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Abstract

The association of estimated GFR with cardiovascular diseases risk among type 2 diabetes patients
was unclear. We prospectively investigated the race-specific association of estimated GFR with
the risk of coronary heart disease and stroke among 11 940 White and 16 451 African American
patients. During mean follow up of 6.1-6.8 years, 6 647 coronary heart disease and 2 750 stroke
incident cases were identified. Age- and sex-adjusted hazard ratios of coronary heart disease
associated with baseline estimated GFR (=90, 75-89, 60-74, 30-59, and 15-29 mL/min/1.73 m2)
were 1.00, 1.04 (95% CI 0.95-1.14), 1.13 (1.02-1.26), 1.37 (1.22-1.53), and 2.07 (1.58-2.71)
(Ptreng<0.001) for African Americans, and 1.00, 1.09 (0.99-1.19), 1.10 (0.99-1.21), 1.31 (1.18-
1.46), and 2.18 (1.66—2.85) (Ptreng<0.001) for whites, respectively. Significantly increased stroke
risk was observed among both African American and white participants with estimated GFR<60
mL/min/1.73 m2. When using the updated mean values of estimated GFR, these significant
associations became stronger. Participants with mildly decreased estimated GFR (60-89 mL/min/
1.73 m2) during follow-up were also at significantly higher risk of coronary heart disease and
stroke. The present study demonstrated that even mildly reduced estimated GFR at baseline (<75
mL/min/1.73 m2) and during follow-up (<90 mL/min/1.73 m2) increased risk of incident coronary
heart disease and stroke among both African American and white type 2 diabetes patients.
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Chronic kidney disease (CKD) and diabetes independently increase cardiovascular disease
(CVD) risk! 2. Approximately 40% of patients with diabetes develop CKD, manifested as
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albuminuria, impaired estimated glomerular filtration rate (eGFR), or both? 3. Compared
with people without diabetes, those with diabetes are already at high risk for CVD#, and the
additional development of diabetic kidney disease greatly increases their risk for CVD3: 2,
Studies have found a significant association between severity of CKD (assessed by eGFR)
and CVD risk among the general population8-2 and among multiple high risk patient
populations, with existing CVD, heart failure, diabetes, and hypertension?: % 10. 11,
However, most studies only provided a single value of eGFR which may produce potential
bias in understanding the magnitude of the association of CKD with incident CVD.
Moreover, few studies have addressed the race-specific association of kidney function with
the risk of coronary heart disease (CHD) and stroke among diabetic patients although there
are significant racial differences in prevalence of diabetes in the general population and in
the prevalence of end-stage renal disease among diabetic patients2 13, The present study
aims to assess the race-specific association of kidney function with the risk of CHD and
stroke among type 2 diabetes patients within the Louisiana State University Hospital-Based
Longitudinal Study.

General characteristics of the study population at baseline are presented by race and eGFR
categories in online Table 1. Both African American type 2 diabetes patients and white type
2 diabetes patients who had eGFR <60 mL/min/1.73m?2 were generally older, and had higher
triglycerides, higher portion of cholesterol lowering medication use, and higher portion of
anti-hypertension medication use, when compared with those who had eGFR >60 mL/min/
1.73m2. There was no significant interaction of eGFR and sex on the risk of CHD and stroke
(All P>0.05). The interaction of eGFR and race were significant on the risk of incident
stroke (P<0.001), but not CHD (P=0.383).

During a mean follow-up of 6.1 years, 6 647 participants developed CHD. For African
Americans, The multivariate-adjusted hazard ratios of CHD associated with patients who
had baseline eGFR =90, 75-89, 60-74, 30-59, and 15-29 mL/min/1.73 m2 were 1.00, 1.01
(95% confidence interval [CI] 0.93-1.11), 1.09 (95% CI 0.98-1.21), 1.26 (95% CI 1.12-
1.41), and 1.93 (95% CI 1.47-2.53) (Table 2). A similar association was observed for white
type 2 diabetes patients.

