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Relation between high density lipoprotein
particles concentration and cardiovascular
events: a meta-analysis
YuJing Wu, ZhiJuan Fan, YaQiong Tian, Shuang Liu and ShuYe Liu*

Abstract

Background: Trails aimed at raising high density lipoprotein(HDL) cholesterol concentration failed to make better
cardiovascular outcomes. HDL particles may be better biomarkers reflecting properties of HDL. This meta-analysis
was conducted to evaluate the relation between blood HDL particles level and cardiovascular events.

Methods: PubMed and other databases were searched for eligible studies and NewCastle-Ottawa Quality Assessment
Scale(NOS) was used to assess the quality of included studies. A random or fixed-effect model was applied to calculate
the pooled hazard ratio(HR).

Results: Twelve studies were finally included. The pooled HR(95%confidence interval) for per standard deviation(SD)
increment and top quartile versus bottom quartile were 0.79(0.72,0.86) and 0.65(0.57,0.75), respectively. Subgroup analysis
suggested that HR was significantly lower in subjects with a cardiovascular disease(CVD) history than that of people
without established CVD. Subclass analysis indicated that HRs for per SD increment of small(0.85) and medium(0.84) HDL
particles were significantly lower than that of large HDL particles(0.96).

Conclusions: HDL particle level in blood was inversely related to CVD events, indicating that HDL particles maybe a
protective factor in patients with CVD, thus making HDL particles a potential biomarker and therapy target.

Keywords: HDL, Particle, Cardiovascular events, Meta analysis

Background
It is well acknowledged that high density lipoproteins
(HDL) play a role in anti-atherosclerosis and protect
against the development of cardiovascular diseases (CVD).
Serum concentrations of HDL cholesterol (HDL-C), the
most widely used biomarker about HDL, are inversely re-
lated to risk of atherosclerotic CVD. But trails aimed at in-
creasing HDL-C failed to improve CVD outcomes [1, 2],
raising the question whether HDL-C is the best biomarker
for assessing the relationship between HDL and CVD risk.
Indeed, HDL is a kind of heterogeneous population of

lipoproteins, representing a spectrum of lipoprotein parti-
cles ranging 1.063–1.21 g/ml in density and 7–12 nm in
size. Since HDL-C may not fully represent the properties
of HDL, alternative biomarkers and parameters of HDL,

such as the concentration of HDL particles (HDL-P),
HDL size and apolipoprotein A1 (apoA1), are getting
more attentions. Several studies evaluated the association
between HDL-P and CVD outcomes, indicating that
HDL-P may be a parameter making more sense in
predicting CVD outcomes than HDL-C. In this study, we
performed a meta-analysis to explore the relationship
between HDL-P and CVD outcomes.

Methods
Selection criteria
Clinical studies were considered eligible if they satisfied
the following inclusion criteria: 1) the studies about the
association between concentration of HDL-P in plasma
or serum and CVD outcomes; 2) Hazard ratio(HR) or
odds ratio(OR) adjusted for potential influencing factors
with 95% confidence interval(CI) should be available; 3)
more than 50 patients should be involved in the study.
Studies were excluded on any of the following criteria:
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1) review articles or case reports; 2) If studies were
published by the same group with overlapping patient
populations, the most recent one was selected.

Search strategy
We searched the PubMed, Cochrane Library, China
National Knowledge Infrastructure(CNKI) and Weipu
(VIP) database using varying combinations of the

following keywords: “high density lipoprotein”, “HDL”
“subclasses”, “particles”, “subpopulation”, “subfraction”;
“CVD”, “cardiovascular diseases”, “cardiovascular
events”, “cardiac events”. The results were limited to
English and Chinese language. The last search update
was performed on November 20,2016. References of all
eligible studies were manually searched for additional
eligible studies.

