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CKD, Plasma Lipids, and Common Carotid
Intima-Media Thickness: Results from the
Multi-Ethnic Study of Atherosclerosis
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Summary
Background and objectives Altered levels of atherogenic lipoproteins have been shown to be common in mild
kidney dysfunction. This study sought to determine the associations between plasma lipids (including
LDL particle distribution) and subclinical atherosclerosis measured by the common carotid intima-media thickness (IMT) across levels of estimated GFR (eGFR) and to assess whether inﬂammation modiﬁes these associations.
Design, setting, participants, & measurements Cross-sectional analyses of 6572 participants in the Multi-Ethnic
Study of Atherosclerosis enrolled from 2000 to 2002 were performed.
Results CKD, deﬁned as eGFR ,60 ml/min per 1.73 m2, was present in 853 individuals (13.0%). Associations of
total cholesterol and LDL cholesterol (LDL-C) with IMT were J shaped, particularly among participants with
CKD (P value for interaction, P=0.01). HDL cholesterol (HDL-C) and small-dense LDL-C were consistently and
linearly associated with IMT across levels of eGFR. The results showed differences in IMT of 221.41 (95%
conﬁdence interval, 241.00, 21.57) in eGFR $60 and 258.49 (2126.61, 9.63) in eGFR ,60 per unit difference in
log-transformed HDL-C, and 4.83 (3.16, 6.50) in eGFR $60 and 7.48 (1.45, 13.50) in eGFR ,60 per 100 nmol/L
difference in small-dense LDL. Among participants with CKD, inﬂammation signiﬁcantly modiﬁed the
associations of total cholesterol and LDL-C with IMT (P values for interaction, P,0.01 and P,0.001, respectively).
Conclusions Compared with total cholesterol and LDL-C, abnormalities in HDL-C and small-dense LDL-C
are more strongly and consistently associated with subclinical atherosclerosis in CKD. Inﬂammation modiﬁes
the association between total cholesterol and LDL-C with IMT.
Clin J Am Soc Nephrol 7: 1777–1785, 2012. doi: 10.2215/CJN.02090212

Introduction

CKD affects .26 million adults, or approximately
13% of the adult US population (1). Atherosclerotic
cardiovascular risk factors are highly prevalent in
CKD patients and their relationships to atherosclerotic cardiovascular disease parallel those of the general population (2,3). The association between plasma
lipids and cardiovascular risk in CKD, however, has
been difﬁcult to establish. A lipid proﬁle with often
normal levels of total cholesterol and LDL cholesterol
(LDL-C), U-shaped relationships between lipids and
coronary heart disease (CHD), and heterogeneous results of clinical trials testing lipid-lowering therapies
in CKD (4–6) have contributed to this difﬁculty.
Patients with CKD typically have high concentrations of triglycerides and low concentrations of HDL
cholesterol (HDL-C), often with normal total cholesterol (7,8). Recent evidence demonstrates that individuals with CKD have increased concentrations of
the highly atherogenic small-dense LDL-C particles, and intermediate density lipoprotein (IDL) particles (9,10). It is not known whether elevated
www.cjasn.org Vol 7 November, 2012

concentrations of these lipoprotein particles in patients with CKD are associated with an increased
risk of CHD.
Studies assessing the association between lipids
and cardiovascular disease in individuals with severe
CKD and ESRD have consistently found J-shaped
relationships (11,12). These ﬁndings may be explained
by the high prevalence of inﬂammation and malnutrition present in individuals with low lipid levels and
severe CKD and ESRD (12,13). Less is known about
the prevalence of inﬂammation and its role in modifying the association between plasma lipids and cardiovascular outcomes at higher estimated GFR (eGFR)
values (moderate CKD).
We used data collected at the ﬁrst examination of
the Multi-Ethnic Study of Atherosclerosis (MESA) to
investigate the associations of an extended lipid panel
(including lipoprotein particle concentrations) with
common carotid intima-media thickness (IMT), across
different levels of kidney function, and to determine
whether the presence of inﬂammation modiﬁes these
associations.
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Materials and Methods
Study Population
MESA is a population-based prospective cohort study
designed to investigate the prevalence and progression of
subclinical cardiovascular disease. Its design has been
described previously (14). For these analyses, we excluded
participants without a measurement of serum creatinine
(n=29), participants in whom the urinary albumin/creatinine ratio (UACR) was .3000 mg/g (nephrotic proteinuria) (n=33), participants with missing values of any of
the assessed lipid components (n=99), and those who did
not have carotid ultrasound measurements (n=81).
Measurements
Plasma Lipids and Nuclear Magnetic Resonance Lipoprotein Measurements. The concentrations of total cholesterol, HDL-C, and triglycerides were measured in EDTA
plasma using a cholesterol oxidase method (for total

