin
resistance and hyperglycemia [13]. Under normal physiolog-
ical circumstances, fatty acids and hyperglycemia increase
insulin secretion that offsets hyperglycemia by increasing
muscle glucose uptake, inhibiting hepatic glucose output,
and decreasing lipolysis. In IR individuals with T2DM the
lack of compensatory insulin release causes a vicious cycle
with worsening fatty acid-induced hyperglycemia [10–13].
Dyslipidemia, therefore, can be used as a biomarker of IR
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Table 2: Analysis of HbA1c and differences in the response to therapy evaluated on all patients, on patients above goal at baseline (HbA1c >
7.0%).

Categorizations

All Above goal (baseline HbA1c > 7.0%)

𝑁

HbA1c difference: IP
minus IS

Estimate (95% CI)

Homogen tests
𝑝 values 𝑁

HbA1c difference: IP
minus IS

Estimate (95% CI)

Homogen tests
𝑝 values

Overall 2204 0.39 (0.31, 0.47) 1308 0.44 (0.32, 0.55)
TG/HDL fixed ratio groups∗ 0.05 0.009

Normal TG/HDL 879 0.29 (0.16, 0.42) 509 0.24 (0.05, 0.43)
Elevated TG/HDL 1325 0.46 (0.35, 0.56) 799 0.56 (0.41, 0.71)

TG/HDL ratio by categories∗∗ 0.65 (trend: 0.12) 0.18 (trend: 0.01)
TG/HDL < 2 329 0.31 (0.10, 0.52) 188 0.23 (−0.08, 0.55)
TG/HDL ≥ 2 and <3 354 0.30 (0.10, 0.51) 203 0.27 (−0.03, 0.57)
TG/HDL ≥ 3 and <4 344 0.39 (0.18, 0.59) 211 0.35 (0.06, 0.64)
TG/HDL ≥ 4 and <5 224 0.49 (0.23, 0.74) 134 0.50 (0.13, 0.87)
TG/HDL ≥ 5 953 0.44 (0.32, 0.57) 572 0.60 (0.42, 0.78)

∗Elevated triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio means having a value of triglyceride (mg/dL) to HDL-cholesterol (mg/dL) that is
3.75 or higher in men or 3.0 or higher in women. All others are considered “normal.”
∗∗Categories of triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio, divided arbitrarily into 5 groups, from <2 (least) to ≥5 (most) insulin
resistance.

even in those individuals treated with “statins” (HMG-CoA
reductase inhibitors), as they have an important reduction in
LDL-cholesterol with a smaller impact in the TG/HDL ratio.

Having an easy-to-perform practical method of measur-
ing insulin sensitivity can facilitate research, and ultimately
one would hope it might help clinicians to better target
personalized medicine for patients. Since the gold standard
of IR are clamp studies which are not clinically practical,
we used TG/HDL ratio as a readily available and useful
biomarker of IR. A fixed threshold of TG/HDL ratio of 3.75
in men and 3.00 in women has been previously validated
as a marker of IR in nondiabetic individuals [13], and the
sensitivity and specificity are simpler and reasonably similar
to the ATP III criteria used to define IR [14, 15]. The optimal
TG/HDL ratio of 3.5 has a sensitivity and specificity that
are comparable to the criteria proposed to diagnose the
metabolic syndrome [6]. In BARI 2D, themajority of patients
had dyslipidemia and the majority were already exposed
to medications for glycemic and lipid management such
as fibrates and or TZDs, agents that affect TG/HDL ratios
but are not enough to completely reverse the dyslipidemia.
Thus, the inclusion of individuals that were exposed to
treatment most likely ameliorated the impact or severity
of IR. Analysis of the degree of dyslipidemia using either
quintiles or a fixed TG/HDL threshold correlated in a “dose
related manner” with a better therapeutic response in the
IS-strategy, making TG/HDL ratio a valuable and simple
clinical tool. In summary, dyslipidemia, a component of IR,
plays an important role in the underlying pathophysiology of
hyperglycemia and can be used in the selection of mediations
to treat hyperglycemia. Fixed TG/HDL ratio criteria vary
among races with non-Hispanic black males having a lower
TG and higher HDL concentrations than non-Hispanic
white males [16], a disparity that is less pronounced among
females [17]. Since non-Hispanic blacks have TG levels below

the conventional threshold, the prevalence of IR using this
parameter underrepresents this group [18, 19]. The non-
Hispanic black population remains nonetheless IR and there-
fore TG/HDL ratio remains a useful indicator [18, 20].
Our study supports this discrepancy; nevertheless, glycemic
control in the IS-strategy arm remained superior for the IR-
non-Hispanic black population.

