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ABSTRACT
In moderate and severe CKD, the association of cholesterol with subsequent cardiovascular disease
(CVD) is weak. We examined whether malnutrition or inflammation (M-I) modifies the risk relationship
between cholesterol levels and CVD events in African Americans with hypertensive CKD and a GFR
between 20 and 65 ml/min per 1.73 m2. We stratified 990 participants by the presence or absence of M-I,
defined as body mass index �23 kg/m2 or C-reactive protein �10 mg/L at baseline. The primary
composite outcome included cardiovascular death or first hospitalization for coronary artery disease,
stroke, or congestive heart failure occurring during a median follow-up of 77 months. Baseline total
cholesterol (212 � 48 versus 212 � 44 mg/dl) and overall incidence of the primary CVD outcome (19
versus 21%) were similar in participants with (n � 304) and without (n � 686) M-I. In adjusted analyses,
the CVD composite outcome exhibited a significantly stronger relationship with total cholesterol for
participants without M-I than for participants with M-I at baseline (P � 0.02). In the non–M-I group, the
cholesterol-adjusted hazard ratio (HR) for CVD increased progressively across cholesterol levels: HR �

1.19 [95% CI; 0.77, 1.84] and 2.18 [1.43, 3.33] in participants with cholesterol 200 to 239 and �240 mg/dl,
respectively (reference: cholesterol �200). In the M-I group, the corresponding HRs did not vary
significantly by cholesterol level. In conclusion, the presence of M-I modifies the risk relationship
between cholesterol level and CVD in African Americans with hypertensive CKD.
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The role of hypercholesterolemia as a risk factor for the
development of cardiovascular disease (CVD) in moderate
and severe chronic kidney disease (CKD) is actively de-
bated, in large part, because of the inconsistent and often
paradoxical relationships reported in observational stud-
ies.1–5 Evidence from interventional trials in end-stage renal
disease (ESRD) likewise highlights the uncertain relation-
ship. In two randomized clinical trials conducted in main-
tenance dialysis participants, hepatic hydroxymethyl glu-
taryl-CoA reductase inhibitors (statins) therapies had no
beneficial effects on CVD events, despite substantial reduc-
tions in serum cholesterol levels.6,7

A recent study8 provided a potential explanation for the
contradictory results of the epidemiologic studies. In the
observational study by Liu et al.,8 the presence of malnutri-
tion or systemic inflammation (M-I) modified the risk re-
lationship between baseline cholesterol level and overall
mortality in maintenance dialysis participants. Whereas el-
evated cholesterol levels were associated with higher mor-
tality risk in the group of participants without M-I, elevated
cholesterol levels were associated with lower mortality risk
in the M-I group. Whether M-I modifies the risk relation-
ship of cholesterol with CVD in patients with CKD who
have not reached ESRD is unknown.5 Most studies have
examined associations of M-I with CVD in ESRD popula-
tions.1,2,4,8 –12 Few studies have examined associations of
CVD with these risk factors in CKD populations not on
maintenance dialysis,5,13–15 and there are no studies in Afri-
can Americans with hypertensive CKD.

The African-American Study of Kidney Disease and Hyper-
tension (AASK)16 –20 provides a unique opportunity to study
the relationship among cholesterol level, M-I, and the devel-
opment of CVD events in African Americans with hyperten-
sive CKD. The AASK participants were well characterized for
relevant risk factors at baseline, and CVD events were prospec-
tively ascertained over an extended follow-up period. Body
mass index (BMI) and high sensitivity C-reactive protein (hs-
CRP) levels, markers of M-I, were measured at baseline in the
trial.15,16 Additionally, the prevalence of hyperlipidemia in
AASK participants was very high; however, in prospective
analyses, elevated baseline cholesterol was only weakly associ-
ated with CVD events.19 In this study, we assessed the preva-
lence of M-I and its modifying effects on the risk relationship
of cholesterol level with subsequent CVD events in African
Americans with hypertensive CKD.

