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ABSTRACT
Background and aims

The aim of this systematic review and meta-analysis was to synthesize studies assessing
the associations between high-density lipoprotein functionality and risk of cardiovascular
disease and mortality.

Methods

We searched Medline and Embase for the identification of observational studies meeting
the inclusion criteria. This meta-analysis was conducted following the PRISMA statement
and was registered in. We pooled risk estimates with a random-effect model separately for

fatal or non-fatal cardiovascular disease and all-cause mortality.
Results

Out of 29 manuscripts, 20 articles investigated cholesterol efflux capacity (13 prospective
and 7 cross-sectional), 10 antioxidant capacity (7 prospective and 3 cross-sectional) and
two (1 prospective and 1 cross-sectional) anti-inflammatory capacity of high-density
lipoprotein. A greater cholesterol efflux capacity was associated with lower risk of
cardiovascular disease in 8 comparable prospective studies (RR for 1SD increase: 0.86;
95% CI: 0.76-0.98) and mortality in 5 studies (RR for 1SD increase: 0,77; 0.60-1.00). Better
antioxidant capacity was non-significantly associated with lower cardiovascular disease risk
in 2 studies (pooled RR for 1SD 0.70; 0.32-1.53) and significantly with mortality in 3 studies
(pooled RR for 1SD 0.58; 0.28-0.81). High-density lipoprotein anti-inflammatory ability was

associated with a lower cardiovascular disease risk in the only prospective study.
Conclusions

Greater high-density lipoprotein cholesterol efflux capacity and antioxidant/anti-inflammatory
capacities were associated with lower risk of cardiovascular disease. However, the
heterogeneity between studies and evidence of publication bias warrant caution and
highlight the need for larger prospective studies with standardized assays and specific

outcomes.



GRAPHICAL ABSTRACT
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INTRODUCTION

Inconsistent results on the causal effect of high-density lipoprotein cholesterol (HDL-C) on
CVD risk 12 have led to consider that the protective role of HDL might lie in the functional

traits of the lipoprotein rather than its cholesterol content.

HDL is a highly heterogeneous particle exhibiting a variety of functions that may contribute to
its cardioprotective profile 3. This lipoprotein plays a key role in the efflux of cholesterol from
peripheral cells 4, a primary mechanism in the development of atherosclerotic lesions °.
Furthermore, HDLs display anti-inflammatory, anti-oxidative, anti-apoptotic, anti-thrombotic

and vasodilatory properties which potentially contribute to its atheroprotective nature ©.

The number of articles evaluating the association between HDL functionality and CVD
outcomes in human populations is still low, and the available evidence has never been
systematically summarized. Therefore, our aim was to conduct a systematic review of
observational studies that assessed HDL functionality in relation to CVD events and all-

cause mortality, and to perform a meta-analysis of the estimates of longitudinal studies.



MATERIAL AND METHODS

This meta-analysis was conducted following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement ” and was registered in PROSPERO
International Prospective Register of Systematic Reviews under the identifier
CRD42017065857 (www.crd.york.ac.uk/PROSPERO).

Search strategy

Two investigators (CL and MSF) independently searched for the relevant studies on Medline
and Embase up to 3" April 2019. The keywords, index terms and Boolean operators used for
the literature search are described in Online material. The search was limited to articles
published in the English language and to full-text journal articles. Disagreements were
discussed and resolved by consensus.

Study selection

The inclusion criteria was as follows: 1) Exposure: Functionality tests performed on isolated
HDL, ApolipoproteinB (ApoB) depleted serum (ABDS) or ApoB-depleted plasma (ABDP); 2)
Outcome: (i) Any major adverse cardiovascular event (MACE), including CVD mortality,
alone or in combination as a composite outcome, or (ii) all-cause mortality; 3) Design:
observational study (cohort, case-control); 4) Population: inpatients or community dwelling,
free-living setting, adults (aged 218 years); 5) Association estimate: available information on
*multivariate or univariate model with relative risk estimate (hazard ratio (HR), odds ratio
(OR), relative risk (RR)) and associated standard error (SE) or 95%confidence intervals
(95% CI). If the study had any of the following characteristics, it was excluded: 1) Exposure:
measurement carried out on any other biological specimen than isolated HDL, ABDS or
ABDP; 2) Outcome: studies assessing the relationship between HDL functionality and any
other outcome different from those defined in the inclusion criteria; 3) Design: retrospective
study, reviews or meta-analysis; 4) Population: pregnant or lactating women, individuals

aged under 18y.