We found the IR-population in this study to be younger,
with shorter disease duration and a higher HbA1c, as previ-
ously described [21].These observations are relevant and con-
sistent with the thought that T2DM has evolved into a newer
and more aggressive disease affecting younger populations,
with more central obesity, abnormal adipocytes, ectopic
fat, and more dyslipidemia [22, 23]. The IR-population
responded in a more robust manner to medications that
target IR such as metformin and TZDs. As per protocol
requirements, insulin was used in order to avoidHbA1c levels
>7%. At the end of the study 78.5% of those randomized
to the IP-strategy were on insulin, compared to 43.9% of
those in the IS-strategy arm. The greater HbA1c response
to IS, however, cannot be attributed to adding insulin, as it
was used at twice the frequency in the IP-strategy. Insulin,
necessary in the insulin deficient patient, is less effective in the
more IR-population evenwhen different regimens and higher
doses are used. Due to the progressive 𝛽-cell dysfunction
that characterizes T2DM, insulin may be necessary even
when the individual appears to be IR [24]. The IP-strategy is
more effective in the less IR-population with longer disease
duration, suggesting that insulin deficiency is the major
driver of hyperglycemia.

Preventing progression of ischemic heart disease was
a major goal in BARI 2D and rosiglitazone was the most
commonly used TZD drug in the study (donated by Glax-
oSmithKline). Due to restrictions on rosiglitazone use by
the Food and Drug Administration requiring submission of
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Figure 3: Overall and by-group differences in mean HbA1c between IP minus IS-strategies among patients with HbA1c >7.0 at baseline.

a Risk Evaluation and Mitigation Strategy (REMS), pioglita-
zone remains now the only TZD prescribed and found to be
beneficial when added to existing treatment [25, 26]. While
pioglitazone is an effective insulin sensitizer, its use needs to
be carefully weighed against side effects that include risk of

bone fractures, weight gain, edema, and increased incidence
of heart failure, particularly when prescribed at high doses or
when used in combination with SUOs or insulin [26–28].

Effective treatment of T2DMrequiresmultiple drugs used
in combination to correct the multiple pathophysiological
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defects, should be started early and based on pathogenic
abnormalities and not simply on the reduction inHbA1c [29].
However, with a distinct paucity of long term comparative-
effectiveness trials, recommendations on the best combina-
tion regimens remain elusive [30]. Data will be generated
from a combination trial now in progress, a study com-
paring adding either sitagliptin, liraglutide, glimepiride, or
insulin to metformin therapy [31]. In the meantime, findings
from BARI 2D support the concept that individuals with
IR better respond to an IS-regimen and demonstrate that
tailored therapy for glycemic control is plausible. Since the
BARI 2D trial, newer medications have been introduced and
more long term data regarding the cardiovascular impact of
glucose lowering therapies will become available. The future
looks promising and management of diabetes during the
past decade has already resulted in improved cardiovascular
disease risk outcomes [32].

Strengths and Limitations. The major strength of this study
is that it was randomized, prospective, and in a large popu-
lation. It provided information of the phenotypic character-
istics of a selective population with T2DM and stable CAD.
It also offered information on the effect of glycemic control
using two different strategies of combination therapy in a
specific population. While we were successful in studying
a diverse ethnic/racial populations, the non-Hispanic black
population was singular in that the criteria used for IR based
on dyslipidemia while being effective were less reliable. Using
lipid parameters to predict IR in overweight individuals of
other racial/ethnicities is a limitation in this post hoc analysis.
Moreover, metabolic abnormalities may differ among racial
groups. A further limitation is that the study was performed
using “older” agents and many of the newer medications that
have different glycemic impact were not studied.

5. Conclusions and Practice Changes

The results of our study confirm that BARI 2D was suitable
for assessing different phenotypic characteristics and dissim-
ilar outcomes according to different interventions. The use
of TG/HDL-cholesterol ratios represents a simple clinical
tool that may help identify the IR patient and could help
tailor diabetes therapies. Treatment with IS-strategies in the
IR-population appears to be more beneficial in reducing
glycemia. It is imperative that properly planned randomized
long term control studies using combination therapy are
performed in order to establish best practices in treating the
ever expanding IR-population with T2DM.

What Is Already Known on This Topic?

Coronary artery disease is common in type 2 diabetes
population with the dyslipidemia of diabetes.
Dyslipidemia of diabetes characterized by elevated
triglycerides and low high-density lipoprotein-chole-
sterol is commonly associated with insulin resistance.
Glycemic control is suboptimal in patients with type
2 diabetes, particularly those with insulin resistance.

What This Study Adds

It provides phenotypic characteristics of patients with
type 2 diabetes and coronary artery disease and shows
a high prevalence of the metabolic syndrome risk
factors.
Insulin sensitizing therapy is more effective than
insulin providing therapy in achieving glycemic con-
trol in patients with type 2 diabetes and coronary
artery disease.
The use of triglycerides/high-density lipoprotein
cholesterol ratio is a simple surrogate to help identify
individuals that achieve better glycemic control with
use of insulin sensitizers.
Response to medications for glycemic control differs
among patients and they can be chosen according to
pathophysiology or phenotypic characteristics rather
than using a “one size fits all approach.”
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Dieu-CHUM Montréal, Canada (Clinical Site, Vanguard
Site): (Principal Investigators) Cardiology: Martial Bourassa,
MD, Jean-Claude Tardif, MD; Diabetology: Jean-Louis Chi-
asson, MD, Marc Andre Lavoie, MD, Rémi Rabasa-Lhoret,
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