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Abstract

Objective—The BARI 2D trial compared insulin provision (IP) versus insulin sensitization (IS)

for the primary outcome of total mortality in participants with T2DM and cardiovascular disease

(CVD). In this analysis we examine baseline characteristics that are associated with successful

long-term glycemic control.
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Research Design and Methods—In a 2×2 factorial design, 2,368 participants were

randomized to either IP or IS therapy, and to either prompt revascularization with medical therapy

or medical therapy alone. Successful long-term glycemic control (success) was defined by

simultaneously meeting 1) a mean HbA1c level of <7.0% after each participant's third year of

follow-up period, and 2) adherence with medications only from the assigned glycemic treatment

arm during >80% of the BARI 2D follow-up. The association between baseline variables and

success was determined using unadjusted and adjusted logistic regression models.

Results—1,917 participants (962 IP and 955 IS participants) had sufficiently long follow-up and

data for this analysis. Among these IP and IS participants, 235 and 335 participants met both

criteria of success, respectively (p <0.001). Those not on insulin at entry had higher odds of

success (OR 2.25; CI 1.79-2.82) when treated with IS versus IP medications, irrespective of

baseline HbA1c levels. Younger age, shorter duration of T2DM, and lower HbA1c at baseline

were also each independently associated with higher success when treated with IS versus IP

medications.

Conclusion—Patients similar to those in the BARI 2D trial may have a higher chance of

achieving success with IS versus IP medications if they are younger, have shorter duration of

T2DM, have lower HbA1c levels, have moderate or strenuous physically activity, and are not on

insulin. In contrast, increasing age, longer duration of T2DM, higher HbA1c, and insulin therapy

are associated with increased chance of success if treated with IP medications.

Index words
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Introduction

Glycemic control is an important goal in the management of type 2 diabetes (T2DM) (1).

Maintaining an HbA1c <7.0%, provided that it can be safely achieved, is deemed important

in prevention of complications of diabetes (1-3). However, close to half of the patients with

T2DM continue to have HbA1c levels of >7.0% (4). Glycemic control varies among

geographic locations and racial/ethnic groups, and is influenced by obesity, dyslipidemia,

duration of diabetes, basal HbA1c, and type of medication used (5-7). Family history of

T2DM is associated with “poor” glycemic control (8), although this association was not

found in Mexicans and Mexican Americans (9). Other factors associated with “poor”

glycemic control include access to health care, socioeconomic status, body mass index,

depression, knowledge of diabetes, co-morbid conditions, and perceived health status

(10-12).

The five-year, multinational multicenter randomized controlled Bypass Angioplasty

Revascularization Investigation 2 Diabetes (BARI 2D) trial with a 2-by-2 factorial design

tested effect of (i) insulin-providing (IP) versus insulin-sensitizing (IS) therapy prompt, and

(ii) revascularization plus intensive medical therapy versus initial intensive medical therapy

alone with the option of revascularization if necessary to relieve symptoms, for a primary

outcome of total mortality in participants with T2DM (13-16). Insulin formulations,

sulfonylureas, or both were employed in the IP arm, while metformin, a thiazolidinedione
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(mostly rosiglitazone), or both were used in the IS arm of the study. On average, participants

were 62.4 years old with type 2 diabetes of 10.4 years duration, and had advanced stable

documented coronary artery disease.

At trial's end, we noted that a sizable fraction of participants in both IS and IP arms of the

study had successful glycemic control (defined as an average HbA1c of <7.0% after three

years of follow-up while remaining predominantly on their group-assigned glycemic

therapy). We found this observation to be intriguing, since as clinicians we seek better

predictors of which patient would respond well for prolonged periods to IS or IP therapy.

The purpose of this analysis is to determine whether any baseline patient characteristics are

associated with successful long-term glycemic control (success as defined above) during the

BARI 2D follow-up. We chose to include both HbA1c and sustained therapy in the

definition of “success” since these criteria are deemed important in the management of

patients with T2DM. In addition, we specifically chose to examine baseline factors since this

setting mimics the first encounter that a health-care provider may have with a patient with

established diabetes and cardiovascular disease (CVD).