After a first screening of titles and abstracts, full texts were retrieved and a second
evaluation was carried out. When relevant information was missing, we contacted the

corresponding author.


http://www.crd.york.ac.uk/PROSPERO

Data extraction and quality assessment

Data were recorded in a standardized extraction form. When the study authors built more
than one statistical model, we kept the estimates adjusted for the greatest number of factors.
When the same model was adjusted for a set of factors plus HDL-C or ApolipoproteinA-I

(ApoA-I), we only kept the estimate adjusted for HDL-C.

The quality of the included articles was assessed by two independent investigators (CL and
MSF) using the Newcastle-Ottawa Scale 8. To be included in the meta-analysis, a study had
to meet our quality criteria of rating 5 stars (out of 9) or more.

Statistical analysis

For prospective studies, and when at least two studies with estimates on comparable scales
were available, we performed random-effect meta-analysis ° to provide an overall estimate
of the association between HDL functionality and the incidence of CVD events or all-cause
mortality. We pooled the results separately for each HDL functionality and for each outcome.
We combined only comparable estimates (per 1SD, or per category) together. When data
from the same cohort was used in different manuscripts, we included the results with the
longest follow-up time. We express all estimates of the relationship between a greater
functionality performance and CVD or mortality risk so that an estimate lower than 1 means

that better HDL-related function is associated with a lower risk of outcome.

We assessed between-study heterogeneity using the Q statistic and the I? statistic method
10 A value of 1?2 of 0-40% was regarded as low, 30-60% as moderate, 50-90% as substantial,
and 75-100% as high 1. Presence of heterogeneity was tested by a chi-square test. A p-

value <0.10 and high estimates of I? indicated substantial and significant heterogeneity .

We conducted a series of sensitivity analysis, stratifying by: a) quality score, combining
results for studies with a score <7 and with a score >7; b) methodology of cholesterol efflux
capacity assays (J774 cell lines vs BODIPY-cholesterol) to better understand the nature of
the variability disclosed in this meta-analysis. We also planned to include two further sub-
analysis on manuscripts adjusted for ¢) albumin and d) systemic markers of inflammation.
Analysis ¢) aimed at the study of the predictive traits of HDL-functionality independently of
the potential anti-oxidative and anti-inflammatory properties of the albumin protein; analysis
d) aimed to disentangle whether HDL function can predict CVD risk independently of low-
grade inflammation, and is not merely a surrogate marker of a pro-inflammatory atherogenic

milieu. Any evidence of publication bias was visually diagnosed using a funnel plot and
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quantified with Egger's test 2. We considered that there was likely presence of publication
bias if the two-sided p-value of Egger's test was lower than 0.05. The commands metan,
confunnel and metabias in Stata version 14 (Stata Corp, College Station, TX, USA) were

used.

RESULTS
Search results and study characteristics

The detailed workflow of the search process and study selection is shown in eFigure 1. The
primary search yielded 4,503 papers. Of these, 2,644 were excluded because the exposure
and/or the outcome were irrelevant and 1,703 did not meet our inclusion criteria regarding
language or study design. The full texts of the 156 potential studies were retrieved for further
evaluation and 29 were finally included. The studies characteristics are shown in eTable 1,
2, and 3. Data not shown in three manuscripts were provided by the authors on request 3-15,

Cholesterol efflux capacity (CEC)

We identified 20 manuscripts appraising the capacity of HDL to remove lipids from cells —
and, in one case, from a lipid matrix - in relation with hard events (CVD or mortality, eTable
1). A total of 21,022 participants aged 30-75.2y were included, of which 47.8% were men.
The 20 articles reported on 10 different longitudinal cohorts 142 and 3 case-controls nested
within cohorts 227, and 7 cross-sectional or case-control studies 1428-33, Six studies 1>16. 18
212324 reported on the risk of death of all-cause. Two papers analyzed all-cause mortality
within a combined endpoint, therefore we did not include them in the meta-analysis focusing
on all-cause mortality 2%, One article was excluded from the meta-analysis as the OR was
comparing the highest quartile of CEC with a combination of the three lowest quatrtiles
together *. In another study *, a B-coefficient was provided without a standard error or
confidence interval. Three articles analyzed the relationship between CEC and the risk of
CVD in the same sample from the Dallas Heart Study '°2! so we only include in the meta-
analysis estimates with the longest follow-up ?°. In 18 articles, the authors included HDL-C

as a covariate 14-2527-31,33

With regards to the main technical characteristics of the assays, we report the donor cell
line, the lipid tracer and the lipid acceptor. In 15 articles, the assay was performed on

differentiated-macrophage cell lines, including J774 cell lines 14-17 19-23,25.26,28,29.31.32 gn(



