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ABSTRACT
In the general population, HDL cholesterol (HDL-C) is associated with reduced cardiovascular events.
However, recent experimental data suggest that the vascular effects of HDL can be heterogeneous. We
examined the association of HDL-C with all-cause and cardiovascular mortality in the Ludwigshafen Risk
and Cardiovascular Health study comprising 3307 patients undergoing coronary angiography. Patients
were followed for a median of 9.9 years. Estimated GFR (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration eGFR creatinine-cystatin C (eGFRcreat-cys) equation. The effect of
increasing HDL-C serum levels was assessed using Cox proportional hazard models. In participants with
normal kidney function (eGFR.90 ml/min per 1.73 m2), higher HDL-C was associated with reduced risk of
all-cause and cardiovascular mortality and coronary artery disease severity (hazard ratio [HR], 0.51, 95%
conﬁdence interval [95% CI], 0.26–0.92 [P=0.03]; HR, 0.30, 95% CI, 0.13–0.73 [P=0.01]). Conversely, in
patients with mild (eGFR=60–89 ml/min per 1.73 m2) and more advanced reduced kidney function
(eGFR,60 ml/min per 1.73 m2), higher HDL-C did not associate with lower risk for mortality (eGFR=60–
89 ml/min per 1.73 m2: HR, 0.68, 95% CI, 0.45–1.04 [P=0.07]; HR, 0.84, 95% CI, 0.50–1.40 [P=0.50];
eGFR,60 ml/min per 1.73 m2: HR, 1.18, 95% CI, 0.60–1.81 [P=0.88]; HR, 0.82, 95% CI, 0.40–1.69
[P=0.60]). Moreover, Cox regression analyses revealed interaction between HDL-C and eGFR in predicting
all-cause and cardiovascular mortality (P=0.04 and P=0.02, respectively). We conﬁrmed a lack of association between higher HDL-C and lower mortality in an independent cohort of patients with deﬁnite CKD
(P=0.63). In summary, higher HDL-C levels did not associate with reduced mortality risk and coronary
artery disease severity in patients with reduced kidney function. Indeed, abnormal HDL function might
confound the outcome of HDL-targeted therapies in these patients.
J Am Soc Nephrol 25: 1073–1082, 2014. doi: 10.1681/ASN.2013050482

Cardiovascular disease (CVD) represents the leading cause of death in Western society. In 2009,
coronary artery disease (CAD) was responsible for
approximately 400,000 deaths and an estimated
.600,000 cardiovascular events among United
States inhabitants.1 In addition to traditional risk
factors, such as arterial hypertension, smoking,
dyslipidemia, obesity, and diabetes, CKD was identiﬁed as a potent and independent risk factor for
CVD.2–4 Two related meta-analyses that included
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.1 million individuals recently demonstrated a strong association between estimated GFR (eGFR) or albuminuria and
mortality in patients with arterial hypertension as well as diabetes.5,6 Moreover, it was previously documented that even
mildly reduced kidney function represents a major risk factor
for atherosclerotic CVD.7,8 Recent reports indicate a 14.0%
prevalence of CKD in the general population, which underscores the importance to accurately identify patients with
impaired kidney function and to examine the mechanisms
underlying the high cardiovascular burden in these patients.9
LDL and HDL are crucially involved in the pathogenesis of
atherosclerotic CVD. It is well known that LDL may promote
the formation of vascular atherosclerotic lesions. In contrast,
HDL has commonly been thought to act as a vasoprotective
agent mainly by preventing endothelial dysfunction that
reﬂects the initial step of atherosclerosis.10 However, there
is a growing body of experimental evidence indicating that
HDL may lose its vasoprotective properties in certain clinical
conditions (e.g., diabetes, CAD).11 In line with these ﬁndings,
our group recently showed that even in patients with incipient
CKD, HDL is transformed into a noxious particle inducing
endothelial dysfunction and arterial hypertension. 1 2
Interestingly, a recent study failed to demonstrate a beneﬁcial

effect of genetically elevated HDL cholesterol (HDL-C) serum
levels on the rate of cardiovascular events.13 Moreover, increasing HDL-C serum levels using pharmacologic inhibitors
of the cholesterol-ester transfer protein did not reduce the rate
of cardiovascular events. 10,14 In addition, a recent study
showed that higher levels of HDL-C were not signiﬁcantly
associated with reduced carotid intima media thickness in patients with more advanced CKD.15
This study aimed to prospectively evaluate the effect of a
reduced kidney function on long-term outcome of patients
undergoing coronary angiography and to assess the effect of
HDL-C levels on the outcome in patients with normal and
reduced kidney function.

