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CHAPTER 6

General discussion
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Chapter 6

This thesis evaluated the potential clinical usefulness of assessing HDL function in the context
of cardiovascular disease (CVD) using both cross-sectional and prospective approaches. CVD is
the leading cause of death worldwide *. CVD comprises diseases of the heart and blood vessels,
including coronary heart disease (CHD), peripheral arterial disease and cerebrovascular disease
2, Atherosclerosis is the main underlying pathology in CVD development and dyslipidemia is an
important risk factor for atherosclerosis 3. Lipid abnormalities, including high levels of low-
density lipoprotein cholesterol (LDL-C) and low levels of high-density lipoprotein cholesterol
(HDL-C), are associated with an increased risk of CV events. Interventions to reduce LDL-C have
been successfully developed *°. However, these interventions often fail to reach the desired
LDL-C concentrations, leading to a remaining risk for CVD &2, It is therefore essential to discover
alternative approaches and to identify targets suitable for further CVD risk reduction.
Increasing HDL-C concentrations was considered as such an alternative target to reduce CVD
risk, as many prospective and epidemiological studies have confirmed that HDL-C is an
independent predictor of incident cardiovascular events . However, trials which specifically
targeted raising HDL-C levels failed to reduce CVD risk ** .In addition, genetic studies
demonstrate that life-long high or low HDL-C levels in the general population do not translate
into the expected reduced or increased risk of CVD, respectively 1°. Combined these data raised
doubt in the whole concept of HDL as atheroprotective lipoprotein or, at least questioned, if
HDL-C is the right biomarker to determine. Since HDL particles exert various atheroprotective
properties independent of their cholesterol cargo, just measuring HDL-C might not accurately
reflect the functional properties of HDL particles. Best known atheroprotective properties of
HDL include cholesterol efflux capacity, anti-oxidative and anti-inflammatory functions 62,
Therefore, targeting HDL functionality might be a preferable strategy for therapeutic
intervention to reduce the CVD risk 2. However, before HDL function can be defined as novel
therapeutic target, an improved understanding of the clinical value of different HDL
functionalities is needed.

The importance of laboratory measurement of HDL functionality

HDL-C is a robust, consistent, and independent predictor for CVD % and, as such, has been
included as a critical component in cardiovascular risk assessment tools both in Europe, e.g., in
the PROCAM risk score, and in the US, reflected by the widely applied Framingham Risk Score
43 Several pharmacological therapies including niacin or cholesteryl ester transfer protein
(CETP) inhibitors which aimed to elevate the cholesterol level of HDL, did not result in
significant reduction in CVD events 214242 Thjs led to the conclusion that simply increasing
HDL-C level may not be an effective strategy to reduce CVD risk #. HDL functionality might be
considered as a potential biomarker for CVD and consequently a novel therapeutic target. 22
31 patients with type 2 diabetes mellitus (T2DM) on maintenance hemodialysis are at a
substantially increased risk of CVD 3234, Dyslipidemia characterized by moderately elevated
LDL-C, high triglycerides and low HDL-C level is common in this population. However, in this
patient group, the relationship between classical risk factors and CVD is inconsistent. Thus,
HDL-C level is not a good predictive biomarker of CVD, but it is possible that alterations in the
functionality of HDL might contribute 3>%. Therefore, the study presented in chapter 2
examined if cholesterol efflux as a key metric of HDL functionality is predictive for
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General Discussion

cardiovascular risk and overall mortality in patients with T2DM on hemodialysis participating
in the 4D (Die Deutsche Diabetes Dialyse) Study. In this study (chapter 2), it has been shown
that in a large and sufficiently powered cohort of patients with diabetes and End Stage Renal
Disease (ESRD) on hemodialysis, HDL efflux capacity is not associated with cardiovascular
events or mortality. These results extend previous observations that plasma HDL-C levels do
not have a significant association with the risk of cardiovascular morbidity or mortality in ESRD
3839 However, our findings are in apparent contrast to the prevailing view in the cardiovascular
field that, at least in cohorts with normal or only mildly impaired kidney function, the HDL
cholesterol efflux capacity was associated with both subclinical atherosclerosis and obstructive
coronary artery disease 22294042 For instance, in two larger prospective studies HDL cholesterol
efflux capacity was inversely associated with cardiovascular events 2%°, Notably, this effect of
a key metric of HDL function was independent of HDL-C and was, in addition, suggested to be
an even stronger predictor for CVD events than HDL-C level 2°4¥*3, Although it should be noted
that not all data on risk prediction by measuring cholesterol efflux are consistent with such a
concept *, specific characteristics of patients with ESRD may affect the outcome of the study.
In the setting of renal failure, smaller cross-sectional studies indicated that anti-inflammatory
445 anti-oxidative %, or endothelial health-promoting activities of HDL %6 are impaired to a
similar degree. Furthermore, previous results using the same experimental set-up to determine
cholesterol efflux indicated that cholesterol efflux capacity is not associated with
cardiovascular or all-cause mortality in kidney transplant recipients that uniformly suffer from
renal function impairment *’. Possible reasons for the dysfunctional HDL in case of kidney
disease could be due to modifications of the HDL particles such as oxidation, which negatively
affects its anti-atherogenic properties and reverse cholesterol transport *° and this could be
accelerated by the presence of diabetes *. In fact, HDL of patients with renal disease carries a
unique proteome and lipid composition linked to chronic systemic inflammation and
potentially associated with a reduced anti-atherogenic ability of HDL #*. In the same regard, it
has been shown that HDL of patients with ESRD has lost its anti-inflammatory property due to
direct consequence of enrichment with the acute—phase protein serum amyloid A (SAA) *°.
Subsequently, in this chapter (chapter 2), it was shown that SAA levels were significantly lower
in patients with better HDL cholesterol efflux capacity. However, after correction for SAA, there
was no significant correlation between cholesterol efflux capacity and SAA. Another result of
this chapter was a potential effect modification of statin treatment efficacy depending on the
HDL cholesterol efflux capacity despite the fact that the 4D study was not specifically designed
to address such a question. It was shown that in patients within the first tertile of cholesterol
efflux, atorvastatin reduced the risk for all cardiac events. It has been shown that atorvastatin
had no statistically significant effect on the composite primary endpoint of cardiovascular
death, nonfatal myocardial infarction, and stroke in the 4D study *'. However, these data
suggest that HDL cholesterol efflux capacity might be useful as a potential tool to identify
subgroups of patients with ESRD that could benefit from statin treatment. Another possible
explanation for the lack of a prospective association of cholesterol efflux with events in the 4D
study could be that the pattern of CVD in ESRD patients differs from that in the general
population with a lower percentage suffering “classical” myocardial infarctions due to
atherosclerotic CVD °*°3, Furthermore, the possibility cannot be excluded that CVD in the 4D
patients had already advanced too far at the time point of inclusion making it less likely that a
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Chapter 6

