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Abstract

Background—~Persons with early kidney disease have an increased risk of cardiovascular events
and mortality, but the importance of accelerated atherosclerosis in promoting these outcomes is
unclear. We therefore explored whether serum cystatin C level is associated with carotid intima-
media thickness (IMT) in ambulatory adults without clinical heart disease.

Study Design—Cross-sectional study.

Setting & Participants—We evaluated 6,557 ethnically diverse persons free of clinical
cardiovascular disease aged 45 to 84 years at the baseline visit of the Multi-Ethnic Study of
Atherosclerosis.

Predictors—Kidney function was estimated by using 2 methods: serum cystatin C level and
estimated glomerular filtration rate, based on creatinine and cystatin C levels.

Outcomes & Measurements—Study outcomes were internal and common carotid IMT,
measured by using high-resolution B-mode ultrasound. Multivariate linear and logistic regressions
were used to evaluate the independent association of kidney function with carotid IMT.

Results—In unadjusted linear analysis, each SD (0.23 mg/L) greater cystatin C level was
associated with 0.091-mm greater internal carotid IMT (P < 0.001), but this association was
diminished by 70% after adjustment for age, sex, and race/ethnicity (0.027 mm; P < 0.001) and
was no longer significant after adjustment for cardiovascular risk factors (0.005 mm; P = 0.5).
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the strong unadjusted associations of cystatin C level with common carotid IMT

disappeared after adjustment. Chronic kidney disease, defined by using either creatinine level or
cystatin C—based estimated glomerular filtration rate less than 60 mL/min/1.73 m2, had no
independent association with internal and common carotid IMT.

Limitations—There were few participants with severe kidney disease.

Conclusions—Cystatin C level had no independent association with carotid IMT in a
population free of clinical heart disease. This observation suggests that accelerated atherosclerosis
is unlikely to be the primary mechanism explaining the independent association of cystatin C level
with cardiovascular risk.
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Methods

Participants

Chronic kidney disease (CKD) is associated with an increased risk of cardiovascular events,
including myocardial infarction, heart failure, stroke, and mortality, independent of
traditional cardiovascular risk factors.1-8 For older adults without CKD, increased cystatin C
levels in the “preclinical” range also are associated with increased risk of cardiovascular
disease and death.” Accelerated atherosclerosis has been postulated as an intermediate lesion
that connects kidney disease with cardiovascular events because decreasing kidney function
is accompanied by atherosclerotic risk factors, including hypertension,8 dyslipidemia,®
inflammation,®:10 and hyperhomocysteinemia.®

Carotid intima-media thickness (IMT) is an established measure of subclinical
atherosclerosis that holds prognostic significance for cardiovascular events in the general
population.11-14 In persons with end-stage renal disease, there is a progressive increase in
carotid IMT with concomitant increased risk of adverse cardiovascular outcomes.12-22 The
association of less severe kidney disease with carotid IMT has been less well characterized.
23-30 \We hypothesized that persons with mild kidney impairment and no clinical
cardiovascular disease would have a greater quantity of atherosclerosis as measured by
using carotid IMT compared with individuals with normal kidney function. Using cystatin C
level as a measure of kidney function, we evaluated the association between kidney function
and common and internal carotid IMT in 6,557 men and women in the Multi-Ethnic Study
of Atherosclerosis (MESA).

MESA is a community-based prospective cohort study designed to characterize subclinical
cardiovascular disease and its progression. Its participants include 6,814 men and women
free of clinical cardiovascular disease, aged 45 to 84 years, from 4 different self-reported
ethnic groups (white, African American, Hispanic, and Chinese) recruited to meet
prespecified race/ethnicity proportions. Participants were enrolled between July 2000 and
August 2002 from 6 US communities (Baltimore, MD; Chicago, IL; Forsyth County, NC;
Los Angeles County, CA; northern Manhattan, NY’; and St Paul, MN). Study design and
sampling have been described previously.3! We included a sample of 6,557 participants
(96%) with available baseline cystatin C, creatinine, and carotid IMT measurements.
Institutional review board approval was obtained at each participating center. Informed
consent was obtained from all participants.
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Measurements

