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Abstract

OBJECTIVES—This study sought to evaluate the relationship between microalbuminuria (MA)

and the development and progression of atherosclerosis, as assessed by incident and progression

of coronary artery calcification (CAC).

BACKGROUND—MA is associated with an increased risk of cardiovascular disease, but the

mechanism by which MA imparts this increased risk is not known.

METHODS—The MESA (Multi-Ethnic Study of Atherosclerosis) study is a prospective cohort

study of 6,814 self-identified White, African-American, Hispanic, or Chinese participants free of

clinical cardiovascular disease at entry. Of the 6,775 individuals with available urine albumin data,

we excluded 97 subjects with macroalbuminuria and 1,023 with missing follow-up CAC data. The

final study population consists of 5,666 subjects.

RESULTS—At baseline, individuals with MA were more likely to have CAC >0 compared with

those without MA (62% vs. 48%, p < 0.0001). During a mean follow-up of 2.4 ± 0.8 years, those

with MA and no CAC at baseline were more likely to develop CAC (relative risk [RR]: 2.05, 95%

confidence interval [CI]: 1.41 to 3.02, p < 0.0001) as compared with those without MA in

demographic-adjusted analyses. After multivariant adjustment, the relationship was attenuated but

remained statistically significant (RR: 1.76, 95% CI: 1.19 to 2.61, p = 0.005). Among those with

CAC at baseline, those with versus those without MA had a 15 (95% CI: 8 to 22, p < 0.0001)
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volume units higher median increase in CAC in demographic-adjusted analyses. After

multivariant adjustment, MA remained associated with incident CAC (RR: 1.76, 95% CI: 1.19 to

2.61, p = 0.005) and with progression of CAC (median increase in CAC volume score of 9 [95%

CI: 2 to 16, p = 0.009]), relative to those without MA.

CONCLUSIONS—This large multiethnic, population-based study of asymptomatic individuals

demonstrates an increased risk of incident CAC as well as greater CAC progression among those

with MA. Further study is needed to determine the degree to which MA precedes and predicts

progression of atherosclerosis and how this information can be used to reduce cardiovascular

events.
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Analysis of cohort studies including more than 15,000 participants have demonstrated a

progressive increase in cardiovascular events with increasing urine albumin excretion in

diabetic, nondiabetic, symptomatic, and asymptomatic individuals (1–3). Additionally, a

reduction in urine albumin excretion at 1 year was associated with a reduction in the risk of

the composite end point of cardiovascular death, myocardial infarction, or stroke in 8,206

subjects treated with antihypertensive medications (4).

The mechanism by which increased urine albumin excretion contributes to cardiovascular

risk is not entirely clear. Studies have demonstrated that various measures of endothelial

function correlate with microalbuminuria (MA) (defined as excretion of 30 to 300 mg

albumin/day) in older adults and diabetic patients (5–7). Recently, Kramer et al. have

demonstrated that the presence of MA is associated with a higher burden of coronary artery

calcification (CAC) in the MESA (Multi-Ethnic Study of Atherosclerosis) study (8).

However, data on whether MA is associated with progression of atherosclerosis are sparse.

CAC is a measure of atherosclerosis that has been shown to predict future cardiovascular

events in multiple asymptomatic populations (9–18), and limited data suggest that

progression of CAC may predict future cardiovascular disease risk with greater accuracy

than a single measure of CAC (19,20).