A total of 2 750 subjects had first-time stroke diagnoses during a mean follow-up of 6.8
years. Similarly, compared with African American patients with a baseline eGFR =90
mL/min/1.73 m2, African American patients with a baseline eGFR <90 mL/min/1.73 m?
experienced higher risk of stroke (1.03 [95% CI 0.90-1.18] for those with eGFR 75-89
mL/min/1.73 m2, 1.10 [0.94-1.28] for those with eGFR 60-74 mL/min/1.73 m2, 1.35 [1.15-
1.59] for those with eGFR 30-59 mL/min/1.73m2, and 1.64 [1.10-2.45] for those with
eGFR 15-29 mL/min/1.73 m? when adjusted for multiple factors) (Table 2). The pattern of
the association between baseline eGFR and stroke risk in white patients was similar to that
found in African American patients.

When white and African Americans were combined, patients who had baseline eGFR
between 60 and 74 mL/min/1.73 m2 had a 9% (95% CI 1.01-1.16) increased risk for CHD

Kidney Int. Author manuscript; available in PMC 2014 August 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wang et al.

Page 3

and a 13% (1.01-1.26) increased risk for stroke compared with patients with a baseline
eGFR =90 mL/min/1.73 m2. Compared with African American, White race was a risk factor
for both CHD and Stroke. The multivariate-adjusted HR were 1.46 (1.39-1.54) for CHD and
1.22 (1.12-1.32) for stroke, respectively. (Table 2)

The pattern of the association between updated mean eGFR and the outcomes (i.e. CHD and
stroke) was similar with that of the association between baseline eGFR and the outcomes
(Table 3). Of note, higher strength was observed in the association between updated mean
measurements and the outcomes compared with the association between baseline
measurements and the outcomes. Also, when analyzed using updated mean eGFR, type 2
diabetes patients with even mildly decreased eGFR (60-74 mL/min/1.73 m2) and (75-89
mL/min/1.73 m2) were also at significant risk of incident CHD and stroke (Table 3).

The hazard ratio curves of baseline eGFR are shown in Figure 1, and the hazard ratio curves
of updated mean eGFR are shown in Figure 2. Both figures show that, when eGFR <90
mL/min/1.73 m2, incident CHD and stroke risk sharply increased as eGFR decreased.

DISCUSSION

The present study demonstrated that reduced eGFR (eGFR<60 mL/min/1.73 m2) at baseline
and during follow-up were associated with increased risk of incident CHD and stroke among
type 2 diabetes patients. In addition, type 2 diabetes patients with even mildly decreased
eGFR (60-75 mL/min/1.73 m?) at baseline and (60-89 mL/min/1.73 m2) during follow-up
were also associated with an increased risk of for incident CHD and stroke.

Although several studies have investigated the association between eGFR and CVD risk,
most of these studies have been limited to apparently healthy individuals or individuals with
preexisting CVD or at high risk for CVD®-10, The overall epidemiological evidence
suggests that individuals with preexisting CVD or at high risk for CVD who had eGFR<60
ml/min/1.73 m2 were at increased risk of CVD outcomesC. However, in the general
population, the associations of eGFR and with fatal and non-fatal CVD are inconsistent.
Although there are significant associations between eGFR and CVD mortality® 9 14,
some® 12 but not all studies®: @ have found a significant inverse association between eGFR
and the risk of incident CVD8 12, In addition, limited data exist regarding the association of
kidney function with CVD risk among patients with type 2 diabetes! > 11, This risk
association may be particularly of interest because, in patients with type 2 diabetes, the
additional development of diabetic kidney disease would markedly amplify their risk for
CVD?3:3, In the current study, we found that incident CHD and stroke risk increased at
eGFR <60 mL/min/1.73 m2, when compared with eGFR =90 mL/min/1.73 m? at baseline,
which are consistent with the results from two other cohorts® 11, In addition, we found an
increased risk of CHD and stroke even in subjects with mildly decreased baseline eGFR
(60-74 ml/min/1.73 m2) and updated mean eGFR (60-89 ml/min/1.73 m?) during follow-
up. This result may better reflect the magnitude of the association between kidney function
and the risk of incident CVD because kidney function may change over time potentially
diluting their association with subsequent events®.
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The current study, in which the participants have the same health care access and similar
socioeconomic status, provides a unique opportunity to investigate racial differences in the
association between eGFR and incident CVD. In our study, there was a higher percentage of
white type 2 diabetes patients who had eGFR <60 mL/min/1.73 m? than African American
type 2 diabetes patients. This result is different from the result from the Young Adults study
that 20-year CKD incidence was higher among African Americans than whites®, However,
our result is in line with the results from two other studies'? 16, Our study is the only one
that investigated the racial differences in the association between eGFR and incidence CHD
and stroke in patients with type 2 diabetes. We found significant race interaction in the
associations of eGFR with the risk of stroke, but not in the association of eGFR with CHD
risk. The incident stroke risk associated with reduced eGFR was higher in whites than in
African Americans. In the pooled analysis performed by Weiner et al,12 the risk of the
composite study outcome (a composite of myocardial infarction, fatal CHD, stroke, and
death) associated with CKD, defined as a eGFR between 15 and 60 ml/min per 1.72 m2, was
higher in African American than in white healthy community-based population. Unlike
participants in the current study, participants from different races in Weiner et al’ s study12
were likely to experience socioeconomic disparities in access and utilization of health care.
Except for these two reasons, the authors noted that differences in the four studies involved
in their study may also contribute to the racial differences in the association2.

