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Abstract

Background—The growing burden and morbidity of chronic kidney disease (CKD) warrant
effective strategies for identifying those at increased risk. We examined the association of cystatin
C and albuminuria with development of CKD stage 3.

Study Design—Prospective observational study.

Setting and Participants—S5,422 participants from the Multi-Ethnic Study of Atherosclerosis
with estimated glomerular filtration rate (¢GFR) > 60 ml/min/1.73mZ.

Predictor—~Participants were categorized into four mutually exclusive groups: presence or
absence of microalbuminuria (albumin-creatinine ratio >17 and > 25 pg/mg in men and women,
respectively) in those with or without cystatin C > 1.0 mg/L.

Outcomes and Measurements—Incident CKD stage 3 was defined as eGFR < 60 ml/min/
1.73m? at the 3" or 4! visit and an annual decline of > 1 ml/min/1.73 m2. Poisson regression was
used to evaluate incident rate ratios in unadjusted and adjusted analyses that include baseline
eGFR.

Results—Mean age was 61 years, 49% were men, 38% white, 11% had diabetes, 13.7% had
cystatin C = 1mg/L, 8.4% had microalbuminuria, and 2.7 % had cystatin C > 1 mg/L with
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microalbuminuria. 554 (10%) participants developed CKD stage 3 over a median follow-up of 4.7
years and the adjusted incidence rate ratios (95% CI) were 1.57 (1.19-2.07), 1.37 (1.13-1.66), and
2.12 (1.61-2.80) in those with microalbuminuria, cystatin C = 1 mg/L, and both, respectively,
compared to those with neither.

Limitations—Relatively short follow up and absence of measured GFR.

Conclusions—Cystatin C and microalbuminuria are independent risk factors for incident CKD
stage 3 and could be useful as screening tools to identify those at increased risk.

Methods

Chronic kidney disease (CKD) is a growing public health problem in the United States.
Based on population data from the 2000 United States census, approximately 13.5 million
adults would be expected to have CKD stages 3 or 4 (defined as an estimated glomerular
filtration rate (eGFR) 15 — 60 ml/min/1.73m?2).1 CKD is associated with high rates of
cardiovascular disease and mortality,2~7 hospitalization,4 cognitive impairment,8: 9 frailty,
10- 11 and impaired quality of life.12: 13 Risk factors for development of CKD stage 3
(eGFR 30-60 ml/min/1.73m?) include baseline level of kidney function, age and
cardiovascular risk factors.14718 Although it is well established that macroalbuminuria
(>300 mg/day) is a risk factor for development and progression of established kidney
disease, there are fewer data on microalbuminuria (>30 mg/day) as a risk factor for CKD
stage 3, particularly in those without diabetes.19+ 20

Current strategies to address the growing burden of CKD have been limited to slowing the
progression of kidney disease and cardiovascular disease (CVD) risk reduction in those with
established CKD stages 1-3. This is partly due to the fact that creatinine-based equations are
considered unreliable when eGFR is above 60 ml/min/1.73m?2. Reduction of eGFR to a level
less than 60 ml/min/1.73m? is an important outcome, given that prior studies have shown
that passing beneath this threshold is associated with subsequent C\VVD outcomes and
mortality.21 22

Identifying kidney disease markers that precede CKD stage 3 could be an important
development for prevention strategies. Serum cystatin C, a novel marker of kidney function,
may be more sensitive than serum creatinine in detecting early reductions in kidney
function.23: 24 Microalbuminuria is an early sign of glomerular damage in both those with
diabetes25728 and those without diabetes20 and may predict future loss of GFR.

We are not aware of studies that have evaluated both cystatin C and albuminuria as risk
factors for incident CKD stage 3. We therefore, examined the association of serum cystatin
C and urine albumin excretion with development of incident CKD stage 3 in the Multi-
Ethnic Study of Atherosclerosis (MESA), a large and ethnically diverse population-based
cohort.