The MESA study provides a unique opportunity to study the association of increasing

degree of urine albumin excretion with progression of CAC in a large, gender-balanced

asymptomatic cohort (21). We hypothesized that asymptomatic individuals with MA would

have higher degrees of CAC progression and that this relationship will be independent of

other coronary heart disease (CHD) risk factors. Establishing a relationship between MA

and CAC progression would add to our understanding of how MA contributes to

cardiovascular risk. It would support the hypothesis that MA is a global measure of vascular

health (22)—that is, a summation measure of the impact that known and/or unknown

vascular insults (hypertension, dyslipidemia, smoking, etc.) have on an individual’s

vasculature.
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METHODS

MESA is a prospective epidemiologic study of the prevalence, risk factors, and progression

of subclinical cardiovascular disease in a multiethnic cohort. The study design and methods

has been previously published (21). Briefly, 6,814 participants aged 45 to 84 years who

identified themselves as White, African American, Hispanic, or Chinese were recruited from

6 U.S. communities (Forsyth County, North Carolina; Northern Manhattan and the Bronx,

New York; Baltimore City and Baltimore County, Maryland; St. Paul, Minnesota; Chicago,

Illinois; and Los Angeles County, California) in 2000 to 2002. These participants were free

of clinical cardiovascular disease (myocardial infarction, angina, stroke, transient ischemic

attack, heart failure, atrial fibrillation, revascularization, valve replacement, pacemaker or

defibrillator implantation, or taking nitroglycerin).

An approximately equal number of men and women were recruited according to pre-

specified age and race/ethnicity strata. All participants gave informed consent, and the study

protocol was approved by the institutional review board at each site.

Medical history, anthropometric measurements, and laboratory data for the present study

were taken from the first examination of the MESA cohort (July 2000 to August 2002) as

previously described (21). Urine albumin and creatinine were measured at the Clinical

Chemistry Laboratory at Fletcher Allen Health Care (Burlington, Vermont). Urine albumin

and creatinine were measured by nephelometry and the rate Jaffe reaction, respectively. Spot

urine albumin (µg/ml)-to-creatinine (mg/ml) ratios (UACRs) were calculated for all

participants except those with missing urine data (n = 39). Participants were classified as

those with MA (30 to 300 mg albumin/g creatinine) and those with normal UACR (<30

mg/g). This study does not evaluate the relationship between chronic kidney disease and

CAC, and therefore, those with macroalbuminuria, UACR >300 mg/g, were excluded from

the study.

Measurement of CAC

CAC was measured using either electron-beam tomography (EBT) (3 sites) or multidetector

computed tomography (MDCT) (3 sites). Participants were scanned twice consecutively,

and each scan was read by a single trained physician-reader independently at a centralized

reading center (Harbor-UCLA Medical Center/ Los Angeles Biomedical Research Institute,

Torrance, California). The methodology for acquisition and interpretation of the scans, as

well as reproducibility of the readings, has been reported previously (23). The results from

the 2 scans were averaged to provide a more accurate point estimate of the amount of

calcium present. Calcium scores were adjusted using a standard calcium phantom that was

scanned along with the participant. The phantom contained 4 bars of known calcium density,

and was used to calibrate the X-ray attenuation level between measurements conducted on

different machines (24). Any detectable calcium was defined as an Agatston CAC score

greater than 0 (25); a minimum focus of calcification was based on at least 4 contiguous

voxels, which resulted in identification of calcium of 1.15 mm3 for the MDCT scanners and

1.38 mm3 for the EBT scanners. The nominal section thickness was 3.0 mm for EBT

scanners and 2.5 mm for MDCT.
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To quantify CAC progression, a second CAC measurement was performed on one-half of

the cohort (randomly selected) at a second exam (September 2002 to January 2004) and on

the other half of the cohort at a third exam (March 2004 to July 2005), an average of 1.6 and

3.2 years after the first scan, respectively (overall average time between scans of 2.4 years).

The distribution of CAC in MESA at baseline by age, gender, and race has been published

previously (26).

Statistical analysis

All participants with both a baseline and a follow-up CAC measurement were included in

the analysis. The presence of CAC was defined as an Agatston score >0. Progression of

CAC was defined in 2 ways as previously described by Kronmal et al. (27); incident CAC

defined as detectable CAC at the follow-up examination (either examination 2 or 3) in a

participant free of detectable CAC at examination 1; and change in CAC volume score in

participants who had detectable CAC at examination 1.