RAW?264.7 * In four studies, THP-1 monocytes were differentiated in situ into macrophages
18,24,21.30 The preferred tracer was tritium-labeled cholesterol, and one study used *C-
cholesterol . In four articles, the assay was performed with BODIPY-cholesterol 16-20-22, We
included one study * describing the ability of HDL to accept cholesterol, phospholipids and
triglycerides from a lipid emulsion in a cell-free assay, and another study 2’ in which the
authors did not use any tracer. Regarding the lipid acceptor, all studies used ABDS 417 19
23,25,21-2931.32 or ABDP 18 20-22.24.2630 Hjgher values indicated greater cholesterol efflux
expressed as the normalized value to a control pool of serum/plasma or ABDS/ABDP except

in four studies 1415 27.33 \where the raw values were used.

The pooled RR of the association between 1SD increase in CEC and incident CVD was 0.86
(95% ClI, 0.76 to 0.98), and with all-cause mortality was 0.77 (95% ClI, 0.60 to 1.00) (Figure
1, A for CVD and B for all-cause mortality). Three longitudinal studies were excluded from
the analysis *171° as the estimates were not reported in a comparable scale. All studies but
two *17 showed an inverse association of CEC with cardiovascular events. Meta-analysis of
cross-sectional studies for the association of CEC with CVD for a 1SD increase is available
in eFigure 3. Two cross-sectional studies were not included in the analysis as they did not
provide an estimate for 1SD increase!#3°. The comparison of the highest vs the lowest
categories of CEC were associated with a higher risk for cardiovascular outcomes in only

one study *(eTable 1).

Figure 1. Meta-analysis of prospective studies investigating the association between HDL
cholesterol efflux capacity and major adverse cardiovascular events (MACE) and all-cause
mortality risk. Estimates are risk ratios for MACE (A) and all-cause mortality (B) for a better

compared to poorer CEC function (per 1SD increase)
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We combined odds ratios or hazard ratios with corresponding 95% confidence intervals (ClI)
from prospective studies with random-effect meta-analysis to provide a pooled risk ratio of
the association between HDL-cholesterol efflux capacity and the incidence of CVD events or
all-cause mortality. We combined only comparable estimates (per 1standard deviation or per

category) together.

The percentage of variation explained by heterogeneity rather than chance across
longitudinal studies included in the analysis of CEC (1SD increase) in relation with the risk of
a CVD event was high (1> 68.9%), as well as for all-cause mortality (1> 81.1%), and the
Cochrane Q statistic was significant for both groups (p=0.002 for CVD and p<0.001 for all-

cause mortality). Visual evaluation of funnel plots (eFigure 2) and Egger’s test (p=0.01 for



CVD and p=0.01 for all-cause mortality) suggests evidence of publication bias for both

outcomes.

Regarding study quality, two longitudinal studies *>22 were rated only 5 stars out of 9, three
prospective study * 1719 and 2 cross-sectional studies 2?° were granted 6 points and the
remaining studies achieved a score of 7 or more (eTables 4 and 5). The stratification by
study quality showed a less strong association for CEC with CVD and all cause-mortality for
those studies rated of higher quality compared to those rated lower. It should be noted
though that there were fewer studies of high quality and heterogeneity between them was
lower than among studies of lower quality (eFigure 4, A for CVD and B for all-cause
mortality). Meta-analysis of 6 studies evaluating CEC exclusively on J774 cells reveals a
stronger association with both CVD and all-cause mortality (eFigure 5, A and B respectively),
with lower heterogeneity. In contrast, association of cholesterol efflux capacity measured
with a novel fluorescent probe with CVD in 2 studies (eFigure 6) was stronger, but 12 and
Cochrane Q statistics indicate greater heterogeneity. The sub-analysis of manuscripts
adjusted for either albumin or systemic markers of inflammation could not be performed due

to the insufficient number of studies available.
Antioxidant capacity

Ten studies were included that evaluated the anti-oxidative capacity of HDL and the risk of
CVD or all-cause mortality (eTable 2): 3 cross-sectional studies 3% 323* and 7 longitudinal
studies 133540 Qverall, these studies included a total of 2,563 participants aged 35 to 67y, of
which 66.2% were men. All studies measured the HDL profile prone to protect low-density
lipoprotein (LDL) and other compounds from oxidation. The majority of studies did not adjust
for HDL-C (all except three 17:3940),