Study population

MESA is a population study of community-dwelling adults aged 45 years to 84 years and
was designed to determine the characteristics of subclinical cardiovascular disease and its
progression. From 2000 to 2002, 6,814 adults were recruited from 6 US communities
(Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles, CA; northern Manhattan,
NY; and St. Paul, MN). Sampling and recruitment procedures have been described in detail
elsewhere.29 Individuals with symptoms or history of medical or surgical treatment for
CVD were excluded. Each field site recruited from locally available sources, which included
lists of residents, dwellings, and telephone exchanges. In the last several months of
recruitment, supplemental sources (lists of Medicare beneficiaries from the Center for
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Medicare and Medicaid Services and referrals by participants) were used to ensure adequate
numbers of minorities and elderly subjects. Institutional review board approval was obtained
at all MESA sites. For this analysis, we excluded participants with baseline eGFR < 60 ml/
min/1.73m? (n=669) and those with missing baseline urine ACR (n=25), serum creatinine
(n=25), or serum cystatin C (n=38). We also excluded those with missing serum creatinine
at the 3/ and 41 visit (n=635).

Exposure Variables

Outcome

Covariates

Cystatin C was measured using a BN Il nephelometer (Siemens) by a particle-enhanced
immunonepholometric assay (N Latex Cystatin-C) on fasting plasma specimens stored at
—70°C. The intra-assay coefficient of variation for cystatin C ranged from 2.0 to 2.8%.
Urine albumin-creatinine ratio was measured on a single spot sample using nephelometry
and is reported as micrograms of albumin per milligram creatinine. We used sex specific cut
offs (ACR >17 pg/mg in men and > 25 pg/mg in women) to define microalbuminuria
because studies have shown that women have lower creatinine excretion and thus higher
ACR values. 30 Serum creatinine was measured by rate reflectance spectrophotometry using
thin film adaptation of the creatine amidinohydrolase method on the Vitros analyzer
(www.orthoclinical.com/enus/Productinformation/ClinicalLaboratories/Pages/default.aspx).
The coefficient of variation for creatinine is 2.2%. The Vitros analyzer was previously
calibrated to a CX3 machine with the Cleveland Clinic laboratory for variance between
MESA and those of the MDRD Study clinical laboratories, and the results were nearly
identical. On the basis of calibration, all serum creatinine values were adjusted using the
following regression formula: Adjusted creatinine = 0.9954 x (serum creatinine) +
0.0208.31 Estimated GFR was calculated using 4 variable MDRD Study equation (estimated
GFR = 175 x standardized serum creatinine (SCr) ~1-154 x age ~0-203 x 1212 [if black] x
0.742 [if female]), in which GFR is expressed as mL/min/1.73m? of body surface area and
SCr in mg/dL.32

Participants were then categorized into four mutually exclusive groups: presence or absence
of microalbuminuria in those with cystatin C < 1.0 mg/L; cystatin C level > 1.0 mg/L in the
absence of microalbuminuria; and both (microalbuminuria and cystatin C >1.0 mg/L). The
cut-off of 1 mg/L for cystatin C was chosen on the basis of prior studies defining this
threshold as important for development of cardiovascular disease and all-cause mortality.21
33:34

Incident CKD stage 3 was defined as eGFR <60 ml/min/1.73m? at the 3" or 4! visit, in
addition to an annual decline in eGFR > 1 ml/min/1.73m2. The latter criterion was added to
avoid labeling a participant with CKD who had small changes in eGFR due to random
analytic variability or who had constant serum creatinine and had lower eGFR in follow-up
only because of aging. For each participant, annual change in estimated GFR was calculated
as a slope using linear regression which included the frequency of measurements and the
time between exams. This included estimation of GFR after the first eGFR value less than
60 ml/min/1.73m? to avoid including participants who may have had small changes due to
random variability who would otherwise be labeled as incident CKD stage 3 cases. The 1,
3" and 4t visits took place between July 2000 until August 2002, March 2004 until
September 2005 and September 2005 through May 2007, respectively.

All participants completed self-administered questionnaires and standardized interviews by
trained research staff to collect information on demographic characteristics, medical history,
medications, alcohol and tobacco use. Trained and certified clinic staff obtained blood
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pressure, anthropometric measurements, and assessed medication use during each visit.
Hypertension was defined as self-reported treatment for hypertension or a systolic blood
pressure =140 mmHg or diastolic BP >90 mmHg. Diabetes was defined as reported history
of diabetes, use of insulin or oral hypoglycemic agent, or fasting glucose value 126 mg/dl.
Body mass index was calculated as weight in kilograms divided by height in meters squared.
C-reactive protein was measured using the BN Il nephelometer.