RESULTS

Table 1 shows characteristics of Ludwigshafen Risk and Cardiovascular Health (LURIC) study participants (N=3307). Patients were classiﬁed into three categories by their estimated
GFR using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine-cystatin C equation (eGFRcreat-cys).
Patients with advanced kidney failure (eGFR ,60 ml/min per

Table 1. Baseline characteristics of LURIC study participants
Characteristics
All-cause mortality (%)
Cardiovascular mortality (%)
Age (yr)
Sex (% male)
Body mass index (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol (mg/dl)
Triglycerides (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
Glycated hemoglobin (%)
Creatinine (mg/dl)
Cystatin C (mg/L)
eGFR (ml/min per 1.73 m2)
hsCRP (mg/L)
sICAM-1 (mg/L)
IL-6 (ng/L)
CAD (%)
Friesinger score
Acute coronary syndrome (%)
Statin use (%)
Lipid-lowering therapy (%)b
Diabetes (%)
Smoking (%)
Hypertension (%)

Overall (N=3307)
995 (30.0)
622 (18.8)
62.7610.6
69.6
27.564.1
141.1623.6
81.0611.5
192.4639.1
147.0692.0
38.7610.8
116.6634.3
6.361.2
1.060.4
1.060.4
81.7620.1
3.4 (7.3)
258.2698.7
5.2 (6.1)
77.9
5.463.9
31.3
46.9
48.6
39.9
64.0
72.7

eGFR (ml/min per 1.73 m2)
‡90 (n=1209)
209 (17.3)
121 (10.0)
55.8610.2
78.2
27.264.0
136.4621.8
80.5610.9
194.1640.5
144.0693.0
39.1610.7
117.3635.2
6.161.2
0.860.1
0.860.1
101.568.0
2.4 (5.7)
244.7673.2
4.1 (4.8)
72.9
4.963.9
28.7
45.9
48.2
30.4
70.6
61.9

60–89 (n=1642)
514 (31.3)
317 (19.9)
65.568.4
66.5
27.764.0
143.4623.8
81.8611.6
192.6637.4
145.0691.0
39.0610.8
117.4633.6
6.461.2
1.060.1
1.060.1
77.168.5
3.5 (7.3)
260.46106.1
5.3 (6.1)
79.9
5.663.9
32.0
48.0
49.3
42.4
61.0
77.6

,60 (n=456)
272 (59.6)
184 (40.4)
70.868.4
58.1
27.564.4
145.4625.5
79.2611.9
186.7640.4
159.0691.0
36.8611.0
111.3634.2
6.761.4
1.460.8
1.660.7
46.2611.5
6.5 (12.4)
294.96129.3
7.7 (7.8)
83.8
6.263.9
35.5
45.8
46.9
56.4
57.2
84.0

P Valuea
,0.001
,0.001
,0.001
,0.001
0.02
,0.001
,0.001
0.002
0.07
,0.001
0.002
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.02
0.48
0.63
,0.001
,0.001
,0.001