Two major protocols were employed using: (i) HDL, ABDP or ABDS, (ii) native or previously
oxidized LDL, (iii) a marker of oxidative degradation. In the first protocol, used in seven
studies, the antioxidant action of ABDS or ABDP on pre-oxidized LDL 13 32:34-36.39 gr on
native LDL ¥ was assessed in presence of the non-fluorescent dichlorofluorescein diacetate
(DCF-DA). The conversion of DCF-DA to its fluorescent form reflects the oxidation of LDL,
therefore, higher values were considered to be indicative of poorer protection against
oxidation. A variant of this procedure was found in one study “°: no native or pre-oxidized
LDL was involved and the marker of fluorescence was dihydrorhodamine (DHR). Here, a
greater percentage of reduction in oxidation reflects a better protective action of HDL. The

other protocol, used in two studies®*38, is based on the production of thiobarbituric acid
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reactive substances (TBARS) as a measure of the oxidative modification of LDL (native 8 or
pre-oxidized®°). Here, HDL antioxidative capacity is calculated as the percent reduction in
TBARS formation obtained relative to a negative control, and lower values indicate better

antioxidative protection.

The meta-analysis of two prospective studies shows that higher antioxidant protection
exerted by HDL was not statistically significantly associated with lower risk of incident CVD
(combined RR estimate for 1SD increase of 0.70 (95% ClI, 0.32-1.53), Figure 2, A). The
pooled RR of the association with the risk of all-cause mortality from 3 studies was 0.48
(95% Cl, 0.28-0.81) (Figure 2, B). Four prospective studies 133840 were not included in the
analysis because estimates were not comparable. Only in two cohorts 3¢ the antioxidant
protection of the HDL patrticle was strongly associated with a decreased risk for incident
CVD (eTable 2).

Figure 2. Meta-analysis of prospective studies investigating the association between HDL
anti-antioxidant capacity and major adverse cardiovascular events (MACE) and all-cause
mortality risk. Estimates are risk ratios for MACE (A) and all-cause mortality (B) for a better

compared to poorer antioxidant function (1SD increase or categories, as specified)
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We combined odds ratios or hazard ratios with corresponding 95% confidence intervals (Cl)
from prospective studies with random-effect meta-analysis to provide a pooled risk ratio of
the association between antioxidant capacity of the HDL particle and the incidence of CVD
events or all-cause mortality. We combined only comparable estimates (per 1standard
deviation or per category) together

Heterogeneity between longitudinal studies for cardiovascular outcomes was high (1=87.7%,
chi-squared p=0.004) but only moderate for all-cause mortality (1>=50.3%, chi-squared
p<0.134). Funnel plots (eFigure 2) for CVD event (A) and all-cause mortality (B) show
asymmetry and Egger’s tests were significant (p=0.073 for CVD and p=0.002 for all-cause
mortality), indicating that small studies with non-significant findings are likely not published.

In terms of methodology quality, one cohort was rated only 5 stars 3°, two cohorts 6 stars 394
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and the other seven studies scored 7 or higher (eTables 4 and 5). Sensitivity analysis
evaluating the effect of quality of studies on the risk estimate are presented in eFigure 7 and

the only study of high quality showed a strong inverse association.
Anti-inflammatory capacity

There were one cohort ** and one case-control * study meeting our inclusion criteria that
assessed the anti-inflammatory potential of HDL in relation to CVD events (eTable 3). No
study was found that used all-cause mortality as an outcome. The two studies included 204
participants (67% men) in total, aged 63-67y. Both the case-control and cohort studies
included HDL-C as an adjustment factor.

The main technical characteristics of the protocols evaluating the anti-inflammatory potential
of HDL included the cell line, the use of HDL, ABDS or ABDP, the pro-inflammatory stimuli,
and the marker of inflammation. In both papers the technique was in—vitro: after the
incubation of human umbilical endothelial cell lines with ABDP, the cultured cells were
challenged with tumor necrosis factor-a and total RNA was isolated to further measure
VCAM-1 mRNA expression levels. Lower values indicated better HDL anti-inflammatory
capacity. Results were normalized to control values in the case-control to baseline levels in

the cohort study.