RESULTS

Cross-Sectional Analyses at Baseline
This report is based on 990 of the 1094 randomized AASK
participants who provided baseline total cholesterol, M-I
status, and the other factors included as covariates in the
Cox regression models (see Statistical Analysis). Baseline
demographic and comorbid characteristics were similar be-

tween the 990 included and 104 excluded participants
(Table 1). Three hundred four (31%) participants had M-I,
defined as BMI of �23 kg/m2 (n � 115) or hs-CRP of �10
mg/L (n � 206), of whom 17 participants fulfilled both
criteria. Compared with participants without M-I, partici-
pants with M-I were more likely women or current tobacco
smokers and they had lower serum albumin, lower iodine
125-iothalamate GFR, lower urinary urea nitrogen excre-
tion, higher proteinuria, and higher serum phosphate (Ta-
ble 1). Four hundred twenty-nine (43%), 297 (30%), and
264 (27%) participants had total cholesterol levels �200,
200 to 239, and �240 mg/dl, respectively. A total of 368
participants used statins during the course of the study, in-
cluding 96 (22%), 127 (43%), and 145 (55%) in the total
cholesterol categories of �200, 200 to 239, and �240 mg/dl,
respectively. Table 2 shows baseline demographic and clin-
ical characteristics stratified both by cholesterol categories
and M-I status. The positive relationships of M-I with fe-
male gender and current smoking and the inverse relation-
ship of M-I with urinary urea nitrogen all persisted within
each cholesterol category.

CVD Events
A total of 202 participants experienced the primary composite
CVD outcome over a median follow-up of 77 (interquartile
range: 43, 113) months, including 58 (19%) and 144 (21%)
participants with and without M-I at baseline, respectively.
The events leading to the CVD composite outcome included
61 congestive heart failure (CHF) hospitalizations, 64 strokes,
53 coronary artery disease (CAD) hospitalizations, and 24 car-
diovascular deaths.

Interaction of M-I with Total Cholesterol
Figure 1A and the top of Table 3 summarize the results of the
multivariable Cox regression models relating the primary
CVD outcome jointly to baseline total cholesterol and M-I
status while adjusting for the covariates. Under the cubic spline
model (Figure 1A), the association of the adjusted hazard ratio
(HR) for the primary CVD outcome with total cholesterol was
significantly nonlinear (P � 0.008) and differed significantly
between participants with and without M-I (interaction, P �
0.002). As shown in Figure 1A, the HR for the primary CVD
outcome increased as total cholesterol increased in partici-
pants without M-I, whereas the HR for the primary CVD out-
come with total cholesterol tended to decrease in participants
with M-I.

M-I was also found to modify the risk relationship between
total cholesterol and the primary CVD outcome in the Cox
regressions treating total cholesterol as a categorical variable
(interaction, P � 0.016). In the non–M-I group, the adjusted
HR of total cholesterol level for the primary CVD outcome
progressively increased across successively higher cholesterol
categories: HR � 1.0, 1.19 [95% confidence interval, 0.77,
1.84] and 2.18 [1.43, 3.33] for participants with total choles-
terol �200 (reference), 200 to 239, and �240 mg/dl, respec-
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tively. However, in the M-I group, the corresponding HRs
did not vary by cholesterol category: HR � 1, 1.03 [0.49,
2.15] and 0.76 [0.35, 1.68]. In the full cohort, combining
participants with and without M-I, total cholesterol level as
a categorical variable �240 mg/dl had an adjusted HR of
1.60 [1.14, 2.26], predicting the primary composite CVD
outcome compared with the reference category of choles-
terol level �200 mg/dl.

In unadjusted analyses, participants without M-I with
baseline cholesterol levels �200, 200 to 239, and �240
mg/dl had a gradual increased incidence rate of the primary
CVD outcome from 2.4 to 3.0 to 4.9 events per 100 patient-
years of follow-up, respectively. In participants with M-I,
the corresponding incidence rates of the primary CVD out-
come were 3.5, 3.5, and 2.4 events per 100 patient-years of
follow-up, respectively. As shown in Figure 2, the cumula-

Table 1. Baseline characteristics of the African-American study of kidney disease and hypertension participants included
in this study stratified by the absence or presence of malnutrition-inflammation and participants excluded from this study

Baseline Variables
Included Group

(n � 990)
Non-M-I Group

(n � 686)
M-I Group
(n � 304)

Excluded Group
(n � 104)

Age, years � SD 55 � 11 55 � 11 55 � 10 54 � 12
Women, n (%) 387 (39) 235 (34) 152 (50)a 38 (37)
Pre-existing cardiovascular disease, n (%) 515 (52) 348 (51) 167 (55) 49 (47)
Years with hypertensionb 14 � 10 14 � 10 14 � 10 14 � 11
Tobacco use, n (%)

current 290 (29) 164 (24) 126 (41)a 31 (30)
past 284 (29) 206 (30) 78 (26) 28 (27)
never 416 (42) 316 (46) 100 (33) 45 (43)