Values are presented as the mean6SD, median (interquartile range) or n (%). LDL-C, LDL cholesterol.
a
Comparison between patients with an eGFR$90, eGFR 60–89 ml/min per 1.73 m2, and ,60 ml/min per 1.73 m2. P,0.05 was considered signiﬁcant.
b
Comprises usage of statins, niacin, ﬁbrates, and selective cholesterol absorption inhibitors.
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1.73 m2) showed typical features of uremic dyslipidemia characterized by signiﬁcantly reduced concentrations of total cholesterol,
LDL cholesterol, and HDL-C, whereas triglycerides were elevated.
Moreover, inﬂammatory markers such as high-sensitivity
C-reactive protein (hsCRP), soluble intercellular adhesion
molecule-1 (sICAM-1), and IL-6 were already signiﬁcantly elevated in patients with mildly reduced eGFR. Traditional cardiovascular risk factors such as diabetes and hypertension were more
prevalent in patients with an eGFR of 60–90 ml/min per 1.73 m2
compared with patients with normal eGFR.
After a median follow-up time of 9.9 years, 995 (30.0%) of
the study participants died; 622 deaths (66.5%) were caused
by cardiovascular or cerebrovascular events. Compared with
patients with normal kidney function, the age- and sexadjusted hazard ratios (HRs) for all-cause mortality were 2.0
(95% conﬁdence interval [95% CI], 1.7 to 2.3) in patients with
an eGFR of 60–89 ml/min per 1.73 m2 and 4.9 (95% CI, 4.1 to
5.9) in patients with an eGFR,60 ml/min per 1.73 m2 (Supplemental Table 1). This effect was still present after further
adjustment for potential confounders. Notably, compared
with all-cause mortality, the effect of a reduced eGFR,90
ml/min per 1.73 m2 on cardiovascular mortality was even
more pronounced.
To unravel potential causes underlying the effects of an
impaired kidney function on all-cause and cardiovascular
mortality, we focused our analyses on HDL-C. First we
determined the association of increasing HDL-C serum levels
with mortality in the whole study cohort. Figure 1 shows allcause and cardiovascular mortality according to categories of
HDL-C serum levels. The log-rank test identiﬁed a signiﬁcant
inverse association between the categories of HDL-C and
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all-cause as well as cardiovascular mortality (P,0.001 and
P,0.001, respectively).
We next performed subgroup analyses to determine the
effect of HDL-C serum levels on mortality in patients stratiﬁed
into three categories of their eGFR. Baseline characteristics of
the study participants according to categories of HDL-C are
shown in Supplemental Table 2. The HRs for the categories of
HDL-C serum levels calculated using Cox regression analysis
in a crude model, as well as adjusted for age, sex, glycated
hemoglobin, systolic BP, body mass index, acute coronary
syndrome, Friesinger score (as a measure for CAD severity),
lipid-lowering therapy, smoking status, and hsCRP are shown
in Figure 2 and Table 2, respectively. Whereas HDL-C categories remained signiﬁcantly associated with a lower HR for allcause and cardiovascular mortality in patients with normal
kidney function (P=0.04 and P=0.03, respectively), higher concentrations of HDL-C lost their beneﬁcial effect on all-cause and
cardiovascular mortality in patients with an eGFR ,60 ml/min
per 1.73 m2 (P=0.25 and P=0.09, respectively). Interestingly, in
patients with mildly reduced kidney function (eGFR=60–89 ml/
min per 1.73 m2), categories of HDL-C were not associated
with a signiﬁcantly reduced HR for all-cause and cardiovascular
mortality (P=0.33 and P=0.93, respectively). In addition, subgroup analyses revealed that the predictive value of HDL-C in
patients with eGFR,60 ml/min per 1.73 m2 did actually not
depend on the intake of lipid-lowering medication (Supplemental Table 3). Notably, in a validation cohort consisting of 246
patients with deﬁnite CKD (Supplemental Table 4), HDL-C divided in two categories according to the median value was not
signiﬁcantly associated with all-cause mortality (P=0.63; Figure
3), conﬁrming the results of the LURIC study.

Figure 1. All-cause and cardiovascular mortality according to categories of HDL-C in all participants in the LURIC study.
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eGFR=60–89 ml/min per 1.73 m 2 , but
not in patients with eGFR,60 ml/min
per 1.73 m2 (Supplemental Table 5).
To prove that the predictive value of
HDL-C serum levels actually depends on
eGFR, we included HDL-C and eGFR as
continuous variables as well as a ﬁrst-order
interaction term between both parameters
into a Cox proportional model (Supplemental Table 6). Notably, in fully adjusted
models, there was a signiﬁcant interaction
between HDL-C and eGFR for all-cause
(P=0.04) and cardiovascular mortality
(P=0.02), indicating that HDL-C was a
more powerful predictor of mortality in
patients with normal eGFR than in those
with reduced eGFR.
We next analyzed whether HDL-C serum
levels might also have an effect on CAD
disease severity. In linear regression analyses
(Table 4), we found HDL-C to be signiﬁcantly associated with a reduced Friesinger
score in patients with an eGFR$90 ml/min
per 1.73 m2 (P,0.001) and patients with an
eGFR of 60–89 ml/min per 1.73 m 2
(P,0.001). Importantly, in patients with
an eGFR,60 ml/min per 1.73 m2, the association of HDL-C with the Friesinger score
did not reach statistical signiﬁcance (P=0.30)
after adjustment for potential confounders.
Because the baseline characteristics of
Figure 2. HRs for all-cause and cardiovascular mortality in patients from the LURIC the study cohort (Table 1) revealed a signifstudy according to categories of eGFR and HDL-C. The HDL-C categories are as icant difference of HDL-C serum levels befollows: C1, #25 mg/dl; C2, 26–33 mg/dl; C3, 34–41 mg/dl; C4, 42–49 mg/dl; and C5, tween participants with normal and
$50 mg/dl. Category 1 is used as the reference. HRs have been calculated using reduced kidney function, we calculated
a multivariable Cox proportional hazard model adjusted for age, sex, glycated he- the estimated marginal means of HDL-C
moglobin, systolic BP, body mass index, acute coronary syndrome, Friesinger score, according to the categories of eGFR
lipid-lowering therapy, smoking status, and hsCRP.
using a general linear model (Supplemental
Table 7). These studies revealed a signiﬁcant reduction of HDL-C levels already in
Because the composition of HDL is known to be a critical patients with an eGFR of 60–89 ml/min per 1.73 m2 compared
determinant of the vasoprotective properties of HDL,16,17 we
with participants with normal kidney function after adjustment for potential confounders. Interestingly, reduced kidney
next determined the lipid composition of HDL in patients
function was also associated with higher levels of proinﬂamwith different eGFR categories (Table 3). Here we found that
matory markers such as hsCRP, sICAM-1, and IL-6 at baseline
the concentrations of cholesterol, phospholipids, free choles(Table 1), which have been shown to reduce HDL-C levels in
terol, as well as cholesterol in the HDL fraction were signiﬁexperimental models of inﬂammation.18 Indeed, we could
cantly reduced in patients with impaired kidney function. In
contrast, triglycerides signiﬁcantly accumulated in the HDL
conﬁrm that higher concentrations of hsCRP, sICAM-1, and
fraction when kidney function was impaired. Moreover, the
IL-6 were associated with signiﬁcantly reduced HDL-C levels.
concentration of apoA1, the prevailing protein constituent of
In addition, we could show that higher levels of these proinHDL, was signiﬁcantly reduced in HDL from patients with
ﬂammatory markers were associated with increased all-cause
impaired kidney function. Notably, Cox regression analyses
and cardiovascular mortality in patients with normal and
revealed that higher levels of apoA1 were associated with a
mildly reduced kidney function (eGFR=60–89 ml/min per
reduced risk of all-cause and cardiovascular mortality in pa1.73 m2) as well as partially in patients with an eGFR,60
tients with normal kidney function and in patients with
ml/min per 1.73 m2 (Supplemental Table 8).
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Table 2. Cox regression for all-cause and cardiovascular mortality in the LURIC study according to categories of HDL-C serum
levels
Model

