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Abstract

Background—Effects were compared in patients in the Bypass Angioplasty Revascularization 

Investigation 2 Diabetes (BARI 2D) trial of 2 mechanistically different strategies for treatment of 

hyperglycemia, insulin-sensitizing and insulin-providing strategies, on biomarker profiles 

reflecting the balance between fibrinolysis and thrombosis and the intensity of inflammation 

implicated in diabetic vasculopathy.

Methods and Results—A total of 2368 patients with type 2 diabetes mellitus and clinically 

stable, angiographically documented coronary artery disease were randomized to treatment with 1 

of the 2 strategies and followed for an average of 5 years. Plasminogen activator inhibitor type 1 

antigen and activity, tissue plasminogen activator antigen, fibrinogen, D-dimer, C-reactive protein, 

insulin, and hemoglobin A1c were assayed in blood samples acquired at baseline and at 12 regular 

intervals throughout the follow-up interval. Higher baseline D-dimer, fibrinogen, and C-reactive 

protein portended a poor prognosis in patients in both groups. In contrast to the insulin-providing 

strategy, the insulin-sensitizing strategy led to (1) lower plasma insulin; (2) lower plasminogen 

activator inhibitor type 1 antigen and activity and lower tissue plasminogen activator antigen 

(known to track with plasminogen activator inhibitor type 1); and (3) lower C-reactive protein and 

fibrinogen at all intervals after baseline (P<0.001 for each).

Conclusions—The insulin-sensitizing treatment strategy led to changes in biomarker profiles 

indicative of decreased insulin resistance, an altered balance between thrombosis and fibrinolysis 
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favoring fibrinolysis, and diminished intensity of the systemic inflammatory state, factors that 

have been associated with cardiovascular risk.
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The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial was 

designed to determine whether early revascularization and the use of insulin-sensitizing 

drugs reduce the 2- to 4-fold greater incidence of coronary artery disease and cardiovascular 

events including death and myocardial infarction (MI) occurring in patients with type 2 

diabetes mellitus (DM) and angiographically proven coronary artery disease. A complex 

diabetic vasculopathy underlies the poorer outcomes in patients with DM. It is thought to 

result in part from augmented inflammation and impaired fibrinolysis. Although the 

incidences of cardiovascular events in BARI 2D were comparable overall in both glycemic 

control arms of the trial,1,2 we sought to explore baseline and subsequent biomarker profiles 

associated with a random assignment to an insulin-sensitizing (IS) or insulin-providing (IP) 

strategy for glycemic control. Our objective was to gain insights pertinent to the impact of 

the 2 strategies on potentially pathophysiological determinants of long-term prognosis 

indicative of inflammation and constrained fibrinolysis.

Methods

The BARI 2D clinical trial compared an IS strategy for treatment of hyperglycemia 

employing primarily metformin and/or a thiazolidinedione drug with an IP strategy 

employing primarily a sulfonylurea and/or a meglitinide drug. A total of 2368 patients with 

type 2 DM and clinically stable angiographically documented coronary artery disease 

without the need for immediate revascularization were randomized simultaneously to 

prompt revascularization or initial medical therapy alone with deferred revascularization as 

needed and to an IS or IP strategy targeting hemoglobin A1c (HbA1c) at <7.0%. The trial 

was not designed to compare specific drugs but rather to compare the 2 mechanistically 

different treatment strategies per se. Patients in the IS arm taking an IS drug at baseline 

continued their regimen with dose adjustments as necessary and had IP drugs withdrawn at a 

pace consistent with their HbA1c values and symptoms. Patients in the IP arm taking IS 

drugs at baseline had them withdrawn similarly. If a patient's HbA1c exceeded 8.0% on their 

assigned drugs, drugs from the opposite arm were given.

Assays of Biomarkers

As described in detail in Appendix A in the online-only Data Supplement, plasminogen 

activator inhibitor type 1 (PAI-1) antigen, PAI-1 activity, tissue plasminogen activator (tPA) 

antigen, and insulin were measured in citrated plasma in the fibrinolysis core laboratory at 

the University of Vermont in samples obtained at baseline and at 1, 3, and 6 months and 

every 6 months thereafter over 5 years. tPA complexes with excess PAI-1 in plasma; its 

activity was not measured because it is undetectable. In all patients who were enrolled in the 

BARI 2D trial during the first 3 years, an ancillary study supported by a National Institutes 

of Health R01 grant (B.E.S., Principal Investigator) was performed. For that study, samples 
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were obtained over 18 months and processed and shipped to the University of Vermont 

BARI 2D fibrinolysis core laboratory in the same fashion as samples for the core study. The 

samples were assayed for fibrinopeptide A (FPA) (in heparinized plasma samples), D-dimer, 

fibrinogen, and C-reactive protein (CRP) (in citrated samples). HbA1c was assayed in EDTA 

whole blood samples by cation-exchange high-performance liquid chromatography2 in the 

BARI 2D biochemistry laboratory in Minneapolis or core laboratories in Brazil and Europe. 

