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Quantification of HDL Proteins, Cardiac
Events, and Mortality in Patients with Type 2
Diabetes on Hemodialysis

Chantal Kopecky,* Bernd Genser,†‡§ Christiane Drechsler,| Vera Krane,| Christopher C. Kaltenecker,*
Markus Hengstschl€ager,¶ Winfried M€arz,**††‡‡ Christoph Wanner,| Marcus D. S€aemann,* and Thomas Weichhart¶

Abstract
Background and objectives Impairment of HDL function has been associated with cardiovascular events in
patients with kidney failure. The protein composition of HDLs is altered in these patients, presumably
compromising the cardioprotective effects of HDLs. This post hoc study assessed the relation of distinct
HDL-bound proteins with cardiovascular outcomes in a dialysis population.

Design, setting, participants, & measurements The concentrations of HDL-associated serum amyloid A (SAA)
and surfactant protein B (SP-B) were measured in 1152 patients with type 2 diabetes mellitus on hemodialysis
participating in The German Diabetes Dialysis Study whowere randomly assigned to double-blind treatment of
20mg atorvastatin daily ormatching placebo. The association of SAA(HDL) and SP-B(HDL)with cardiovascular
outcomes was assessed in multivariate regression models adjusted for known clinical risk factors.

ResultsHigh concentrationsof SAA(HDL)were significantly andpositively associatedwith the riskof cardiac events
(hazard ratio per 1 SD higher, 1.09; 95% confidence interval, 1.01 to 1.19). High concentrations of SP-B(HDL)
were significantly associated with all-cause mortality (hazard ratio per 1 SD higher, 1.10; 95% confidence interval,
1.02 to 1.19). Adjustment for HDL cholesterol did not affect these associations.

Conclusions In patientswith diabetes on hemodialysis, SAA(HDL) and SP-B(HDL)were related to cardiac events
and all-cause mortality, respectively, and they were independent of HDL cholesterol. These findings indicate
that a remodeling of theHDLproteomewas associatedwith a higher risk for cardiovascular events andmortality
in patients with ESRD.

Clin J Am Soc Nephrol 10: 224–231, 2015. doi: 10.2215/CJN.06560714

Introduction
Numerous epidemiologic, clinical, and experimental
studies showed an association between low HDLs and
increased cardiovascular risk (1). The cardioprotective
properties of HDLs are thought to include the efflux of
cholesterol from macrophages, enhancement of endo-
thelial function, antioxidative and anti-inflammatory
activities (2–5). Emerging evidence suggests that the
mere cholesterol content of HDL (HDL-C) is insuffi-
cient to estimate the cardioprotective functions of
HDLs. Pharmacologic increase of HDL-C was not uni-
formly associated with a reduction of cardiovascular
risk in several high-risk populations (6–9). Moreover,
the ability of HDLs to promote cholesterol removal
from macrophages was shown to be inversely associ-
ated with cardiovascular risk independent of HDL-C
(10). These and other findings raised the hypotheses
that merely increasing the cholesterol content of
HDLs is not necessarily beneficial and does not reflect
HDL functionality (11–16).

Patients with CKD harbor an exceptionally high
cardiovascular risk (17,18). Despite a direct association

of low HDL-C with reduced kidney function (19,20),
the relation of HDL-C with cardiovascular events and
mortality in CKD and ESRD is inconsistent. For
example, a study found that HDL-C was predictive
of incident myocardial infarction in Japanese patients
on hemodialysis without history of cardiovascular dis-
ease (CVD) (21), whereas no association of HDL-C with
all-cause or cardiovascular mortality was found in Eu-
ropean patients with CKD (22,23). Importantly, a recent
post hoc analysis of the cohort from The German Dia-
betes Dialysis Study (the 4D Study) has shown that
HDL-C is not predictive of all-cause mortality or car-
diovascular events in this population (23). Addition-
ally, HDL functions are severely impaired in patients
with ESRD and importantly, directly related to struc-
tural alterations of HDLs (24–27). Together, this evi-
dence indicates that the effect of HDL-C is modulated
by renal function and that the atheroprotective HDL
particles may be rendered dysfunctional in the setting
of CKD.
HDLs are a family of heterogeneous particles that vary