eGFR
(ml/min per 1.73 m2)

Crude

$90

60–89

,60

Adjusted 1a

$90

60–89

,60

Adjusted 2b

$90

60–89

,60

HDL Category
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5
C1
C2
C3
C4
C5

All-Cause Mortality

Cardiovascular Mortality

Events (%)

HR (95% CI)

P Value

Events (%)

HR (95% CI)

P Value

22.2
16.8
19.5
15.6
13.0
40.0
35.5
30.2
30.7
23.2
58.5
69.2
54.0
50.7
56.9
22.2
16.8
19.5
15.6
13.0
40.0
35.5
30.2
30.7
23.2
58.5
69.2
54.0
50.7
56.9
22.2
16.8
19.5
15.6
13.0
40.0
35.5
30.2
30.7
23.2
58.5
69.2
54.0
50.7
56.9

1
0.71 (0.42 to 1.20)
0.84 (0.52 to 1.37)
0.65 (0.38 to 1.11)
0.54 (0.30 to 0.97)
1
0.80 (0.58 to 1.11)
0.66 (0.48 to 0.91)
0.68 (0.48 to 0.95)
0.50 (0.34 to 0.73)
1
1.29 (0.86 to 1.93)
0.87 (0.57 to 1.33)
0.82 (0.51 to 1.33)
0.94 (0.57 to 1.53)
1
0.65 (0.38 to 1.09)
0.70 (0.43 to 1.15)
0.51 (0.30 to 0.89)
0.43 (0.24 to 0.79)
1
0.76 (0.55 to 1.05)
0.62 (0.45 to 0.86)
0.65 (0.46 to 0.92)
0.47 (0.32 to 0.69)
1
1.27 (0.85 to 1.90)
0.91 (0.59 to 1.40)
0.85 (0.52 to 1.39)
0.96 (0.58 to 1.61)
1
0.67 (0.39 to 1.14)
0.75 (0.44 to 1.27)
0.57 (0.31 to 0.94)
0.51 (0.26 to 0.92)
1
0.88 (0.63 to 1.22)
0.78 (0.56 to 1.09)
0.88 (0.61 to 1.27)
0.68 (0.45 to 1.04)
1
1.36 (0.90 to 2.05)
1.03 (0.66 to 1.61)
0.95 (0.56 to 1.59)
1.18 (0.60 to 1.81)

—
0.20
0.49
0.11
0.04
—
0.18
0.01
0.02
, 0.001
—
0.21
0.52
0.43
0.79
—
0.10
0.16
0.02
0.01
—
0.10
0.004
0.01
,0.001
—
0.25
0.67
0.53
0.88
—
0.13
0.23
0.04
0.03
—
0.44
0.15
0.50
0.07
—
0.15
0.90
0.83
0.88