better or worse HDL efflux capacity can still impact the further course of atherosclerosis.
Clinical data on the impact of HDL efflux capacity or RCT during different stages of
athetrosclerotic CVD are thus far lacking. Support for such a reasoning could come from
previous work in renal transplant recipients (RTR), where the HDL efflux function had a
significant effect on chronic graft loss #’. Chronic graft loss is mainly due to transplant
vasculopathy, which is largely caused by de novo atherosclerotic lesion formation in the kidney
graft >**. Here at the time point of transplantation arteries without atherosclerosis are
subjected to a proatherogenic environment and HDL cholesterol efflux function can still have a
beneficial effect. On the other hand, although less likely, it cannot be excluded that specifics of
the experimental efflux system used in the present study precluded the identification of
significant effects. This would require an evaluation of the predictive power of the current assay
system in general population cohorts or other researchers using their J774 cells-based efflux
system in ESRD or RTR cohorts. As mentioned previously the progressive reduction in kidney
function is known to associate with a significant increase in CVD risk °¢. Cardiovascular
morbidity and mortality is increased up to 30-fold in patients with ESRD °’. Kidney
transplantation is increasingly used to treat ESRD patients. However, RTR still suffer a 4-6-fold
higher age-adjusted CVD mortality 8. Also, dyslipidemia is highly prevalent in RTR and, similar
to ESRD, does not explain the increase in CVD risk >*980, Similar to ESRD this clinical setting
indicates that functional alterations of HDL could play a role. In addition, the pathophysiological
mechanisms of CVD and chronic atherosclerosis-mediated graft failure are not fully clear
38396182 |n chapter 3 the predictive value of the HDL anti-oxidative capacity was examined for
relevant long-term clinical outcomes in a prospective cohort of renal transplant recipients
(RTRs). Our findings showed that in this prospective study, the anti-oxidative functionality of
HDL is not a valid biomarker for CVD risk or all-cause mortality prediction. However, before
extrapolating these results to the general population we need to consider that the nature of
CVD in RTR may be different. Myocardial infarction due to occlusion of the coronary arteries is
the most common type of CVD in the general population ®3, whereas RTR experience a high
incidence of sudden cardiac death and heart failure. Additionally, uremic cardiomyopathy due
to a progressive decline in kidney function may contribute substantially to cardiovascular
mortality in pre-transplant ESRD and subsequently in RTR . However, still more prospective
population-based cohort studies are warranted to clarify the value of HDL functionality in the
prediction of cardiovascular events. In addition to cardiovascular and all-cause mortality, the
study presented in chapter 3 examined whether the HDL anti-oxidative capacity at baseline (i.e.
in patients with a functioning graft for more than one year) would be associated with future
risk of chronic graft failure, since there is evidence that intragraft atherosclerosis plays an
important role in the pathogenesis of chronic renal transplant dysfunction ®°. Our results
showed that baseline anti-oxidative functionality predicts graft failure in RTR in crude and age-
adjusted models. Unexpectedly though, a better anti-oxidative HDL function was associated
with a higher risk of graft failure. A potential explanation could be that under conditions of a
high oxidative stress and inflammatory load the HDL anti-oxidative properties increase and are
thus just a mere reflection of an adverse environment rather than a pathophysiologically
meaningful defense mechanism. Such an interpretation is supported by smokers having a
significant increase in oxidative stress defense systems 66. Additional support could be derived
from the observation that this correlation was lost once corrected for potential confounders,
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most importantly eGFR and C-reactive protein (CRP). Both, a decline in kidney function and an
increased inflammatory load are conditions of increased in vivo oxidative stress ¢’7°, Taken
together, the HDL anti-oxidative functionality does not have the potential to serve as an
independent predictive biomarker for chronic graft failure. Therefore, more research, also
including other functions of HDL, will be required to define the prospective value of HDL
function for clinical outcomes in RTR. As mentioned previously individuals with T2DM have an
increased prevalence of lipid abnormalities that contribute to higher rates of CVD, and typically
have low HDL-C and an increased chronic inflammatory load 7*. Indeed, recent studies indicate
that the age-adjusted relative risk of death as a result of CVD events is three-fold higher in
T2DM patients than in the general population 777, Activation of endothelial cells has been
shown to initiate an inflammatory response characterized by the release of chemokines and
adhesion molecules that direct monocytes to the affected region of the vessel wall 47°. An
early step in this inflammatory process is the adhesion of monocytes to endothelial cells that
have been injured or stimulated in the presence of oxidized or otherwise modified LDL to
express several adhesion proteins, including vascular cell adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule-1 (ICAM-1), and E-selectin 841, The anti-inflammatory effects
of HDL are thought to contribute to the protection from cardiovascular events . One study
showed e.g. that glycation of HDL adversely affects the anti-inflammatory properties of HDL in
vivo in a preclinical model 8. In chapter 4 we aimed to investigate whether T2DM impairs the
HDL endothelium protective function (HDL anti-inflammatory capacity) and to delineate
potential factors that impact on this metric of HDL functionality. Interestingly, the anti-
inflammatory capacity of HDL was strongly impaired in the T2DM patients compared with
controls. This occurred apparently early in the course of T2DM, since the patients had generally
a good metabolic control. Consistent with the concept that glycation impacts HDL function, an
impaired HDL anti-inflammatory capacity was related independently with plasma glucose levels
82 Thus, it is possible that the impaired anti-inflammatory functionality of HDL contributes to
the increase in the risk of atherosclerotic CVD associated with T2DM #4838 The finding of one
previous study demonstrated that judged by a so-called HDL inflammatory index, HDL in
patients with diabetes not only has lost its anti-inflammatory activity but it exerts even a pro-