Body mass index, kg/m2 � SD 30.6 � 6.6 31.3 � 5.7 29.0 � 8.1a 30.1 � 6.2
Clinic systolic blood pressure, mmHg � SD 150 � 24 150 � 24 151 � 23 150 � 22
Clinic diastolic blood pressure, mmHg � SD 95 � 14 95 � 15 95 � 14 97 � 12
Alcohol use, n (%)c

yes 279 (28) 196 (29) 83 (28) 24 (23)
no 706 (72) 488 (71) 218 (72) 80 (77)

Total cholesterol, mg/dl � SD 212 � 46 212 � 44 212 � 48 209 � 45
Women HDL cholesterol, mg/dl � SD 55 � 15 55 � 16 55 � 16 51 � 15
Men HDL cholesterol, mg/dl � SD 44 � 15 43 � 13 48 � 21d 43 � 12
Non-HDL cholesterol, mg/dl � SD 163 � 45 164 � 44 161 � 47 163 � 45
GFR, ml/min per 1.73 m2 � SD 46 � 14 47 � 13 44 � 14a 47 � 13
Urinary urea nitrogen, g/day � SD 8.3 � 3.8 8.6 � 3.9 7.5 � 3.4a 8.2 � 3.7
Serum creatinine, mg/dl � SD 2.02 � 0.71 2.03 � 0.73 1.99 � 0.64 2.06 � 0.64
Blood urea nitrogen, mg/dl � SD 24 � 10 24 � 9 25 � 10 25 � 10
UP/Cr, g/g �interquartile range� 0.08 �0.03 to 0.36� 0.08 �0.03 to 0.34� 0.10 �0.03 to 0.47�d 0.10 �0.03 to 0.30�

Urine sodium to potassium ratio, g/g � SD 2.3 � 1.2 2.2 � 1.2 2.3 � 1.1 2.3 � 1.2
Phosphate, mg/dl � SD 3.5 � 0.6 3.5 � 0.6 3.6 � 0.5d 3.5 � 0.5
Calcium, mg/dl � SD 9.2 � 0.5 9.2 � 0.5 9.1 � 0.5 9.1 � 0.5
Albumin, g/dl � SD 4.2 � 0.3 4.3 � 0.3 4.2 � 0.3d 4.2 � 0.3
Uric acid, mg/dl � SD 8.3 � 1.9 8.3 � 1.9 8.1 � 1.9 8.6 � 1.8
hs-CRP, mg/L �interquartile range�e 7.6 �2.0 to 9.2� 3.4 �1.7 to 6.1� 13.6 �5.8 to 20.2�a —
NT-proBNP, pg/ml �interquartile range�f 154 �63 to 447� 150 �61 to 418� 175 �71 to 501� 190 �60 to 453�

Abnormal electrocardiogram, n (%)
yes 794 (80) 549 (80) 245 (81) 86 (83)
no 196 (20) 137 (20) 59 (19) 18 (17)

Annual income, n (%)
�$15,000 474 (48) 311 (45) 163 (54)d 47 (45)
�$15,000 335 (34) 258 (38) 77 (25)d 35 (34)
decline to provide information 181 (18) 117 (17) 64 (21) 22 (21)

M-I group is defined as body mass index � 23 kg/m2 or hs-CRP � 10 mg/L. In the excluded group, 102 and 2 participants were excluded from this study
because of missing measurements of high sensitivity C reactive protein (hs-CRP) and total cholesterol, respectively. NT-proBNP, N-terminal prohormone brain
natriuretic peptide.
aP � 0.005 and dP � 0.05 compared with the group without malnutrition-inflammation.
bEight missing values.
cFive missing values.
eOne hundred twelve missing values.
fNinety-eight missing values.
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tive incidence of the primary CVD outcome increased sig-
nificantly as cholesterol level increased in participants with-
out M-I (Figure 2A; P � 0.001), whereas the incidence of the
primary CVD outcome according to cholesterol level was
not significantly different in participants with M-I (Figure
2B; P � 0.45).