Although the mechanism behind the association between impaired kidney function and the
risk of incident CVD is not completely understood, several mechanisms have been
proposed. Traditional CVD risk factors, such as older age, smoking, hypertension, and
dyslipidemia, often coexist with CKD* 217 and the positive association of these factors
with incident CVD were well documented!8-20, Elevated asymmetric dimethyl arginine,
reduced nitric oxide bioavailability, and endothelial dysfunction in renal disease, which are
associated with atherosclerosis, are also recognized as factors linking impaired kidney
function and the risk of incident CVD?2L: 22, Furthermore, inflammatory markers such as C-
reactive protein, fibrinogen, interleukin-6, tumor necrosis factor a, factor Vllc, factor Vlllc,
plasmin-antiplasmin complex, D-dimer, and the adhesion molecules E-selection, VCAM-1
and ICAM-1 are often elevated, and the activation of renin-angiotensin system, which may
in part depend on the adaptation to loss of renal mass that results in changes in renal
hemodynamics, frequently occurs in CKD. These factors may alter the progression of
atherosclerosis through their contribution to the production of reactive oxygen species?! 23,
Besides, increased promoters of calcification and reduced inhibitors of calcification may
partly responsible for the linkage between kidney dysfunction and CVD risk?L: 24, As to
eGFR, factors including activation of the renin-angiotensin system, anemia, elevated
asymmetric dimethyl arginine and hyperhomocysteinemia could represent a link between
reduced eGFR and increased CVD risk?22: 23,25, 26,

There are several strengths in our study, including the large sample size, high proportion of
African Americans, long follow-up time, and the use of administrative databases to avoid
the problem of differential recall bias. In addition, participants in this study use the same
public health care system and have the same socioeconomic status, which minimizes the
influence from the accessibility of health care, particularly when comparing African
Americans and whites. Moreover, updated mean values of eGFR during follow-up were
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used to predict the outcomes in this analysis, which can avoid potential bias from a single
baseline measurement. One limitation of our study is that our analysis was not performed on
a representative sample of the state of Louisiana’s population which limits the
generalizability of this study; however, Louisiana State University Health Care Services
Division hospitals are public hospitals and cover over 1.6 million patients most of which
were low income persons in Louisiana. Second, even though our analyses were adjusted for
an extensive set of confounding factors, residual confounding due to the measurement error
in the assessment of confounding factors, unmeasured factors such as physical activity,
education, dietary factors, and family history of diabetes, CVD and other chronic diseases
cannot be excluded. Third, ascertainments of CHD and stroke status were based on hospital
discharge register. Although we haven’t finished a validation study of CHD and stroke, the
method of using the hospital discharge register to diagnose the major non-fatal diseases has
been widely used in American cohort studies, such as the Kaiser Permanente Medical Care
Program®3: 27, the Framingham Offspring Study?8, etc. The validity of the diagnoses of
myocardial infarction and stroke by using hospital discharge register in these cohort studies
is high13.