4-fold in cholesterol content (28,29) and carry a protein
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cargo of .50 different proteins (30,31). The protein com-
position of HDLs emerges as important determinant when
investigating the association between HDL function or con-
centration and CVD (30,32). For example, individual proteins
were found enriched or depleted in HDLs from patients
with diseases that bear major cardiovascular risks, such as
ESRD, coronary artery disease, or rheumatoid arthritis
(25,26,31,33–35). Most consistently, serum amyloid A (SAA)
is enriched in HDLs isolated from patients with these dis-
eases compared with the HDLs from healthy individuals.
Moreover, SAA accumulation in HDLs contributes to de-
creased protective functions of HDLs, including reduced
anti-inflammatory properties (25,33). In addition, surfactant
protein B (SP-B) was found highly enriched in HDLs from
individuals with ESRD and coronary artery disease (25,32).
These findings suggest that remodeling of the HDL proteome
contributes to the cardiovascular risk in these diseases.
We hypothesized that the amount of SAA and SP-B

bound to HDLs, which we termed SAA(HDL) and SP-B(HDL),
respectively, from patients with kidney failure might affect
clinical events or mortality. Therefore, we performed a
post hoc analysis of the 4D Study by measurement of SAA
(HDL) and SP-B(HDL) concentrations in patients with
type 2 diabetes on hemodialysis and assessed their asso-
ciations with defined cardiovascular end points and mor-
tality.

Materials and Methods
Design, Setting, and Participants
Design and methods of the 4D Study have been reported

previously (36–38). The 4D Study was a double-blinded, ran-
domized, multicenter trial including 1255 patients with type
2 diabetes mellitus who were 18–80 years of age and had a
previous duration of hemodialysis of ,2 years. Between
March of 1998 and October of 2002, patients were recruited
and randomly assigned to receive either treatment with
20 mg atorvastatin one time daily (n=619) or placebo (n=636).
Participants were followed up at 4 weeks and every 6 months
after randomization. At each follow-up visit, a blood sample
was taken, and information about any suspected end point or
serious adverse event was recorded.

Laboratory Procedures
We determined the concentrations of SAA(HDL) and SP-B

(HDL) at baseline in available serum samples from the 4D
Studywith a newly developed ELISA. Briefly, apolipoprotein
B–depleted serum was added to human HDL antibody–
coated ELISA plates, and SAA(HDL) or SP-B(HDL) was
detected by respective primary antibodies. The intra-assay val-
ues for variability for SAA(HDL) and SP-B(HDL) expressed
by the correlation of variance were 10.9% and 21.6%, respec-
tively. The correlation of variance values for the interassay
variability were 15.9% for SAA(HDL) and 29.8% for SP-B
(HDL). A detailed description and validation of our assay
can be found in the Supplemental Material.

End Points
For the post hoc analysis presented here, we evaluated the

following end points: (1) combined primary end point (com-
posite of cardiac death, nonfatal myocardial infarction, or
stroke), (2) cardiac death, (2a) sudden cardiac death, (3)

nonfatal myocardial infarction, (4) fatal stroke, (5) nonfatal
stroke, (6) all cardiac events combined (cardiac death and
nonfatal myocardial infarction), (7) all cerebrovascular
events combined, (8) stroke (fatal and nonfatal combined),
(9) all-cause mortality, and (10) non-CVD mortality.