Interaction of M-I with Non-HDL Cholesterol
A similar pattern of relationship was observed using non-
HDL cholesterol as the exposure variable (Figure 1B; Table
3). The adjusted HR for the primary CVD outcome exhib-
ited a stronger relationship with non-HDL cholesterol

Figure 1. Associations of the adjusted HRs with 95% confidence
intervals for the primary composite cardiovascular disease out-
come with total cholesterol (A; P � 0.002) and with non-HDL
cholesterol (B; P � 0.008) are significantly different between the
M-I and non–M-I groups. (A) The total cholesterol reference value
is 200 mg/dl. Total cholesterol level was modeled nonparametri-
cally by using restricted cubic spline with four degrees of free-
dom, where the knots are 144, 191, 226, and 288 mg/dl. (B) The
non-HDL cholesterol reference value is 130 mg/dl. Non-HDL
cholesterol level was modeled nonparametrically by using re-
stricted cubic spline with four degrees of freedom, where the
knots are 97, 143, 179, and 237 mg/dl. All models were adjusted
for age, gender, pre-existing cardiovascular disease, baseline
iodine 125-iothalamate GFR, annual income, abnormal electro-
cardiogram, randomization group, and statin use and were strat-
ified by center.
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among participants in the non M-I group than among par-
ticipants in the M-I group for the cubic spline model (inter-
action, P � 0.008; P for nonlinearity � 0.001) and to a lesser
extent for the corresponding Cox regression model treating
non-HDL as a categorical variable (interaction, P � 0.11).
In unadjusted analyses, higher non-HDL cholesterol level
was associated with a significantly greater cumulative inci-
dence of the primary CVD outcome only in participants
without M-I (P � 0.009; Figure 3A).

Sensitivity Analyses Using Alternative M-I Definitions
Under adjusted cubic spline models, the risk relationship
between cholesterol level and the primary CVD outcome
was also modified to varying extents when participants were
restratified using three additional definitions of M-I: (1)
low serum albumin �3.6 mg/dl or low BMI �23 kg/m2 or
high hs-CRP �10 mg/L (interaction, P � 0.004; P for non-
linearity � 0.02); (2) low serum albumin �3.6 mg/dl or
high hs-CRP �10 mg/L (interaction, P � 0.002; P for non-
linearity � 0.002); and (3) low serum albumin �3.6 mg/dl
or high hs-CRP �3 mg/L (interaction, P � 0.07; P for non-
linearity � 0.12). In each of these analyses, the adjusted HR
relating the primary CVD outcome to total cholesterol in-
creased with higher cholesterol level for participants with-

out M-I but not for participants with M-I for each alterna-
tive M-I definition (data not shown). These interactions
were also evident in the corresponding Cox regressions
treating total cholesterol as a categorical variable for the first
two of these alternative definitions of M-I, although not so
when M-I was defined as serum albumin �3.6 mg/dl or
hs-CRP �3 mg/L (Table 4).

The interaction between total cholesterol and M-I status
(defined as BMI � 23 kg/m2 or hs-CRP � 10 mg/L) did not
reach statistical significance when a more homogenous sec-
ondary composite CVD outcome of cardiovascular death or
first hospitalization for CAD or stroke event was used as the
outcome (interaction, P � 0.12 for the cubic spline model; P
for nonlinearity � 0.35; interaction, P � 0.11 when total cho-
lesterol was treated as a categorical variable). However, the
stratified analyses showed that higher total cholesterol level
was associated with a substantially and progressively greater
risk for the development of the secondary CVD outcome only
in the non–M-I group: HR � 1.0, 1.22 [0.74, 1.99] and 1.97
[1.21, 3.22] in participants with total cholesterol �200, 200 to
239, and �240 mg/dl, respectively. In the M-I group, the cor-
responding HRs progressively decreased but did not vary sig-
nificantly by cholesterol level: HR � 1.0, 0.86 [0.35, 2.13], and
0.62 [0.24, 1.55].

Figure 2. Higher total cholesterol level associates with a gradual
and significantly greater cumulative incidence of the primary
composite cardiovascular disease outcome only in participants
without M-I. The P value is �0.001 for the non–M-I group and is
0.45 for the M-I group. Cumulative cardiovascular (CV) event by
cholesterol categories: �200, 200 to 239, and �240 mg/dl.