Methods

The general characteristics and the primary outcome of the BARI 2D cohort, as well as the

design of the trial, have been published (13-16). In general, older participants (average age

62.4 years) with established T2DM and documented coronary artery disease (CAD) were

enrolled

HbA1c values used in this analysis were those obtained by standardized methods in the

laboratories at each clinic. Fasting insulin assays were performed as described (17).

Definition of Successful Long-Term Glycemic Control (Success)

In this analysis, success was defined by simultaneously meeting two criteria: namely, i) a

mean HbA1c level of <7.0% starting at each participant's third year anniversary during

follow-up and ending with their last available measurement, and ii) adherence (ascertained

by medical history) defined as using medications only from the assigned glycemic treatment

arm during >80% of their BARI 2D follow-up period starting six months after entry into the

trial and ending at the exit visit.

Statistical Analysis

The calculation of the mean HbA1c was based on an estimate of the “area-under-the-curve”

(AUC), where the curve consists of a sequence of straight lines connecting consecutive

HbA1c values. For each patient, the HbA1c mean was obtained by dividing the area under

these lines by the appropriate length of time for that patient. The latter is measured from the

HbA1c value taken nearest to the 3-year anniversary to the last HbA1c measured while in

the BARI 2D trial. Note that in selecting the HbA1c value nearest to the 3-year anniversary,

HbA1c values obtained after 2.5 years into the study were considered.
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Continuous variables are summarized as means ± SE, and categorical variables are

summarized as percentages. When comparing groups of participants, t-tests were used to

assess the statistical significance of differences between means, and chi-square tests were

used to assess the statistical significance of differences between percentages.

A logistic regression model was used to study the association between baseline variables and

success during follow-up. The variables presented in the patient description in Table 1 were

allowed to enter the model sequentially if their association with the outcome was significant

(p<0.05) either among participants in the IP arm or among participants in the IS arm. This

selection process was started with the following baseline variables reflecting patient status at

study entry forced to be in the model: diabetes therapy category (one oral IP agent, one oral

IS agent, two or more oral agents, insulin alone, and insulin plus oral agents), HbA1c,

patient age, and number of years with diabetes. In a second logistic regression model, the

association between baseline insulin use and success was assessed in both the IP and IS arms

after controlling for baseline HbA1c, age, duration of diabetes, and also for the same

baseline variables selected to build the first logistic regression model. A third set of logistic

regression models was used to examine the association between the strategy for glycemic

control (IS vs. IP) and the outcome of actually achieving success. Because of the critical role

that insulin use at baseline would be expected to have on the relative effectiveness of IS

versus IP strategies, all models were developed separately, once among participants not on

insulin at baseline and then again among participants on insulin at baseline. For each group,

the association between randomized glycemic control strategy and success was estimated

(with odds ratios) overall, and also within subgroups defined by baseline HbA1c (<6.0%,

6.0-6.5%, 6.6-7.0%, and >7.0%), age (<50, 50-60, 61-70, >70 years), duration of diabetes

(<5, 5-10, 11-20, >20 years), level of physical activity (sedentary or mild vs. moderate or

strenuous), and by fasting plasma insulin concentration (≤5 vs. >5 μIU/ml).

Results

The patient-selection process employed for this analysis is shown in Figure 1. From the total

of 2,368 participants randomized in the BARI 2D trial, a full set of baseline variables was

available in 2,314 participants, among whom 1,917 participants had at least three years of

active follow-up, and at least one HbA1c value obtained at or after 3 years. The present

analysis includes 962 participants in the IP arm and 955 participants in the IS arm of the

study.