Predictors—All biochemistry assays were performed on plasma or serum drawn in the
morning after an overnight fast during the initial visit and stored at —70°C. Cystatin C was
measured using a BNII nephelometer on plasma specimens (N Latex Cystatin C; Dade
Behring Inc, Deerfield, 1L).32 The assay range is 0.195 to 7.330 mg/L, with the reference
range for young healthy individuals reported as 0.53 to 0.95 mg/L.33 Intra-assay coefficients
of variation range from 2.0% to 2.8%, and interassay coefficients of variation range from
2.3% to 3.1%. Cystatin C—based estimated glomerular filtration rate (eGFR) was calculated
using the formula developed by Stevens et al.3*

Serum creatinine was measured using the Vitros analyzer (Johnson & Johnson Clinical
Diagnostics Inc, Rochester, NY). The reference range in adult women is 0.4 to 1.1 mg/dL,
and in adult men, 0.5 to 1.2 mg/dL (serum creatinine in mg/dL may be converted to umol/L
by multiplying by 88.4). The laboratory analytical coefficient of variation was 2.2%.
Creatinine levels were first calibrated with those from the Cleveland Clinic Laboratory, the
core laboratory of the Modification of Diet in Renal Disease (MDRD) Study, as previously
described,3° then used to calculate eGFR using the 4-variable MDRD Study equation.* CKD
was defined as eGFR less than 60 mL/min/1.73 m2 (GFR in mL/min/1.73 m? may be
converted to mL/s/1.73 m2 by multiplying by 0.01667).36

Covariates—All adjusted models included demographic factors (age, sex, and race/
ethnicity). Further adjustment accounted for systolic blood pressure of 140 mm Hg or
greater; diastolic blood pressure of 90 mm Hg or greater; diabetes, defined as fasting glucose
level of 126 mg/dL or greater (glucose in mg/dL may be converted to mmol/L by
multiplying by 0.05552) or use of hypoglycemic medications; current cigarette smoking,
defined as having smoked a cigarette in the last 30 days; current use of antihypertensive
medications; current use of statin medications; and body mass index, calculated as weight in
kilograms divided by height in meters squared. Fasting serum samples were used to measure
total cholesterol, high-density lipoprotein cholesterol, triglycerides, glucose, C-reactive
protein, and interleukin 6. Low-density lipoprotein cholesterol was calculated using the
Friedewald equation.3” A random urine sample was analyzed for albumin and creatinine by
means of nephelometry and the rate Jaffé reaction, respectively. Spot urine albumin-
creatinine ratio was calculated, with microalbuminuria defined as 30 mg/g or greater.

Outcomes—Internal and common carotid IMTs were measured using high-resolution B-
mode ultrasound (Logiqg 700; General Electric Co, UK) as the distance between the lumen-
intima and media-adventitia interfaces. Internal carotid IMT was measured at the level of the
carotid bifurcation (common carotid artery bulb and proximal internal carotid artery) on 3
projections at a frequency of 8 MHz, and common carotid IMT was measured over a
distance of 10 mm proximal to the common carotid bulb on one projection at a frequency of
13 MHz. Carotid IMT was defined as the mean of the maximal IMT of the near and far
walls on both the left and right sides. For internal carotid IMT measurements, intraobserver
coefficient of variation was 6.93%, and interobserver coefficient of variation was 18.8%.
For common carotid IMT measurements, intraobserver and interobserver coefficients of
variation were 3.48% and 10.7%, respectively. Ultrasound imaging was performed at all
centers during the same visit that blood samples were collected for biochemical assays.
Central reading was conducted at the Department of Radiology, New England Medical
Center, Boston, MA.