inflammatory activity 8. SAA is a sensitive marker of inflammatory states and released in
response to inflammation or infection ¥%. Production of SAA is stimulated by pro-
inflammatory cytokines, such as tumor necrosis factor-a (TNF-a) 8. In plasma, circulating SAA
is almost exclusively found within the HDL fraction 9-°2, With respect to SAA, one study showed
that patients with T2DM have a chronic inflammatory condition that is characterized not only
by increased levels of SAA but also with the loss of the anti-inflammatory and antioxidant
function of their HDL. Moreover, this work found a significant correlation between HDL
inflammatory index values and SAA concentrations . Thus, the enrichment of HDL with SAA
was suggested to explain decreased anti-inflammatory properties of HDL. However, in this
chapter no significant association of SAA with the impaired HDL anti-inflammatory function was
found. The absence of an independent association of the HDL anti-inflammatory function as
observed in this study could have been due to the preferential inclusion of patients with good
metabolic control of T2DM and relatively little systemic inflammation as compared to other
cohorts. It has been suggested that CRP may contribute to the inflammatory process. Human
recombinant CRP has been reported to increase induced VCAM-1, ICAM-1, and E-selectin in
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some in vitro studies 7*%. However, all of this work has been called into question by the
preparation procedures of the recombinant CRP used in these respective studies; when using
native human CRP isolated from plasma of donors, none of these effects could be replicated °°.
Alterations in HDL function could be related to various changes in HDL composition induced by
inflammation %. The results in chapter 4 demonstrated that there was an association of
impaired HDL anti-inflammatory capacity with the low-grade inflammatory marker hs-CRP
(high-sensitivity C-reactive protein). The impaired anti-inflammatory activity of HDL might be
the result of chronic hyperglycemic exposure. It was shown that this function of HDL was
associated with fasting plasma glucose as well as glycated hemoglobin (HbA1c) °”%8, Previously,
our group showed in a limited number of patients that an impaired anti-inflammatory function
of HDL predicts recurrent CVD events in myocardial infarction patients *°, but still large
prospective studies would be required to explore the impact of this metric of HDL function on
the future development of CVD in T2DM. In conclusion, the results of chapter 4 were consistent
with the concept that T2DM exerts a substantial negative impact on the anti-inflammatory
function of HDL, and this important metric of HDL function was already decreased even in mild
hyperglycemia conditions. Only few studies so far have investigated more than one HDL
function in a clinical setting at a time, however, it is still unknown whether measurement of
one particular atheroprotective property of HDL is sufficient or more than one function of HDL
should be evaluated. Therefore, in chapter 5 three main HDL functions (cholesterol efflux, anti-
oxidative and anti-inflammatory properties) were assessed in patients with high estimated risk
for coronary events participating in the PROCAM-CT study. However, no significant relation
between HDL functionalities with PROCAM risk score, intima-media thickness (IMT), or
Agatston score was found. It has been shown that coronary artery calcification (CAC) and IMT
associated with future risk of cardiovascular diseases and they could be used as a predictor for
future CVD risk %11, Another study indicated that the CAC score is a strong predictor of CVD
incidence, and might provide predictive information beyond the traditional risk factors in
different ethnic groups 1°2. In another study by Uthoff et al., sonographic measurement of the
IMT in the common carotid artery was carried out and PROCAM risk scores were calculated; no
correlation was found between PROCAM risk score and baseline IMT 3, Thereby, it leaves the
question if IMT is a good prediction factor in relation to the PROCAM risk score. Larger
comparative studies would help to address this question. In this study (chapter 5) a positive
relationship between HDL cholesterol efflux with total cholesterol, HDL-C, and apoA-l was
observed, however, anti-oxidative and anti-inflammatory of HDL did not have any relationship
with these measurements. Based on literature, the correlation of efflux with HDL-C and apoA-
| is to be expected °4%%7 Furthermore, in this chapter, none of the three HDL functionalities
determined was associated with PROCAM risk score in this high-risk study population. In
principle, these results indicate that independent clinical information can be derived from
measuring HDL function as compared to the PROCAM risk score. If determining HDL
functionality discriminates actual risk for individual subjects better or worse than the PROCAM
score can, however, not be decided based on the cross/sectional set/up of the current study.
Future prospective studies would be required to specifically investigate this clinically relevant
question. The basis for an observed lack of correlation between HDL function and PROCAM risk
score might also be due to a relatively uniform impairment of HDL functions in this specific
patient group, although a substantial spread in the experimental data was noted. Some
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previous studies showed that significant differences in the functional properties of HDL may
exist between patients and healthy control subjects 1°#1%, For instance, it has been shown that
HDL from acute coronary syndrome patients is defective and was not able to suppress TNF-a-
induces VCAM-1 expression in endothelial cells 1. Thus far, only with respect to cholesterol
efflux capacity prospective data in the general population % and secondary prevention settings
197 have been generated. Of note, all available literature was generated with the use of one
assay system. Still, not every study could confirm a prospective inverse association of efflux
capacity with CVD risk, since even an inverse relationship was reported %, Overall, despite
considerable evidence for functional impairments of HDL in clinically relevant settings of CVD,
further large prospective studies are still warranted to shed light on the complex relationship
among HDL functionality, HDL-C mass, and their clinical significance in risk-prediction or risk-
modification in patients at high baseline risk for cardiovascular diseases. Such studies should
ideally also include the determination of different HDL functionalities within one cohort as
exemplified in the current chapter.