Statistical Analyses

Descriptive analyses were used to summarize baseline characteristics of the study
participants across the four groups defined previously. Continuous data were presented as
mean + SD, and categorical variables as proportions. Spearman correlation was used to
assess the correlation between albuminuria and cystatin C and Pearson correlation was used
to assess the correlation between eGFR and creatinine with cystatin C. A spline of cystatin C
after adjusting for age, gender, and race and excluding the top and bottom 2.5% was plotted
to evaluate the shape of the relationship with outcomes. Poisson regression was used to
model the annual incidence of CKD and the rate in each group. Cystatin C and ACR were
initially modeled as continuous variables to calculate the rate ratio of incident CKD stage 3
per SD increment of each unit change to enable a comparison between the two. Because
ACR levels were skewed, ACR was log transformed and analyses were repeated per
doubling of the raw ACR. Analyses were performed using sex-specific quartiles of ACR,
cystatin C quartiles and in groups of microalbuminuria and cystatin C > 1 mg/L. Covariates
were selected for multivariate analyses based on their biologically plausible potential to
confound the association between cystatin C, albuminuria, and incident CKD stage 3. Initial
analyses were unadjusted, and subsequent analyses were adjusted for demographic factors,
cardiovascular risk factors and further adjusted for cystatin C in the ACR analyses and for
ACR in the cystatin C analyses. Estimated GFR defined by MDRD Study equation was
added to the final model to evaluate whether the importance of cystatin C was independent
of the baseline eGFR. Interactions were assessed between cystatin C and microalbuminuria
and race/ethnicity/age and each other.

Several sensitivity analyses were performed to assess the consistency of our results.
Analyses were repeated using the new CKD-EPI equation for estimating GFR, as it may be
more accurate and less biased than the MDRD Study equation at estimated GFR >60 ml/
min/1.73m2.1 The CKD-EPI equation is eGFR = 141 x minimum(Scr/k, 1)* x
maximum(Scr/i, 1)71-209 x 0.993A%€ x 1.018 [if female] x 1.159 [if black], where « is 0.7
for females and 0.9 for males, o is —0.329 for females and —0.411 for males.1 Also, because
an annual decline in eGFR of > 1 ml/min/1.73 m2 may be considered too low to define
incident CKD stage 3, we repeated the analyses requiring an annual decline in eGFR > 3 ml/
min/1.73m?2. Since most studies focus on eGFR <60 ml/min/1.73m?2 without requiring a
certain rate of decrease of eGFR, our analysis was repeated after excluding the annual
decline of > 1 ml/min/1.73m? from our working definition. Repeat analyses were also
performed excluding patients with history of diabetes at baseline. We also analyzed the data
where we defined incident CKD stage 3 as eGFR < 60 ml/min/1.73 m?2 at visit 4 along with
annual decline in eGFR > 1 ml/min/1.73m2. Finally, we performed additional adjustment for
waist-to-hip ratio, the metabolic syndrome (using National Cholesterol Education Program
criteria),35 as well as blood pressure in follow up and incident heart failure or coronary
disease prior to incident CKD stage 3. Analyses were performed using S-plus (release 8.0,
http://spotfire.tibco.com/products/s-plus/statistical-analysis-software.aspx) and SPSS
statistical software (www.spss.com). We considered two-tailed P < 0.05 as statistically
significant.
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Results

Characteristics of Study Participants

Of the 6,814 MESA participants, 1,392 participants were excluded, resulting in a sample of
5,422 participants for analysis. Of these, 4,888 participants (90%) had creatinine measured
at the 34 or the 4™ visit. Participants who were excluded for missing creatinine at follow-up
were older, had higher baseline prevalence of diabetes and hypertension, higher
triglycerides, C-reactive protein, and albumin-creatinine ratio (ACR) levels and lower eGFR
compared to the participants included in the analysis (data not shown).

Included participants had a mean age of 61 years and 49% were men, 38% were Caucasian,
28% African American, 22% Hispanic, and 12% Chinese. Forty one percent had
hypertension and 11% had diabetes. At baseline, 13.7% had cystatin C > 1 mg/L without
microalbuminuria, 8.4% had microalbuminuria with cystatin C < 1 mg/dl, and 2.7% had
cystatin C > 1 mg/L with microalbuminuria. Mean (SD) eGFR was 82 +/— 15 ml/min/
1.73m?2. Participants with cystatin C > 1 mg/L and microalbuminuria were older and had
higher BMI and C- reactive protein levels. They were also more likely to be men and have a
higher prevalence of diabetes and hypertension (Table 1). The Spearman correlation
between cystatin C and ACR was 0.041 (P=0.002). The Pearson correlation between cystatin
C and creatinine was 0.381 (p<0.001) and between cystatin C and eGFR was —0.414
(p<0.001).