Baseline characteristics of participants in the IP and IS arms included in this analysis are

summarized in Table A in the Appendix. Very few differences were found between the two

groups and compared to the entire BARI 2D cohort (14, 15). The average patient was 62

years old (29% female) with a 10.3 year history of diabetes, had a BMI of 32 kg/m2 and an

HbA1c of 7.7%. At entry, 27% were being treated with insulin, and all had advanced

coronary heart disease, 65% had ≥ 2 diseased regions, and the mean myocardial jeopardy

index was 44% (15). Baseline serum creatinine averaged 1.0 mg/dL (88.4 μmol/L (creatinine

>2.0 mg/dL [176.8 μmol/L] was an exclusion criterion), and 22.5% had microalbuminuria

and 8.7% had macroalbuminuria.
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Among the 962 participants in the IP arm, 706 (73.4%) satisfied the medication-adherence

criterion, 358 (37.2%) met the HbA1c criterion, and 235 (24.4%) met both criteria for

success (Table B in the Appendix and Figure 1). Among the 955 participants in the IS arm,

417 (43.7%) met the medication-adherence criterion, 522 (54.7%) met the HbA1c criterion,

and 335 (35.1%) met both criteria for success. The difference in the percentage of

participants achieving success (24.4% in the IP versus 35.1% in the IS arm) was highly

significant (p <0.0001), while their baseline HbA1c was not significantly different (7.18%

and 7.06% in the IP and IS groups, respectively; p=0.30). The mean in-trial HbA1c of the

962 IP and 955 IS participants was 7.57 ± 0.04% and 7.12 ± 0.04%, respectively (p<0.001),

and the mean in-trial HbA1c of the 706 adherent IP and 417 adherent IS participants was

7.62 ± 0.05% and 6.53 ± 0.03%, respectively (p<0.001).

Table 1 describes the relationship between several important diabetes-related variables at

baseline and successful glycemic control during follow-up (unadjusted for baseline

variables). Considering HbA1c levels, participants taking no glycemia-lowering medications

on average had lower baseline HbA1c values than participants taking one or more oral

agents (p<0.001), with the highest values being among those treated with insulin alone or in

combination with other agents. Baseline HbA1c values were highest among younger

participants (p<0.001 for trend), and lower among those with shorter duration of the disease

(p<0.001 for trend). Considering successful outcomes, those who entered the trial taking no

or only one oral glycemia-lowering agent had higher success if randomized to the IS arm

(p<0.001). In contrast, those who entered using insulin alone or in combination with oral

agents had more success if randomized into the IP arm (p=0.001). Participants up to age 70

and those with 10 or fewer years of T2DM had relatively more success if randomized to the

IS arm (p<0.001 for both). Finally, those with HbA1c values of ≤7.5% had higher success if

randomized to the IS arm (p<0.001). Not surprisingly, the success rate in both groups

decreased with increasing HbA1c at entry (p<0.001 for trend for both the IP and IS arms).

Table 2 summarizes the independent association between baseline variables and successful

glycemic control (adjusted odds-ratios). Among participants in the IP arm, those taking one

oral IP agent at entry were more likely to achieve success compared to participants not

taking any glycemia-lowering medication (OR=2.21; p=0.02). Among IS participants, those

taking one oral IS agent at entry had the highest likelihood of success compared to

participants taking no medications (OR=3.79, p<0.001). In IS participants, those who were

on insulin at entry were less likely to achieve success, regardless of whether their therapy

included oral agents (OR=0.37, p=0.01) or not (OR=0.38, p=0.04). In both the IP and the IS

arms, higher HbA1c at entry was associated with lesser odds of success (OR≈0.7 for every

1% increase in HbA1c). In the IP arm, the association between increasing age and a higher

likelihood of success was statistically significant (OR 1.5) but not significantly different

from the OR (1.2) in the IS arm (p=0.081). In the IS arm, longer duration of diabetes was

associated with a smaller likelihood of success (OR=0.80 for every additional 5 years with

the disease, p=0.001), whereas among IP participants this association was not evident

(OR=1.02, p=.69) with the difference in OR between the two arms being significant

(p=0.005).
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Examination of other clinical and demographic variables showed that compared to

participants from the US, Brazilian participants in both IP and IS arms exhibited higher

success (Table 2). Because of this intriguing observation, additional information about the

baseline characteristics of the cohort from Brazil versus the United States is supplied in

Appendix Table C. In general, the cohort from Brazil had lower duration of disease, higher

percentage with less than high school education, lower BMI and waist circumference, higher

BP, lower health distress score, and higher myocardial jeopardy. High school or higher

levels of education was associated with lower odds of success in both study arms.