18.0
9.3
12.4
7.9
5.4
25.6
22.2
19.0
17.0
15.9
37.7
51.0
34.7
42.0
29.3
18.0
9.3
12.4
7.9
5.4
25.6
22.2
19.0
17.0
15.9
37.7
51.0
34.7
42.0
29.3
18.0
9.3
12.4
7.9
5.4
25.6
22.2
19.0
17.0
15.9
37.7
51.0
34.7
42.0
29.3

1
0.49 (0.27 to 0.91)
0.66 (0.38 to 1.17)
0.41 (0.21 to 0.79)
0.28 (0.13 to 0.62)
1
0.78 (0.52 to 1.17)
0.65 (0.44 to 0.97)
0.59 (0.38 to 0.91)
0.54 (0.38 to 0.86)
1
1.46 (0.89 to 2.40)
0.86 (0.51 to 1.47)
1.03 (0.59 to 1.83)
0.75 (0.39 to 1.42)
1
0.45 (0.24 to 0.84)
0.57 (0.32 to 1.01)
0.34 (0.18 to 0.67)
0.25 (0.11 to 0.55)
1
0.74 (0.50 to 1.11)
0.62 (0.41 to 0.92)
0.56 (0.36 to 0.87)
0.50 (0.31 to 0.81)
1
1.46 (0.89 to 2.40)
0.86 (0.51 to 1.47)
1.03 (0.59 to 1.83)
0.75 (0.39 to 1.43)
1
0.45 (0.24 to 0.85)
0.60 (0.32 to 1.11)
0.37 (0.17 to 0.78)
0.30 (0.13 to 0.73)
1
0.90 (0.59 to 1.36)
0.83 (0.54 to 1.27)
0.84 (0.52 to 1.34)
0.84 (0.50 to 1.40)
1
1.52 (0.92 to 2.53)
1.02 (0.59 to 1.78)
1.18 (0.64 to 2.19)
0.82 (0.40 to 1.69)

—
0.03
0.15
0.01
0.002
—
0.23
0.04
0.02
0.01
—
0.13
0.59
0.91
0.38
—
0.01
0.05
0.002
0.001
—
0.15
0.02
0.01
0.01
—
0.13
0.59
0.91
0.38
—
0.01
0.10
0.01
0.01
—
0.61
0.39
0.46
0.50
—
0.11
0.94
0.60
0.60

The categories are as follows: C1, #25 mg/dl; C2, 26–33 mg/dl; C3, 34–41 mg/dl; C4, 42–49 mg/dl; and C5, $50 mg/dl. Category 1 is used as the reference.
a
Adjusted for age and sex.
b
Adjusted for age, sex, glycated hemoglobin, systolic BP, body mass index, acute coronary syndrome, Friesinger score, lipid-lowering therapy, smoking status, and
hsCRP.

DISCUSSION

The results of this study conﬁrmed that reduced kidney
function—as determined by the novel and validated
J Am Soc Nephrol 25: 1073–1082, 2014

eGFRcreat-cys—is a strong risk factor for all-cause and cardiovascular mortality in a large cohort of patients at intermediate
to high cardiovascular risk during long-term follow-up.
Moreover, our ﬁndings indicate that high concentrations of
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and hospitalization in large study populations,7 mainly because of a high prevalence of traditional and nontraditional
cardiovascular risk factors in these patients.19 These studies
led to recognition of CKD patients as a population with an
exceptionally high cardiovascular risk. The presence of nontraditional cardiovascular risk factors (e.g., oxidative stress,
anemia, and calcium-phosphate disturbances) in this population results in pathophysiologic mechanisms for cardiovascular disease that differ from the general population.
To identify potential causes contributing to the elevated risk
of mortality in patients with reduced kidney function, we
focused on HDL-C. Our group recently
showed that HDL transforms from a vasoprotective into a noxious particle inducing
endothelial dysfunction and hypertension
in CKD patients.12 These observations are
in marked contrast to studies reporting
only a moderate diminution of the beneﬁcial vascular properties under disease conditions such as CAD or diabetes. 20,21
Moreover, we identiﬁed the accumulation
of symmetric dimethylarginine in the
HDL fraction of CKD patients as the culprit
inverting its vascular function. In this study,
we show for the ﬁrst time that higher levels
of HDL-C or its major protein constituent
apoA1 do not reduce the risk for all-cause
and cardiovascular mortality in patients
with reduced kidney function in a large
population during a long follow-up period.
Importantly, analyses of an independent
data set of patients with proven CKD conﬁrmed these observations. These ﬁndings
are in marked contrast to patients with normal kidney function, in whom higher HDLC levels were signiﬁcantly associated with
reduced risk for all-cause and cardiovascular mortality. Notably, in patients with an
already mildly reduced eGFR, higher levels
of HDL-C were not associated with a reFigure 3. All-cause mortality in CKD patients in the validation cohort stratiﬁed into two duced risk of death. Importantly, for allcause and cardiovascular mortality, we
groups by the median of HDL-C.
HDL-C are associated with a lower risk of mortality in this
population. However, HDL-C lost its association with lower
mortality in patients with even minor impairment of kidney
function, whereas higher HDL-C levels almost turned into a
potential cardiovascular risk factor in patients with more advanced kidney failure (i.e., the HR reached almost statistical
signiﬁcance).
For many years, reduced kidney function has been known to
be associated with an elevated risk for cardiovascular events and
mortality. An eGFR,60 ml/min per 1.73 m2 has been identiﬁed to increase the risk for mortality, cardiovascular events,