The numbers of assayable samples of each type (core and ancillary study) obtained at each 

sampling interval are shown in Table I in Appendix A in the online-only Data Supplement.

Statistical Analyses

Cross-sectional box plots were constructed for the core laboratory– assayed analytes at 

baseline and 1 and 3 years and at baseline and 1 year for the ancillary study–supported 

measures. Means and SDs are presented for normally distributed variables; medians and 

interquar-tile ranges are presented for skewed variables. Spearman correlations are presented 

for the analytes. Wilcoxon rank sum tests and t tests were used as appropriate to determine 

the significance of differences observed between treatment groups. Analyte values >5 SDs 

above the mean were considered to be outliers and were excluded. Values of 0.0 were set to 

0.01. Skewed variables are transformed with the use of natural log transformations.

Mixed models with a random intercept are used to account for the covariability among 

multiple measures for each patient during the course of the study. The mixed models use 

maximum likelihood methods, and they accommodate data that are missing at random (ie, 

missing data are random conditional on the variables included in the model). These models 

are used to estimate the effect of time on each of the analytes for each of the treatment arms. 

An interaction was added to each model to detect differences in the time effect between the 

treatment arms. Mixed models were also used to estimate the effect of the antiglycemic 

drugs on repeated measures of each analyte. These models were adjusted for baseline factors 

observed to be different among patients with comparable concentrations and activities of the 

analytes and concurrent HbA1c.

Kaplan–Meier estimates for death and death/MI/stroke are presented for patients in each 

baseline quintile of the analytes. The log-rank statistic was used to test for differences 

among the quintile event distributions for each analyte. Cox proportional hazard models 

were used to test for an interaction between each of the baseline analytes and the IP 

compared with the IS treatment arms.

Adjusted Cox proportional hazard models with time-varying analytes were used to estimate 

effects of the analytes on the outcomes of death, death/MI/stroke, and subsequent 

revascularization procedures and to examine the potentially mediating effects of the analytes 

in the causal pathway between the randomization treatments and the cardiovascular disease 

outcomes. These models are adjusted for baseline differences and factors known to be 

related to the outcomes. Values for the analytes are updated when a new measurement is 

obtained. For the survival end point, patients without events are censored at the last time 

they are known to be alive. For the other outcomes, patients not experiencing the events are 

censored at the time of the last mandated protocol follow-up. A subsequent revascularization 

procedure is defined as the first nonprotocol revascularization procedure for patients in the 
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optimal medical treatment alone arm or a second revascularization procedure for patients in 

the prompt revascularization arm. The coefficients from the Cox models for the log-

transformed analytes are algebraically converted to represent the hazard ratio for a 10% 

increase in the analyte.

Nominal P values are reported. Because our focus was on 7 specified analytes, a Bonferroni 

correction (0.05/7=0.007) of the P value was used to determine statistical significance.

SAS version 9.2 (SAS Institute Inc, Cary, NC) was used for all analyses.

Results

Medications Used for Control of Hyperglycemia

Medication use (Table 1) and HbA1c (Figure 1) at baseline were comparable in patients in 

the IS and IP groups. By 6 months and thereafter, patients in the IS compared with the IP 

treatment arm had significantly lower mean HbA1c (P<0.002 for each time point) (absolute 

difference=0.4%) (Figure 1). Use of IS drugs in the IP group was rare (11%). Thirty percent 

of patients in the IS group were taking insulin, primarily those on insulin at baseline for 

whom it could not be withdrawn. However, exogenous insulin exposure was only 0.19 U/kg 

per day in patients in the IS arm compared with 0.53 U/kg per day in those in the IP arm. 

Median insulin was comparable in the 2 groups at baseline (Figure 1). Subsequent values 

undoubtedly reflected the impact of exogenous insulin. HbA1c was <8% in most patients 

throughout the trial (Figure 1).