Statistical Analyses
For each marker investigated (i.e., SAA[HDL] and SP-B

[HDL]), we examined characteristics of subgroups defined
by quartiles of serum concentrations at baseline by calculat-
ing descriptive statistics (means and SDs for continuous var-
iables and frequency tables for categorical variables). We
compared the distribution of important cardiovascular pa-
rameters across quartiles by using ANOVA (for continuous
variables) or chi-squared tests (for categorical variables). We
used time-to-event analysis (extended Cox regression model
allowing for multiple events) aimed to (1) evaluate the asso-
ciation of baseline SAA(HDL) and SP-B(HDL) concentra-
tions on end point occurrence and (2) investigate the effect
of baseline marker concentrations on the efficacy of atorvastatin
intervention. First, for both markers SAA(HDL) and
SP-B(HDL), we conducted a pooled analysis in both ran-
domization groups including a dummy variable for random-
ization group and an interaction term. Second, because we
found no evidence for interaction, we fitted a model without
the interaction term. We used two different model parame-
terizations: one model included the marker quartile as a cat-
egorical variable, and one model included the marker
quartile as a continuous variable. In the continuous model,
the marker values were scaled in units of the SD of the
population. Additionally, to further explore effect modifica-
tion, we fitted efficacy models calculating hazard ratios
(HRs) for atorvastatin versus placebo stratified by marker
quartiles. All models were adjusted for all significant pre-
dictor variables selected for each end point separately by
using a stepwise selection procedure (forward: P=0.05; back-
ward: P=0.10) from a set of significant covariates (39). We
conducted all statistical analyses using the statistical soft-
ware package STATA (StataCorp 2011, Stata Statistical Soft-
ware: Release 12; StataCorp LP, College Station, TX).

Results
Baseline Characteristics of the Study Population According
to SAA(HDL) and SP-B(HDL) Quartiles
Characteristics of patient subgroups were determined by

defined quartiles of HDL protein levels in serum at baseline.
Characteristics of the study patients according to quartiles of
SAA(HDL) are shown in Table 1. The mean values of SAA
(HDL)6SDs in the quartiles were 1.82 (60.65), 4.01 (60.85),
8.35 (61.82), and 20.29 (66.00). Remarkably, patients in the
fourth quartile showed a 10-fold higher SAA concentration
compared with patients in the first quartile. Patients in the
highest SAA(HDL) quartile had a higher prevalence of ar-
rhythmia and congestive heart failure and increased C-reactive
protein (CRP) levels. In contrast, total cholesterol and triglyc-
erides were lower in higher SAA(HDL) quartiles. There were
no differences in the distribution of body mass index, sex, or
HDL-C across quartiles of SAA(HDL).
Characteristics of the patients according to quartiles of

baseline SP-B(HDL) are presented in Table 2. The mean
values of SP-B(HDL)6SDs in the quartiles were 1.66
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Table 1. Baseline characteristics of the patients according to quartiles of serum amyloid A (HDL)

Characteristic Quartile 1
(n=288)

Quartile 2
(n=288)

Quartile 3
(n=288)

Quartile 4
(n=288) P Value

SAA(HDL) 1.82 (0.65) 4.01 (0.85) 8.35 (1.82) 20.29 (6.00)
SP-B(HDL) 7.76 (8.86) 8.71 (8.34) 9.31 (8.38) 12.96 (11.80) ,0.001
Age, yr 65.6 (9.2) 65.9 (8.2) 67.3 (8.1) 66.5 (7.6) 0.09
Body mass index, kg/m2 27.5 (4.8) 28.1 (4.8) 27.7 (4.9) 26.9 (4.6) 0.02
Sex (men), % 173 (60) 145 (50) 143 (50) 167 (58) 0.02
Nonsmoker, n (%) 168 (58) 183 (64) 178 (62) 159 (56) 0.26
History, n (%)
Arrhythmia 39 (14) 50 (17) 53 (18) 70 (24) 0.01
Coronary artery disease 91 (32) 76 (26) 80 (28) 96 (33) 0.23
Congestive heart failure 95 (33) 81 (28) 100 (35) 136 (47) ,0.001
Transitory ischemic attack 55 (19) 48 (17) 54 (19) 47 (16) 0.76