Table 3. HDL composition in LURIC study participants
HDL Composition (mg/dl)
HDL cholesterol
HDL triglycerides
HDL phospholipids
HDL free cholesterol
HDL cholesteryl ester
apoA1 (mg/dl)

Overall (N=3307)
38.7610.8
15.967.0
91.2620.5
9.062.8
30.168.4
129.4625.0

eGFR (ml/min per 1.73 m2)
‡90 (n=1209)

60–89 (n=1642)

,60 (n=456)

39.1610.7
14.666.5
92.8620.6
9.062.7
30.568.3
130.0625.0

39.0610.8
16.266.9
91.4620.1
9.162.8
30.368.3
130.3624.7

36.8611.0
18.567.7
86.7621.2
8.662.9
28.368.6
124.7625.9

P Valuea
,0.001
,0.001
,0.001
0.01
,0.001
,0.001

a
Comparison between patients with an eGFR$90 ml/min per 1.73 m2, eGFR 60–89=ml/min per 1.73 m2, and eGFR,60 ml/min per 1.73 m2. P,0.05 was considered signiﬁcant. Data are presented as the mean6SD.
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Table 4. Association between HDL-C and Friesinger score in
the LURIC study as a measure of CAD severity according to
eGFR calculated by using CKD-EPI eGFRcreat-cys equation
Model
Crude

Adjusted 1b

Adjusted 2c

eGFR
(ml/min per 1.73 m2)

b

P Valuea

$90
60–89
,60
$90
60–89
,60
$90
60–89
,60

20.250
20.242
20.178
20.223
20.190
20.136
20.116
20.111
20.073

,0.001
,0.001
,0.001
,0.001
,0.001
0.004
,0.001
,0.001
0.30

a
P,0.001 for the interaction between eGFR and HDL-C as continuous variables.
b
Adjusted for age and sex.
c
Adjusted for age, sex, glycated hemoglobin, body mass index, mean systolic
BP, lipid-lowering therapy, acute coronary syndrome, smoking status, and
hsCRP.