Biomarkers in the Overall Population

Baseline characteristics of all patients are shown in Table 2. Patients with higher PAI-1 

activity were paradoxically younger, as reported previously.3 They were also more often 

non-Hispanic white and had higher body mass indexes and shorter duration of DM.

PAI-1 antigen, PAI-1 activity, tPA, and the tPA/PAI-1 antigen ratio at baseline and at 1 and 

3 years for all patients were widely distributed. Means and medians in the overall population 

were stable over time (Figure I in Appendix B in the online-only Data Supplement). 

However, directionally opposite changes over time occurred in the patients in the IP 

compared with the IS arm (Figures 1 and 2). Fibrinogen, CRP, and FPA decreased 

significantly over time in the population as a whole (P<0.001 for each) (Figure II in 

Appendix B in the online-only Data Supplement). PAI-1 antigen and PAI-1 activity 

(measured with independent as-says) were highly correlated (Table I in Appendix B in the 

online-only Data Supplement). Of interest, correlations between analytes and HbA1c were 

low even when statistically significant (Table I in Appendix B in the online-only Data 

Supplement).

Time-Dependent Changes in Analytes

As shown in Figure 2, at baseline, concentrations of analytes were virtually identical in 

patients in the 2 treatment arms. Concentrations and activity of all 3 analytes were lower 

during follow-up of the trial in patients in the IS compared with the IP arm [IS versus IP 

estimated difference for ln(PAI-1 antigen) β=–0.26, for ln(PAI-1 activity) β=–0.25, for tPA 
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β=–2.34; P<0.001 for each]. Concentrations of tPA are known to parallel those of PAI-1 

antigen because of formation of complexes.4 tPA and PAI-1 antigen increased significantly 

in patients in the IP arm (P<0.001 for both). PAI-1 activity increased as well, although not 

significantly, probably because of attenuation by formation of complexes with the increased 

tPA.

Patients in both treatment arms had similar declines in fibrinogen over time (Figure 3). 

However, those in the IS arm had lower values at 1 and 2 years than those in the IP arm (β=–

21.71, P<0.001). Changes in D-dimer and FPA were comparable in patients in the 2 groups. 

Patients in the IS arm had significantly lower concentrations of CRP throughout follow-up 

[log(CRP) β=–0.49, P<0.001].

Table 3 shows estimates of the independent effect of medications used to treat 

hyperglycemia on the concentrations or activities of the analytes after adjustment for 

baseline imbalances and changes in drug use and concentrations of HbA1c during the trial. 

PAI-1 antigen, PAI-1 activity, and tPA decreased more with the use of insulin sensitizers 

(thiazolidinediones or metformin). Thiazolidinedione use was associated with a 1.57-ng/mL 

lower concentration of tPA and a 15% lower concentration of PAI-1 antigen. Thus, the IS 

compared with the IP strategy was associated with a marked and directionally different 

change in the biomarker profile indicative of a shift in the balance between fibrinolysis and 

thrombosis favoring fibrinolysis. The same was true with respect to reduction of intensity of 

inflammation reflected by CRP in patients in the IS arm (Table 3).

The baseline values for tPA, PAI-1 antigen and activity, and FPA were not significantly 

associated with the primary or principal secondary end points in the BARI 2D trial as a 

whole (log-rank P values >0.05) (Figure III in Appendix B in the online-only Data 

Supplement). However, there was striking predictive power for high baseline D-dimer, 

fibrinogen, and CRP for mortality and the incidence of death/MI/stroke (P<0.0001) in 

patients in both arms (all interaction P values >0.20), as shown in Figure 4.

The adjusted hazard ratio estimates shown in Table 4 indicate that increased D-dimer 

(P<0.001) was significantly associated with greater all-cause mortality, as were increased 

fibrinogen (P<0.001) and CRP (P<0.001). A 10% increase in D-dimer was associated with a 

hazard ratio for death of 1.04. The hazard ratio for a 10% increase in fibrinogen was 1.08. 