Systolic BP, mmHg 147 (23) 146 (22) 145 (21) 145 (21) 0.49
Diastolic BP, mmHg 76 (11) 77 (11) 75 (11) 76 (10) 0.39
Total cholesterol, mg/dl 226.6 (45.3) 223.1 (40.9) 219.2 (40.3) 208.7 (39.8) ,0.001
LDL cholesterol, mg/dl 125 (29) 129 (30) 128 (30) 121 (28) ,0.01
HDL cholesterol, mg/dl 35 (13) 37 (13) 38 (14) 35 (13) 0.02
Apolipoprotein A-I, mg/dl 127.8 (25.6) 129.1 (23.3) 127.3 (23.5) 120.8 (21.3) ,0.001
Triglycerides, mg/dl 263.5 [216.5] 214.0 [161.5] 196.5 [149.5] 207.0 [173.5] ,0.001
Phosphate, mg/L 6.2 (1.5) 6.0 (1.5) 6.0 (1.6) 6.0 (1.8) 0.33
C-reactive protein, mg/L 2.9 [4.4] 4.7 [9.1] 8.0 [7.4] 11.1 [15.8] ,0.001
Albumin, g/dl 3.9 (0.3) 3.9 (0.3) 3.8 (0.3) 3.7 (0.3) ,0.001
Hemoglobin, g/dl 10.9 (1.2) 11.1 (1.3) 11.1 (1.4) 10.6 (1.4) ,0.001
HbA1c, % 6.6 (1.2) 6.8 (1.2) 6.7 (1.2) 6.8 (1.3) 0.22

Data shown are means (SDs) or medians [interquartile ranges] if not otherwise mentioned. P values for comparison of groups were
derived from ANOVA models (for continuous variables) or logistic regression models (for categorical variables).

Table 2. Baseline characteristics of the patients according to quartiles of surfactant protein B (HDL)

Characteristic Quartile 1
(n=288)

Quartile 2
(n=288)

Quartile 3
(n=288)

Quartile 4
(n=288) P Value

SP-B(HDL) 1.66 (1.36) 4.92 (0.91) 9.19 (1.75) 22.98 (10.11)
SAA(HDL) 6.25 (5.90) 8.43 (7.83) 9.11 (7.82) 10.74 (8.76) ,0.001
Age, yr 63.8 (8.3) 65.8 (8.2) 67.3 (8.0) 68.3 (7.9) ,0.001
Body mass index, kg/m2 28.5 (5.2) 28.0 (4.7) 27.0 (4.5) 26.7 (4.5) ,0.001
Sex (men), % 163 (57) 160 (56) 157 (55) 148 (51) 0.62
Nonsmoker, n (%) 176 (61) 176 (61) 176 (61) 160 (56) 0.49
History, n (%)
Arrhythmia 50 (17) 39 (14) 59 (20) 64 (22) 0.04
Coronary artery disease 71 (25) 79 (27) 93 (32) 100 (35) 0.04
Congestive heart failure 82 (28) 90 (31) 121 (42) 119 (41) ,0.001
Transitory ischemic attack 49 (17) 59 (20) 48 (17) 48 (17) 0.56

Systolic BP, mmHg 145 (22) 146 (22) 147 (22) 145 (22) 0.59
Diastolic BP, mmHg 75 (10) 76 (11) 77 (12) 75 (11) 0.62
Total cholesterol, mg/dl 228.9 (43.6) 222.1 (42.0) 214.0 (39.4) 212.6 (41.5) ,0.001
LDL cholesterol, mg/dl 126 (30) 127 (30) 126 (27) 124 (30) 0.70
HDL cholesterol, mg/dl 36 (15) 35 (11) 36 (12) 39 (15) ,0.01
Apolipoprotein A-I, mg/dl 127.8 (24.5) 126.5 (22.3) 124.6 (23.5) 126.0 (24.4) 0.45
Triglycerides, mg/dl 267.0 [239.0] 238.5 [185.0] 203.0 [150.0] 185.0 [131.5] ,0.001
Phosphate, mg/L 6.3 (1.5) 6.1 (1.5) 5.8 (1.6) 6.0 (1.8) 0.002
C-reactive protein, mg/L 5.9 [8.8] 5.9 [8.6] 6.0 [8.3] 7.0 [9.3] 0.68
Albumin, g/dl 3.9 (0.3) 3.8 (0.3) 3.8 (0.3) 3.8 (0.3) ,0.001
Hemoglobin, g/dl 10.9 (1.3) 11.0 (1.4) 10.9 (1.3) 10.8 (1.3) 0.21
HbA1c, % 6.9 (1.2) 6.7 (1.2) 6.7 (1.3) 6.6 (1.2) 0.06