The association of incident CAC and median increase in CAC volume with presence of MA

as well as increasing UACR as a continuous variable (natural logarithmic transformation)

was assessed. Relative risk regression was used to model the probability of incident-

detectable CAC among those free of CAC at examination 1. The probability of incident

CAC was modeled as a function of covariates using a generalized linear model with log link

and binomial error distribution. Relative risk regression was used rather than logistic

regression because the incidence of new calcification was >10%, so the odds ratio is an

overestimate of the relative risk. To estimate the progression of CAC among those with

detectable CAC at baseline, we used median regression analyses. These 2 end points were

modeled separately and stratified on race/ethnicity. Risk factors considered include age,

gender, MESA site, follow-up duration, body mass index (height/meter2), hypertension,

diabetes mellitus, cigarette smoking, family history of CHD, cholesterol levels, and use of

cholesterol-lowering medications.

Two sets of multivariable models were examined in a hierarchical fashion: 1) adjusted for

age, gender, race, MESA site, and duration of follow-up; and 2) adjusted for age, gender,

race, MESA site, follow-up duration, body mass index, hypertension, diabetes mellitus,

cigarette smoking, family history of CHD, low-density lipoprotein (LDL), high-density

lipoprotein (HDL), triglycerides, and cholesterol-lowering medications. Baseline CAC was

not included in our multivariant analysis because inclusion would lead to overcorrection/

overmodeling because the factors that produce baseline CAC are certainly contributory to

CAC progression. Effect modification by scan type, systolic blood pressure as a continuous

variable, creatinine level, and estimated glomerular filtration rate (Cockroft and Gault

equation) was evaluated. Race was not adjusted for race-specific analyses. An interaction

term with MA and race/ethnicity was created to assess for interaction.

We used chi-square tests for categorical variables and t test for continuous variables to test

for differences between participants with and without MA to assess for baseline differences

in demographics and cardiovascular risk factors.
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All statistical analyses were completed using STATA software version 8 (College Station,

Texas).

RESULTS

The current study included the 6,775 individuals that had data available on UACR. We

excluded 97 subjects with macroalbuminuria; in addition, 1,023 with missing follow-up

computed tomography were not considered in the final study analysis. The final study

population consists of 5,666 MESA participants (mean age 62 ± 10 years; 48% males).

Overall, 424 (7%) individuals had UACR in the range of 30 to 300 mg/g (with MA) (Fig. 1).

Table 1 describes the baseline characteristics between those with and without MA (UACR

<30 mg/g). Whites were less likely to have MA than Chinese, African-American, and

Hispanic study participants. Those with MA were older and more likely to have

hypertension, diabetes mellitus, higher triglycerides, lower HDL, higher body mass index,

more likely to be on cholesterol-lowering medications, have a higher serum creatinine and

lower estimate glomerular filtration rate but less likely to have a family history of heart

attack than those without MA (Table 1).

At baseline, individuals with MA were more likely to have CAC >0 compared with those

with normal UACR (62% vs. 48%, p < 0.0001) (Fig. 1). In addition, among those with

CAC, both volume score and Agatston score were higher in those with MA (p < 0.01).

Among the 2,911 participants (51%) without detectable CAC at baseline, 462 (16%) went

on to develop incident CAC over an average of 2.4 ± 0.8 years of follow-up. The incidence

of CAC (per 100 person-years) was significantly higher among those with MA; this feature

was observed in all racial/ethnic groups (Fig. 1 and Fig. 2).

The relative risks for incident CAC (among those without CAC at baseline) was elevated for

those with MA and those with increasing levels of log-transformed UACR (Tables 2 and 3).