Figure 3. Higher non-HDL cholesterol level associates with a
significantly greater cumulative incidence of the primary compos-
ite CVD outcome only in participants without M-I. The P value is
0.009 for the non–M-I group and is 0.47 for the M-I group.
Cumulative cardiovascular (CV) event by non-HDL cholesterol
categories: �130, 130 to 159, and �160 mg/dl.
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DISCUSSION

In studies of the general population, the risk relationship of
total cholesterol with CVD mortality is direct, strong, and pro-
gressive without evidence of a threshold.21–23 In moderate
CKD and ESRD populations,1– 8 the relationship of serum cho-
lesterol level with CVD events and overall mortality is incon-
sistent and often paradoxical. Liu et al.8 recently provided ev-
idence that the paradoxical relationship of cholesterol level
with overall mortality and its U-shaped relationship with CVD
mortality can be explained by the confounding effect of the
commonly present M-I in dialysis populations. Our data ex-
tend these findings by documenting that M-I is a modifier of
the risk relationship of cholesterol levels with CVD in African
Americans not yet on maintenance dialysis with moderate
CKD attributed to hypertension.

In the study by Liu et al.8 of ESRD participants, lower base-
line cholesterol levels were associated with greater total mor-
tality and CVD events in the overall cohort. In the 23% of
participants without M-I, however, there was a significant,
continuous, and positive relationship of total cholesterol with
total mortality. In contrast, the risk relationship of total cho-
lesterol with total mortality was significant, continuous, and
inverse in the 77% of participants with M-I. In our study of
CKD participants not on maintenance dialysis, the prevalence
of M-I was only 31%. The association of high cholesterol level
with CVD events was limited to the 69% of participants with-
out M-I. This finding is noteworthy because participants with
and without M-I had similar high prevalence of cholesterol
level � 200 mg/dl (55 versus 57%) and cumulative incidence of
the primary CVD outcome (19 versus. 21%), respectively.

Our results should be discussed in the context of post hoc

analyses in the subgroup of participants with mild CKD in-
cluded in clinical trials of statins and CVD. In the meta-regres-
sion study by Tonelli et al.,24 of three clinical trials, statin ther-
apy significantly reduced cholesterol levels by 48 � 24 mg/dl in
participants with mild CKD. Additionally, statin therapy com-
pared with placebo significantly reduced the risk of CVD
events by 23% (unadjusted CVD incidence of 27.7% in the
statin group versus 34.1% in the placebo group; adjusted HR
0.77 [0.68, 0.86]). Trials of statin therapy in mild CKD and our
findings indicate that hypercholesterolemia is an important
risk factor for CVD in CKD. However, the pathogenesis of
CVD in CKD is complex, with multiple risk factors contribut-
ing to the disease. Whereas traditional risk factors such as hy-
percholesterolemia remain important, they seem to compete
and interact with nontraditional risk factors such as M-I. On-
going randomized clinical trials such as the study of heart and
renal protection will help to confirm the efficacy of statin ther-
apy for CVD directly in populations with moderate to severe
CKD not yet on maintenance dialysis.25

Our results and those of Liu et al.8 should be also placed
in the context of two recently published studies of statin
therapy in ESRD, the Die Deutche Diabetes Dialyze Studie
(4D trial)6 and a trial to evaluate the use of rosuvastatin in
subjects on regular hemodialysis: an assessment of survival
and CVD events (AURORA),7 that failed to show a benefit
of statin therapy on CVD despite highly significant reduc-
tions in cholesterol levels of approximately 42 to 43%. Ad-
ditionally, a modifying effect of hs-CRP on the relationship
between statin therapy and CVD events was not found in the
AURORA7 trial (interaction, P � 0.32). We consider three
reasons for the lack of overall statin therapy effect and lack
of interaction between hs-CRP level and statin therapy on

Table 4. Sensitivity analyses using different definitions of M-I as a modifier of the risk relationship between total baseline
cholesterol and the primary composite cardiovascular disease outcome

Categorical
Non M-I M-I

P for Interactiona

HR (95% CI) P HR (95% CI) P

Albumin �3.6 g/dl or BMI � 23 kg/m2 or hs-CRP � 10 mg/L 0.019
�200 mg/dl 1.00 1.00
200 to 239 mg/dl 1.29 (0.82, 2.01) 0.27 0.91 (0.45, 1.85) 0.80
�240 mg/dl 2.29 (1.48, 3.55) �0.001 0.94 (0.46, 1.93) 0.87

Albumin �3.6 g/dl or hs-CRP �10 mg/L 0.044
�200 mg/dl 1.00 1.00
200 to 239 mg/dl 1.38 (0.93, 2.03) 0.11 0.99 (0.44, 2.21) 0.98
�240 mg/dl 2.01 (1.37, 2.95) �0.001 1.16 (0.51, 2.68) 0.72