Data shown are means (SDs) or medians [interquartile ranges] if not otherwise mentioned. P values for comparison of groups were
derived from ANOVA models (for continuous variables) or logistic regression models (for categorical variables).
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(61.36), 4.92 (60.91), 9.19 (61.75), and 22.98 (610.11).
Similar to SAA, SP-B(HDL) was .10-fold higher in the
fourth quartile compared with the first quartile. Individu-
als in higher SP-B(HDL) quartiles had an increased prev-
alence of congestive heart failure and lower total
cholesterol and triglycerides. Patients in higher quartiles
of SAA(HDL) and SP-B(HDL) had higher SP-B(HDL)
and SAA(HDL), respectively (Tables 1 and 2), which
were corroborated by a positive bivariate Spearman corre-
lation coefficient (r=0.23, P,0.001).

SAA(HDL) and Cardiac Events
In an adjusted multivariate Cox regression analysis exam-

ining potential associations of SAA(HDL) with the prede-
fined study end points (described inMaterials andMethods),
the concentrations of SAA(HDL) at baseline were signif-
icantly associated with the end point of all cardiac events
combined (HR per 1 SD higher in SAA[HDL] levels, 1.09;
95% confidence interval, 1.01 to 1.19; P=0.04) but not with the
other end points (Table 3, Supplemental Table 1). The HRs
for all cardiac events combined increased in parallel with the
quartiles of SAA(HDL), and in about one half of the patients
in the fourth quartile, cardiac events were observed (Figure
1, Table 3). Additional adjustment for HDL-C, apolipopro-
tein A-I, or CRP did not affect the association between SAA
(HDL) and cardiac events (Supplemental Figure 9, Supple-
mental Table 1). Additional adjustment for SP-B(HDL)
slightly decreased the association between SAA(HDL) and
cardiac events indicated by the decreased P values (Supple-
mental Table 1). We found a potential effect modification of
SAA(HDL) according to atorvastatin treatment on cardiac
events described in detail in the Supplemental Material (Sup-
plemental Material, Supplemental Figure 11), although the
overall effect was not significant (P=0.27). For all other
end points investigated, we did not observe any signifi-
cant interaction.

SP-B(HDL) and All-Cause Mortality
Adjusted multivariate Cox regression analysis revealed

that SP-B(HDL) was significantly associated with all-cause
mortality and the single components death from cardiac
causes, sudden cardiac death, and non-CVD death (Figure 2,
Table 4). Notably, high SP-B(HDL) concentrations were
associated with all-cause mortality (HR per 1 SD higher in
SP-B [HDL] levels, 1.10; 95% confidence interval, 1.02 to 1.19;
P=0.01), and about one half of the patients in the third quar-
tile as well as approximately two thirds of the patients in the
fourth quartile died (Table 4, Supplemental Table 2). This
association remained significant after additional adjustment
for HDL-C and SAA(HDL) (Supplemental Figure 10, Sup-
plemental Table 2). Moreover, additional adjustment for
apolipoprotein A-I or CRP did not alter the association be-
tween SP-B(HDL) and all-cause mortality (Supplemental Ta-
ble 2). We did not observe any significant effect modification
of atorvastatin treatment by SP-B(HDL) on any of the de-
fined end points.