Incident CKD stage 3 rate ratios by level of cystatin C and ACR

Median follow-up was 4.7 (25th-75! percentile, 4.5-4.9) years and 554 (10%) participants
developed incident CKD stage 3, with a mean (SD) eGFR of 53 +/— 7 ml/min/1.73mZ2. The
adjusted spline for cystatin C showed a linear increase in rate ratios of incident CKD stage 3
with higher levels of cystatin C (Figure 1). Annual rates of incident CKD stage 3 were 1.5%,
2.6%, 4.6%, 7.7% (p <0.001) in groups with cystatin C <1 mg/L in absence and presence of
microalbuminuria, and cystatin C >1 mg/L in absence and presence of microalbuminuria,
respectively. Higher levels of cystatin C were associated with greater incident CKD stage 3
rates in the presence or absence of microalbuminuria (Figure 2) and microalbuminuria was
associated with increased rates at all levels of cystatin C.

In adjusted continuous analysis, each standard deviation of cystatin C and ACR conferred an
independent risk for incident CKD stage 3, although the risks were higher for cystatin C
(Table 2). After adjustment for confounders and each other, each linear 0.15 mg/L (SD)
higher baseline cystatin C was associated with 57% higher incidence of CKD stage 3 and
each doubling of ACR was associated with 14% higher incidence of CKD stage 3. Further
adjustment for eGFR decreased the risk per SD of cystatin C to 21%.

When considered in groups, both microalbuminuria and cystatin C > 1 mg/L were
associated with higher adjusted rate ratios for incident CKD stage 3 (Table 3). In adjusted
analysis, higher quartiles of cystatin C were associated with steadily increasing incidence of
CKD stage 3 with the uppermost quartile (>0.98) having a six-fold higher risk than the
lowest quartile (Table 4). The association of higher quartiles of ACR with incident CKD
stage 3 did not reach statistical significance. When further adjusted for eGFR, cystatin C
remained significantly associated with incident CKD stage 3, though its importance was
attenuated. The results for microalbuminuria changed slightly, with the highest quartile now
statistically significant.

There was no interaction noted between cystatin C and microalbuminuria on the
multiplicative scale (p = 0.2) or on the additive scale with a synergy index of 1.51 (95% ClI
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0.87-2.14). Also there were no evidence of interactions of cystatin C or microalbuminuria
with diabetes and race (p > 0.3 for all) or with age (p>0.1).

Sensitivity Analyses

In sensitivity analysis using the new CKD-EPI equation, 5239 participants had eGFR > 60
ml/min/1.73m? at baseline, of which 652 participants (12%) developed CKD stage 3 and the
incidence rates in the four groups were slightly higher than using the MDRD Study
equation, at 1.8%, 3.6%, 5.9%, 8.3% (p <0.001) in groups with cystatin C <1 mg/L in
absence and presence of microalbuminuria, cystatin C =1 mg/L without microalbuminuria,
and cystatin C >1 mg/L with microalbuminuria, respectively. Nearly identical incidence rate
ratios were obtained using continuous analyses; each linear 0.15 mg/L increase in cystatin C
was associated with 50% higher incidence of CKD stage 3 (95% Cl, 1.40-1.61) and each
doubling of ACR was associated with 9% (95% CI, 1.02-1.16) higher incidence of CKD
stage 3. When a more stringent definition of incident CKD stage 3 was used (i.e. annual
decline in eGFR > 3 ml/min/1.73m?), 406 (7.5%) participants developed CKD stage 3. In
the adjusted analysis (which includes additional adjustment for ACR and cystatin C in the
respective analyses, but not additional adjustment for eGFR), each linear 0.15 mg/L increase
in cystatin C was associated with 57% higher incidence of CKD stage 3 (95% Cl, 1.43—
1.71) and each doubling of ACR was associated with 20% (95% CI, 1.10-1.29) higher
incidence of CKD stage 3. When incident CKD stage 3 was defined only as eGFR < 60 ml/
min/1.73m?, 575 participants (10.6%) developed incident CKD stage 3, with nearly identical
incidence rate ratios (data not shown). After excluding participants with diabetes, 442
(9.2%) developed incident CKD stage 3, with almost identical rate ratios obtained using
continuous analysis (data not shown). When incident CKD stage 3 was defined as eGFR <
60 ml/min/1.73m? at visit 4 along with annual decline in eGFR > 1 ml/min/1.73m?, 5397
participants were included in the analysis with 529 participants (9.8%) developing incident
CKD stage 3. Both microalbuminuria and cystatin C > 1 mg/L were associated with higher
adjusted rate ratios for incident CKD stage 3 and the results were essentially unchanged
(data not shown). Finally, additional adjustment for either waist-to-hip ratio, the metabolic
syndrome, follow-up blood pressure or incident cardiovascular events did not significantly
change the results (data not shown).