observed a signiﬁcant interaction between HDL-C and eGFR,
which indicates that the predictive value of HDL-C is indeed
modulated by eGFR. In addition, we documented that higher
HDL-C is associated with signiﬁcantly reduced severity of
CAD, but only in patients with normal kidney function. These
ﬁndings ideally conﬁrm our recent experimental observations,
in which HDL from patients with mildly reduced eGFR already
promoted endothelial dysfunction in vitro and in several animal models. Thus, this study points to a pivotal role of reduced
kidney function in the modiﬁcation of traditional factors involved in cardiovascular risk.
Pharmacologically increasing HDL-C concentrations has
been considered a promising tool to improve survival in patients with high cardiovascular risk. Although observational
studies suggested a beneﬁcial effect of high HDL-C concentrations on cardiovascular mortality and morbidity, two recent
interventional trials failed to reveal any beneﬁcial effect of
elevated HDL-C levels on cardiovascular outcome.14,22 Notably, the dal-OUTCOMES study included patients with serum
creatinine levels,2.2 mg/dl and even 11% of all participants
had an eGFR,60 ml/min per 1.73 m2. Given the fact that
CKD is highly prevalent in patients with CAD,23 our results
suggest that the presence of even mildly reduced kidney function may serve as an explanation, at least in part, as to why
increasing HDL-C levels may not improve cardiovascular outcome. It is obvious that increasing dysfunctional or even noxious HDL may not reduce cardiovascular morbidity and
mortality. In contrast, the function of HDL (e.g., reverse cholesterol transport) and not its serum concentrations has been
demonstrated to greatly associate with subclinical atherosclerosis.24 Moreover, we could show that HDL-C serum levels are
strongly inﬂuenced by markers of oxidative and inﬂammatory
stress. These ﬁndings support experimental evidence suggesting that proinﬂammatory activation affects HDL metabolism
J Am Soc Nephrol 25: 1073–1082, 2014
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and composition18 providing a link between HDL and inﬂammation. However, it cannot be deduced whether HDL itself
or kidney dysfunction induces proinﬂammatory vascular
activation. Therefore, the development and validation of
novel laboratory assays to quantify biologic function,
rather than measuring serum concentrations of HDL-C,
is mandatory.
The main strengths of this study are the large study
population and the long follow-up period. Thus, we were
able to reliably document that minor impairment of kidney
function strongly affects long-term all-cause and cardiovascular mortality and abolishes the beneﬁcial effect of
HDL-C. Accurate and comprehensive clinical characterization of the participants made it possible to adjust for
potential confounding variables. In addition, the availability of cystatin C and creatinine values in all study
participants allowed for the use of the CKD-EPI eGFRcreat-cys
equation as the present state-of-the-art method to estimate kidney function. However, results of urinalyses
(e.g., albuminuria) were not available, which did not allow
for identiﬁcation of patients with albuminuria but normal
eGFR. Moreover, in the observational LURIC study, we
have not examined the functionality of HDL, which has
been previously linked to a worsened outcome in patients
with ESRD. 25 Nonetheless, our ﬁndings clearly document
that quantitative measures of HDL such as HDL-C or
apoA-I, which are commonly used in clinical practice,
are not associated with better outcome in patients with
impaired kidney function. Furthermore, the LURIC study
mainly enrolled patients with preexisting CAD. Therefore,
from the present data, one cannot deduce that HDL-C reduces cardiovascular events per se. Even more important is
that HDL-C associates with improved long-term outcome
in patients with prevalent CAD as long as kidney function
is normal. The fact that only Caucasian patients were included limits the generalization of the results to other
races. Although a recent study found lower HDL-C levels
to be associated with enhanced mortality during shortterm outcome in CKD patients with metabolic syndrome, 26 our data, rather, conﬁrm recent experimental
evidence revealing dysfunctional HDL in a variety of in
vitro and in vivo assays under CKD conditions. 27 Nonetheless, additional interventional studies are necessary to definitely conﬁrm a divergent effect of increasing HDL-C on
cardiovascular mortality in participants with normal and
reduced kidney function.
In summary, our results conﬁrmed that even mildly
reduced kidney function is a potent cardiovascular risk
factor and documented the usefulness of the recent CKDEPI eGFRcreat-cys equation to estimate kidney function and
predict outcome. Moreover, one explanation for this ﬁnding might be the fact that the presence of even a mildly reduced eGFR deteriorates the beneﬁcial vascular effect of
HDL-C and abolishes its favorable effect on cardiovascular
outcome.
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CONCISE METHODS
Participants
The LURIC study included 3307 patients undergoing coronary
angiography between 1997 and 2000. Study design and baseline examinations were previously described in detail.28 Brieﬂy, we enrolled
Caucasian patients who were clinically stable except for acute coronary syndromes and available for coronary angiogram. Patients with
acute illness other than acute coronary syndromes, chronic noncardiac diseases, or malignancy within the past 5 years were excluded.
The study was approved by the local ethics committee in accordance
with the Declaration of Helsinki and written consent was obtained
from all participants.
To validate the ﬁndings of the LURIC study in patients with CKD,
we additionally analyzed data from a prospective cohort of 246
patients with CKD and ESRD. Details of the study protocol and patient
characteristics were previously described in detail.29 Brieﬂy, the study
included stable ambulatory patients with CKD Kidney Disease Improving Global Outcomes GFR stages 1–5 (n=151) as well as stable
patients with ESRD on dialysis (n=95).

