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Abstract

Background—We describe baseline renal function and albumin excretion rate in patients
enrolled in BARI 2D, a randomized clinical trial comparing revascularization and medical therapy
with medical therapy alone and deferred or no revascularization, and the impact of glycemic
control with either insulin providing or insulin sensitizing drugs, on 5 year mortality.

Methods—Study participants had T2DM, documented CAD, and creatinine < 2 mg/dl.
Albuminuria status (albumin/creatinine ratio [ACR]) and estimated glomerular filtration rate
(eGFR), utilizing the abbreviated MDRD equation, were determined at baseline. Univariate and
multivariate relationships between baseline clinical characteristics and the presence of alouminuria
and reduced eGFR rate were estimated.

Results—2146 subjects were included in the analysis. 43% of the cohort had evidence of kidney
dysfunction at baseline: 23% had an eGFR = 60 ml/min/1.73 m2 with either micro (>30 ACR;
17%) or macro (> 300 ACR; 6%) albuminuria. 21 % had a reduced eGFR < 60 ml/min/1.73 m2;
52 % with reduced eGFR had no albuminuria; 28 % had microalbuminuria and 20 % had
macroalbuminuria. Race, smoking status, duration of diabetes, hypertension, HbAlc, triglycerides,
vascular disease, abnormal ejection fraction, and reduced eGFR were associated with greater
albuminuria. Age, sex, duration of diabetes, ACR, HbAlc, HDL, and number of hypertensive
medications were associated with reduced eGFR.

A complete list of the BARI 2D Study Group is provided in Reference 21

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official views of the National
Heart, Lung, And Blood Institute, the National Institute of Diabetes and Digestive and Kidney Diseases, or the National Institutes of
Health.
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Conclusion—Kidney dysfunction is common in older patients with T2DM and CAD;
Albuminuria was present in 33%. Reduced eGFR was present in 21%, and half the patients with
reduced eGFR had no evidence of albuminuria.

Introduction

Diabetic nephropathy, the leading cause of end-stage renal disease (ESRD) in the world, has
been classically defined by the presence of proteinuria >0.5 gm/24hr (1-3). Other etiologies
of chronic kidney disease, including those associated with minimal proteinuria, such as
hypertensive nephrosclerosis, are also widely prevalent in the type 2 diabetes mellitus
(T2DM) population (4-6). Identification of any form of nephropathy in patients with T2DM
is important, since both albuminuria and reduced glomerular filtration rate (GFR) are
independent risk factors for cardiovascular morbidity and mortality (7-19).

Many patients with chronic kidney disease (CKD) are unaware of their diagnosis, leading to
delays in implementing treatment that can potentially lead to more effective prevention of
ESRD and potentially to decreased morbidity and mortality from cardiovascular disease
(1,20).

The current report describes the baseline prevalence and characteristics of kidney
dysfunction in patients with T2DM and angiographically documented coronary artery
disease (CAD) enrolled in the Bypass Angioplasty Revascularization Investigation 2
Diabetes (BARI 2D) trial. A high prevalence of both albuminuric and non-albuminuric
kidney dysfunction was demonstrated in the trial participants. These baseline data provide
an opportunity to determine how the trial participants relate to broader T2DM populations
and to observe associations among risk factors in this population.

Research Design and Methods

Study Design

Subjects

BARI 2D is an international randomized clinical trial of 2368 subjects with T2DM and
angiographically documented CAD comparing the impact of prompt revascularization and
optimal medical therapy with optimal medical therapy alone with deferred revascularization
as needed to relieve symptoms, and the impact of glycemic control with either insulin
providing or insulin sensitizing drugs, on 5 year mortality. Details of the BARI 2D study,
including baseline characteristics of the overall study population have been previously
reported (21).

Study participants were over age 25 years with T2DM and coronary artery disease
documented by angiography and associated with objective signs of ischemia including a
stress test or classic angina. Subjects with angiographically documented CAD that was
considered to be amenable to coronary revascularization by at least one of the available
methods were eligible for study entry. Additional entry criteria included the ability to
perform all tasks related to glycemic control and risk factor management. Major exclusion
criteria included prior cardiac revascularization within 12 months, definitive need for
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invasive coronary intervention, class Il or IV congestive heart failure, serum creatinine
concentration > 2.0 mg/dl prior to cardiac catheterization, hemoglobin Alc (HbAlc) >
13.0%, hepatic disease, current alcohol abuse, and pregnancy known or planned within the
next 5 years.