Discussion
In this post hoc analysis of the 4D Study, we found that

the HDL-associated proteins SAA and SP-B were indepen-
dently associated with cardiac events and overall
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mortality. The associations were robust against adjustment
for potential confounding variables and HDL-C. This is the
first study that evaluated and found an association of dis-
tinct disease-specific proteins directly on HDL particles
with cardiovascular events and all-cause mortality. More-
over, these data suggest that the increased incorporation of
SAA and SP-B into HDL particles might contribute to the
high risk of cardiovascular events and mortality in these
patients.
Patients with ESRD requiring dialysis are among the

highest risk groups for CVD and mortality (17,18). Despite
reduced serum HDL-C concentrations in ESRD, most studies
in the Western population did not show a clear association
of HDL-C with survival or cardiac events (40–42). In con-
trast, HDL-C was associated with a lower risk for myocar-
dial infarction in the Japanese population (21). The
association between higher HDL-C and reduced mortality
risk and coronary artery disease severity is already abro-
gated in patients with only mildly reduced kidney function
(22). This indicates that the HDL particles not only lose their
atheroprotective properties in the setting of CKD but, also,
are converted into deleterious molecules. In line, accumulat-
ing data suggests that HDLs are remodeled in patients with
ESRD, acquire new proteins, such as SAA or SP-B, and thus,
may become dysfunctional (25–27,33). A similar conversion
of HDLs to presumably dysfunctional HDLs is observed in
coronary artery disease and rheumatoid arthritis (31,34). The
increased risk of cardiovascular events in ESRD results from
pathophysiologic processes specific to CKD, making the pre-
vention of CVD by interventions targeting traditional risk
factors difficult (17). Individuals with diabetes constitute
one of the largest groups of patients on dialysis and are at
higher risk of cardiovascular events and mortality compared
with the nondiabetic ESRD population, highlighting the im-
portance of elucidating novel risk factors and the underlying
pathophysiologic pathways (43,44).
The enrichment of distinct proteins in HDLs in various

diseases states evolves as an important determinant for
associations between HDL function and cardiovascular risk
(16,30,45). Our improved understanding of the composition
of HDLs can enable pharmacologic attempts in manipulat-
ing HDL composition and function to reduce cardiovascular
risk. Moreover, quantification of specific HDL proteins as
markers of impaired cardioprotective quality might be
used to establish novel diagnostic biomarkers and assess
the effectiveness of current and new therapeutic interven-
tions (45). This concept is supported by our findings indicat-
ing that dysfunctional HDLs, measured by the incorporation
of SAA and SP-B, occur in human chronic inflammatory
syndromes and are associated with clinical events and mor-
tality. Nevertheless, our results do not prove causality; re-
modeling of HDLs either has a direct pathophysiologic role
or is secondary to other processes that contribute to disease
etiology.
SAA is an apolipoprotein found predominantly in HDLs

(46). SAA is a major acute-phase protein that is secreted in
large amounts by the liver during infections or inflamma-
tory processes. Increased incorporation of SAA into HDLs
was documented in a number of chronic inflammatory
diseases, most prominently in patients on dialysis, indicat-
ing that the presence of SAA in HDLs is a marker of on-
going inflammation (25,26,31,33,34). This hypothesis is
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supported by the correlation between SAA(HDL) and CRP
in our study. However, only about 10% of the variance of
CRP concentrations could be explained by SAA(HDL)
quartiles (R2=0.10), and adjustment for CRP did not affect
the association between SAA(HDL) and cardiac events.
SP-B has been detected in the HDLs of patients with ESRD

and coronary artery disease (25,32). Moreover, SP-B accumu-
lates in blood of individuals with acute respiratory distress
syndrome and chronic heart failure (47,48). In addition, se-
rum SP-B was associated with abdominal aortic plaques in
current smokers (48). Pulmonary edema and pleural effusion
are common in chronic heart failure and ESRD and may
result in damage to the alveolar-capillary membrane. Con-
sequently, SP-B is released into the circulation and may be-
come incorporated into HDLs. SP-B(HDL) was not
associated with CRP in our study, and adjustment for