Statistical Analysis

Our analysis began by categorizing the cohort into quintiles based on cystatin C level.
Descriptive statistics are expressed as mean + SD for continuous variables and percentage
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for categorical variables. Skewed variables were represented as median with interquartile
range. We compared differences in baseline characteristics across cystatin C quintiles by
using analysis of variance or Kruskal-Wallis test for continuous variables and 42 or Fisher
exact test for categorical variables, as appropriate. We graphically show mean carotid IMT
measurement before and after age adjustment by quintile of cystatin C level. Splines also
were created from an ordinary least squares model by using restricted cubic splines to show
the association of cystatin C level with carotid IMT in unadjusted and age-adjusted models.
Univariate and multivariate linear regression models were then used to evaluate kidney
function as a predictor of carotid IMT with cystatin C level initially modeled by quintile. We
repeated these analyses using cystatin C-based eGFR, categorized as greater than 75, 60 to
75, and less than 60 mL/min/1.73 m2. Cystatin C-based eGFR was also dichotomized at 75
mL/min/1.73 m2. Additional analyses were conducted using creatinine-based eGFR
dichotomized at the defined cutoff for CKD of 60 mL/min/1.73 m2.36 Initial adjustment
accounted for age, sex, and race/ethnicity (demographic model) and then for all the
mentioned characteristics as candidate predictors (full model). Covariates that changed the
coefficient of cystatin C by 5% or more were retained in the final model. We also evaluated
the predictive value of cystatin C as a linear variable per SD and dichotomized cystatin C
level at the highest quintile to elucidate a possible threshold effect. Logistic regressions were
similarly performed with high IMT defined by the highest quintile. For the internal carotid
IMT outcome, we repeated the analyses in persons older than 65 years. Candidate
interactions of cystatin C levels with both race/ethnicity and microalbuminuria were tested
for each end point. All analyses were stratified on study site. Internal carotid IMT,
interleukin 6 level, and C-reactive protein level were natural log-transformed to satisfy the
assumption of normality and constant variance of residuals. Two-sided probability values of
0.05 or less are considered statistically significant. S-Plus (release 6.1; Insightful Inc,
Seattle, WA) and SPSS statistical software (release 14.0.2; SPSS Inc, Chicago, IL) were
used for analyses.

For the 6,557 participants, mean age was 62 years, 47% were men, and race/ethnicity
distribution was 39% white, 27% African American, 22% Hispanic, and 12% Chinese.
Mean cystatin C level was 0.89 + 0.23 mg/L, and mean eGFR was 79 + 18 mL/min/1.73 m2.
Baseline characteristics of the study sample by quintiles of cystatin C level are listed in
Table 1. Compared with participants in the lowest cystatin C quintile (<0.74 mg/L), those in
the highest cystatin C quintile (=1.03 mg/L) were older, more likely men and white, and had
greater prevalences of diabetes, current smoking, and use of antihypertensives and statins.
Greater cystatin C level was also associated with greater values for body mass index,
systolic blood pressure, low-density lipoprotein cholesterol, C-reactive protein, interleukin
6, and urine albumin-creatinine ratio and a lower level of high-density lipoprotein
cholesterol.

Internal Carotid IMT

Median internal carotid IMT was 0.85 mm (25th percentile, 0.68; 75th percentile, 1.29).
Higher cystatin C quintiles were associated with greater internal carotid IMTs; however, this
effect was substantially attenuated by age adjustment (Fig 1). The association of cystatin C
level with internal carotid IMT remained significant after adjustment for demographic
factors, but only in the highest quintile. This association was no longer statistically
significant after full adjustment (Table 2).

We used spline analysis to evaluate the association of cystatin C level and internal carotid
IMT. The strong unadjusted association was almost entirely attenuated by age adjustment
(Fig 2). We found similar results evaluating cystatin C as a linear variable per SD (0.23 mg/
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L): the strong association in unadjusted analysis (Bunadjusted = 0-091; 95% confidence
interval [Cl1], 0.079 to 0.103; P < 0.001) was largely attenuated by adjustment for
demographics (Bgemographic = 0-027; 95% CI, 0.015 to 0.040; P < 0.001) and was no longer
significant with further addition of other risk factors (S, = 0.005; 95% CI, —0.008 to 0.017;
P = 0.5). Participants in the highest quintile of cystatin C had a more than 3-fold likelihood
of high carotid IMT (=1.46 mm) in unadjusted analysis, but this association was greatly
attenuated by demographic adjustment and disappeared in the full model (Table 2). In
individuals older than 65 years, we similarly found an association in unadjusted analysis, but
only at the highest quintile of cystatin C (Bquintile 5, unadjusted = 0-11; 95% CI, 0.04 to 0.18; P
= 0.002); this association did not remain significant after demographic adjustment

(Bquintile 5, demographic = 0-04; 95% CI, —0.03 to 0.11; P = 0.3). There were no significant
interactions between cystatin C and race/ethnicity or microalbuminuria for internal carotid
IMT (race/ethnicity, P = 0.2; microalbuminuria, P = 0.5).