Similar associations were seen for the incidence of death/MI/stroke (Table 4). Furthermore, 

higher concentrations of CRP (P<0.001) and PAI-1 activity (P<0.005) were associated with 

a greater need for subsequent revascularization procedures. When multivariate analyses 

including all of the analytes were considered and results were adjusted for concurrent 

HbA1c, higher CRP and D-dimer were independently and significantly associated with the 

risk of death/MI/stroke (Table 5). Thus, the hazard ratios were 1.02 for both, with P values 

of 0.0002 and <0.0001, respectively. Consistent with the results in the primary outcome 

article from BARI 2D published previously,1 the randomized glycemic control strategy (IP 

compared with IS) was not associated with a difference in clinical outcomes with or without 

adjustment for the analytes.
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Discussion

As published previously, clinical outcomes were comparable with the IS and IP treatment 

strategies.1 However, our results show that the 2 had differential effects on biomarker 

profiles. We found that (1) baseline values for all analytes were similar with IS and IP; (2) 

high baseline D-dimer, fibrinogen, and CRP portended decreased survival with both; (3) 

fibrinogen, FPA, and CRP decreased significantly over time with both IS and IP; (4) an IS 

compared with an IP strategy led to lower concentrations of plasma insulin, tPA antigen, 

PAI-1 antigen and activity, CRP, and fibrinogen; (5) with IS, insulin, PAI-1 antigen, PAI-1 

activity, tPA antigen, and CRP decreased over time from baseline values (by contrast, all 

except CRP increased with IP); and (6) fibrinogen was significantly lower at each interval 

with IS. Thus, IS compared with IP decreased compensatory hyperinsulinemia and led to a 

change in biomarker profiles indicative of constrained fibrinolysis. The directional 

differences in biomarker profiles with IS compared with IP were consistent over time.

Although IS was associated with slightly lower HbA1c beginning within 6 months, the 

difference is unlikely to account for a difference in biomarker profiles with IS compared 

with IP for several reasons, including (1) insulin increases synthesis and elaboration of 

PAI-15; (2) concentrations of PAI-1 increased significantly over time with IP (Figure 2); and 

(3) correlations between analyte values and HbA1c were low.

A priori, it was recognized that an association with clinical outcomes of differences in 

biomarker profiles might not be evident for several reasons. Thus, the biomarkers might not 

be determinants in the pathogenesis of diabetic vasculopathy. In addition, the ancillary study 

of D-dimer, FPA, CRP, and fibrinogen was not powered to delineate effects on outcomes. 

Numerous factors in addition to the IS and IP treatment strategies can affect biomarker 

profiles. Both IS and IP treatment improved glycemic control, thereby potentially 

modulating adverse effects associated with specific bio-marker profiles. Diverse processes 

besides coagulation, fibrinolysis, and inflammation can alter progression of diabetic 

vasculopathy, and an imbalance between fibrinolysis and thrombosis and an increased 

intensity of inflammation are likely to affect clinical outcomes only over very prolonged 

intervals. The intensive monitoring and care in BARI 2D probably diminished event rates 

and may therefore have attenuated adverse outcomes associated with specific bio-marker 

profiles. Furthermore, the number of subsets in the BARI 2D population was large, limiting 

the power for detection of differences in clinical outcomes. Nevertheless, as shown in Table 

4, the hazard ratios associated with several analytes were indicative of increased risk for 

death/MI/stroke and the need for subsequent revascularization procedures. For example, the 

risk of death/MI/stroke was 3% greater for every 10% increase in D-dimer and CRP. For 

total mortality, the increases were 4% and 3% for each 10% increase, respectively.

Several observations pertinent to biomarker profiles may merit consideration. Thus, the 

incidence of nonfatal, nonprocedurally related acute MI is significantly lower with IS than 

with IP.6 Furthermore, in patients at very high risk (those in the coronary artery bypass 

grafting stratum prespecified by the BARI 2D protocol2) who underwent prompt 

revascularization, clinical outcomes may have been more favorable with IS compared with 

IP, although the trends observed did not reach statistical significance (P=0.07).1 In addition, 
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the trends reflected by the hazard ratios we observed are consistent with clinical benefit with 

IS compared with IP.

The design of the BARI 2D trial and the present study was influenced by several 

considerations. Traditionally, hyperglycemia refractory to management with diet and 

exercise was treated with sulfonylureas and, if necessary, insulin. Recently, metformin has 

been favored as initial treatment followed by addition of newer agents, including 

thiazolidinediones, along with other strategies to enhance sensitization to insulin.7 Insulin 

resistance intensifies the systemic inflammatory state, is prothrombotic, and constrains 

fibrinolysis (reviewed in Trost et al8). Treatment with metformin decreases insulin 

resistance and PAI-1 activity9 and the incidence of cardiovascular events. 