Potential clinical applications of HDL function assays

Measurement of HDL biological activities might help to define patients at increased risk of CVD.
Cholesterol efflux capacity is viewed as a reflection of the efficiency with which HDL accepts
cholesterol from peripheral tissues, most directly relevant for atherosclerosis from lipid-laden
macrophage foam cells in the artery wall. This process represents the initial step of reverse
cholesterol transport. In brief, cholesterol is removed in an interaction between HDL and the
ABCA1, ABCG1 and SR-B1 transporters '®. Therefore, a better understanding of this pathway
may lead to new therapeutic targets in the prevention or cure of atherosclerosis. Chapter 2 and
5 of this thesis described research carried out on this specific metric of HDL in our aim to
provide improved insights. Furthermore, anti-oxidative capacity of HDL can be impaired in
several metabolic and inflammatory diseases *°. HDL is associated with several anti-oxidant
enzymes, such as paraoxonase 1 (PON1) and lipoprotein associated phospholipase A2 (Lp-
PLA2) 11112 Thys, HDL plays a significant role in the prevention of lipid oxidation in LDL, a key
consequence of oxidative stress and inflammation which leads to the formation and
progression of atherosclerosis. Chapter 3 and 5 focused on measuring this function of HDL in
patients with different diseases. Chronic kidney disease (CKD), including ESRD, patients are at
high risk of CVD, which remains the major cause of morbidity and mortality in these patients’
populations. Several factors are involved in the pathogenesis of atherosclerosis and CVD in
these patients. These include oxidative stress, inflammation, endothelial dysfunction, vascular
calcification and dyslipidemia 3. Understanding the mechanisms responsible for HDL
dysfunction are critical steps in inventing new effective therapies aimed at improving HDL
function. Therefore, in Chapter 3 we aimed to evaluate the anti-oxidative function of HDL in
renal transplant patients.

HDL has the ability to inhibit endothelial cell adhesion molecules such as VCAM-1 which
facilitate the binding of mononuclear cells to the vessel wall and promote lesion development.
HDL inhibits expression of cytokines such as TNF-a which mediate upregulation of endothelial
adhesion molecules. The anti-inflammatory ability of HDL to inhibit adhesion molecule
expression might be mediated by ApoAl and sphingosine-1- phosphate 282%47:107,108.114115
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Therefore, there is a clear need for large prospective cohort studies to definitively prove a
causal relationship between distinct aspects of HDL dysfunction and the risk of future
cardiovascular events. To contribute to this important point, the association of HDL anti-
oxidative capacity at baseline with future cardiovascular mortality, all-cause mortality, and
graft failure was prospectively assessed in a cohort study of 495 RTRs (chapter 3). In addition,
in chapter 2 the baseline HDL cholesterol efflux capacity was assessed in 1147 ESRD patients
with diabetes (4D Study), a prospective study originally designed to explore the efficacy of
atorvastatin treatment in patients with T2DM on hemodialysis.

Conclusion and future directions

Despite a number of studies addressing functional aspects of HDL, the importance of HDL
functionality for cardiovascular risk is still largely unknown. The research described in this
dissertation helps to better understand how HDL functionalities can be measured in order to
gain further insight into the relationship between HDL functions and the risk of CVD. However,
there are many areas that warrant further research.

Cholesterol efflux capacity might be useful as a potential risk assessment to identify subgroups
of patients with ESRD that could benefit from statin treatment (chapter 2). Otherwise,
cholesterol efflux does not appear useful to predict CVD mortality in settings of impaired kidney
function. Also, the anti-oxidative capacity of HDL was not helpful in predicting future
cardiovascular or all-cause mortality in patients with decreased kidney function, namely RTRs.
It also proved to have only a very limited value to predict graft failure in this group of patients
(chapter 3). Still studies exploring if the anti-oxidative capacity of HDL is a predictor of CVD in
the general population need to be conducted. T2DM relatively early in the course of the disease
exerts a substantial negative impact on a critical atheroprotective function of HDL. Here,
prospective studies are urgently needed, since the anti-inflammatory function appears to be a
very sensitive metric. In addition, the independent association of the anti-inflammatory
capacity of HDL with hyperglycemia stresses the importance of tight metabolic control in T2DM
(chapter 4). Overall, these findings indicate that important information can be derived from
measurements of HDL functionality with respect to different forms of CVD. However, there is
still a lack of uniformity of procedures for the determination of HDL functionality across
laboratories. As HDL functionality is an emerging topic of interest for both clinicians and
researchers, there is an increased need to improve standardization of assays for HDL
functionality. For instance, standardized HDL isolation and characterization methods need to
be developed. Also, different assay conditions for the same HDL function need to be compared
with respect to their clinical relevance. Ultimately, the question whether HDL functionality can
predict future cardiovascular events in the general population remains unanswered. Therefore,
future large prospective cohort studies are required to conclusively test a potential causal
relationship between HDL functionality and disease.

130



General Discussion

References

1. Roth GA, Johnson C, Abajobir A, et al.
Global, regional, and national
burden of cardiovascular diseases
for 10 causes, 1990 to 2015.] Am
Coll Cardiol. 2017;70(1):1-25.

2. Hajar R. Framingham contribution to
cardiovascular  disease. = Heart
Views. 2016;17(2):78-81.

3. Arca M, Montali A, Valiante S, et al.
Usefulness of atherogenic
dyslipidemia for predicting
cardiovascular risk in patients with
angiographically defined coronary
artery disease. Am ] Cardiol.
2007;100(10):1511-1516.

4. Gordon T, Castelli WP, Hjortland MC,
Kannel WB, Dawber TR. High
density lipoprotein as a protective
factor against coronary heart
disease. the framingham study. Am
] Med. 1977;62(5):707-714.

5. Wadhera RK, Steen DL, Khan I,
Giugliano RP, Foody JM. A review of
low-density lipoprotein
cholesterol, treatment strategies,
and its impact on cardiovascular
disease morbidity and mortality. ]
Clin Lipidol. 2016;10(3):472-489.

6. Ridker PM, Genest ], Boekholdt SM, et
al. HDL cholesterol and residual
risk of first cardiovascular events
after treatment with potent statin
therapy: An analysis from the
JUPITER trial. Lancet.
2010;376(9738):333-339.