When evaluated by using cystatin C-based eGFR increments of greater than 75, 60 to 75,
and less than 60 mL/min/1.73 m2, lower levels of kidney function were associated with
higher levels of internal carotid IMT in univariate analysis. Only the association with eGFR
less than 60 mL/min/1.73 m? remained statistically significant after demographic
adjustment, but this association was lost after full adjustment (Table 3). Using an eGFR
cutoff of 75 mL/min/1.73 m2, there again was an association after adjustment for
demographic factors, but not after full adjustment. For comparison, CKD based on a
creatinine-based eGFR less than 60 mL/min/1.73 m? was associated with higher levels of
internal carotid IMT in univariate analyses (Bunagjusted = 0-142; 95% CI, 0.103 to 0.180; P <
0.001), but not after adjustment for demographic factors (Sgemographic = 0-030; 95% Cl,
—0.007 to 0.067; P =0.1).

Common Carotid IMT

Mean common carotid IMT was 0.87 £ 0.19 mm. Similar to analyses with internal carotid
IMT, we found an association between cystatin C level and common carotid IMT that was
heavily attenuated by age adjustment (Fig 1). None of the quintiles were significantly
associated with common carotid IMT after adjustment for demographic factors (P > 0.05).
In linear analysis, each SD of cystatin C (0.23 mg/L) was associated with 0.040-mm higher
carotid IMT in the unadjusted model (i€, Bynadjusted = 0.040; 95% CI, 0.035 to 0.045; P <
0.001). The magnitude of this association was diminished by 90% after adjustment for
demographic factors (Bgemographic = 0-004; 95% CI, —0.001 to 0.009; P = 0.08). We did not
observe significant interactions between cystatin C level and race/ethnicity (P = 0.2) or
microalbuminuria (P = 0.4).

Similarly, using cystatin C-based eGFR, the associations between worse levels of kidney
function and higher levels of common carotid IMT found in unadjusted linear analyses were
lost after demographic adjustment at all increments, including eGFR less than 60 mL/min/
1.73 m? (Bdemographic = 0.014; P = 0.2; B = —0.012; P = 0.2). Furthermore, CKD defined
by using a creatinine-based eGFR was associated with higher levels of common carotid IMT
(Bunadjusted = 0.068; 95% CI, 0.052 to 0.083; P < 0.001), but not after adjustment for
demographic factors (Bgemographic = 0-007; 95% CI, —0.008 to 0.021; P = 0.4) or in the full
model (P =0.3).

Discussion

In individuals without clinical cardiovascular disease, mild kidney impairment measured
using cystatin C level was strongly associated with common and internal carotid IMT in
unadjusted analyses. However, this relationship was accounted for predominately by age.
We found no independent association between either cystatin C level or CKD with common
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or internal carotid IMT. This observation suggests that accelerated atherosclerosis is
unlikely to be the primary mechanism explaining the independent association of cystatin C
level with cardiovascular risk.

Few prior studies have evaluated the association of mild kidney dysfunction with carotid
IMT. Earlier work found that participants on hemodialysis therapy have greater
atherosclerotic burden, manifested by higher carotid IMT,15719 and IMT is an independent
predictor of death and cardiovascular events in this population.29-22 Predialysis patients
have an atherosclerotic burden similar to persons on dialysis therapy, suggesting that
increased carotid IMT is a function of kidney disease, rather than dialysis itself.23 Similarly,
several 2427 but not all, 28 studies have shown higher carotid IMT in participants with
moderate to severe Kidney disease. However, such an association was not observed in
persons with milder kidney damage. Zhang et al?® examined 1,046 persons of Chinese
descent and found that carotid IMT values in participants with eGFR of 30 to 60 mL/min/
1.73 m? and 60 to 90 mL/min/1.73 m? were not significantly different from those with
eGFR of 90 mL/min/1.73 m? or greater after adjustment for cardiovascular risk factors. In
95 participants with kidney disease (mean chromium-51 EDTA-measured GFR, 36 + 16
mL/min/1.73 m2), Briet et al3 found no difference in mean carotid IMT compared with
healthy controls.