cholesterol and HDL-C) and a triglyceride (GB) reagent.
LDL-C was calculated using the Friedewald equation (15). In
86 individuals, triglyceride levels were .400 mg/dl. In these
individuals, the concentration LDL-C could not be estimated
and were excluded from the analysis.
Lipoprotein particle concentrations were measured by
proton nuclear magnetic resonance (NMR) spectroscopy
(16,17). This method quantiﬁes particle concentrations of
lipoproteins of different size by measuring their distinctive
signals emanating from lipoprotein subclasses based on their
terminal methyl group. We used the following concentrations in nanomoles per liter of the following subclasses according to their size: small-dense LDL (18.0–20.5 nm), large
LDL (20.6–23 nm), and IDL (24–27 nm).
IMT. High-resolution B-mode carotid ultrasonography
was performed in the entire cohort at baseline. The mean
(average IMT) of four measurements of the maximum
common carotid artery IMT was used: the near and far walls

Table 1. Demographic and clinical characteristics of 6572 participants in the MESA cohort by levels of kidney function

Characteristic
Male sex
Race
Black
Chinese
Hispanic
White
Age (yr)
Body mass index (kg/m2)
Current smoker
Diabetes
Biguanide use
Sulfonylurea use
Hypertension
Angiotensin converting
enzyme inhibitor use
b-blocker use
Use of any lipid-lowering
medication
Statin use
Lipid levels (mg/dl)
Total cholesterol
LDL-C
HDL-C
Triglycerides
Lipoprotein particle
concentration (nmol/L)
Small-dense LDL
Large LDL
IDL
High-sensitivity C-reactive
protein (mg/L)
IL-6 (pg/ml)
Urinary albumin/creatinine
ratio (mg/g)
Intima-media thickness (mm)

eGFR $60
(n=5719)

eGFR 45–59
(n=709)

2721 (48)

311 (44)

1600 (28)
689 (12)
1294 (23)
2136 (37)
60 (53–68)
27.5 (24.4–31.1)
782 (14)
679 (12)
280 (5)
297 (5)
2353 (41)
168 (3)

168 (24)
80 (11)
111 (16)
350 (49)
71 (65–77)
27.6 (24.7–31.2)
45 (6)
95 (13)
41 (6)
46 (6)
453 (64)
41 (6)

eGFR ,45
(n=144)
66 (46)
45 (32)
14 (10)
30 (21)
55 (38)
75 (68–79)
28.3 (25.2–31.9)
10 (7)
35 (24)
4 (3)
13 (9)
123 (85)
15 (10)

P for
Differencea
0.17
,0.001

,0.001
0.14
,0.001
,0.001
,0.001

447 (8)
836 (15)

103 (15)
176 (25)

29 (20)
41 (29)

771 (13)

162 (23)

37 (26)

192 (170–215)
116 (96–136)
48 (41–59)
109 (77–157)

192 (170–216)
113 (95–137)
50 (41–60)
116 (81–162)

191 (169–216)
113 (93–135)
44 (37–57)
122 (91–189)

0.95
0.30
,0.001
,0.001

518 (113–798)
601 (426–764)
102 (51–175)
1.8 (0.8–4.2)

489 (105–776)
596 (414–775)
112 (53–175)
2.1 (1.0–4.5)

563 (122–817)
518 (380–692)
117 (51–188)
2.6 (1.3–5.7)

0.06
0.03
0.14
,0.001

1.2 (0.7–1.8)
5.1 (3.3–10.1)

1.4 (1.0–2.1)
6.2 (3.6–14.8)

1.5 (1.1–2.2)
16.4 (4.5–107.8)

,0.001
,0.001

830 (730–960)

910 (800–1040)

940 (830–1060)