Discussion

In this analysis we demonstrate that higher serum cystatin C and microalbuminuria are
independently associated with incident CKD stage 3 in a large representative multi-ethnic
cohort. The risks of incident CKD stage 3 associated with increased cystatin C and
microalbuminuria were independent of each other and baseline eGFR, and there was no
statistically significant interaction between the two variables. Furthermore, there was no
overt difference in these relationships among groups based on diabetes or race/ethnicity.

Cystatin C is likely associated with incident CKD stage 3 because it is a sensitive measure
of GFR. Interestingly, we noted that cystatin C was a risk factor for incident CKD stage 3
and added information beyond that provided by baseline kidney function. This result is
consistent with a sub-analysis from the Cardiovascular Health Study among participants
with eGFR > 60 ml/min/1.73m2, in which cystatin C > 1 mg/L was associated with incident
CKD stage 3 independent of baseline creatinine.21 In our study cystatin C was able to
distinguish a gradient of risk across quartiles among those with eGFR > 60 ml/min/1.73m?
including those without microalbuminuria. The exact reason why cystatin C adds to eGFR
as a risk factor for incident CKD stage 3 is not clear and cannot be evaluated by this study.
The two possibilities include that cystatin C is a better estimate of measured GFR in those
with eGFR >60 ml/min/1.73m223: 36: 37 the range in which the MDRD Study and CKD
EPI equations are known to be less accurate.38' 39 Alternatively, cystatin C reflects other
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factors independent of measured GFR that are associated with kidney disease progression.
40 41

Several studies have assessed microalbuminuria as risk factor for ESRD; 42744 however,
there are fewer studies that have evaluated microalbuminuria as a risk factor for incident
CKD stage 3 in patients without diabetes. There are several reasons why microalbuminuria
may be associated with incident CKD stage 3. In patients with diabetes it is well recognized
that microalbuminuria may reflect incipient glomerular damage.45 In patients without
diabetes, microalbuminuria may also reflect more widespread vascular and endothelial
dysfunction,46 which are risk factors for progression of CKD.47751 Our results are
consistent with prior data in patients with Type 152 or Type 2 diabetes53 as well as in those
without diabetes.54: 55 In the HOPE (Heart Outcomes Prevention Evaluation) Study,
albuminuria below the level of microalbuminuria was associated with development of
macroalbuminuria in patients with and without diabetes.56 Similarly, in the PREVEND
(Prevention of Renal and Vascular End-stage Disease) Study in individuals with eGFR >
60ml/min/1.73m?2, higher albumin excretion even in the normal range was associated with
development of reduced kidney function (ie, <60ml/min/1.73m?2) in the general population.
20 The latter is consistent with CVD and all-cause mortality endpoint studies, which have
shown a graded increase in risk with incremental increase in ACR, even below the
microalbuminuria range.57' 58 In our study, microalbuminuria was associated with incident
CKD stage 3, as was ACR on a linear and log linear scale.

There are several potential implications of these results. Cystatin C and microalbuminuria
should be evaluated as screening tools to identify individuals at highest risk for development
of CKD stage 3. Also, consideration should be given to evaluating interventions that are
currently recommended for patients with established CKD, for example, tighter control of
blood pressure, use of angiotensin converting enzyme inhibitors or angiotensin receptor
blockers, in those without CKD but with high levels of cystatin C and albuminuria.