In these two studies, individuals presenting the highest anti-inflammatory HDL capacity
showed lower CVD prevalence and incidence at 3y compared to low anti-inflammatory
capacity, but no meta-analysis was performed due to the insufficient number of studies.
Regarding adjustment for albumin, one study showed a strong inverse association between
anti-inflammatory capacity and all-cause mortality®’, whereas the second study found no
association with incident CVD*. Presence of publication bias was revealed by the lack of
studies at the right of the funnel plot (eFigure 2, C). Both studies were considered of high
guality with 7 stars on the Newcastle Ottawa scale (eTables 4 and 5).

DISCUSSION

We provide the first comprehensive systematic review and meta-analysis of studies
assessing the association between different functional properties of HDL and the risk of
cardiovascular events and of all-cause mortality. We identified three main domains of
functionality: cholesterol efflux capacity, antioxidant and anti-inflammatory capacity, with the
latter less studied in comparison with the first two. Results from prospective studies show

that, overall, greater levels of cholesterol efflux capacity, and greater anti-inflammatory and
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antioxidant capacities exerted by HDL were associated with lower risk of cardiovascular
disease. We observed a similar association for the risk of all-cause mortality with CEC and

antioxidant activity.

Oxidation of the LDL particle into the endothelium and uncontrolled cholesterol uptake by
macrophages are the key triggers for the initiation and progression of the atherosclerotic

cardiovascular disease 4“3

HDL is under constant remodeling in the plasma which might influence its functionality 444°.
The variability in HDL particles may help to explain why randomized clinical trials of HDL-C
raising drugs have been unsuccessful at decreasing CVD risk #6-48,

Cholesterol efflux capacity

The ability to remove cholesterol from macrophages is considered the main HDL-related
atheroprotective function*®. In our meta-analysis, we found that higher cholesterol efflux was
inversely associated with cardiovascular events and all-cause mortality. However, it has not
yet been unraveled whether an impaired HDL-cholesterol efflux capacity is the trigger or a
consequence of the deleterious effect of a proinflammatory environment and LDL oxidation.
Although results from the majority of the studies are consistent, one study by Li et al ** found
opposite results. In that study, levels of ApoA-I were lower and levels of ApolipoproteinA-Ii
higher in patients with CAD. Presence of ApolipoproteinA-Il in HDL has been reported to
increase cholesterol efflux from macrophages *°. Moreover, the higher proportion of
participants on statin treatment in the CAD group might have positive impact on HDL
functions, including cholesterol efflux capacity °. We hypothesized that further adjustment of
multivariate models would be desirable and might have an impact on the direction of results.
Even if this constitutes only partial evidence, the association observed between higher CEC
and lower risk of cardiovascular event appears to be independent of inflammatory state, as
associations resisted adjustment for C-reactive protein. Of the three longitudinal studies that
adjusted for an inflammatory marker (namely, C-reactive protein) 2°2!, two report significant
HRs, whereas the remaining one, conducted in CKD-Type 2 Diabetes patients 2 reports non
significant HRs at all levels of adjustment, except for all cardiac events adjusted for age, sex
and CRP.

Antioxidant and anti-inflammatory functions

We identified an inverse association between a better protection against oxidation and

inflammation mediated by HDL and decreased risk of CVD. These results are consistent with
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current knowledge on the atherosclerosis etiology and with findings from studies supporting
that an impaired HDL antioxidant and anti-inflammatory capacities are potential biomarkers

of the atherosclerosis processes °2°3,

In addition, oxidation and inflammation state of the HDL particle have a deleterious effect on
its cholesterol efflux capacity among other HDL actions °*%°, Pre-oxidized HDL patrticles
show a poorer ability to remove cholesterol from cells and a greater percentage of
cholesteryl esters remaining within the cells compared with non-oxidized HDL ** . Low-grade
inflammation impairs HDL-cholesterol efflux from J774 macrophages *¢ and cholesterol
efflux has been inversely associated with antioxidant capacity of HDL in a study of patients
with rheumatoid arthritis >’. Our meta-analysis identified ten articles on the antioxidant
capacity and two articles on the anti-inflammatory ability of HDL. There is a need for larger
longitudinal studies with standardized designs to deeper understand the potential role of
HDL functions other than its ability to efflux cholesterol from cells in relation to
cardiovascular diseases and mortality.