,0.001

,0.001

Data are n (%) or median (interquartile range). MESA, Multi-Ethnic Study of Atherosclerosis; eGFR, estimated GFR (ml/min per
1.73 m2); LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; IDL, intermediate density lipoprotein.
a
P values based on Fisher’s exact test and the Kruskal–Wallis test for categorical and continuous variables, respectively.
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in the common carotid artery on both the left and right
sides. At each ﬁeld center, trained technicians used the
Logiq 700 ultrasound device to record images. An ultrasound-reading center at the Department of Radiology of
Tufts–New England Medical Center performed the IMT
readings.
Kidney Function. The Chronic Kidney Disease Epidemiology Collaboration equation, based on a centrally calibrated
serum creatinine assay, was used to estimate GFR. The
validity of this formula in estimating measured GFR has
been shown elsewhere (18). GFR ,60 ml/min per 1.73 m2
was deﬁned as CKD. Serum creatinine was measured by
rate reﬂectance spectrophotometry at a central laboratory
with a coefﬁcient of variation of 2.2%.
Inﬂammation. Concentrations of high-sensitivity C-reactive
protein (hsCRP) were measured using the BNII nephelometer at a central laboratory with an intra-assay coefﬁcient of
variation range from 2.3% to 4.4% and interassay coefﬁcient
of variation from 2.1% to 5.7%; IL-6 was measured by
ultrasensitive ELISA at a central laboratory with a coefﬁcient
of variation of 6.3%. Inﬂammation was deﬁned as $90th
percentile levels of either IL-6 or hsCRP, corresponding to
concentrations of $3.0 pg/ml for IL-6 and $9 mg/L for
hsCRP, similarly to previous analyses (12,13).
Adjustment. All analyses were adjusted for the following: age, race, sex, hypertension (if diastolic BP $90 mmHg,
systolic BP $140 mmHg, or use of antihypertensive medication), diabetes (normal if fasting glucose ,110 mg/dl, impaired glucose tolerance if fasting glucose 110–125 mg/dl,
untreated diabetes if fasting glucose $126 mg/dl and no
report of oral hypoglycemic medication or insulin use, and
treated diabetes if fasting glucose $126 mg/dl and report
of insulin or oral hypoglycemic medication use), continuous
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body mass index (BMI), continuous UACR, current smoking, and use of lipid-lowering therapy. Analyses of LDL-C
were also adjusted for triglycerides and HDL-C. For each
NMR lipoprotein particle analysis, we adjusted for other
NMR particles in addition to HDL-C and triglycerides. No
adjustment for other lipid measurements was done for analyses of total cholesterol.
Effect modiﬁcation in the association of lipids and IMT
across eGFR categories was tested by the presence of
diabetes or by the presence of the metabolic syndrome
deﬁned by $3 of the following: waist-hip circumference
ratio .102 cm for women and .88 cm for men; triglyceride levels .150 mg/dl; HDL-C ,40 mg/dl for women and
,50 mg/dl for men; hypertension indicated by diastolic
BP .85 mmHg, systolic BP .130 mmHg, or use of a BP
medication; and impaired fasting glucose .110 mg/dl.
Statistical Analyses
To determine the distribution of IMT, we assessed the
goodness of ﬁt of the normal and the log-normal cumulative distribution function and probability density function of the estimated IMT by graphically comparing it with
the cumulative distribution function and probability density function of the empirical IMT. The Fisher’s exact test
and the Kruskal–Wallis test were used to compare categorical and continuous variables across levels of kidney
function, respectively. Normal linear regression was used
to model the association between plasma lipids and IMT.
We speciﬁcally tested for nonlinear relationships by a
graphical comparison with nonparametric models and residual analyses for all lipid components analyzed. If nonlinear associations were present, we evaluated linear spline
models with different knots and second- and third-degree

Table 2. Adjusted estimates and 95% confidence intervals of the difference in common carotid artery intima-media thickness (in
micrometers) per specified differences in lipid particle concentrations, by level of kidney function

Lipid Particle
Total cholesterol per 10 mg/dlb
,200 mg/dl
$200 mg/dl
LDL-C per 10 mg/dlc
,130 mg/dl
$130 mg/dl
Log HDL-C
Log triglycerides
NMR lipids
Small-dense LDL per 100 nmol/L
Large-dense LDL per 100 nmol/L
Log IDL

eGFR $60
(n=5719)
2.97 (0.71, 5.23)
4.79 (2.40, 7.18)
4.65 (2.27, 7.04)
4.76 (2.05, 7.47)
221.41 (241.00, 21.57)
4.65 (25.41, 14.72)
4.83 (3.16, 6.50)
6.21 (4.08, 8.34)
0.53 (23.59, 4.65)

eGFR ,60
(n=853)
24.89 (212.98, 3.20)
13.13 (4.82, 21.42)