Albumin �3.6 g/dl or hs-CRP �3 mg/L 0.64
�200 mg/dl 1.00 1.00
200 to 239 mg/dl 1.34 (0.76, 2.36) 0.32 1.11 (0.72, 1.71) 0.64
�240 mg/dl 1.84 (1.03, 3.28) 0.04 1.39 (0.91, 2.12) 0.13

All Cox models were adjusted for age, gender, pre-existing cardiovascular disease, baseline iodine 125-iothalamate GFR, annual income, abnormal
electrocardiogram, randomization group, and statin use and were stratified by clinical center. The hazard ratios with 95% confidence intervals are expressed for
total cholesterol level as a categorical variable using the reference category of total cholesterol �200 mg/dl. BMI, body mass index; hs-CRP, high sensitivity C
reactive protein; HR, hazard ratio; CI, confidence interval.
aThe interaction P values reported in the last column assess the modifying effect of M-I on the risk relationship between baseline total cholesterol level and the
primary composite cardiovascular disease outcome. These P values are from Cox models using total cholesterol as a categorical variable; interaction P values
from corresponding cubic spline models treating total cholesterol as a continuous variable are given in the text with the corresponding P values for nonlinearity
test.
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CVD in the 4D and AURORA trials. First, in the 4D trial,26

the high hs-CRP level was one of the most important risk
factors of CVD events (relative risk, 1.10 [1.01, 1.18] per
unit increase in log-transformed hs-CRP) and mortality
(relative risk, 1.25 [1.17, 1.33] per unit increase in log-trans-
formed hs-CRP) independent of other risk factors including
statin therapy. Hence, prevalent M-I might be competing
with hypercholesterolemia and other risk factors for the risk
attributed to CVD events and mortality. Second, the bene-
fits of statins are increasingly attributed to pleiotropic ef-
fects, i.e., reducing inflammation and improving endothe-
lial function.27,28 However, in both trials,6,7,26 hs-CRP levels
were only minimally lowered in the participants random-
ized to statins, at best by 11.5% in the AURORA trial7 from
a baseline median level of 4.8 to 4.1 mg/L and from 4.6 to 4.4
mg/L in the 4D trial,26 which seem ineffective in ameliorat-
ing the inflammatory state of CKD, reflected by the 5- to
10-fold higher hs-CRP levels compared with the general
population. Third, the 4D and AURORA trials6,7,26 only as-
sessed high hs-CRP as a surrogate of chronic inflammation,
whereas Liu et al.8 assessed a composite of high hs-CRP or
high IL6 or low albumin as surrogates of chronic inflamma-
tion and/or malnutrition. Hence, the results of these stud-
ies, while informative, do not contradict our results and
those of Liu et al.8

Our study has limitations. First, the modifying effect of M-I
on the risk relationship between cholesterol and CVD events
may still be subject to residual confounding. Second, the cause
of increased inflammation is uncertain, but it was probably not
related to underlying infection. The enrolled participants in
the AASK trial did not have any clinical symptoms or signs of
infection at baseline that would have excluded them from par-
ticipating in the study. Third, total cholesterol levels were
drawn from nonfasting baseline specimens; however, serum
total cholesterol and non-HDL cholesterol are not considered
to be sensitive to food intake. Fourth, in our population, we
were unable to confirm the diagnosis of protein energy wasting
caused by lacking the measurement of prealbumin (a more
reliable marker of protein nutritional status) with the simulta-
neous assessment of markers of reduced muscle mass as rec-
ommended by the International Society of Renal Nutrition
and Metabolism.29 However, as in the study of Kovesdy et al.,15

we added to the definitions of the modifier a low serum albu-
min as a marker of protein malnutrition, excluding partici-
pants with the urine protein to creatinine ratio �2.5 g/g and
results remained similar (Table 4). Fifth, in our analyses, the
risk relationship between cholesterol and CVD in participants
with M-I is uncertain. Based on crude incidence rates (Table
3), the relationship is inversed with a trend toward decreasing
event rates by increasing serum cholesterol. However, in ad-
justed analyses, the relationship between cholesterol and CVD
in the M-I group appears ι-shaped, albeit nonsignificant. Sixth,
our study did not have sufficient statistical power to explore
analyses of the individual CVD components of the composite
primary outcome.