Limitations

This study has several limitations. Firstly, though this meta-analysis was primarily intended
for heart and coronary diseases, we also included broader outcomes such as cardiovascular
mortality, stroke or other CVD, because in most studies, the endpoint under evaluation was
a composite. Therefore, our meta-analysis is not able to disentangle the specific effects of
HDL on different clinical manifestations. Secondly, baseline characteristics of patients, such
as age, sex, pre-existing pathologies, vary across studies. The majority of studies report risk
estimates adjusted for age, but not all of them considered the effect of sex on results.
Moreover, some studies collected only little information on risk factors and related markers,
which limited the possible statistical adjustment. Therefore, the great variability of adjustment
makes the comparability between studies challenging. Of particular importance if the fact
that all assays were conducted on ApoB depleted plasma or serum. The presence of
albumin in the analyzed fraction may provide critical contribution to the anti-oxidant or anti-
inflammatory properties, over those of HDL, and only a few studies took albuminuria into
account®’. Thirdly, we only kept models that adjusted for HDL-cholesterol, to be interpreted
as the relationship between HDL-functional trait and risk of outcome independently of levels
of cholesterol in HDL. We used adjustment for HDL-C, and not ApoAl, given its relevance
as a clinical lipid marker for cardiovascular events, and we obtained this information in the
retrieved studies. Moreover, despite the key role of HDL-bound ApoAl on the
atheroprotective role of HDL, only a minority of articles included information on ApoALl.

15



Finally, differences in experimental approaches also have a great impact on clinical results.
Methods to isolate lipoproteins have consequences on the compaosition and functionality of
HDL subparticles. Extraction by precipitation with polyethylene glycol tends to show better
results, but is often accompanied by a considerable decrease in specimen size®%, In
relation to cholesterol efflux, the choice of acceptor represents the greatest source of
variation since different acceptors are involved in different pathways of cholesterol
removal®?. The use of radio labeled cholesterol still offers some advantages over fluorescent
probes, in terms of sensitivity and accuracy®?. In our meta-analysis, only a minority of studies
used BODIPY-cholesterol instead of the traditional radio labeled lipid, despite many logistic
and cost advantages. Although some controversy remains on the degree of correlation
between results obtained with both probes®®, inter-run variability of the assay with BODIPY-
cholesterol has shown high reproducibility, thus switching to fluorescent cholesterol
represents many advantages, including safety and efficiency®4-%%. The degree of
differentiation of THP-1 monocytes have a marked influence on ApoA-I mediated cholesterol
efflux®®. Moreover, preactivation of cells to enhance ABC transporter expression increases
the proportion of efflux through them®’. In this regard, new cost and time-effective
methodologies that are not cell-based are being developed that have the potential to
overcome these technical issues®. Despite differences in the determination of cholesterol
efflux capacity, the majority of studies reported a negative association with cardiovascular
disease risk, regardless of the techniqgue employed, as shown in the stratified analysis.
However, we advocate that the above issues identified in the present systematic review
need to be addressed in future studies in order to advance the knowledge of the relationship

between HDL related functions and CVD risk.
CONCLUSIONS

The present systematic review and meta-analysis represents a valuable comprehensive
summary of the state-of-the-art regarding HDL functionality and its utility as predictor of
cardiovascular diseases and mortality. Higher levels of cholesterol efflux capacity and
antioxidant/anti-inflammatory capacities promoted by HDL were associated with lower risk of
cardiovascular disease. A similar association was observed for the risk of all-cause mortality
with cholesterol efflux and antioxidant activity. Results are encouraging but there is a lack of
a body of studies, particularly on the anti-inflammatory role of this lipoprotein, adequate
enough to draw firm conclusions. Larger studies designed to focus on specific
cardiovascular outcomes, instead of combined endpoints, will greatly minimize the variability
observed and will help to obtain consistent results on the association between HDL function

and cardiovascular outcomes.
16



HIGHLIGHTS

e This is the first meta-analysis comprehensively summarizing the association between

HDL-function and the risk of cardiovascular disease and all-cause mortality

e Higher cholesterol efflux capacity and antioxidant/anti-inflammatory capacities
promoted by the HDL particle are associated with lower risk of cardiovascular
disease.

e Similarly, the risk of all-cause mortality was associated with lower cholesterol efflux
capacity and antioxidant activity

o Larger studies designed to reveal specific cardiovascular outcomes will greatly
minimize the variability observed and will help to obtain consistent results on the
value of HDL function for the prediction of cardiac outcome
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