P for
Interactiona
0.01
0.01

22.53 (211.46, 6.09)
15.91 (6.34, 25.49)
258.49 (2126.61, 9.63)
22.58 (238.97, 33.82)

0.10
0.42

7.48 (1.45, 13.50)
12.18 (4.51, 19.86)
2.99 (212.88, 18.86)

0.12
0.81
0.78

Adjusted for age (years), sex, race/ethnicity, lipid-lowering medication use, presence of diabetes mellitus, presence of hypertension,
log-transformed body mass index, log-transformed urinary albumin/creatinine ratio, smoking status (current, former, never smoker),
log-transformed high-sensitivity C-reactive protein, and log-transformed IL-6. eGFR, estimated GFR (ml/min per 1.73 m2); LDL-C,
LDL cholesterol; HDL-C, HDL cholesterol; NMR, nuclear magnetic resonance; IDL, intermediate density lipoprotein.
a
P values testing for the null hypothesis that all slopes across eGFR strata are identical in linear spline models.
b
Continuous estimates presented before and after a linear spline knot at 200 mg/dl for eGFR $60 (,200, n=3397; $200, n=2322) and for
eGFR ,60 (,200, n=513; $200, n=340).
c
Continuous estimates presented before and after a linear spline knot at 130 mg/dl for eGFR $60 (,130, n=3851; $130, n=1868) and for
eGFR ,60(,130, n=596; $130, n=257).
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polynomials models and selected the best-ﬁtting model
based on the Akaike information criterion. Restricted cubic spline models were used for the graphic display of
these associations. Likelihood ratio tests were used to
compare models with and without interaction terms to
test for heterogeneity of the association between plasma
lipids and IMT by level of kidney function. Similarly, likelihood ratio tests were used to compare models by level of
inﬂammation.
In sensitivity analyses, we used a cystatin-C–based
equation to estimate GFR, excluded individuals with an
eGFR #30 ml/min per 1.73 m2, excluded individuals on
current lipid-lowering therapy (Supplemental Tables 1 and
2), and used a combined measurement of the common and
internal carotid arteries. In addition, we used different definitions of inﬂammation, separately analyzing hsCRP and
IL-6 and using a different cutoff for hsCRP (10 mg/L).
All analyses were performed with Stata software (version 11.2; StataCorp, College Station, TX) and R software
(version 2.12.1; R Development Core Team).

Results
A total of 6572 individuals (96% of the cohort) met
the eligibility criteria and were included in the study.
The demographic and clinical characteristics of the study

population across three levels of kidney function are shown
in Table 1. Overall, 853 individuals (13.0%) had CKD
(eGFR ,60 ml/min per 1.73 m2), with the vast majority
of these (97%) having moderate CKD (eGFR 30–59 ml/
min per 1.73 m2). Lower eGFR was associated with older
age, higher proportions of diabetes mellitus and hypertension, and greater use of lipid-lowering medications.
Association of Lipid Levels with Kidney Function
Small differences across levels of kidney function were
seen for total cholesterol and LDL-C concentrations. In
contrast, lower eGFR was associated with higher levels of
triglycerides and small-dense LDL, and lower levels of HDL-C
and large LDL. Higher concentrations of inﬂammatory
markers were seen in those with lower eGFR.
Association of Lipid Levels with IMT across Levels of Kidney
Function
Associations of lipoproteins and NMR lipoprotein particle concentrations and IMT across two levels of kidney
function (eGFR $60 and eGFR ,60) are shown in Table 2.
An extension of this table with a further stratiﬁcation of
those with eGFR ,60 into two categories (eGFR 45–59 and
eGFR ,45) is presented in Supplemental Table 3. There
was a statistically signiﬁcant difference in the crude and