7.Baigent C, Keech A, Kearney PM, et al.
Efficacy and safety of cholesterol-
lowering treatment: Prospective
meta-analysis of data from 90,056
participants in 14 randomised
trials of statins. Lancet.
2005;366(9493):1267-1278.

131

10.

11.

12.

13.

14.

15.

Reiner Z. Managing the residual
cardiovascular disease risk
associated with HDL-cholesterol
and triglycerides in statin-treated
patients: A clinical update. Nutr

Metab Cardiovasc Dis.
2013;23(9):799-807.
Assmann G, Gotto AM,Jr. HDL

cholesterol and protective factors
in atherosclerosis. Circulation.
2004;109(23 Suppl 1):1118-14.
Linsel-Nitschke P, Tall AR. HDL as a
target in the treatment of
atherosclerotic cardiovascular
disease. Nat Rev Drug Discov.
2005;4(3):193-205.

Grover SA, Kaouache M, Joseph L,
Barter P, Davignon ]. Evaluating the
incremental benefits of raising
high-density lipoprotein
cholesterol levels during lipid
therapy after adjustment for the
reductions in other blood lipid
levels. Arch Intern Med.
2009;169(19):1775-1780.

Barter PJ, Caulfield M, Eriksson M, et
al. Effects of torcetrapib in patients
at high risk for coronary events. N
Engl ] Med. 2007;357(21):2109-
2122,

Schwartz GG, Olsson AG, Abt M, et al.
Effects of dalcetrapib in patients
with a recent acute coronary
syndrome. N Engl ] Med.
2012;367(22):2089-2099.
AIM-HIGH Investigators, Boden WE,
Probstfield JL, et al. Niacin in
patients with low HDL cholesterol
levels receiving intensive statin
therapy. N Engl ] Med.
2011;365(24):2255-2267.
Rosenson RS, Brewer HB,Jr, Barter
PJ, et al. HDL and atherosclerotic
cardiovascular disease: Genetic
insights into complex biology. Nat



Chapter 6

16.

17.

18.

19.

20.

21.

22.

23.

Rev Cardiol. 2018;15(1):9-19.
Kontush A, Chapman M].

Functionally defective high-density

lipoprotein: A new therapeutic

target at the crossroads of
dyslipidemia, inflammation, and
atherosclerosis. Pharmacol Rev.

2006;58(3):342-374.

deGoma EM, deGoma RL, Rader D]J.
Beyond high-density lipoprotein
cholesterol levels evaluating high-
density lipoprotein function as
influenced by novel therapeutic
approaches. ] Am Coll Cardiol.
2008;51(23):2199-2211.

Navab M, Anantharamaiah GM,
Reddy ST, Van Lenten BJ, Fogelman
AM. HDL as a biomarker, potential
therapeutic target, and therapy.
Diabetes. 2009;58(12):2711-2717.

Duffy D, Rader D]. Update on

strategies to increase HDL quantity
and function. Nat Rev Cardiol.
2009;6(7):455-463.
Triolo M, Annema W, Dullaart RP,
Tietge UJ. Assessing the functional
properties of high-density
lipoproteins: An emerging concept
in cardiovascular research.
Biomark Med. 2013;7(3):457-472.
Ronsein GE, Heinecke JW. Time to
ditch HDL-C as a measure of HDL
function? Curr Opin Lipidol.
2017;28(5):414-418.

BARR DP, RUSS EM, EDER HA.
Protein-lipid  relationships in

human plasma. IL. in
atherosclerosis and related
conditions. Am | Med.
1951;11(4):480-493.

Assmann G, Schulte H. The
prospective cardiovascular
munster (PROCAM) study:

Prevalence of hyperlipidemia in
persons with hypertension and/or
diabetes  mellitus and the

132

24,

25.

26.

relationship to coronary heart
disease. Am Heart ]. 1988;116(6 Pt
2):1713-1724.

Lincoff AM, Nicholls SJ], Riesmeyer
JS, et al. Evacetrapib and
cardiovascular outcomes in high-
risk vascular disease. N Engl ] Med.
2017;376(20):1933-1942.
HPS2-THRIVE Collaborative Group,
Landray M], Haynes R, et al. Effects
of extended-release niacin with
laropiprant in high-risk patients. N
Engl ] Med. 2014;371(3):203-212.
Mani P, Rohatgi A. Niacin therapy,
HDL cholesterol, and
cardiovascular disease: Is the HDL
hypothesis defunct? Curr
Atheroscler Rep. 2015;17(8):43-
015-0521-x.

27.Karavia EA, Zvintzou E, Petropoulou

28.

29.

PI, Xepapadaki E, Constantinou C,
Kypreos KE. HDL quality and
functionality: What can proteins
and genes predict? Expert Rev
Cardiovasc Ther. 2014;12(4):521-
532.

Rohatgi A, Khera A, Berry ]D, et al.
HDL cholesterol efflux capacity and
incident cardiovascular events. N
Engl ] Med. 2014;371(25):2383-
2393.

Saleheen D, Scott R, Javad S, et al.
Association of HDL cholesterol
efflux capacity with incident
coronary heart disease events: A
prospective case-control study.
Lancet Diabetes Endocrinol.
2015;3(7):507-513.

30. Mineo C, Shaul PW. Novel biological

31.

functions of high-density
lipoprotein cholesterol. Circ Res.
2012;111(8):1079-1090.

Soran H, Hama S, Yadav R,
Durrington PN. HDL functionality.
Curr Opin Lipidol. 2012;23(4):353-
366.



General Discussion

32.

33.

34.

Schneider CA, Ferrannini E,

Defronzo R, Schernthaner G, Yates ],
Erdmann E. Effect of pioglitazone
on cardiovascular outcome in
diabetes and chronic kidney
disease. | Am Soc Nephrol
2008;19(1):182-187.
Dei Cas A, Khan SS, Butler ], et al.
Impact of diabetes on
epidemiology, treatment, and
outcomes of patients with heart
failure. JACC Heart Fail.
2015;3(2):136-145.