In our study, compared with participants with UACR <30 mg/g, those with MA had a higher

risk of incident CAC (relative risk [RR]: 2.05, 95% confidence interval [CI]: 1.41 to 3.02, p

< 0.0001) in the analysis adjusted for demographic factors and site (model 1). After further

adjustment for CHD risk factors, the relationship was somewhat attenuated but remained

statistically significant (RR: 1.76, 95% CI: 1.19 to 2.61, p = 0.005). As shown in Table 3,

continuous UACR (log-transformed) was also significantly associated with incident CAC,

with a relative risk ratio of 1.15 (95% CI: 1.03 to 1.30). In analyses stratified by ethnicity,

the relative risk of incident CAC was not consistently greater by MA and increasing levels

of UACR (logtransformed) among any of the ethnic groups studied (Tables 2 and 3), and no

interaction between race and MA for incident CAC was detected (data not shown).

However, a significant interaction was present for an increased risk of incident CAC with

increasing levels of UACR (log-transformed) among Chinese as compared with Whites (p =

0.02). Adjustment for type of scanner used to access CAC, systolic blood pressure as a

continuous variable, creatinine, or estimate glomerular filtration rate had no significant

impact on the results.
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Among those with CAC at baseline, the median absolute progression of CAC was

significantly higher by presence of MA (Fig. 1 and Fig. 3). The absolute median CAC

increase in those with and without MA was 47 and 28, respectively (p < 0.0001). From

median regression analyses (Table 4), median progression among those with MA was 15.0

(95% CI: 8.1 to 21.9, p < 0.0001) units higher (volume) than those without MA in

demographicadjusted analyses; the respective change was reduced to 9.4 units (95% CI: 2.3

to 16.5, p = 0.009) in the fully adjusted analyses (model 2). Although the association

between median increase in coronary calcium volume and MA/log-transformed UACR

remained statistically significant only in African-American participants in the fully adjusted

model (Tables 4 and 5). However, no interaction between race and MA or UACR (log-

transformed) for progression of CAC was detected (data not shown). Adjustment for type of

scanner used to access CAC, systolic blood pressure as a continuous variable, creatinine, or

estimate glomerular filtration rate had no significant impact on the results.

DISCUSSION

The present study examined the association between MA and development of CAC as well

as progression of CAC in a large, community-based sample of asymptomatic individuals.

MA is associated with cardiovascular events and appears to be a measure of vascular health

(22). Our finding extends these observations by demonstrating that in individuals free of

CHD, MA is associated with a greater incidence and degree of progression of CAC

compared with those without MA, independent of traditional CHD risk factors, creatinine, or

estimate glomerular filtration rate.

MA has been independently associated with multiple markers of subclinical atherosclerosis,

including left ventricular hypertrophy, carotid artery wall intima–media thickness, pulse

wave velocity, carotid plaque number, and carotid and coronary artery calcium (28–30).

Additionally, we have previously demonstrated an association between MA and CAC in the

MESA population (8). However, only scant data exist regarding the influence of MA in the

progression of subclinical atherosclerosis. The Tromoso study, a prospective study of 4,037

subjects without diabetes who were followed for an average of 7 years, demonstrated a

positive relationship between baseline MA and the incidence and progression of plaque (size

and number) in the carotid arteries using ultrasonography (31). After controlling for

traditional cardiovascular disease risk factors, MA was also associated with both the number

of new plaques and the total plaque area at follow-up among 2,203 subjects without any

identifiable carotid plaque at baseline. The PREDICT (The Progress of Coronary Heart

Disease in Type 2 Diabetes as Measured by Coronary Calcium Score From Electron Beam

Computed Tomography) study (32) evaluated 202 type 2 diabetic patients without known

clinical cardiovascular disease with sequential CAC scans. After a mean follow-up of 4

years, UACR was positively associated with CAC progression after controlling for baseline

CAC score (32). Costacou et al. (33) demonstrated a positive association between MA and

CAC progression in a study of 222 type 1 diabetics with CAC scans at baseline and 4 years

later. This relationship remained significant after controlling for baseline CAC, duration of

diabetes diagnosis, body mass index, and non-HDL cholesterol. Insulin dose, hypertension,

systolic blood pressure, white blood cell count, and angiotensin-converting enzyme inhibitor
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use did not impact model fit, and results were unchanged when restricted to the 183 patients

free of clinically recognized cardiovascular disease.