Strengths of our study include the study population (i.e.,
African Americans with hypertensive CKD), the long duration
of follow-up (up to 12 years), and the unbiased event ascertain-
ment procedures. Second, in most but not all sensitivity anal-
yses, our results were robust to alternative definitions of the
modifier (Table 4). Third, our results and those by Liu et al.8

have biologic plausibility.30 – 44 In CKD patients, progressive
reduction in GFR,31,32 superimposed inflammatory illnesses or
comorbidities,33–36 and the use of vascular access material, the
use of bioincompatible membranes,37 nonsterile dialysate,38

and the presence of backfiltration39 during dialysis contribute
to the generation of interleukins and/or enhancement of their
inflammatory effects. The inflammatory milieu of progressive
uremia increases catabolism and predispose to wasting, con-
tributing to the low BMI and the high hs-CRP, which are
markers of M-I in CKD.29,30,41– 44 Hence, in populations with
moderate to severe CKD, where the prevalence of M-I is com-
mon, ranging from 23 to 77%,8,30,40,41 with the highest preva-
lence observed in ESRD populations,8 one can expect M-I act-
ing as a modifier of the risk relationship of cholesterol with
CVD, which would not always be consistently continuous and
positive.

Our study has important clinical implications. Traditional
CVD risk prediction equations, such as the Framingham equa-
tion, do not stratify on M-I status. To date, the equations de-
veloped in general populations perform poorly in CKD pa-
tients.45 Given the substantial burden of CVD in patients with
CKD, efforts to predict which CKD patients will develop CVD
are critically important for patient management. As large co-
hort studies, such as the Chronic Renal Insufficient Cohort
Study,46 develop risk prediction equations, our study provides
strong evidence that the equation development process should
consider the role of M-I and potentially test separate equations
based on the presence or absence of M-I.

In summary, our data suggest that M-I is a modifier of the
risk relationship of cholesterol levels with CVD events in Afri-
can Americans with hypertensive CKD. Whereas higher cho-
lesterol levels were gradually and significantly associated with
greater risk for the development of CVD events in the group of
participants without M-I, higher cholesterol levels were not
associated with CVD events in the M-I group.

CONCISE METHODS

Study Design and Population
The AASK was a multicenter, randomized trial that examined the

effect on CKD progression of two BP goals, a low goal (mean

arterial pressure � 92 mmHg) or a usual goal (mean arterial pres-

sure � 102 to 107 mmHg), and three different classes of anti-

hypertensive drugs, ramipril, amlodipine, or metoprolol, double

blinded in a 2 � 3 factorial design. The clinical trial enrolled 1094

participants between February 1995 and September 1998. The trial

ended in September 30 2001.16,17 On completion of the trial in

September 2001, participants were provided open label treatment
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for hypertension including an angiotensin converting enzyme in-

hibitor or an angiotensin II receptor blocker. From the 787 partic-

ipants alive and not on dialysis at the end of the trial phase, 691

were enrolled in the AASK cohort phase18 for an additional 5 years.

The protocol and procedures were approved by the institutional

review board at each center, and all participants gave written in-

formed consent.

Definitions of Variables and Measurements
Participants were categorized for their risk of CVD events using

total cholesterol and non-HDL cholesterol, drawn from nonfast-

ing baseline specimens. According to the National Cholesterol Ed-

ucation Program guidelines for lipids,47 participants were catego-

rized in three groups: �200, 200 to 239, and �240 mg/dl using

total cholesterol levels. Participants were categorized in three

groups: �130, 130 to 159, and �160 mg/dl using non-HDL cho-

lesterol levels. Presence of malnutrition was defined as a baseline

BMI �23 kg/m2, a marker of malnutrition accepted by the Inter-

national Society of Renal Nutrition and Metabolism.29 Presence of

inflammation was defined as a baseline hs-CRP of �10 mg/L, con-

sistent with the definition used by Liu et al.8 A composite defini-

tion of M-I was used to stratify the study participants in two

groups: absence or presence of M-I. In sensitivity analyses, partic-

ipants were restratified using three additional definitions of M-I:

(1) low serum albumin �3.6 mg/dl or low BMI �23 kg/m2 or high

hs-CRP �10 mg/L; (2) low serum albumin �3.6 mg/dl or high hs-

CRP �10 mg/L; and (3) low serum albumin �3.6 mg/dl or high

hs-CRP �3 mg/L. All laboratory assays were measured at the

Cleveland Clinic Foundation central laboratory according to stan-

dardized methods. The hs-CRP level was measured by the nephe-

lometry method with interassay coefficient of variation percentage

(CV) of 3.79%. The cholesterol level was measured by the Roche

enzymatic system with interassay CV of 1.16%. The serum albu-

min level was measured by the bromocresol green method with

interassay CV of �1%.