Participants with moderate or strenuous physical activity (compared to those without) had

higher odds of success if randomized to the IS arm (OR=1.81; p<0.001). The association

between high creatinine at entry (>1.5 and >1.4 mg/dL in males and females [132.6 and

123.8 μmol/L], respectively) and the likelihood of success among IS participants was

significantly less than 1.0 (OR=0.40; p=0.024), whereas this association was reversed in IP

participants (OR=1.42, p=0.30) and significantly different than the IS arm (p=0.016). A

history of prior PCI was associated with less success in both arms. Finally, among

participants in the IS arm, the association between plasma insulin levels higher than 5

μIU/mL (34.8 pmol/L) and success was positive and statistically significant (OR=1.58;

p=0.030).

Because of the clinical importance of BMI as a predictor of long-term glycemic control, we

considered its effect on the outcome. Analyzed as a continuous variable, and after

controlling for the variables shown in Table 2, BMI was found not to be significantly

associated with the odds of successful long-term control in the IP arm (p=0.27) or in the IS

arm (p=0.49). As a result, BMI did not enter the model summarized in Table 2. We also

examined BMI as a categorical variable using ≤25, 25.1-30, 30.1-35, and >35 as cut-points.

The association between BMI and successful glycemic control was again not statistically

significant: p=0.12 in the IP arm, and p=0.08 in the IS arm.

We also assessed the association between insulin therapy at baseline and success (Appendix,

Table D). Among 1917 participants who had at least three years of active follow-up, 524

were being treated with insulin of any type at baseline. Among participants randomized to

the IS arm, insulin use at entry was less likely to result in success (OR=0.28, p<0.001), and

this association was significantly more pronounced (p<0.001) than that observed among IP

participants (OR=0.86, p=0.48). Higher HbA1c values were associated with lower odds of

success in both arms. The effect of increasing age and duration of T2DM showed a similar

direction to that summarized in Table 2.

Table 3 compares achieving success between participants in the IS and IP arms, using both

percentages and odds ratios of success with IS over IP (IS/IP) from logistic regression

models, and the findings stratified by insulin use at baseline are shown in Figures 2A and

2B. The results show the independent association between baseline variables and success of

IS/IP strategy (adjusted odds-ratios). Overall, among 1,393 participants who were not on

insulin at entry, the odds of success was 2.25 times higher if they were randomized to the IS

versus the IP arm. In marked contrast, among 524 participants who were being treated with

insulin at baseline, the odds of success in the IS arm was 0.45 compared to those

randomized to the IP arm (p<0.001). For those who entered the study on no insulin, there

Ismail-Beigi et al. Page 6

J Diabetes Complications. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



was higher odds of success in the IS arm irrespective of the HbA1c at entry (Figure 2A). In

addition, lower HbA1c, lower age, shorter duration of T2DM, and moderate or strenuous

physical activity were each independently associated with increasing odds of success if

treated with IS versus IP medications (Table 3). The effect of HbA1c, age and duration of

diabetes on decreasing OR of success of IS/IP therapy was evident irrespective of entering

on or off insulin, with the effect being more prominent in those with no insulin therapy at

baseline (Figures 2A and 2B). Finally, among participants not on insulin at baseline with

fasting serum insulin of >5.0 μIU/mL (34.8 pmol/L), the superiority of the IS arm was more

pronounced (OR=2.41) than among participants with lower insulin levels (OR=1.61) (Figure

2A).