Figure 1. | Crude and adjusted estimates of the association between LDL cholesterol and IMT (in micrometers). Restricted cubic spline model
with knots at the 25th, 50th, and 75th percentiles for LDL cholesterol. The shaded area is the 95% confidence interval for the adjusted restricted
cubic spline model. Adjusted for age (years), sex, race/ethnicity, lipid-lowering medication use, presence of diabetes mellitus, presence of
hypertension, log-transformed body mass index, log-transformed urinary albumin/creatinine ratio, smoking status (current, former, never
smoker), log-transformed triglycerides, log-transformed HDL cholesterol, log-transformed high-sensitivity C-reactive protein, and logtransformed IL-6. eGFR, estimated GFR; IMT, intima-media thickness.
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adjusted associations between total cholesterol and LDL-C
and IMT across levels of kidney function. Speciﬁcally,
J-shaped associations were evident in CKD individuals,
whereby higher lipid levels were associated with lower
IMT values at total cholesterol ,200 mg/dl and LDL-C
concentrations ,130 mg/dl, respectively, but higher lipid
levels were associated with greater IMT values above these
cut-offs, (Figure 1 and Table 2). Furthermore, stronger associations between HDL-C and IMT and between smalldense LDL and IMT (and Figure 2 and Table 2) were observed in those with reduced kidney function compared
with those with normal kidney function. However, tests
for interaction were not signiﬁcant (P values for interaction, P=0.10 and P=0.12 for HDL-C and small-dense LDL,
respectively). This pattern was even more pronounced
when CKD was further stratiﬁed into one additional category (Supplemental Table 1) (P values for interaction,
P=0.04 and P,0.01 for HDL-C and small-dense LDL, respectively). The differences in the associations of triglycerides, large LDL-C, and IDL with IMT across levels of
kidney function were not statistically signiﬁcant.
Effect Modification by Inflammation
Inﬂammation was found in 17.4%, 20.9%, and 24. 3%
(P value for difference, P=0.01) of individuals in eGFR
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categories of $60, 45–59, and ,45 ml/min per 1.73 m2,
respectively. Compared with those without CKD (eGFR
$60 ml/min per 1.73 m2), log-transformed hsCRP, logtransformed IL-6, and the presence of inﬂammation were
more strongly associated with IMT in participants with
CKD (Supplemental Table 4). The presence of inﬂammation
was associated with lower concentrations of total cholesterol, LDL-C, and large LDL regardless of CKD (Supplemental Table 5). This pattern, however, was not evident for
HDL-C, triglycerides, and small-dense LDL, which differed
only minimally across inﬂammation categories and levels
of kidney function.
As shown in Figure 3 and Table 3, the J-shaped association of total cholesterol and LDL-C with IMT observed
among individuals with CKD was limited to individuals
with inﬂammation. Speciﬁcally, in individuals without inﬂammation, the association between these lipid particles
and IMT was similar across levels of kidney function. In
contrast, among individuals with inﬂammation and eGFR
,60, associations were sharply U shaped and statistically
signiﬁcantly different from those with eGFR,60 without
inﬂammation (P values for interaction, P=0.01 and P=0.001
for total cholesterol and LDL-C, respectively).
Results of sensitivity analyses were consistent with the
main ﬁndings.

Figure 2. | Crude and adjusted estimates of the association between small-dense LDL and IMT (in micrometers). Restricted cubic spline
model with knots at the 25th, 50th, and 75th percentiles for small-dense LDL. The shaded area is the 95% confidence interval for the adjusted
restricted cubic spline model. Adjusted for age (years), sex, race/ethnicity, lipid-lowering medication use, presence of diabetes mellitus,
presence of hypertension, log-transformed body mass index, log-transformed urinary albumin/creatinine ratio, smoking status (current, former,
never smoker), log-transformed triglycerides, log-transformed HDL cholesterol, large LDL, log-transformed intermediate density lipoprotein,
log-transformed high-sensitivity C-reactive protein, and log-transformed IL-6. eGFR, estimated GFR; IMT, intima-media thickness; Sd-LDL,
small-dense LDL.

1782

Clinical Journal of the American Society of Nephrology

Figure 3. | Adjusted estimates of the association between LDL cholesterol and IMT (in micrometers) according to level of kidney function and
presence of inflammation. Restricted cubic spline model with knots at the 25th, 50th, and 75th percentiles for LDL cholesterol. The shaded area
is the 95% confidence interval for the adjusted restricted cubic spline model. Adjusted for age (years), sex, race/ethnicity, lipid-lowering
medication use, presence of diabetes mellitus, presence of hypertension, log-transformed body mass index, log-transformed urinary albumin/
creatinine ratio, smoking status (current, former, never smoker), log-transformed triglycerides, and log-transformed HDL cholesterol. Inflammation is defined as the $90th percentile of either IL-6 ($3 pg/ml) or high-sensitivity C-reactive protein ($9 mg/L). eGFR, estimated GFR;
IMT, intima-media thickness.