Measurements

Serum creatinine was measured at each clinical site. Baseline GFR was estimated (eGFR)
using the abbreviated Modified Diet in Renal Disease (MDRD) study equation, which
includes age, sex, race, and serum creatinine measurement (22). Reduced eGFR was defined
as < 60 ml/min/1.73m?2. i.e. Stage 111 CKD. Urine specimens were collected at baseline and
assayed for albumin and creatinine at the University of Minnesota Core Biochemistry
Laboratory. Creatinine was measured using a modified Jaffe reaction on a Synchron CX3
Clinical System analyzer. Albumin was measured using the IMMAGE Immunochemistry
System which uses a rate-nephelometry reaction. A baseline albumin creatinine ratio (ACR)
was calculated for each subject. Albuminuria status for each participant was categorized as
normoalbuminuric (ACR < 30 mg/g), microalbuminuric (ACR>30 and < 300 mg/g), or
macroalbuminuric (ACR>300 mg/g).

Statistical Analysis

This analysis includes 2146 (91%) participants who had both ACR and estimated GFR
(eGFR) measures. (Figure 1). Baseline demographic and clinical data are presented for these
participants grouped according to albuminuria status and eGFR. Means and standard
deviations are presented for continuous data and proportions for categorical. Continuous and
categorical data were compared using analysis of variance F-statistics and chi-square
statistics, respectively.

Regression Model specifics

Ordinal logistic regression was used to model albuminuria status, since it has a natural
ordering (no albuminuria, microalbuminuria, macroalbuminuria). The odds ratio estimates
obtained from this model compare the odds of more severe levels of albuminuria status to
the odds of less severe levels (i.e. micro and macro compared to no albuminuria, macro
compared to micro and no albuminuria). Logistic regression was used to identify
demographic and clinical parameters associated with reduced eGFR at baseline. Patients
were classified at study entry as either normal (eGFR: = 60 ml/min/1.73m?) or reduced
(eGFR: <60 ml/min/1.73m2).

Univariate and multivariable models for each of these outcomes are presented. A stepwise
algorithm was used to identify those factors that were independently associated with the
outcomes. A p-value of 0.05 was used as the criteria for both variable entry and exit from
the models. Candidate variables for both multivariable models were age, sex, and race/
ethnicity, diabetes duration, hypertension, vascular disease, cigarette smoking status, lower
extremity ulcer, lower extremity amputation, laser treatment for diabetic retinopathy/
macular edema, insulin use, systolic BP, diastolic BP, BMI, waist circumference, number of
coronary arteries with stenoses, HbA1c, total cholesterol, HDL cholesterol, LDL cholesterol,
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triglycerides, LV function, number and type of diabetes drugs, statin therapy, number of
hypertensive drugs, and angiotensin converting enzyme (ACE) inhibitors or angiotensin |1
receptor blockers (ARBS) use. The reduced eGFR model was also performed after
excluding age, sex, and race/ethnicity as they are components of eGFR. Additionally natural
log transformed ACR was included in the reduced eGFR candidate list. Since left ventricular
ejection fraction (LVEF) was missing in multiple cases, an indicator variable for LVEF
missing was created and added to the models, so that the relationship between abnormal
LVEF and the renal variables could be assessed, without losing multiple observations due to
missing values. The independent variables from the models of albuminuria status and
reduced eGFR were then used in a multivariate model of both albuminuria (ACR > 30) and
reduced eGFR. Multivariate modeling takes into account the correlation between the two
outcomes and enabled formal testing of differences between the associations of each of the
independent variables and the outcomes of reduced eGFR and albuminuria. Odds ratio
estimates of the renal outcomes are presented for the variables. The p-values for the test of
global significance and the test for a difference between the outcome associations for each
variable are also shown.

The baseline characteristics of normoalbuminuric, microalbuminuric, and macroalbuminuric
participants, categorized by eGFR (= or < 60 ml/min/1.73m?2) (n=2146) are shown in Table
1. As compared to patients with normal ACR, patients with either microalbuminuria or
macroalbuminuria were less likely to be non Hispanic white, had longer duration of diabetes
mellitus, larger BMI, higher HbAlc, higher LDL-cholesterol, higher serum creatinine with
lower eGFR, and higher systolic and diastolic blood pressures.