Thiazolidinediones lower PAI-1 and CRP10 and may slow progression of atherosclerosis.11

Increased expression of PAI-1 is a hallmark of insulin resistance. It shifts the balance 

between thrombosis and fibrinolysis, favoring thrombosis.12,13 It portends an increased risk 

of MI.14 Insulin increases synthesis and concentrations of PAI-1 in blood,15–20 as do 

mediators of inflammation.21

Increased expression of PAI-1 in vessel walls can accelerate development of atheroma prone 

to rupture and to precipitate acute coronary syndromes.22–25 It can increase proliferation of 

mural cellular elements and restenosis after percutaneous coronary intervention.26 Increased 

expression of PAI-1 in vessel walls has been associated with vascular inflammation.27,28 

Insulin sensitizers attenuate the increased expression of PAI-1 seen with insulin resistance10 

and may slow atherogenesis.29 Furthermore, insulin resistance increases the intensity of 

inflammation.30–35

BARI 2D was designed to elucidate mechanisms through which treatment of DM might 

modify cardiovascular risk.2 It compared 2 mechanistically different treatment strategies. 

Selection of a specific medication for a given patient must, of course, be individualized. 

Renal failure is a contraindication for use of metformin. Heart failure is a contraindication 

for use of thiazolidinediones in view of their peroxisome proliferator-activated receptor-γ–

mediated sodium-retaining effects on the kidney.36 Our results show that despite the use of 

various combinations of agents in each of the IS and IP treatment arms, a consistent 

difference in their effects on the biomarker profiles evaluated was evident.

Summary

The analytes we evaluated were chosen because changes in their concentrations in blood 

have been implicated as markers of or determinants of risk of cardiovascular disease. Our 

study was performed to determine whether 2 different approaches for treatment of type 2 

DM with the same glycemic target would affect the profiles of these biomarkers 

differentially. The results showed that an IS as opposed to an IP strategy led to changes in 

biomarker profiles indicative of a profibrinolytic, antithrombotic, and anti-inflammatory 

state.

Our study was not designed or powered sufficiently to determine whether the changes in 

biomarker profiles observed would portend different clinical outcomes. However, the IS 
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strategy has been associated with a previously reported decreased rate of nonfatal MI and a 

more favorable outcome in high-risk patients in the BARI 2D coronary artery bypass 

grafting stratum undergoing prompt revascularization as well as with the trend of reduced 

hazard ratios for clinical events that we observed. However, the possibility that the 

biomarker profiles portend clinical outcomes will require comparisons of large numbers of 

patients over prolonged intervals stratified with respect to changes in biomarker profiles 

induced by specific treatment strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

Type 2 diabetes mellitus is associated with a 2- to 4-fold increase in the incidence and 

prevalence of coronary artery disease. Comparable increases occur also with respect to 

cardiovascular events including death, myocardial infarction, and stroke. Insulin 

resistance has been implicated strongly in accelerating the pathogenesis of coronary 

artery disease. Two mechanisms potentially linking insulin resistance to poor prognosis 

include constraint of fibrinolysis and intensification of inflammation. In this study, 2368 

patients with type 2 diabetes mellitus and clinically stable angiographically documented 

coronary artery disease were treated with either an insulin-sensitizing or insulin-

providing strategy for glycemic control targeting hemoglobin A1c to <7.0%. Changes in 

biomarker profiles during the targeted 5 years of follow-up were consistent with 

reduction of constraints on fibrinolysis and diminution of the intensity of the 

inflammatory state with the insulin-sensitizing strategy. These changes were not seen 

with the insulin-providing strategy. On the contrary, the insulin-providing strategy was 

associated with an apparently increased constraint of fibrinolysis. Thus, the use of 

insulin-sensitizing drugs for glycemic control may confer benefit with respect to the 

balance between fibrinolysis and thrombosis, favoring fibrinolysis in patients with type 2 

diabetes mellitus.
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Figure 1. 
Median insulin and mean HbA1c over time of follow-up (months after randomization) in 

patients treated with an insulin-providing (IP) or insulin-sensitizing (IS) strategy. HbA1c 

indicates hemoglobin A1c; BL, baseline.
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Figure 2. 
Concentrations in blood or activity of biomarkers over time. tPA indicates tissue 

plasminogen activator; BL, baseline; IP, insulin-providing treatment strategy; IS, insulin-

sensitizing treatment strategy; and PAI-1, plasminogen activator inhibitor type 1.
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Figure 3. 
Median or mean values of the analytes specified over 24 months. CRP indicates C-reactive 

protein; BL, baseline; FEU, fibrinogen equivalent unit; FPA, fibrinopeptide A; IP, insulin-

providing treatment strategy; and IS, insulin-sensitizing treatment strategy.
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Figure 4. 
Kaplan–Meier 5-year rate estimates for mortality and major cardiovascular events stratified 

by baseline values of the analytes specified. CRP indicates C-reactive protein; Q, quintile; 

and MI, myocardial infarction.