Our study results are consistent with the findings from the studies highlighted in the

previous text and add to current literature by demonstrating that MA is associated with

incident CAC and CAC progression among low-risk individuals with and without detectable

CAC at baseline. Among those with CAC = 0 at baseline, we observed nearly a 2-fold

increased incidence of CAC among those with MA. These associations were attenuated but

remain significant even after adjustment for CHD risk factors, and creatinine or estimated

glomerular filtration rate had no significant impact on the results. Among those with

detectable coronary atherosclerosis at baseline, by coronary calcium measures, the presence

and degree of MA was associated with the degree of coronary atherosclerosis progression

(coronary calcium) after taking into account traditional CHD risk factors. Creatinine or

estimated glomerular filtration rate had no significant impact on this relationship. No

significant interaction between MA, as it relates to incident CAC and CAC progression, and

ethnic groups was found. Only 1 race/MA interaction was detected for an increased risk of

incident CAC with log UACR among Chinese as compared with Whites. This may be due to

smaller sample size within the subethnic groups. Further study will be needed to determine

whether MA is a more sensitive and/or specific marker of the progression of atherosclerosis

among any specific ethnic/racial group.

The mechanisms for the increased incidence and accelerated progression of coronary

atherosclerosis in the presence of MA are unclear. Several studies, including data from our

study, have established MA as an independent risk factor for cardiovascular disease in

prospective analyses (1–3,34). This independent relationship remains true with respect to

renal insufficiency, which in itself is a risk factor for cardiovascular disease. This was most

clearly demonstrated in an analysis of over 14,000 individuals with over 13 years of follow-

up in the NHANES III (National Health and Nutrition Examination Survey III) study, which

established estimated glomerular filtration rate and MA to be independent risk factors for

cardiovascular disease events (34). MA may be the result of vascular damage to the

glomerulus. Although this damage to the kidney is reflected as albumin in the urine, the

process of vascular damage resulting in atherosclerosis is likely ongoing in all vascular beds,

including the heart. Thus, MA may be a cumulative measure of the impact of multiple

factors on vasculature health. MA has been shown to correlate with depressed vascular

function, including the coronary artery vasculature as measured by vasodilatory response to

various stimuli (5,6).

In our study, MA preceded the detection of atherosclerosis by CAC in the majority of

participants. A limitation of our study is that although UACR is a dynamic measure

impacted by multiple factors, including antihypertensive medications, only a single UACR

was used. It is not known whether repetitive UACR measures would have lead to an even

larger proportion of MA preceding CAC detection. Speculation as to why MA precedes

CAC include the glomerulus may be more sensitive to vascular damage than the coronary

arteries, or MA may reflect the lag time between the development of atherosclerosis and

calcification of arthrosclerotic plaque. It is also possible that MA is a more sensitive

measure of atherosclerotic damage in the glomerulus than detection of calcification by
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computerized tomography in the coronary arteries. Regardless, these findings support the

notion that MA is an early measure of systemic vascular health/damage. It is important to

note that we have used CAC progression as a measure of atherosclerosis progression in our

study. Although extensive and robust data exist on the prognostic value of CAC severity in

predicting adverse cardiovascular outcome, less data exist as to whether CAC progression

may provide additional information regarding the heightened risk of future events. A study

of 495 asymptomatic patients with baseline CAC examined the impact of CAC progression

at 2 years on incident myocardial infarctions (19). Progression of coronary artery calcium on

the follow-up scan was associated with a 17-fold increased relative risk (p < 0.0001) of a

myocardial infarction as compared with those without progression of coronary calcium.

Further studies are needed to more clearly delineate the role of CAC progression in risk

prediction and evaluation of treatment efficacy. In addition, it is also yet to be seen among

participants with MA whether a differential outcome will exist according to the severity of

CAC progression.