Thomas MC. Type 2 diabetes and
heart failure: Challenges and
solutions. Curr Cardiol Rev.

2016;12(3):249-255.

35.Lamarche B, Tchernof A, Moorjani S,

36.

et al. Small, dense low-density
lipoprotein particles as a predictor
of the risk of ischemic heart disease
in men. prospective results from
the quebec cardiovascular study.
Circulation. 1997;95(1):69-75.
von Eckardstein A, Widmann C.
High-density lipoprotein, beta cells,
and diabetes. Cardiovasc Res.
2014;103(3):384-394.

37.Drew BG, Rye KA, Duffy SJ, Barter P,

Kingwell BA. The emerging role of
HDL in glucose metabolism. Nat
Rev Endocrinol. 2012;8(4):237-
245.

38.Kronenberg F. HDL in CKD-the devil

39.

is in the detail. ] Am Soc Nephrol.
2018;29(5):1356-1371.

Jacek R, Anna G, Danilo F, Timo §,
Andrzej W. Chronickidney disease -
different role for HDL? Curr Med
Chem. 2014;21(25):2910-2916.

40.Khera AV, Demler OV, Adelman Sj, et

al. Cholesterol efflux capacity, high-
density lipoprotein particle
number, and incident
cardiovascular events: An analysis
from the JUPITER trial (justification

133

41.

for the use of statins in prevention:
An intervention trial evaluating
rosuvastatin). Circulation.
2017;135(25):2494-2504.

Khera AV, Cuchel M, de la Llera-
Moya M, et al. Cholesterol efflux
capacity, high-density lipoprotein
function, and atherosclerosis. N
Engl ] Med. 2011;364(2):127-135.

42.Boyer M, Levesque V, Poirier P, et al.

43.

Longitudinal changes in cholesterol
efflux capacities in patients with
coronary artery disease undergoing
lifestyle modification therapy. ] Am
Heart Assoc.
2018;7(11):10.1161/JAHA.118.00
8681.

Rohatgi A, Khera A, Berry JD, et al.
HDL cholesterol efflux capacity and
incident cardiovascular events. N
Engl ] Med. 2014;371(25):2383-
2393.

44. Weichhart T, Kopecky C, Kubicek M,

45.

et al. Serum amyloid A in uremic
HDL promotes inflammation. ] Am
Soc Nephrol. 2012;23(5):934-947.
Holzer M, Birner-Gruenberger R,
Stojakovic T, et al. Uremia alters
HDL composition and function. ]
Am Soc Nephrol. 2011;22(9):1631-
1641.

46.Speer T, Rohrer L, Blyszczuk P, et al.

Abnormal high-density lipoprotein
induces endothelial dysfunction via
activation of toll-like receptor-2.
Immunity. 2013;38(4):754-768.

47. Annema W, Dikkers A, de Boer JF, et

48.

al. HDL cholesterol efflux predicts
graft failure in renal transplant
recipients. | Am Soc Nephrol.
2016;27(2):595-603.

Farbstein D, Levy AP. HDL
dysfunction in diabetes: Causes and
possible treatments. Expert Rev
Cardiovasc Ther. 2012;10(3):353-
361.



Chapter 6

49. Yamamoto S, Kon V. Chronic kidney

50.

51.

52.

53.

54.

55.

56.

57.

58.

disease induced dysfunction of high
density lipoprotein. Clin Exp
Nephrol. 2014;18(2):251-254.
Tolle M, Huang T, Schuchardt M, et
al. High-density lipoprotein loses
its anti-inflammatory capacity by
accumulation of pro-inflammatory-
serum amyloid A. Cardiovasc Res.
2012;94(1):154-162.

Wanner C, Krane V, Marz W, et al.
Atorvastatin in patients with type 2
diabetes  mellitus  undergoing
hemodialysis. N Engl ] Med.
2005;353(3):238-248.

Ortiz A, Covic A, Fliser D, et al
Epidemiology, contributors to, and
clinical trials of mortality risk in
chronic kidney failure. Lancet.
2014;383(9931):1831-1843.
Jardine M], Hata ], Woodward M, et
al. Prediction of Kkidney-related
outcomes in patients with type 2
diabetes. Am ] Kidney Dis.
2012;60(5):770-778.

Mitchell RN, Libby P. Vascular
remodeling in transplant
vasculopathy. Circ Res.

2007;100(7):967-978.

Nankivell BJ, Chapman JR. Chronic
allograft nephropathy: Current
concepts and future directions.
Transplantation. 2006;81(5):643-
654.

Said S, Hernandez GT. The link
between chronic kidney disease
and cardiovascular disease. ]
Nephropathol. 2014;3(3):99-104.
Longenecker JC, Coresh ], Powe NR,
et al. Traditional cardiovascular
disease risk factors in dialysis
patients compared with the general
population: The CHOICE study.] Am
Soc Nephrol. 2002;13(7):1918-
1927.

Oterdoom LH, de Vries AP, van Ree

134

RM, et al. N-terminal pro-B-type
natriuretic peptide and mortality in
renal transplant recipients versus
the general population.
Transplantation.
2009;87(10):1562-1570.

59.]Jardine AG, Gaston RS, Fellstrom BC,

60.

Holdaas  H.
cardiovascular disease
recipients of kidney transplants.
Lancet. 2011;378(9800):1419-
1427.

Israni AK, Snyder ]], Skeans MA, et
al. Predicting coronary heart
disease after kidney
transplantation: Patient outcomes
in renal transplantation (PORT)
study. Am | Transplant.
2010;10(2):338-353.

Prevention of
in adult

61.Lacquaniti A, Bolignano D, Donato V,

62.

63.

Bono C, Fazio MR, Buemi M.
Alterations of lipid metabolism in
chronic nephropathies:
Mechanisms, diagnosis and
treatment. Kidney Blood Press Res.
2010;33(2):100-110.