Sobel et al. Page 15

Circulation. Author manuscript; available in PMC 2014 November 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Sobel et al. Page 16

Table 1

Drug Use for Treatment of Diabetes Mellitus at Follow-Up
*

Randomized to IS Treatment, % Randomized to IP Treatment, %

Baseline (n=1157) Year 1 (n=1115) Year 3 (n=988) Baseline (n=1179) Year 1 (n=1099) Year 3 (n=985)

Neither IS nor IP drugs 9.2 4.0 3.9 8.7 10.7 9.1

IS only 17.4 59.9 53.7 16.4 0.8 1.0

IP only 28.2 4.7 7.1 33.3 81.0 80.0

Both IS and IP 45.3 31.4 35.3 41.7 7.5 9.9

IS drug class

    No thiazolidinedione or 
metformin

37.3 8.7 10.9 41.9 91.7 89.1

    Thiazolidinedione, no metformin 7.4 10.8 13.5 6.0 0.8 1.3

    Metformin, no thiazolidinedione 42.4 21.3 24.8 40.5 6.1 7.7

    Both thiazolidinedione and 
metformin

12.9 59.2 50.8 11.5 1.4 1.8

IP drug class

    No insulin or sulfonylurea 26.5 64.0 57.6 25.1 11.6 10.2

    Sulfonylurea, no insulin 46.2 11.6 13.0 46.0 36.3 29.4

    Insulin, no sulfonylurea 20.4 22.2 25.4 22.1 31.9 36.5

    Both insulin and sulfonylurea 6.9 2.2 4.1 6.8 20.2 24.0

IS indicates insulin-sensitizing; IP, insulin-providing.

*
86% of the 3507 person-year exposure to thiazolidinediones was with rosiglitazone; 14% was with pioglitazone.
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Table 2

Baseline Characteristics of Patients in the Bypass Angioplasty Revascularization Investigation 2 Diabetes 

Trial

Characteristic Total (n=2238)

Gender, %

    Male 70.1

    Female 29.9

Age at study entry, mean (SD), y 62.5 (8.9)

Race/ethnicity, %

    White non-Hispanic 68.7

    Black non-Hispanic 17.3

    Hispanic 9.1

    Asian non-Hispanic 4.3

    Other non-Hispanic 0.6

Body mass index, mean (SD) 31.9 (5.6)

Measured ankle-brachial index, mean (SD) 1.05 (0.23)

History of myocardial infarction, % 30.7

History of congestive heart failure requiring treatment, % 6.9

Peripheral or carotid artery disease, % 24.6

Chronic renal dysfunction, % 3.1

Classic angina ever, % 72.6

Anginal equivalents ever, % 73.6

Duration of diabetes mellitus, mean (SD) 10.4 (8.7)

Currently taking insulin, % 28.5

Core: Hemoglobin A1c, mean (SD), % 7.64 (1.6)
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Table 3

Estimates of Effects of Drugs Used in IS and IP Treatment Strategy on Repeated Measures of Analytes
*

IP Drugs IS Drugs

Analyte Insulin P Sulfonylurea P Thiazolidinedione P Biguanide P

tPA, ng/mL 0.37 <0.0001 0.24 <0.0001 –1.57 <0.0001 –0.83 <0.0001

log(PAI-1 antigen) 0.031 0.011 0.078 <0.0001 –0.16 <0.0001 –0.070 <0.0001

log(PAI-1 activity) 0.029 0.060 0.11 <0.0001 –0.16 <0.0001 –0.062 <0.0001

log(CRP) 0.17 0.0011 0.022 0.64 –0.33 <0.0001 –0.17 0.0033

log(FPA) 0.062 0.27 –0.061 0.25 –0.09 0.15 –0.12 0.07

log(D-dimer) 0.031 0.44 –0.024 0.52 0.004 0.93 –0.21 <0.0001

Fibrinogen, mg/dL 16.6 <0.0001 9.33 0.019 –5.02 0.30 –13.4 0.006

IP indicates insulin-providing; IS, insulin-sensitizing; tPA, tissue plasminogen activator; PAI-1, plasminogen activator inhibitor type 1; CRP, C-
reactive protein; and FPA, fibrinopeptide A. The P value indicates the significance level of the estimated drug effect on the analyte.