Discussion
In this study, we found that reduced kidney function is
associated with higher concentrations of the highly atherogenic small-dense LDL and triglycerides, lower concentrations of large LDL-C particles, and lower concentrations
of HDL-C. Moreover, estimates of the association of smalldense LDL-C and HDL-C with IMT were stronger with
lower eGFR. In contrast, associations of total cholesterol
and LDL-C with IMT were J shaped, with inverse associations at low lipid concentrations in individuals with CKD.
These J-shaped associations were limited to individuals
with CKD and inﬂammation.
We believe that this study contributes to the knowledge
of the mechanisms of atherogenesis in CKD. We show that
atherogenic lipids other than LDL-C (which is not elevated
in CKD) are more consistently associated with atherosclerosis, and that the presence of inﬂammation (which is prevalent
at early CKD stages) is closely linked with the distribution of
lipids and with their association with subclinical atherosclerosis in CKD.
The ﬁnding of a stronger relationship of small-dense
LDL and HDL-C with IMT in the presence of lower kidney
function builds upon previous research (9,10) that showed
signiﬁcantly higher concentrations of these particles in individuals with mildly impaired kidney function despite

normal concentrations of total cholesterol and LDL-C.
The fact that the associations of these lipid particles with
IMT are stronger with lower eGFR suggests that the measurement of these particles may prove useful in explaining
at least in part the increased atherosclerotic cardiovascular
burden in individuals with CKD. Alternatively, apo-B,
which is highly correlated with small-dense LDL (19), or
the ratio of apo-B to apo-A1 may be a better marker of
cardiovascular risk than total cholesterol and LDL-C, especially in individuals with normal and low LDL-C concentrations (20,21).
The J-shaped associations that were found relating total
cholesterol and LDL-C with IMT are consistent with previous studies that have shown similar associations between
severe CKD and ESRD and clinical cardiovascular disease
endpoints (11–13,22). J-shaped relationships between lipid
levels and cardiovascular outcomes have been shown to
exist in physiologic processes such as aging and in chronic
pathologic states such as malignancies and congestive heart
failure (23–28). The high prevalence of inﬂammation and
malnutrition in these conditions is among the potential explanations for these paradoxical relationships (29–31). In
our study of largely asymptomatic individuals without
clinical cardiovascular disease and with very low rates of
underweight individuals with a BMI ,18.5 present in

5.71 (0.62, 10.81)
1.23 (25.01, 7.48)
5.17 (20.52, 10.87)
2.04 (25.47, 9.56)
252.95 (2102.09, 23.81)
10.69 (214.94, 36.31)
3.28 (20.01, 7.39)
7.45 (2.26, 12.63)
2.15 (29.63, 13.94)

4.41 (1.77, 7.05)
5.44 (2.52, 8.37)
214.15 (235.90, 7.60)
3.02 (27.99, 14.03)
5.08 (3.25, 6.92)
5.85 (3.50, 8.19)
0.27 (24.13, 4.67)

Inﬂammation
(n=993)

2.51 (0.02, 5.00)
5.65 (3.08, 8.23)

No
Inﬂammation
(n=4726)

0.89
0.89
0.66

0.20
0.48

0.65

0.28

Pb

7.62 (1.42, 13.82)
16.45 (8.32, 24.58)
24.88 (220.91, 11.14)

4.52 (-4.32, 13.37)
10.07 (0.63, 19.51)
245.39 (2115.92, 25.13)
9.70 (227.83, 47.22)

1.88 (26.35, 10.13)
8.35 (1.07, 16.60)

No
Inﬂammation
(n=670)

3.10 (214.59, 20.77)
0.60 (219.86, 21.04)
43.66 (27.64, 94.96)

226.02 (248.70, 23.35)
42.04 (10.58, 73.50)
242.72 (2240.86, 155.4)
216.90 (2128.97, 95.19)

225.90 (245.53, 26.48)
38.18 (13.87, 62.49)