In conclusion, we found that reduced eGFR (<75 mL/min/1.73 m? at baseline, <90 mL/min/
1.73 m2 during follow-up) were associated with increased risk of incident CHD and stroke
among both African American and white patients with type 2 diabetes. Our results indicate
that the updated mean eGFR which can identify CVD risk at an earlier stage may be a more
important predictor of incident CVD although a single baseline eGFR was predictive of
CVD outcomes.

METHODS
Study Population

Louisiana State University Health Care Services Division operates seven public hospitals
and affiliated clinics in Louisiana, which provide quality medical care to the residents of
Louisiana regardless of their income or insurance coverage29-3°, Overall, Louisiana State
University Health Care Services Division facilities have served about 1.6 million patients
(35% of the Louisiana population) since 1997. Administrative (name, address, date of birth,
gender, race/ethnicity, types of insurance, family income, and smoking status),
anthropometric (date of examination, measurements of body weight, height, and blood
pressure for each visit), laboratory (test code, test collection date, test result values, and
abnormal flag), clinical diagnosis, and medication data collected at these facilities are
available in electronic form for both inpatients and outpatients from 1997. Using these data,
we have established the Louisiana State University Hospital-Based Longitudinal Study. A
cohort of diabetic patients was set up by using the ICD-9 (250) through the Louisiana State
University Hospital-Based Longitudinal Study database between January 1, 1999, and
December 31, 2009. Both inpatients and outpatients were included and all patients were
under primary care. Louisiana State University Health Care Services Division’s internal
diabetes disease management guidelines call for physician confirmation of diabetes
diagnoses by applying the American Diabetes Association criteria: a fasting plasma glucose
level 2126 mg/ dl; 2-hour glucose level 2200 mg/dl after a 75-g 2-hour oral glucose
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tolerance test; one or more classic symptoms plus a random plasma glucose level 2200
mg/dI36. We have validated the diabetes diagnosis in Louisiana State University Health Care
Services Division hospitals. The agreement of diabetes diagnosis was 97%: 20,919 of a
sample of 21,566 hospital discharge diagnoses based on ICD codes also had physician-
confirmed diabetes by using the American Diabetes Association diabetes diagnosis
criteria3®. The first record of diabetes diagnosis was used to establish the baseline for each
patient in the present analyses due to the design of the cohort study. These newly diagnosed
diabetes participants had used Louisiana State University Health Care Services Division
hospitals for median 2.8 (interquartile ranges 1.8-6.1) years prior to the baseline33.

After excluding subjects with a history of CHD and stroke at baseline, patients with
incomplete data on any required variables, and those with eGFR<15 mL/min/1.73 m? at
baseline, the present analyses included 4,452 non-Hispanic white men, 7,488 non-Hispanic
white women, 5,629 African American men and 10,822 African American women. In these
type 2 diabetes patients, about 79.0% of patients qualify for free care (by virtue of being low
income and uninsured — any individual or family unit whose income is at or below 200% of
Federal Poverty Level), about 5.0% of patients are self-pay (uninsured, but incomes not low
enough to qualify for free care), about 5.0% of patients are covered by Medicaid, about
8.8% of patients have Medicare, and about 2.2% of patients are covered by commercial
insurance. The study and analysis plan were approved by both the Pennington Biomedical
Research Center and Louisiana State University Health Sciences Center Institutional Review
Boards, LSU System. We did not obtain informed consent from participants involved in our
study because we used anonymized data compiled from electronic medical records.