Our study findings raise 3 important questions. First, should we assess the presence of MA

in all asymptomatic patients? Given that the association between MA and increased

cardiovascular (CV) risk is well established, and the reduction in urine albumin excretion at

1 year was associated with a reduction in CV risk in 1 study, screening for MA to help

identify patients that are at increased risk for CV disease is reasonable if the results will lead

to a therapeutic change (prescribing aspirin, statin, angiotensin-converting enzyme

inhibitor). It should be noted that currently, no professional society guidelines exist for MA

screening to identify individuals at increased CV risk. Second, can we use MA to select

which patients should undergo CAC testing? Currently, an American Heart Association

scientific statement gives a tepid endorsement (class IIb, Level of Evidence: B) for CAC

testing in intermediate-risk patients, to refine clinical risk prediction, and to select patients

for more aggressive target values for lipid-lowering therapies (35). The presence or absence

of MA can potentially aid in the decision to proceed or forgo CAC testing based on the

threshold for treatment in an individual patient. The third question our study finding poses is

can we use MA to determine which patients on whom we should perform follow-up CAC

testing in the future? Although in our large, population-based study we demonstrate an

association between MA and CAC progression, we believe additional data confirming these

findings and more thoroughly defining the impact of CAC progression of clinical outcomes

are needed before clinical utility recommendations can be made about MA testing and

sequential CAC testing.

In summary, this large, population-based study demonstrates an increased risk of incident

CAC as well as greater CAC progression among those with MA. Further study is needed to

determine the degree to which MA precedes and predicts progression of atherosclerosis and

how this information can be used to reduce cardiovascular events.
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ABBREVIATIONS AND ACRONYMS

CAC coronary artery calcification

CHD coronary heart disease

EBT electron-beam tomography

HDL high-density lipoprotein

MA microalbuminuria

UACR urine albumin-to-creatinine ratio
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Figure 1. Study Population Subgroups According to Baseline MA and CAC as Well as Follow-
Up CAC Progression
This figure illustrates the breakdown of those with versus those without microalbuminuria

(MA) at baseline, whether coronary artery calcium (CAC) was identified in these subjects,

the percentage of subjects without CAC at baseline who developed CAC on follow-up, and

the median increase in CAC among those with CAC at baseline. At baseline, a greater

percentage of CAC was identified among those with MA (62%) versus those without MA

(48%). A greater likelihood of developing incident CAC at follow-up among those with

(28%) versus those without (15%) MA, and a greater median progression of CAC among

those with CAC at baseline and MA (+47) versus those without MA (+28) were identified.
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Figure 2. Incident CAC per 100 Person-Years According to MA and Stratified by Race/Ethnicity
Overall, those with baseline microalbuminuria (MA) (solid bars) had greater incident

coronary artery calcium (CAC) as compared with those without MA (open bars). In this

univariant analysis, stratified by self-identified race, the trend of greater incident CAC

among those with versus those without MA persisted.
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Figure 3. Median CAC Change According to MA and Stratified by Race/Ethnicity Among Those
With CAC >0 at Baseline
Overall, those with baseline coronary artery calcium (CAC) and with baseline

microalbuminuria (MA) (solid bars) had greater progression of CAC as compared with

those without MA (open bars). In this univariant analysis, stratified by self-identified race,

the trend of greater CAC progression among those with versus those without MA persisted.
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Table 1

Baseline Characteristics of Study Population

UACR <30 mg/g
(n = 5,242)