Inﬂammation
(n=183)

eGFR,60 (n=853)c

0.61
0.18
0.38

0.96
0.30

,0.001

,0.01

Pb

Adjusted for age (years), sex, race/ethnicity, lipid-lowering medication use, presence of diabetes mellitus, presence of hypertension, log-transformed body mass index, log-transformed urinary
albumin/creatinine ratio, and smoking status (current, former, never smoker). Inﬂammation is deﬁned as the $90th percentile of either IL-6 ($3 pg/ml) or high-sensitivity C-reactive protein
($9 mg/L). eGFR, estimated GFR; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; IDL, intermediate density lipoprotein.
a
No inﬂammation (,200, n=2775; $200, n=1951) and inﬂammation (,200, n=622; $200, n=371) for total cholesterol; no inﬂammation (,130, n=3142; $130, n=1584) and inﬂammation (,130,
n=709; $130, n=284) for LDL-C.
b
P values are for interaction.
c
No inﬂammation (,200, n=391; $200, n=279) and inﬂammation (,200, n=122; $200, n=61) for total cholesterol; no inﬂammation (,130, n=462; $130, n=208) and inﬂammation (,130, n=134;
$130, n=49) for LDL-C.

Total cholesterol per 10 mg/dl
,200 mg/dl
$200 mg/dl
LDL-C per 10 mg/dl
,130 mg/dl
$130 mg/dl
Log HDL-C
Log triglycerides
NMR lipids
Small-dense LDL per 100 nmol/L
Large LDL per 100 nmol/l
Log IDL cholesterol

Lipid Particle

eGFR $60 (n=5719)a

Table 3. Adjusted estimates and 95% confidence intervals of the difference in common carotid artery intima-media thickness (in micrometers) per specified differences in lipid particle
concentrations according to level of kidney function and presence of inflammation
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0.87% (n=57) and 0.82% (n=7) of those with eGFR $60 and
,60 ml/min per 1.73 m2, respectively, we were able to
show these J-shaped associations and demonstrate the
high prevalence of inﬂammation in early CKD stages, its
association with IMT, as well as its role in modifying the
association of total cholesterol and LDL-C with IMT.
Results of randomized controlled clinical trials assessing
the effects of LDL-C–lowering therapies on CKD and
ESRD have been inconsistent. Trials conducted exclusively
in ESRD patients receiving renal replacement therapy have
shown a lack of beneﬁt of statin therapy on cardiovascular
outcomes (4–6). Recently, however, the Study of Heart and
Renal Protection (SHARP) observed a signiﬁcant reduction
in major atherosclerotic events in patients with moderate
and severe CKD receiving a combination of simvastatin
and ezetimibe (32).
Our ﬁndings do not conﬂict with the beneﬁt that was
shown in the SHARP trial of lowering LDL-C in individuals with CKD. First, in the SHARP trial, the effectiveness
of the combined treatment was markedly reduced in
individuals with total cholesterol and LDL-C concentrations of ,212 and 117 mg/dl, respectively, which are the
usual values observed in individuals with CKD (22) and
ESRD (12). Second, the fact that a combination therapy
(simvastatin and ezetimibe)—rather than monotherapy
with a statin—was used as the active treatment may have
been more effective in targeting non-LDL-C–related pathways, such as a greater increase in HDL-C (33). As we
have shown here, the negative association between HDL-C
and IMT becomes stronger with a reduction in kidney function. However, the beneﬁt derived from the LDL-C–lowering effect from ezetimibe compared with other therapies is
controversial (34,35). Finally, the inverse association of total
cholesterol and LDL-C with IMT may not represent a beneﬁt
from higher lipid concentrations, but rather reﬂect increased
severity of CKD. In our study, individuals with J-shaped
associations had higher concentrations of clinically signiﬁcant inﬂammation, which is known to signiﬁcantly increase
the cardiovascular disease risk (36). Thus, targeting these
individuals for aggressive treatment of modiﬁable risk factors may prove beneﬁcial in CKD.
Important limitations of this study include its crosssectional nature. With this design, temporal relationships
between variables cannot be assessed. Nonetheless, even
for a longitudinal study with serial measures of eGFR,
plasma lipids, and IMT, establishing temporal relationships for these variables may prove challenging given the
possibility of bi-directional associations. In addition, IMT
is a surrogate marker of CHD and although it has been
shown to be an independent predictor of clinical cardiovascular outcomes (37–39), inferences derived from surrogate markers may not apply to clinical events. Thus, our
results should be conﬁrmed using clinical cardiovascular
outcomes. However, the main aim of this study was to
assess the association of plasma lipids and inﬂammation
with atherosclerosis in CKD. Finally, there were very few
individuals with severe CKD (eGFR ,30) and very high
lipid measurements (total cholesterol .300 and LDL-C
.200), and thus the external validity of our ﬁndings
with regard to these population groups is limited.
In summary, our ﬁndings suggest that in individuals
with moderate CKD and free of clinical cardiovascular