Medical history and prior treatment of the study participants are summarized in Table 2.
Overall, there was a high frequency of hypertension (82.4%), hyperlipidemia requiring statin
therapy (74.2%), and use of antiplatelet therapy (88.2 %). Angiotensin converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBS) were used in 74% of participants.
Oral hypoglycemic agents were the most commonly utilized diabetic medications (80.5%).
Insulin was utilized in 27.3%. Diet therapy alone was utilized in only 8.7%. Only 12% of
participants were current smokers. As compared to patients with normal ACR, patients with
microalbuminuria or macroalbuminuria were more likely to have hypertension, laser therapy
for diabetic retinopathy/macular edema, and reduced left ventricular ejection fraction.
Patients with micro- or macroalbuminuria were more likely to be receiving insulin therapy
and were less likely to be managed with diet therapy alone.

Table 3 shows the percentage of participants who were achieving approved targets of
diabetic therapy at baseline. For the total group < 10% had normal body mass index, 52%
had systolic blood pressure < 130 mm Hg and 72% <140 mmHg, 39% had HbAlc <7.0%
and 59% had LDL-cholesterol < 100 mg/dl. Patients with microalbuminuria or
macroalbuminuria were less likely to have systolic blood pressure <130 or <140 mmHg or
HbAlc <7.0%, but were more likely to be receiving ACEI/ARB therapy.
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The baseline characteristics of the study cohort according to stages of CKD utilizing the
staging system recommended by the National Kidney Foundation are shown in Figure 2 (23,
24). Overall, 56% of the cohort had no evidence of kidney disease (normal aloumin
excretion and eGFR = 60 ml/min/1.73m?2). 43% of the cohort had evidence of CKD at
baseline: 23% had eGFR (MDRD) = 60 ml/min/1.73m?2 with either micro (>30 ACR; 17%),)
or macro (>300 ACR; 6%) albuminuria. 21% of the cohort had reduced eGFR, <60 ml/min/
1.73m2; 52% with reduced eGFR had no albuminuria; 28% had micro albuminuria and 20 %
had macroalbuminuria.

Multivariable analysis demonstrated that non-white ethnicity, smoking, longer duration of
diabetes, reduced eGFR, higher triglycerides, and higher HbAlc were associated with more
severe ACR status in BARI 2D participants (Table 4). Cardiovascular factors which were
independently associated with higher levels of albuminuria included non-CAD/vascular
disease, elevated systolic blood pressure, greater number of hypertension drugs, presence of
lower extremity ulcers, and reduced left ventricular function (ejection fraction).

Age, sex, longer duration of diabetes, higher ACR, lower HDL, and greater number of
hypertensive medications were independently associated with reduced eGFR (Table 5).
Since age, sex, and race/ethnicity are components of the MDRD eGFR formula,
multivariable analysis was also performed after exclusion of these variables. Similar
findings were noted (Table 5). Longer duration of diabetes, higher ACR, lower HDL, greater
number of hypertensive medications, current smoking status and lower diastolic blood were
independently associated with reduced eGFR. There were no important differences in the
variables associated with reduced eGFR in albuminuric patients compared to patients with
no albuminuria.

Variables with similar relationships to ACR > 30 and reduced eGFR were vascular disease,
number of hypertension drug classes, duration of diabetes, triglycerides, and reduced LVEF
(Table 6). Smoking status, systolic blood pressure, number of diabetes drugs and HgbAlc %
had different associations. Patients with higher systolic blood pressure and those on insulin
or more than one non-insulin diabetes drug were more likely to have albuminuria. These two
variables had no relationship with reduced eGFR. As was seen in the separate models,
smokers and patients with higher HgbA1c were more likely to have an ACR > 30, but were
less likely to have reduced eGFR.

Discussion

We identified a high prevalence of kidney dysfunction in middle-aged to older people with
T2DM and angiographically documented CAD who were enrolled in the BARI 2D clinical
trial. At the time of enrollment, hypertension was present in 82%. Albuminuria was present
in 33%: 23% with microalbuminuria and 10% with macroalbuminuria. Reduced eGFR was
present in 21%, and only half of these patients had albuminuria. Our findings extend and
confirm observations from other cohorts of patients with T2DM that have reported that
kidney dysfunction is not only highly prevalent in older patients with T2DM, but it is
heterogenous. The DEMAND study, a global cross-sectional study of patients with T2DM
reported that 50% of participants had either microalbuminuria or macroalbuminuria, 20%
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had eGFR<60 ml/min/1.73m2), and 80% were hypertensive (25). In the HOPE study 32% of
patients with T2DM had microalbuminuria at baseline (26). So et al evaluated 4421 newly
referred Chinese patients with T2DM with no prior history of macrovascular disease. In this
cohort 26.3% had microalbuminuria, 12.7% had macroalbuminuria, and 12% had eGFR<60
ml/min/1.73m2. These subjects were younger (58 + 13 yr) and had a shorter duration of
diabetes mellitus (6.9 £6.3 yr) than the BARI 2D study population (27).