SAA(HDL) did not alleviate the association between SP-B
(HDL) and mortality, suggesting that the pathogenetic
mechanism that promotes incorporation of SP-B into HDLs
is independent of inflammation.
There is increasing evidence that HDL-C does not affect

cardiovascular events in different patient populations, be-
cause the amount of cholesterol within the HDL fraction does
not necessarily correlate with the biologic functions of HDLs
(6–8,11–13,49). Consequently, there is a strong need to de-
velop new metrics for HDL functionality that are technically
feasible and provide clinically applicable and relevant infor-
mation in large and diverse populations. In such an effort, it
was shown that the ability of HDLs to promote cholesterol
efflux frommacrophages correlates better and inversely with
cardiovascular risk (10). However, this method of quantify-
ing HDL function is technically challenging and therefore,

Figure 1. | Hazard ratios for cardiac events according to SAA(HDL) quartiles. The dots and horizontal lines indicate HR points with 95% CI,
respectively. The analysis was adjusted for following predictor variables: age, gender, phosphate, use of calcium antagonists, history of cor-
onary artery disease, arrythmia, congestive heart failure, peripheral vascular disease. The squares and horizontal lines indicate HR points with
95% CI, respectively, adjusted for predictor variables and HDL-C.

Figure 2. | Hazard ratios for all-causemortality according to SP-B(HDL) quartiles. The dots and horizontal lines indicate HR points with 95%
CI, respectively. The analysis was adjusted for following predictor variables: age, gender, body mass index, total cholesterol, albumin, he-
moglobin, glycated hemoglobin, phosphate, leukocytes, serum creatinine, diastolic blood pressure, duration of dialysis, duration of diabtets,
use of statins, use of calcium antagonists, use of angiotension-converting enzyme inhibitors, history of coronary artery disease, ischemia,
arrythmia, congestive heart failure, peripheral vascular disease. The squares and horizontal lines indicate HR points with 95%CI, respectively,
adjusted for predictor variables and HDL-C.
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unlikely to be widely applicable to clinical studies. In addi-
tion, HDL size and particle number assessed by nuclear
magnetic resonance spectroscopy showed to be better pre-
dictors of cardiovascular risk than serum concentrations of
HDL-C (50). Another approach that has been recently pro-
posed to assess HDL quality is to monitor the protein cargo
of HDLs (49). The findings of our study support this concept
and provide evidence that quantification of individual HDL-
associated proteins by a simple ELISA-based approach is
useful to identify modified HDLs that are potentially rele-
vant for clinical end points. Our results support the hypoth-
eses that dysfunctional HDLs translate into clinical events
and that quantification of specific HDL proteins may be
used as surrogates for HDL functions.
To evaluate the full potential of SAA(HDL) and SP-B(HDL)

for adverse clinical events in renal failure as well as other
high-risk populations, additional studies are necessary to link
HDL-associated proteins with cardiovascular risk associa-
tion. Moreover, these markers might prove useful in earlier
stages of CKD for assessing the risk of disease progression.
Taking into account that HDL-C is associated with renal
function (19,20,22), combined assessment of HDL proteins
together with HDL-C could help to monitor disease progres-
sion and risk of cardiovascular outcome.
One limitation of our study is its post hoc design, and the

results should be interpreted as explorative. For this rea-
son, our data should be viewed as hypothesis-generating
and thus, require additional evaluation in further studies.
In conclusion, our study provides evidence that SAA and

SP-B measured directly on HDLs from patients with type 2
diabetes mellitus on hemodialysis are associated with cardiac
events and mortality, respectively, independent of HDL-C.
These findings suggest that remodeling of the HDL proteome
contributes to the increased risk of cardiovascular events and
mortality in patients with kidney disease.
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