Moradi H, Vaziri ND, Kashyap ML,
Said HM, Kalantar-Zadeh K. Role of
HDL dysfunction in end-stage renal
disease: A double-edged sword. ]
Ren Nutr. 2013;23(3):203-206.
Shigemitsu O, Hadama T, Miyamoto
S, Anai H, Sako H, Iwata E. Acute
myocardial infarction due to left
main coronary artery occlusion.
therapeutic strategy. Jpn ] Thorac
Cardiovasc Surg. 2002;50(4):146-
151.

64.Mark PB, Johnston N, Groenning BA,

65.

et al. Redefinition of uremic
cardiomyopathy by  contrast-
enhanced cardiac magnetic
resonance imaging. Kidney Int
2006;69(10):1839-1845.

Paul LC. Chronic allograft
nephropathy: An update. Kidney



General Discussion

66.

67.

68.

Int. 1999;56(3):783-793.
Charalabopoulos K,
Assimakopoulos D, Karkabounas S,
Danielidis V, Kiortsis D, Evangelou
A. Effects of cigarette smoking on
the antioxidant defence in young
healthy male volunteers. Int ] Clin
Pract. 2005;59(1):25-30.
Basu S. Bioactive eicosanoids: Role
of prostaglandin F(2alpha) and
F(2)-isoprostanes in inflammation
and oxidative stress related
pathology. Mol Cells.
2010;30(5):383-391.

Dounousi E, Papavasiliou E,
Makedou A, et al. Oxidative stress is
progressively  enhanced  with
advancing stages of CKD. Am ]
Kidney Dis. 2006;48(5):752-760.

69. Spittle MA, Hoenich NA, Handelman

GJ, Adhikarla R, Homel P, Levin NW.
Oxidative stress and inflammation
in hemodialysis patients. Am ]
Kidney Dis. 2001;38(6):1408-1413.

70.Wadham C, Albanese N, Roberts ], et

71.

72.

73.

74.

al.  High-density lipoproteins
neutralize  C-reactive  protein
proinflammatory activity.
Circulation. 2004;109(17):2116-
2122,

Verges B. Pathophysiology of

diabetic dyslipidaemia: Where are
we? Diabetologia. 2015;58(5):886-
899.

Conti P, Shaik-Dasthagirisaeb Y.
Atherosclerosis: A chronic
inflammatory disease mediated by
mast cells. Cent Eur ] Immunol.
2015;40(3):380-386.

Frostegard J. Immunity,
atherosclerosis and cardiovascular
disease. BMC Med. 2013;11:117-
7015-11-117.

Tuttolomondo A, Di Raimondo D,
Pecoraro R, Arnao V, Pinto A, Licata
G. Atherosclerosis as an

135

75.

76.

77.

78.

79.

80.

81.

82.

inflammatory disease. Curr Pharm
Des. 2012;18(28):4266-4288.
Carmena R. Type 2 diabetes,
dyslipidemia, and wvascular risk:
Rationale and evidence for
correcting the lipid imbalance. Am
Heart]. 2005;150(5):859-870.
Jaiswal M, Schinske A, Pop-Busui R.
Lipids and lipid management in
diabetes. Best Pract Res Clin
Endocrinol Metab.2014;28(3):325-
338.
Barter PJ. High density lipoprotein:
A therapeutic target in type 2
diabetes. Endocrinol Metab (Seoul).
2013;28(3):169-177.

Libby P, Ridker PM, Maseri A.
Inflammation and atherosclerosis.

Circulation. 2002;105(9):1135-
1143.
Herbin 0O, Regelmann AG,

Ramkhelawon B, Weinstein EG,
Moore K], Alexandropoulos K.
Monocyte adhesion and plaque
recruitment during atherosclerosis
development is regulated by the
adapter protein chat-H/SHEP1.
Arterioscler Thromb Vasc Biol
2016;36(9):1791-1801.

Shih PT, Elices M], Fang ZT, et al.
Minimally modified low-density
lipoprotein induces monocyte
adhesion to endothelial connecting
segment-1 by activating betal
integrin. ] Clin Invest.
1999;103(5):613-625.
Blankenberg S, Barbaux S, Tiret L.
Adhesion molecules and
atherosclerosis.  Atherosclerosis.
2003;170(2):191-203.

Nobecourt E, Tabet F, Lambert G, et
al. Nonenzymatic glycation impairs
the antiinflammatory properties of
apolipoprotein A-I. Arterioscler
Thromb Vasc Biol. 2010;30(4):766-
772.



Chapter 6

83. MorgantiniC, Natali A, Boldrini B, et

84.

85.

86.

87.

al. Anti-inflammatory and
antioxidant properties of HDLs are
impaired in type 2 diabetes.
Diabetes. 2011;60(10):2617-2623.

Rohrer L, Hersberger M, von
Eckardstein A. High density
lipoproteins in the intersection of
diabetes mellitus, inflammation
and cardiovascular disease. Curr
Opin Lipidol. 2004;15(3):269-278.
Feingold KR, Grunfeld C. The acute
phase response inhibits reverse
cholesterol transport. ] Lipid Res.
2010;51(4):682-684.

Femlak M, Gluba-Brzozka A,
Cialkowska-Rysz A, Rysz |. The role
and function of HDL in patients
with diabetes mellitus and the
related cardiovascular risk. Lipids
Health Dis. 2017;16(1):207-017-
0594-3.

Delanghe JR, Langlois MR, De
Bacquer D, et al. Discriminative
value of serum amyloid A and other
acute-phase proteins for coronary
heart disease. Atherosclerosis.
2002;160(2):471-476.

88. Johnson BD, Kip KE, Marroquin OC,

et al. Serum amyloid A as a
predictor of coronary artery
disease and cardiovascular
outcome in women: The national
heart, lung, and blood institute-
sponsored women's ischemia
syndrome  evaluation (WISE).
Circulation. 2004;109(6):726-732.

89. MalleE, Sodin-Semrl S, Kovacevic A.

90.

Serum amyloid A: An acute-phase
protein involved in tumour
pathogenesis. Cell Mol Life Sci.
2009;66(1):9-26.

Choudhury RP, Leyva F. C-reactive
protein, serum amyloid A protein,
and coronary events. Circulation.
1999;100(15):e65-6.