Our finding, that 43% of patients enrolled in BARI 2D, all of whom have CAD, had either
albuminuria, reduced eGFR or both, highlights the strong associations between renal and
cardiac disease. Both prospective and retrospective studies have shown that
microalbuminuria is an independent risk factor for cardiovascular disease in patients with
T2DM with an estimated doubling of both cardiovascular and total mortality (7-14).
Microalbuminuria is also a major predictor for diabetic nephropathy, which accounts for
approximately 40 to 60% of incident cases of ESRD in the U.S (1-3). Reduced glomerular
filtration rate has also been identified as an independent cardiovascular risk factor in
prospective and epidemiologic studies (15-19).

There was significant heterogeneity with respect to the manifestations of kidney dysfunction
in the BARI 2D cohort. The most common renal abnormality was microalbuminuria with
normal eGFR (17%), followed by reduced eGFR (GFR< 60 ml/min; stage 3 CKD) without
albuminuria (11%). Half of the subjects with reduced eGFR had normal albumin excretion.
These findings reflect the fact that patients with T2DM are a heterogeneous group of
patients who are generally older and have more comorbid conditions at diagnosis compared
with adults with type 1 diabetes (1, 28). Other etiologies for kidney disease, which are not
associated with increased urine albumin excretion, may be present such as renal vascular
disease, hypertensive nephrosclerosis, and atheroembolic renal disease. Up to one-third of
adults with newly diagnosed T2DM already have CKD (4-6,28), and data suggest that in
many of these patients CKD initially developed either due to the hyperglycemia prior to the
time of diagnosis or secondary to hypertension and other factors (28).

Currently utilized cutoff values for defining micro- and macroalbuminuria are arbitrary,
while the risks associated with albuminuria are continuous, with increasing risk noted even
in the “high normal” range of albuminuria (10-13). The relatively high prevalence of
patients with normal albumin excretion in the current study may be partly due to a high
frequency of ACE inhibitor and ARB use (77.2%) in the BARI 2D population. Similar
observations have been made by Mac Isaac et al who reported renal parameters in 629 type
Il diabetic patients (6). In those patients with GFR < 60, 38% had microalbuminuria and
28% had macroalbuminuria, while 43/109 (39%) had normal levels of albumin excretion. Of
note, 74% of patients in this series were receiving either ACE inhibitor or ARB therapy (6).
Of the 443 participants with eGFR <60 ml/min/1.73m? in the BARI 2D trial, 28% had
microalbuminuria and 20% had macroalbuminuria, while 52% had normal levels of albumin
excretion. In the DEMAND study, a cross-sectional study evaluating 32,208 type 2 diabetic
patients from 33 countries (average age 61 yr), reduced GFR was noted in 17% of patients
with normal values of urinary albumin excretion (25). The NHANES Il cross sectional
study reported that 13% of adults with T2DM had reduced GFR of < 60 ml/min/1.73m? (5).
Among the T2DM participants with reduced GFR, approximately 40% had abnormally
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increased urinary albumin excretion. The absence of both abnormal albumin excretion and
diabetic retinopathy was noted in ~30%. The results did not change substantially after
exclusion of participants receiving ACE inhibitors (5).

It is estimated that after 10 years, 10-28% of T2DM patients will develop microalbuminuria
and 25-45% of patients with microalbuminuria will develop macroalbuminuria over the
subsequent 5-10 years (1,28,29). The UKPDS study reported on incident/newly diagnosed
patients with T2DM. In this population (n=5097), 6.5% had microalbuminuria and 0.7%
macroalbuminuria. The patients were younger than the BARI 2D cohort with a mean age of
52 years. Long-term follow-up of the subjects documented an approximately 2% annual
conversion from normal albumin excretion to microalbuminuria, and 2.8% from
microalbuminuria to macroalbuminuria (30-32). Other studies have supported the
association between declining GFR coincident with or following the onset of
macroalbuminuria in diabetic nephropathy (1,24,29).