*
Analysis also includes indicators for follow-up period of analyte measure, IP/IS randomization, age, gender, race/ethnicity, baseline body mass 

index, duration of diabetes mellitus, and concurrent hemoglobin A1c.
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Table 4

Estimates of Time-Varying Effects of Single Analytes on Clinical Outcomes

Death
*

Death/MI/Stroke
*

Subsequent Procedure
*

Hazard Ratio per 10% 
Increase of Analyte 
(95% CI)

P Hazard Ratio per 10% 
Increase of Analyte 
(95% CI)

P Hazard Ratio per 10% 
Increase of Analyte (95% 

CI)

P

tPA, ng/mL 1.03 (1.0–1.05) 0.033 1.01 (0.99–1.03) 0.26 1.001 (0.999–1.003) 0.23

PAI-1 antigen 1.01 (0.99–1.30) 0.25 1.00 (0.99–1.02) 0.66 1.01 (1.00–1.03) 0.052

PAI-1 activity 0.99 (0.98–1.0) 0.095 0.99 (0.98–1.00) 0.24 1.02 (1.01–1.03) 0.0032

CRP 1.03 (1.02–1.04) <0.0001 1.03 (1.02–1.03) <0.0001 1.01 (1.01–1.02) <0.0001

FPA 1.01 (1.0–1.05) 0.13 1.01 (1.0–1.01) 0.10 1.00 (0.99–1.01) 0.73

D-Dimer 1.04 (1.02–1.05) <0.0001 1.03 (1.02–1.04) <0.0001 1.00 (0.99–1.01) 0.83

Fibrinogen, mg/dL 1.08 (1.04–1.13) <0.0001 1.07 (1.04–1.11) <0.0001 1.03 (1.00–1.06) 0.016

CI indicates confidence interval; tPA, tissue plasminogen activator; PAI-1, plasminogen activator inhibitor type 1; CRP, C-reactive protein; and 
FPA, fibrinopeptide A. Hazard ratio is presented for each 10% increase in the analyte. Each row reports a separate Cox regression analysis for each 
analyte to determine its relationship with the outcomes.

*
Death analysis includes insulin-providing randomization, age, sex, race/ethnicity, history of congestive heart failure, baseline body mass index, 

hemoglobin A1c, renal disease, ankle-brachial index category, peripheral or carotid artery disease, and number of significant lesions. Death/MI/

stroke analysis includes insulin-providing randomization, baseline factors of sex, age, race/ethnicity, baseline body mass index, hemoglobin A1c, 

congestive heart failure, myocardial infarction history, renal disease, ankle-brachial index category, and number of significant lesions. Subsequent 
procedure analysis includes insulin-providing randomization, age, sex, race/ethnicity, baseline factors of body mass index, hemoglobin A1c, angina 

status, and Myocardial Jeopardy Index.
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Table 5

Estimates of Time-Varying Effects of Multiple Analytes on Death/Myocardial Infarction/Stroke
*

Hazard Ratio (95% CI) P

PAI-1 antigen (per 10% increase) 1.01 (0.99–1.04) 0.28

PAI-1 activity (per 10% increase) 0.98 (0.97–1.00) 0.056

CRP (per 10% increase) 1.02 (1.01–1.03) 0.0002

D-Dimer (per 10% increase) 1.02 (1.01–1.04) <0.0001

Fibrinogen (per 10% increase) 1.02 (0.98–1.06) 0.42

IP vs IS 1.01 (0.84–1.23) 0.90

CI indicates confidence interval; PAI-1, plasminogen activator inhibitor type 1; CRP, C-reactive protein; IP, insulin-providing; and IS, insulin-
sensitizing. Estimates of hazard ratios from a Cox regression model including all 5 analytes are shown. P value for overall test of significance of 
the 5 analytes <0.0001.

*
Analysis includes baseline factors of sex, age, race/ethnicity, congestive heart failure, myocardial infarction history, renal disease, baseline body 

mass index, ankle-brachial index category, number of significant lesions, and concurrent hemoglobin A1c.
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