Baseline and follow-up measurements

The patient’s characteristics, including age of diabetes diagnosis, gender, race/ethnicity,
family income, smoking status, types of health insurance, body weight, height, body mass
index (BMI), blood pressure, total cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein (LDL) cholesterol, triglycerides, HbAlc, creatinine concentration, and
medication (antihypertensive drug, cholesterol lowing drug and antidiabetic drug) within
half year after the diabetes diagnosis (baseline) and during follow-up after the diabetes
diagnosis (follow-up) were extracted from the computerized hospitalization records. The
updated mean values of HbAlc, LDL cholesterol, BMI, blood pressure and eGFR over time
were measured firstly at baseline and secondly as an updated mean of annual measurement,
calculated for each participant from baseline to each year of follow up. For example, at one
year the updated mean is the average of the baseline and one year values and at three years it
is the average of baseline, one year, two year, and three year values. In case of an event
during follow-up, the period for estimating updated mean value was from baseline to the
year before this event occurred.3”: 38 The average number of clinic laboratory measurements
for serum creatinine concentration during the follow-up period was 16 times. Plasma total,
LDL cholesterol, HDL cholesterol and triglycerides were measured by enzymatic
colorimetric methods. Serum glucose was measured by the glucose-oxidase method. HbAlc
was measured by immunoassay. Serum creatinine, which was measured using the modified
kinetic Jaffe method, was standardized to isotope dilution mass spectrometry. Creatinine
concentrations were reduced by 5%, the established calibration factor.3° In Louisiana State
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University Health Care Services Division hospitals, eGFR is estimated using Modification
of Diet in Renal Disease equation: eGFR= (in ml/mom/1.73 m2) = 186 x [serum creatinine
(in mg/dl)~1154 x Age=0-203 x 0,742 (if female) x 1.210 (if black)]*.

Prospective follow-up

Follow-up information was obtained from the Louisiana State University Hospital-Based
Longitudinal Study database by using the unique number assigned to every patient who
visits the Louisiana State University Health Care Services Division hospitals. Two diabetic
complications were used as outcomes in this study, including CHD (ICD-9 Codes 410-414)
and stroke (ICD-9 Codes 430-436). Since 1997, diagnoses of CHD and stroke were made
by the treating physicians, based on a clinical assessment and examinations as considered
relevant by the clinician in charge of treatment. Follow-up of each cohort member continued
until the date of the diagnosis of the outcome disease, death from causes other than the
outcomes, the date of the last visit if the subject stopped use of Louisiana State University
Health Care Services Division hospitals, or May 31, 201233,

Statistical analyses

Patients were categorized according to eGFR stages (= 90 [reference group], 75-89, 60-74,
30-59, and 15-29 mL/min/1.73 m2) in an expanded version of the GFR stages used for
chronic kidney disease classification recommended by National Kidney Foundation.! The
associations between eGFR and the risk of incident CHD or stroke were analyzed by using
Cox proportional hazards models in the following 2 ways: (1) as 5-category variable, and (2)
as a continuous variable. eGFR categories were included in the models as dummy and
categorical variables, and the significance of the trend over different categories of eGFR was
tested in the same models by giving an ordinal numeric value for each dummy variable. All
proportionality assumptions were appropriate. Confounders, comorbidity indicators, and
treatment, which had been shown to be associated with the risk of CHD and stroke in our
studies and other studies, were included as covariates® 11: 34,35 Al the above analyses were
first carried out adjusting for age and sex (age- and sex-adjusted model) and further for
smoking, income, type of insurance, BMI, systolic blood pressure, glycated hemoglobin,
LDL cholesterol, use of antihypertensive drugs, use of diabetes medications, and use of
cholesterol-lowering agents (multivariate-adjusted model). Race was also adjusted when
African Americans and whites were combined. LDL cholesterol was logarithmically
transformed due to skewed distributions. When we analyzed association between updated
mean of eGFR and incident CHD or stroke risk, we adjusted for updated means of BMI,
LDL cholesterol, systolic blood pressure and HbAlc instead of baseline values of these
variables. Restricted cubic splines with 5 knots were used in Cox models to test whether
there is a dose-response or non-linear association of eGFR as a continuous variable with
incident CHD or stroke risk. Statistical significance was considered to be P < 0.05. All
statistical analyses were performed by using SAS for Windows, version 9.3 (SAS Institute,
Cary, NC).
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Figure 1.
Hazard ratios for incident (A) coronary heart disease and (B) stroke by baseline eGFR.

eGFR: estimated glomerular filtration rate
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Figure 2.
Hazard ratios for incident (A) coronary heart disease and (B) stroke by updated mean eGFR

eGFR: estimated glomerular filtration rate
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