disease, lipid abnormalities other than total cholesterol and
LDL-C are highly prevalent and strongly associated with
subclinical atherosclerosis. The relationship of total cholesterol and LDL-C with IMT appeared to be modiﬁed by
the high prevalence of inﬂammation in individuals with
moderate CKD. Future studies should examine whether
incorporation of these lipid measurements helps to explain
the increased clinical atherosclerotic cardiovascular burden in CKD.
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M, Yildiz A: Malnutrition-inflammation-atherosclerosis (MIA)
syndrome components in hemodialysis and peritoneal dialysis
patients. Ren Fail 28: 287–294, 2006
31. Akdag I, Yilmaz Y, Kahvecioglu S, Bolca N, Ercan I, Ersoy A,
Gullulu M: Clinical value of the malnutrition-inflammationatherosclerosis syndrome for long-term prediction of cardiovascular mortality in patients with end-stage renal disease: A 5-year
prospective study. Nephron Clin Pract 108: c99–c105, 2008
32. Baigent C, Landray MJ, Reith C, Emberson J, Wheeler DC,
Tomson C, Wanner C, Krane V, Cass A, Craig J, Neal B, Jiang L,
Hooi LS, Levin A, Agodoa L, Gaziano M, Kasiske B, Walker R,
Massy ZA, Feldt-Rasmussen B, Krairittichai U, Ophascharoensuk
V, Fellström B, Holdaas H, Tesar V, Wiecek A, Grobbee D, de
Zeeuw D, Grönhagen-Riska C, Dasgupta T, Lewis D, Herrington
W, Mafham M, Majoni W, Wallendszus K, Grimm R, Pedersen T,
Tobert J, Armitage J, Baxter A, Bray C, Chen Y, Chen Z, Hill M,
Knott C, Parish S, Simpson D, Sleight P, Young A, Collins R;
SHARP Investigators: The effects of lowering LDL cholesterol
with simvastatin plus ezetimibe in patients with chronic kidney
disease (Study of Heart and Renal Protection): A randomised
placebo-controlled trial. Lancet 377: 2181–2192, 2011
33. Ballantyne CM, Houri J, Notarbartolo A, Melani L, Lipka LJ,
Suresh R, Sun S, LeBeaut AP, Sager PT, Veltri EP; Ezetimibe Study
Group: Effect of ezetimibe coadministered with atorvastatin in
628 patients with primary hypercholesterolemia: A prospective,
randomized, double-blind trial. Circulation 107: 2409–2415,
2003
34. Villines TC, Stanek EJ, Devine PJ, Turco M, Miller M, Weissman
NJ, Griffen L, Taylor AJ: The ARBITER 6-HALTS Trial (Arterial
Biology for the Investigation of the Treatment Effects of Reducing
Cholesterol 6-HDL and LDL Treatment Strategies in Atherosclerosis): Final results and the impact of medication adherence,
dose, and treatment duration. J Am Coll Cardiol 55: 2721–2726,
2010
35. Kastelein JJ, Akdim F, Stroes ES, Zwinderman AH, Bots ML,
Stalenhoef AF, Visseren FL, Sijbrands EJ, Trip MD, Stein EA,
Gaudet D, Duivenvoorden R, Veltri EP, Marais AD, de Groot E;
ENHANCE Investigators: Simvastatin with or without ezetimibe
in familial hypercholesterolemia. N Engl J Med 358: 1431–1443,
2008
36. Ridker PM, Cook N: Clinical usefulness of very high and very low
levels of C-reactive protein across the full range of Framingham
Risk Scores. Circulation 109: 1955–1959, 2004
37. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson SK Jr; Cardiovascular Health Study Collaborative Research Group: Carotid-artery intima and media thickness as a risk
factor for myocardial infarction and stroke in older adults. N Engl
J Med 340: 14–22, 1999
38. Polak JF, Pencina MJ, Pencina KM, O’Donnell CJ, Wolf PA,
D’Agostino RB Sr: Carotid-wall intima-media thickness and
cardiovascular events. N Engl J Med 365: 213–221, 2011
39. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M: Prediction
of clinical cardiovascular events with carotid intima-media
thickness: A systematic review and meta-analysis. Circulation
115: 459–467, 2007
Received: February 28, 2012 Accepted: July 10, 2012
Published online ahead of print. Publication date available at www.
cjasn.org.
This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.02090212/-/
DCSupplemental.