The strengths of our study include the use of data from a community-based cohort that is
large, racially and ethnically diverse, with detailed ascertainment of risk factors, covariates
and outcomes. To avoid misclassification of participants due to imprecision of the MDRD
Study equation in the range of near normal, we defined incident CKD stage 3 as the
presence of both an eGFR < 60 ml/min/1.73m? at the 3" or 41" visit and an annual decline in
eGFR > 1 ml/min/1.73m2. Furthermore, our results were consistent despite several
sensitivity analyses.

There are also several limitations that need to be considered. We examined risk factors for
incident CKD stage 3 during only 4.7 years of follow-up; however, we studied a large cohort
and noted a 10-12% cumulative incidence of CKD stage 3, so there was adequate power to
evaluate the characteristics of interest. The statistical power to detect interactions,
particularly between microalbuminuria and diabetes, but also between microalbuminuria and
cystatin C, may have been limited. There was only one sample of urine for ACR estimation
and ACR is known to vary considerably on a day-to-day basis. Random fluctuations in ACR
would have biased our results towards the null and thus we may have underestimated the
importance of albuminuria. Our estimate of kidney function is limited, as we do not have
actual measurement of GFR. Those with creatinine values in follow up were slightly
healthier than those without follow up creatinine values but this most likely would have
biased our results to the null. Furthermore, we acknowledge that cystatin C may be
influenced somewhat by factors other than GFR such as age, gender, body fat, smoking, and
inflammation; despite adjustment for these variables, residual confounding may have
remained.40' 41
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summary, serum cystatin C and microalbuminuria were independent risk factors for

development of incident CKD stage 3 in this multiethnic cohort. Future studies should
evaluate whether these subclinical markers may be useful for screening strategies and
whether intervention based on these screening strategies can improve patient outcomes.
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Figure 1.

Cystatin C spline evaluating the shape of the relationship with incident rate ratios of chronic
kidney disease stage 3 after adjusting for age, gender, and race and excluding the top and
bottom 2.5%. Conversion factor for units: Cystatin C in mg/L to nmol/L, x74.9
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Figure 2.
Annual unadjusted rate of incident chronic kidney disease stage 3 by quartiles of cystatin C
and presence of microalbuminuria. Conversion factor for units: Cystatin C in mg/L to nmol/
L, x74.9
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Table 2

Continuous analysis for rate ratio of incident CKD stage 3

Rate ratio (95% CI)

Cystatin C (per SD=0.15)

Unadjusted 1.62 (1.48-1.77)
Adjusted* 1.57 (1.45-1.70)
Additional adjustment for ACR 1.57 (1.45-1.69)

Additional adjustment for ACR & eGFR 1.21 (1.13-1.30)
ACR (per doubling, i.e., log transformed)

Unadjusted 1.34 (1.26-1.42)
Adjusted* 1.15 (1.07-1.24)
Additional adjustment for CysC 1.14 (1.06-1.22)

Additional adjustment for CysC & eGFR 1.18 (1.10-1.27)

Abbreviations and definitions: ACR, albumin-creatinine ratio; eGFR, estimated glomerular filtration rate (calculated by the MDRD Study
equation); Cl, confidence interval; SD, standard deviation; CysC, cystatin C; CKD, chronic kidney disease

*
adjusted for age, gender, race, body mass index, systolic blood pressure, diastolic blood pressure, antihypertensive medications, diabetes, low
density lipoprotein cholester ol, high density lipoprotein cholesterol, smoking, education
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Table 3

Adjusted incident CKD stage 3 rate ratios in each group

CysC and MA groups” Rate ratio (95% Cl)

CysC < 1 mg/L without MA 1.00 (Reference)

MA with CysC < 1 mg/L 1.57 (1.19-2.07)
CysC = 1 mg/L without MA 1.37 (1.13-1.66)
CysC > 1 mg/L with MA 2.12 (1.61-2.80)

Note : Conversion factors for units : CysC mg/L to nmol/L, x74.9

Abbreviations: MA, microalbuminuria; Cl, confidence intervals ; CKD, chronic kidney disease ; CysC, cystatin C

*
adjusted for age, gender, race, body mass index, systolic blood pressure, diastolic blood pressure, antihypertensive medications, diabetes, low
density lipoprotein cholesterol, high density lipoprotein cholesterol, smoking, education, estimated glomerular function rate
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