Discussion

This analysis was performed with the aim of identifying clinically relevant factors that could

help in selecting treatment strategies that are apt to be positively associated with success in

patients similar to those participating in the BARI 2D trial. Because most of the participants

in either arm of the trial did not achieve success during follow-up (as defined herein), no

specific “road-map” for selection of best medical management strategy based on baseline

parameters can be offered. Nevertheless, the results of this analysis do offer some clinically

useful insights on certain patient-specific attributes that may lead to success in selected

subgroups of patients.

Overall, participants randomized to IS who were treated with IS drugs more than 80% of the

time were more likely to maintain HbA1c < 7.0% (35%) than participants randomized to IP

who were treated with IP medications more than 80% of the time (24%). This is in keeping

with results of a randomized study comparing monotherapy with metformin, rosiglitazone,

and glyburide which found that the effect of the sulfonylurea in controlling glycemia was

least durable (18). The mean in-trial HbA1c of the above IS group was 6.53 ± 0.04%

compared to the above IP group at 7.62 ± 0.03%. This difference when extrapolated to large

groups of similar patients with T2DM and CVD would be expected to decrease the number

of microvascular complication events significantly (19-21). Participants randomized to the

IS arm who entered the trial while being treated with insulin were much less likely to

achieve success with IS medications alone compared to those who entered the trial not on

insulin (OR 0.28, p<0.001; Table C in Appendix). However in those not on insulin at

baseline, IS was more effective than IP (OR 2.25) whereas the IS/IP OR was 0.45 in those

on insulin at baseline (Figures 2A and B). The superiority of the IS arm became significantly

less pronounced with increasing duration of diabetes. These finding are not unexpected,

since IS medications appear to work best on a background of circulating insulin (22).

Moreover, patients with longer duration of diabetes often have less beta-cell function, are

apt to be on insulin therapy (23), and may be less responsive to IS medications when used

alone. In keeping with this premise, we found that participants with longer duration of

diabetes were less likely to achieve success in the IS arm. In addition, among participants

who were not on insulin at baseline, those with insulin levels >5.0 μIU/mL (34.8 pmol/L) in

the IS arm had a higher chance of success than those in the IP arm.
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Among participants in the IS arm, those already on monotherapy with one IS medication at

baseline were more likely to achieve success when compared to those on no medication at

entry (OR = 3.79; p<0.001). Similarly, among participants in the IP group, those on one

non-insulin IP medication at entry (usually a sulfonylurea) were more likely to achieve

success when compared to those on no medication at entry (OR = 2.21; p=0.022). Within the

IP group, older age and those with advanced systemic atherosclerosis (manifested by “non-

compressible” arteries) were less likely to achieve success. The reasons for this observation,

especially those with advanced atherosclerosis, are not entirely clear. In studies of

mechanisms underlying the increasing prevalence of hyperglycemia with increasing age

among non-diabetic and pre-diabetic people, insulin resistance corrected for BMI remains

relatively constant while beta-cell function diminishes with age with the rate being faster in

those with prediabetes (24-27). In addition, increasing age is associated with higher

percentage of fat (even with constant body mass) which can be associated with increased

insulin resistance (25-27). Hence, it may be surmised that older patients with less beta-cell

function are apt to be more successful at glycemic control when treated with IP medications.

In addition, IS agents such as metformin, may be less efficacious in older people, as was

demonstrated in the Diabetes Prevention Trial (28). While the explanation for the

observation that older participants had more success in the IP arm remains elusive, the

finding that participants with less duration of disease had higher success in the IS arm is

consistent with the natural history of the disease, namely decreasing beta-cell function with

increasing duration of T2DM.

Certain baseline characteristics were associated with success (or lack thereof) irrespective of

the glycemic treatment strategy. Higher HbA1c was associated with lowered odds of success

in both arms of the study. This finding is in keeping with observations showing that higher

HbA1c values are often associated with longer duration of disease, and ever-increasing

failure of beta-cell function associated with the progressive nature of T2DM (29). Having a

high school degree (or higher) was associated with lowered chance of success in both the IP

and IS arms of the study; this apparently paradoxical finding has been reported in other

studies (19, 20) and may reflect a presumed lower adherence to protocols. A striking finding

was that participants from Brazil (and to a certain extent, those from Mexico) had

remarkably higher odds of success (compared to those from the United States) in both the IP

and IS arms. Potential explanations for this finding, while uncertain, could include higher

adherence to the assigned medical regimen, or differences in the phenotype and

physiological derangements underlying type 2 diabetes among different ethnic groups

(30-32).