Outcomes Ascertainment
The primary CVD outcome was a composite of cardiovascular

death or first hospitalization for a CAD, stroke, or CHF event.

Cardiovascular death was defined as the one occurring as a conse-

quence of cardiac arrhythmias, CAD, CHF, and stroke events (no

autopsy was required). Hospitalization for a CAD event was de-

fined as the need for cardiac revascularization procedure, con-

firmed nonfatal myocardial infarction (supported by the presence

of elevated creatine kinase level �2 times the upper limit of normal

for the given hospital with elevation of cardiac specific enzyme

above the normal range or elevation of cardiac troponin I, or in the

absence of cardiac specific enzymes, a typical evolutionary pattern

defined as elevated creatine kinase �2 times the upper limit of

normal followed by a fall of at least 50% or the appearance of new

pathologic Q-waves in two or more contiguous leads, or the ap-

pearance of an R-wave with R/S ratio in lead V1�1.0 in the absence

of another explanation for these changes or a loss of progression of

R-waves V2 through V5) or a report of nonfatal myocardium in-

farction without supporting documentation. Hospitalization for

stroke event was defined as permanent neurologic deficit of at least

24-hour duration attributed to a stroke with or without confirma-

tion by radiographic imaging. Hospitalization for CHF event was

defined as requiring therapy with an inotropic agent, vasodilator,

angiotensin converting enzyme inhibitor, angiotensin II receptor

blocker, an increase dose of a diuretic, or ultrafiltration. A second-

ary composite CVD outcome of cardiovascular death or first hos-

pitalization for CAD or stroke event was used in sensitivity analy-

ses. The Cardiovascular Outcome Committee reviewed and

classified all cardiovascular hospitalizations and deaths occurring

in both the trial and cohort phases of the study according to a

common prespecified protocol.16 –20

Statistical Analysis
Participants’ baseline characteristics are presented according to the

cholesterol categories and the absence or presence of M-I at entry.

Baseline characteristics were summarized as frequencies and propor-

tions for categorical variables and as means and SD or medians and

interquartile ranges for continuous variables. �2 tests, t tests, and Wil-

coxon rank sum tests were used to compare these variables between

the groups with and without M-I. Kaplan-Meier cumulative inci-

dence curves of the CVD outcome were estimated for categories of

total cholesterol and non-HDL cholesterol levels stratifying by the

absence or presence of M-I. The log-rank test was used to compare the

curves among groups.

Two sets of multivariable Cox proportional hazards regression

models were used to investigate the role of M-I as a potential effect

modifier for relationships between total cholesterol and non-HDL

cholesterol levels with risk of CVD events. In the first set of Cox

models, the cholesterol measures were incorporated as continuous

variables using restricted cubic spline functions with four degrees of

freedom, with knot points located at the tertiles of the cholesterol

variables. In the second set of Cox models, the cholesterol variables

were modeled as categorical variables based on the pre-existing cut-

offs defined above. Both set of Cox models allow for nonlinear rela-

tionships of the cholesterol variables with risk of CVD, as has been

previously reported.8 The cubic spline models have the advantage of

providing results that are relatively insensitive to arbitrary cut-off

values between cholesterol categories.8 Both sets of Cox regression

models included interaction terms between the M-I classification and

the factors representing the cholesterol levels. The Cox regression also

included age, gender, pre-existing CVD, baseline levels of iodine 125-

iothalamate GFR, annual income, abnormal electrocardiogram, ran-

domization group, and statin use as covariates and were stratified by

clinical center. Adjusted HRs with 95% confidence intervals were re-

ported. P values for interactions between the M-I indicators and the

cholesterol levels were computed using likelihood ratio tests. Crude

incidence rates (event rate per 100 patient-years) were also estimated

without covariate adjustment.

In sensitivity analyses, the Cox regression analyses described above

were repeated after reclassifying participants using three alternative

definitions of M-I mentioned above. All survival analyses censored

follow-up at the time of non-CVD death, ESRD, the administrative

end of the study, or loss to follow-up. All hypothesis tests are reported

on a comparison-wise basis, without adjustment for multiple com-
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parisons. Proportional hazards were assessed by checking the Schoen-

feld residual plots for all Cox models. All analyses were performed

using the Splus 8 (Palo Alto, CA) statistical package.
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