Microalbuminuria
(n = 424) p Value

Age (years) 62 ± 10 67 ± 10 <0.0001

Gender (male) 47% 51% 0.12

Race

  Whites 94% 6%

  Chinese 90% 10% <0.0001

  African Americans 90% 10%

  Hispanics 90% 10%

Current smoker 13% 13% 0.825

Hypertension 42% 74% <0.0001

Systolic blood pressure (mm Hg) 125 ± 20 140 ± 23 <0.0001

Diabetes mellitus 11% 37% <0.0001

Family history of heart attack 43% 38% 0.017

LDL-C (mg/dl) 117 ± 31 115 ± 34 0.07

Triglycerides (mg/dl)* 128 ± 77 158 ± 154 <0.0001

HDL-C (mg/dl) 51 ± 15 48 ± 13 <0.0001

BMI (kg/m2) 28 ±5 30 ±6 <0.0001

Lipid-lowering meds 16% 20% <0.0001

Creatinine 0.94 ± 0.20 1.00 ± 0.32 <0.0001

Estimated GFR (Cockroft and Gault) 87 ± 27 83 ± 34 0.02

CAC >0 48% 62% <0.0001

Baseline volume score (among those with CAC >0)* 266 ± 488 384 ± 674 <0.0001

Baseline Agatston score (among those with CAC >0)* 234 ± 407 339 ± 562 <0.0001

*
Tests for association done on the mean of log-transformed data.

BMI = body mass index; CAC = coronary artery calcification; GFR = glomerular filtration rate; HDL-C = high-density lipoprotein cholesterol;
LDL-C = low-density lipoprotein cholesterol.
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Table 4

Multivariable Analysis of Absolute Progression of Coronary Calcium With Presence of MA

Model 1 Model 2

β* (95% CI)
Volume CAC Scores p Value

β* (95% CI)
Volume CAC Scores p Value

Overall (n = 2,755) 15.01 (8.13–21.90) <0.0001 9.39 (2.30–16.48) 0.009

Whites (n = 1,256) 18.54 (5.84–31.23) 0.004 3.27 (—12.19–18.74) 0.68

Chinese Americans (n = 328) 16.46 (0.60–32.32) 0.042 13.86 (—3.92–31.56) 0.13

African Americans (n = 627) 17.75 (3.42–32.08) 0.015 8.43 (—6.31–23.17) 0.27

Hispanics (n = 544) 9.45 (—5.31–24.20) 0.21 7.12 (—5.33–19.57) 0.26

*
Regression coefficients are derived from median regression analysis. Model 1 adjusted for age, gender, race, MESA site, and follow-up duration.

Model 2 adjusted for age, gender, race, MESA site, follow-up duration, body mass index, hypertension, diabetes mellitus, cigarette smoking,
family history of CHD, LDL, HDL, triglycerides, and cholesterol-lowering medications. Race was not adjusted for race-specific analyses.
Adjustment for type of scanner used to access CAC, systolic blood pressure as a continuous variable, creatinine, or estimated glomerular filtration
rate had no significant impact on the results.

Abbreviations as in Tables 1, 2, and 3.
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Table 5

Multivariable Analysis of Absolute Progression of Coronary Calcium With Increasing Levels of UACR (Log-

Transformed)

Model 1 Model 2

β* (95% CI)
Volume CAC Scores p Value

β* (95% CI)
Volume CAC Scores p Value

Overall (n = 2,755) 4.90 (2.92–6.89) <0.0001 3.06 (0.77–5.35) 0.009

Whites (n = 1,256) 4.49 (1.38–7.60) 0.005 1.19 (—3.75–6.13) 0.64

Chinese Americans (n = 328) 7.16 (1.66–12.65) 0.011 4.09 (—2.98–11.15) 0.26

African Americans (n = 627) 8.24 (3.68–12.80) 0.019 4.70 (0.46–8.94) 0.03

Hispanics (n = 544) 3.49 (—1.22–8.20) 0.15 1.68 (—2.44–5.80) 0.42

*
Regression coefficients are derived from median regression analysis. Model 1 adjusted for age, gender, race, MESA site, and follow-up duration.

Model 2 adjusted for age, gender, race, MESA site, follow-up duration, body mass index, hypertension, diabetes mellitus, cigarette smoking,
family history of CHD, LDL, HDL, triglycerides, and cholesterol-lowering medications. Race was not adjusted for race-specific analyses.
Adjustment for type of scanner used to access CAC, systolic blood pressure as a continuous variable, creatinine, or estimated glomerular filtration
rate had no significant impact on the results.

Abbreviations as in Tables 1, 2, and 3.
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