Measures
CAD was examined by determining the maximal luminal narrowing
estimated by visual analysis using coronary angiography. Clinically
relevant CAD was deﬁned as the presence of $1 stenosis of $20% in
$1 of 15 coronary segments. The Friesinger score was used to assess
the severity of CAD.30 Details are provided in the Supplemental
Methods. Acute coronary syndrome was deﬁned as the occurrence
of symptoms of unstable angina within 7 days before coronary angiography, non-ST segment elevation myocardial infarction, or ST segment elevation myocardial infarction. Systolic and diastolic aortic BP
was measured during coronary angiography. Diabetes was deﬁned
as a fasting plasma glucose.1.25 g/L or .2.00 g/L after oral administration of a glucose dose, glycated hemoglobin$6.5% or patients
receiving oral antidiabetics or insulin.
For laboratory analyses, fasting blood samples were obtained
before angiography. The LDL was separated from HDL by precipitation with PTA/MgCl2 and very low-density lipoprotein was
ﬂoated by ultracentrifugation. Cholesterol, triglycerides, free cholesterol, phospholipids, and free fatty acids were all determined enzymatically using Wako reagents on a Wako 30R analyzer (Neuss,
Germany). The assays were calibrated by multicalibrators, which
were double-checked before use against primary standards. The interassay coefﬁcients of variations for all lipid determinations varied
between 1% and 3%.
A turbidimetry assay (Rolf Greiner Biochemica, Flacht, Germany)
was used to measure apoA1. Serum creatinine was determined using
the Jaffé method with CREA test kits (Roche, Mannheim, Germany)
on a Hitachi 717 Analyzer and cystatin C concentrations were determined using a nephelometric assay (N LATEX Cystatin C) on a
Behring nephelometer II (Dade Behring GmbH, Marburg,
Germany). Measurements of creatinine were calibrated against an
international standard. For cystatin C, no international standard
was available at the time of determination. GFR was estimated by
using the 2012 CKD-EPI eGFR creat-cys equation as previously
1080
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described.31 hsCRP was measured by immunonephelometry on a
Behring nephelometer II (N High Sensitivity CRP; Dade Behring
GmbH). IL-6 was determined using ELISA (Quantikine High-Sensitivity
ELISA kit for human IL-6; R&D Systems GmbH, Wiesbaden, Germany)
and ICAM-1 was measured using an immunoenzymometric assay (human soluble ICAM-1; R&D Systems GmbH, Wiesbaden, Germany) on a
Rosys Plato. Glycated hemoglobin was determined by high-performance
liquid chromatography (Diamat; Chromsystems Instruments & Chemicals GmbH, Martinsried, Germany).

Follow-Up
Information on death during follow-up was obtained from local
person registries. During a median follow-up time of 9.9 years (range,
8.5–10.7 years), 995 patients of the LURIC study died (30.0%). Two
experienced clinicians blinded for the study data independently performed classiﬁcation into cardiovascular and noncardiovascular
mortality. Cardiovascular mortality was deﬁned as sudden cardiac
death, fatal myocardial infarction, death due to congestive heart failure, and death immediately after intervention to treat CAD and fatal
stroke.
CKD patients in the validation cohort were followed for median of
4.7 years (range, 2.5–4.9 years). During this follow-up period, 84
patients (34.1%) died.

Statistical Analyses
Patients were stratiﬁed into categories of their eGFRcreat-cys (eGFR$90
ml/min per 1.73 m2, 60–89 ml/min per 1.73 m2, and ,60 ml/min per
1.73 m2). Continuous data are presented as the mean6SD when
normally distributed or as the median and interquartile range for
variables with skewed distribution. Categorical data are presented
as percentages. Statistical differences between continuous variables
were determined using one-way ANOVA or the Kruskal–Wallis test or
the chi-squared test for categorical variables.
Cox proportional hazard models were built to assess the effect of
categories of eGFRcreat-cys, HDL-C, apoA1, and proinﬂammatory
markers (hsCRP, IL-6, sICAM-1) on all-cause and cardiovascular
mortality. Crude models included categories of eGFRcreat-cys, HDLC, apoA1, or inﬂammatory markers (hsCRP, IL-6, sICAM-1) as single
categorical variables. In addition, adjusted models further included
age, sex, glycated hemoglobin, systolic BP, body mass index, acute
coronary syndrome, Friesinger score, and lipid-lowering therapy (approximately 97% statins). HRs695% CIs are reported. Moreover,
survival curves were used to determine the effect of categories of
HDL-C on all-cause and cardiovascular mortality. To assess whether
the beneﬁcial effect of HDL-C on all-cause and cardiovascular mortality depends on eGFR, we built Cox proportional hazard models
including HDL-C and eGFR as well as the ﬁrst-order interaction term
between both as continuous variables. In addition, adjustments were
performed for age, sex, glycated hemoglobin, systolic BP, body mass
index, acute coronary syndrome, Friesinger score, lipid-lowering
therapy, smoking status, and hsCRP.
To examine the association between HDL-C and Friesinger score,
we performed linear regression analyses including HDL-C as a continuous variable and Friesinger score as a dependent variable.
Adjustments were made for age, sex, glycated hemoglobin, systolic
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BP, body mass index, acute coronary syndrome, Friesinger score, and
lipid-lowering therapy.
To examine the relationship between hsCRP, IL-6, and sICAM-1
and HDL-C, hsCRP was divided into tertiles and IL-6 and sICAM-1
into quartiles. A general linear model was used to calculate the estimated
marginal means of HDL-C according to categories of eGFRcreat-cys,
hsCRP, IL-6, or sICAM-1, including age, sex, glycated hemoglobin, systolic BP, body mass index, acute coronary syndrome,
Friesinger score, and lipid-lowering therapy for multivariable adjustment.
A P value,0.05 was considered statistically signiﬁcant. All analyses were carried out using the SPSS 20.0 statistical package (SPSS,
Chicago, IL).
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