Although cystatin C has elucidated associations between kidney function and cardiovascular
events that were not detected by using eGFR,” initial studies have been inconclusive for its
association with carotid IMT. Watanabe et al3® noted a correlation between serum cystatin C
level and carotid IMT (r = 0.54; P < 0.001) in a study of 60 hypertensive patients, although
there was no adjustment for potential confounders because it was not the primary end point.
Rodondi et al®? recently found that cystatin C level was not independently associated with
carotid atherosclerosis in a study population including 523 younger adults aged 35 to 64
years, primarily of African descent. Our study expands upon the findings of these prior
studies to a larger and more diverse cohort with a broader range of cystatin C levels. The
absence of an association in this group with more preserved kidney function suggests that
impaired kidney function may have an association with accelerated atherosclerosis only in
persons with severe kidney disease. Albuminuria, a manifestation of atherosclerotic
microvascular disease, also had no association with carotid IMT in a study by Kramer et al4°
in the MESA cohort. Conversely, a smaller study by Rodoni et al® found a direct
association in their participants.

These findings should be interpreted in the context of other studies that evaluated the
association of mild to moderately impaired kidney function with subclinical cardiovascular
disease measures. In MESA, Ix et al*142 similarly found that cystatin C levels had a linear
association with measures of vascular calcification (valvular and coronary artery calcium) in
unadjusted analyses, yet had no association after multivariable adjustment for demographic
characteristics and traditional risk factors. The absence of an association between cystatin C
level with vascular calcification supports our findings that early kidney disease does not
appear to be associated with increased levels of atherosclerosis. Conversely, cystatin C
levels greater than 1.0 mg/L, the high quintile within MESA, were independently associated
with greater left ventricular mass index and prevalent left ventricular hypertrophy.43 In
addition, cystatin C levels had linear and independent associations with inflammatory
marker44-47 and systolic blood pressure levels.*8

The importance of this work is to elucidate the mechanisms underlying the remarkably
strong association of cystatin C level with cardiovascular disease, which is independent of
traditional risk factors,8:49 inflammatory biomarkers,** and prevalent cardiovascular disease.
6,7 Our null finding implies that accelerated atherosclerosis is unlikely to be the primary
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mechanism. However, there are other candidate mediators for which roles are yet to be
clarified, such as vascular stiffness, left ventricular remodeling, and volume overload. Other
cardiovascular lesions also have been described in people with CKD, including
arteriolosclerosis, medial vascular calcification, and cardiac fibrosis.8:°0 However,
progressive atherosclerosis may have greater importance in persons with more advanced
CKD.

There are several limitations to this study. First, this study is limited by its cross-sectional
design. Therefore, we cannot determine whether kidney function predicts the progression of
atherosclerosis over time. In addition, serum cystatin C level and carotid IMT may be
manifestations of parallel processes of atherosclerosis. Another limitation is the potential for
misclassification error in both the predictor and outcome variables. We do not have a direct
measure of GFR and therefore cannot determine how accurately cystatin C or creatinine
levels reflect actual kidney function in this study. Also, the range of cystatin C levels is
lower than in the ambulatory cohorts in which cystatin C level has predicted increased
cardiovascular risk.8:7:49 The absence of a statistically significant association therefore may
reflect the healthier spectrum of kidney function in this population. Additionally, there may
not be an independent association between cystatin C level and atherosclerosis burden in this
particular population because limited atherosclerosis is present. However, our carotid IMT
range is similar to studies that found associations between carotid IMT and cardiovascular
events,11:12,14 and analyses were similar in persons older than 65 years, a subgroup with a
higher IMT. Furthermore, our multivariate analysis of internal carotid IMT may have been
overfit because some covariates, such as blood pressure, may be a result of kidney
dysfunction. Finally, although carotid IMT has been independently associated with
increased risk of cardiovascular events, carotid artery IMT is only one measure of
atherosclerosis and may not represent all vascular disease in the body.

In conclusion, the evaluation of subclinical cardiovascular measures is important for
elucidating the mechanisms for the strong association between impaired kidney function and
increased cardiovascular risk. Based on our findings, processes other than accelerated
atherosclerosis should be evaluated as candidate mechanisms.
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Figure 1.

Association of cystatin C quintiles with unadjusted and age-adjusted mean common and
internal carotid intima-media thickness (IMT) at the Multi-Ethnic Study of Atherosclerosis
baseline visit.
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Spline plots (with 95% confidence interval bands) show the unadjusted and age-adjusted
association of cystatin C level with internal carotid intima-media thickness (IMT) at the
Multi-Ethnic Study of Atherosclerosis baseline visit.
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