The recognition of both reduced GFR and albuminuria as independent predictors of the
development of ESRD and of cardiovascular and all- cause mortality has been highlighted in
several studies (33-36). Reduced creatinine clearance was independently associated with an
increased risk of developing ESRD in a large Japanese population reported by Iseki et al
(33). Subjects with a low creatinine clearance who had proteinuria on dipstick urinalysis had
a significantly higher-risk of developing ESRD than patients with a low creatinine clearance
not associated with proteinuria (33). In the NHANES 111 cohort, moderately decreased
eGFR and albuminuria were independent predictors of cardiovascular and all-cause
mortality in the general population (34). During this same time interval (1988-1994 to
1999-2004) the prevalence of both albuminuria and decreased GFR increased in the United
States, according to the most recent NHANE surveys (37). Reduced eGFR and
microalbuminuria were risk factors for cardiovascular death, independent of each other and
of traditional risk factors in the HUNT I study (35). In patients with vascular disease, both
decreased eGFR with normal albumin excretion and microalbuminuria with normal eGFR
were independent predictors of future vascular events. The combination of decreased eGFR
with albuminuria was associated with the highest risk of vascular events and all cause
mortality (35).

We indentified multiple modifiable variables that were associated with the presence of either
albuminuria or reduced eGFR. Prior studies have documented that a comprehensive
approach to the treatment of these modifiable risk factors is associated with favorable
improvements in both renal and cardiovascular outcomes (38-41). Higher HbAlc and
smoking history were associated with albuminuria and had an inverse association with
reduced eGFR in BARI 2D participants. These findings suggest that conditions associated
with reduced eGFR without albuminuria, such as aging, hypertension, and interstitial kidney
diseases may be less impacted by hyperglycemia and smoking history than proteinuric
kidney diseases, such as diabetic nephropathy. The current study, however, represents cross-
sectional baseline data. Other prospective longitudinal observational studies in people with
type Il diabetes have reported that hemoglobin Alc and heavy smoking were significantly
associated with an increased rate of decline in glomerular filtration rate (32).
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The strength of the BARI 2D study is the large, well-described population of patients with
T2DM and angiographically documented CAD. Limitations of the current study include the
determination of ACR from a single urine collection, such that our data did not permit
confirmation of persistent microalbuminuria by the generally accepted criterion requiring
that 2 out of 3 determinations are abnormal (23,24,28,29). The large number of samples
collected and the relatively high diagnostic accuracy of ACR determined on a single urine
collection should minimize analytical errors associated with day-to-day variations and
albumin excretion (42, 43). In addition, the high prevalence of ACE/ARB use in the BARI
2D population likely contributes to an underestimation of the true prevalence of
microalbuminuria in the BARI 2D study. GFR was not directly measured in the current
study and was determined by the modified MDRD equation, based on a single determination
of serum creatinine concentration. This method of estimating GFR has been validated in
similar subjects, particularly in identifying those with reduced GFR (22-24). In the current
study, patients with reduced GFR (<60 ml/min/1.73m?) tended to be older and were more
likely to be female. Serum creatinine, however, was elevated (1.37-1.51 mg/dl, compared to
0.94-0.97 mg/dl in patients with GFR > 60 ml/min/1.73m? (Table 1), consistent with a
reduction in GFR. Additionally, the BARI 2D study population included only subjects with
T2DM with documented CAD, such that this population is not a random sampling of the
population of people with T2DM.

The five year average patient follow-up of the BARI 2D study will allow multiple issues
concerning renal outcomes to be addressed, including: 1) determination of the development
of micro- or macro albuminuria in the 55% of patient with normal kidney function at
baseline, 2) determination of rates of progression of kidney disease in the 45% of patients
with baseline kidney disease, 3) assessment of the time dependent effects of control of
known risk factors for progression of kidney disease, such as control of blood pressure,
glucose levels and hyperlipidemia, 4) whether or not insulin sensitizing anti-diabetic
medications are associated with better preservation of kidney function than insulin releasing
anti-diabetic medications, 5) whether or not there are different rates of progression of kidney
disease in patients with reduced GFR without albuminuria, as compared to those with both
reduced GFR and albuminuria. These data will also provide important information on the
impact of the different stages of kidney disease and its progression on cardiovascular
outcomes in T2DM with known CAD.
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