A smaller percentage of participants in the IP group versus the total IS group achieved

success; this may reflect the difficulties associated with use of insulin, fear of hypoglycemia,

and aversion to weight gain that may limit maximally effective use of insulin-providing

medications. Among IS participants, those who were on insulin at entry were much less

likely to achieve success than those not on insulin (OR=0.284 with p<0.001; Figures 2A and

B). This finding suggests that these participants most probably had advanced disease

requiring concomitant insulin-providing medications. In contrast, IS participants who had

higher plasma insulin levels at entry had higher odds of success when compared to
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participants with lower plasma insulin levels. With better beta-cell function, reduction of

insulin resistance may more effectively alleviate hyperglycemia.

Parameters that independently contributed to success in participants treated with IS versus

IP medications deserve commenting. The major distinction for successful glycemic control

is use of insulin at baseline. Those not on insulin at entry had a significantly higher

probability of success when treated with IS compared to IP medications. This finding

probably reflects the common practice of initiating insulin therapy late in the course of the

disease when beta-cell function has deteriorated significantly and patients' glycemia can no

longer be adequately controlled with oral medications alone. It also suggests that the

clinician might measure fasting plasma insulin as a guide in choosing appropriate initial

pharmacotherapy. Increasing age, and increasing duration of T2DM are both associated with

decreasing odds of success when treated with IS versus IP medications, irrespective of being

treated or not treated with insulin at entry.

The strengths of this analysis include the randomized, multicenter and multinational design

of the BARI 2D trial. The similarity between participants in the IS and IP arms of the study

at baseline strengthens the assertion that predictors of successful glycemic control are not

explained by patient disparities. Weaknesses include the post-hoc nature of the analysis, the

fact that the findings cannot be generalized to the general patient population with T2DM

without established coronary artery disease, and our inability to compare our findings to

similar patients randomly assigned to treatment with a combination of IS and IP

medications.

In conclusion, and as summarized in Figure 3, patients with T2DM similar to those enrolled

in the BARI 2D trial may have higher chance of achieving successful long-term glycemic

control with IS medications if at presentation they are not being treated with insulin, are

younger, have lower HbA1c levels, are physically active and have shorter duration (<10

years) of T2DM. In contrast, patients may have a higher chance of achieving long-term

successful glycemic control on IP medications if they are already being treated with insulin,

are older, have higher HbA1c levels, are mostly sedentary, and have had T2DM for longer

durations; continuation of insulin and/or IP medications in such patients is associated with

an increased likelihood of successful glycemic control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow-chart of participants included in the analysis.

Ismail-Beigi et al. Page 12

J Diabetes Complications. Author manuscript; available in PMC 2015 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2a. Comparison (IS vs. IP) of successful long–term glycemic control
Odds ratio (IS/IP) estimates for participants not on insulin at baseline

*testing whether difference in odds ratio estimates is statistically significant

**multiply by 6.945 to obtain pmol/L
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Figure 2b. Comparison (IS vs. IP) of successful long–term glycemic control
Odds ratio (IS/IP) estimates for participants not on insulin at baseline

*testing whether difference in odds ratio estimates is statistically significant

**multiply by 6.945 to obtain pmol/L
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Figure 3. Baseline Characteristics Associated with Higher Rates of Success for Glycemic Control
A more detailed description of some of the characteristics is given in the text. At entry, the

average age was 62 years, duration of diabetes was 10 years, 27% were being treated with

insulin, and HbA1c averaged 7.7%; status of physical activity was classified as moderate or

strenuous versus sedentary or mild.
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