136

91.van der Westhuyzen DR, de Beer FC,

92.

93.

94.

95.

96.

97.

98.

Webb NR. HDL cholesterol
transport during inflammation.
Curr Opin Lipidol. 2007;18(2):147-
151.

Hosoai H, Webb NR, Glick JM, et al.
Expression of serum amyloid A
protein in the absence of the acute
phase response does not reduce
HDL cholesterol or apoA-I levels in
human apoA-I transgenic mice. ]
Lipid Res. 1999;40(4):648-653.
Morgantini C, Natali A, Boldrini B, et
al. Anti-inflammatory and
antioxidant properties of HDLs are
impaired in type 2 diabetes.
Diabetes. 2011;60(10):2617-2623.
Pasceri V, Willerson JT, Yeh ET.
Direct proinflammatory effect of C-
reactive  protein on  human
endothelial cells.  Circulation.
2000;102(18):2165-2168.

Pepys MB, Hawkins PN, Kahan MC,
et al. Proinflammatory effects of
bacterial recombinant human C-
reactive protein are caused by
contamination = with  bacterial
products, not by C-reactive protein
itself. Circ Res. 2005;97(11):e97-
103.

Feingold KR, Grunfeld C. Effect of
inflammation on HDL structure and
function. Curr Opin Lipidol
2016;27(5):521-530.

Brinck JW, Thomas A, Lauer E, et al.
Diabetes mellitus is associated with
reduced high-density lipoprotein
sphingosine-1-phosphate content
and impaired high-density
lipoprotein cardiac cell protection.
Arterioscler Thromb Vasc Biol.
2016;36(5):817-824.

Liu D, Ji L, Zhang D, et al
Nonenzymatic glycation of high-
density lipoprotein impairs its anti-
inflammatory effects in innate



General Discussion

99.

immunity. Diabetes Metab Res Rev.
2012;28(2):186-195.

Dullaart RP, Annema W, Tio RA,
Tietge UJ]. The HDL anti-
inflammatory function is impaired
in myocardial infarction and may
predict new cardiac events
independent of HDL cholesterol.
Clin Chim Acta. 2014;433:34-38.

100. Folsom AR, Kronmal RA, Detrano

RC, et al. Coronary artery
calcification compared with carotid
intima-media thickness in the
prediction  of  cardiovascular
disease incidence: The multi-ethnic
study of atherosclerosis (MESA).
Arch Intern Med.
2008;168(12):1333-13309.

101. Polak JF, Pencina M], Pencina KM,

O'Donnell CJ, Wolf PA, D'Agostino
RB S. Carotid-wall intima-media
thickness and  cardiovascular
events. N Engl ] Med.
2011;365(3):213-221.

102. Kondos GT, Hoff JA, Sevrukov A, et

al. Electron-beam tomography
coronary artery calcium and
cardiac events: A 37-month follow-
up of 5635 initially asymptomatic
low- to intermediate-risk adults.
Circulation. 2003;107(20):2571-
2576.

103. Uthoff H, Staub D, Socrates T, et al.

PROCAM-, FRAMINGHAM-, SCORE-
and SMART-risk score for
predicting cardiovascular
morbidity and mortality in patients
with overt atherosclerosis. Vasa.

2010;39(4):325-333.

104. Alwaili K, Bailey D, Awan Z, et al.

The HDL proteome in acute
coronary syndromes shifts to an
inflammatory profile. Biochim
Biophys Acta. 2012;1821(3):405-
415.

105. Carnuta MG, Stancu CS, Toma L, et

137

111. Vaziri ND.

al. Dysfunctional high-density

lipoproteins have distinct
composition, diminished anti-
inflammatory potential and
discriminate acute coronary

syndrome from stable coronary
artery disease patients. Sci Rep.
2017;7(1):7295-017-07821-5.

106. Annema W, Willemsen HM, de

Boer JF, et al. HDL function is
impaired in acute myocardial
infarction independent of plasma
HDL cholesterol levels. ] Clin
Lipidol. 2016;10(6):1318-1328.

107. Liu C, Zhang Y, Ding D, et al

Cholesterol efflux capacity is an
independent predictor of all-cause
and cardiovascular mortality in

patients with coronary artery
disease: A prospective cohort
study. Atherosclerosis.

2016;249:116-124.

108. Li XM, Tang WH, Mosior MK, et al.

Paradoxical association of
enhanced cholesterol efflux with
increased incident cardiovascular
risks. Arterioscler Thromb Vasc
Biol. 2013;33(7):1696-1705.

109. Yvan-Charvet L, Wang N, Tall AR.

Role of HDL, ABCA1, and ABCG1
transporters in cholesterol efflux
and immune responses.

Arterioscler Thromb Vasc Biol.
2010;30(2):139-143.

110. Brites F, Martin M, Guillas I,

Kontush A. Antioxidative activity of
high-density lipoprotein (HDL):
Mechanistic insights into potential
clinical  benefit. BBA  Clin.
2017;8:66-77.

Lipotoxicity and
impaired high density lipoprotein-
mediated reverse cholesterol
transportin chronic kidney disease.
] Ren Nutr. 2010;20(5 Suppl):S35-
43.



Chapter 6

112. Vaziri ND, Moradi H. Mechanisms
of dyslipidemia of chronic renal
failure. Hemodial Int. 2006;10(1):1-
7.

113. Moradi H, Vaziri ND, Kashyap ML,
Said HM, Kalantar-Zadeh K. Role of
HDL dysfunction in end-stage renal
disease: A double-edged sword. ]
Ren Nutr. 2013;23(3):203-206.

114. Leberkuhne LJ, Ebtehaj S, Dimova
LG, et al. The predictive value of the
antioxidative function of HDL for
cardiovascular disease and graft
failure in  renal transplant
recipients. Atherosclerosis.
2016;249:181-185.

115. Kopecky C, Ebtehaj S, Genser B, et
al. HDL cholesterol efflux does not
predict cardiovascular risk in
hemodialysis patients. ] Am Soc
Nephrol. 2017;28(3):769-775.

138



	Chapter 6