Fig. 1 Flowchart of the included studies

Table 1 Characteristics of the Eligible studies

First Author Year of
publication

Study design Sample size(case+control/
events+free of events)

Area Age(years) Quality score

Mackey 2012 cohort study 5597(227 + 5370) US mean of 61.5 9

Hsia 2008 nested case-
control study

group1:404(202 + 202) US 50 to 79 7

group2:304(152 + 152)

Akinkuolie 2014 cohort study model 1: 25706(947 + 24,759);
model 2: 25232(911 + 24,321)

US Free of events: median
of 52.6; Events:median
of 57.9

9

Berger 2012 nested case-
control study

1372(686 + 686) US median of 69 8

Duprez 2009 nested case-
control study

728(248 + 480) cross-country median of 49 5

Kuller 2007 case control study 428(214 + 214) US mean of 51.3 8

Otvos 2006 nested case-
control study

1061(364 + 697) US mean of 64.4 7

Chandra 2015 cohort study 1977 US not given 8

Parish 2012 cohort study 20,021(1796 + 18,225) UK 40 to 80 8

Musunuru 2009 cohort study 4594(337 + 4257) Sweden not given 9

Harchaoui 2009 nested case–
control study

2223(822 + 1401) UK mean of 65 9
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Quality assessment and data extraction
The quality of articles was assessed using NewCastle-
Ottawa Quality Assessment Scale (NOS) [3, 4], by
two investigators independently. Disagreement was
resolved by discussion and consulting a third
investigator.
Two investigators collected following information

from all the included articles independently: first
author’s name, publication year, study design, sample
size, basic status of subjects(country, age, disease

status, treatment), detection method for HDL-P,
definition of outcome events, follow-up time, HR/OR
for total HDL-P and HDL-P subclasses if applicable.

Statistical methods
STATA 11.0 software was used to perform all statistical
analyses. Forest plots were used to assess the pooled HR
of HDL-P concentration for CVD events. The I2 test was
performed to estimate the heterogeneity between articles.
I2 more than 50% indicated significant heterogeneity and a

Fig. 2 Forest plots of HR between total HDL-P concentration and CVD events. a shows the combined HR for per SD increment using a random-effect
model for I2 = 59.2%, P = 0.004. b shows the pooled HR for Q4 vs Q1 by a fixed-effect model with I2 = 30.7%, P = 0.205
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random-effect model was applied. Otherwise, a fixed-
effect model was used. Subgroup analysis was conducted
to determine the source of heterogeneity. Heterogeneity
was also investigated by sensitivity analysis, which was
performed by removing each study sequentially to assess
the impact of each study. Potential publication bias was
assessed with funnel plots and the Begg’s test. P value
< 0.05 was considered as statistically significance.

Results
Eligible studies and quality assessment
Flowchart of study selection was illustrated in Fig. 1.
Eleven studies [5–15] were finally included in this meta-
analysis. The basic characteristics and quality assessment
result of the eligible articles were shown in Table 1.
Since two groups in Hsia’s study [12] used different

subjects without overlapping, we treated this study as
two independent ones in following analysis. Two models
were established in Akinkuolie’s [5] study because of
different influencing factors adjusted for. There existed
overlapping subjects. The whole sample size was
26,332(data not shown). Eleven articles with 63,064
subjects were involved in this meta-analysis. Seven out
of the 11 studies were conducted in America.
We used NOS to evaluate the quality of eligible arti-

cles. The full score is nine in NOS system. Duprez’s
study [9] scored as five, ranking normal in quality assess-
ment. Others got scores higher than 6, ranking as high
quality. And there were four studies getting full marks in
NOS quality assessment.

Correlation between total HDL-P concentration and CVD
events
As shown in Table 2, HR or OR was calculated for per
standard deviation(SD) increment or top quartile (Q4) ver-
sus bottom quartile (Q1) and we calculated pooled HR(OR)
for both per SD increment and Q4 vs Q1. The combined
HR for per SD increment was 0.82(95%CI:0.76,0.87) using a
random-effect model for I2 = 59.2%, P = 0.004(Fig. 2a). The
pooled HR for Q4 vs Q1 was 0.65 (95%CI: 0.57,0.75)
calculated by a fixed-effect model with I2 = 30.7%,

P = 0.205(Fig. 2b). Both indicated that a higher HDL-P level
was reversely related with CVD events. The forest plots
were drawn in Fig. 2.

Assessment of heterogeneity
Evidence of heterogeneity existed in HR for per SD incre-
ment. No heterogeneity was detected in HR for Q4 vs Q1.
So subgroup meta-analysis was conducted to explore the
source of heterogeneity in studies about HR for per SD
increment. We divided studies into different subgroups
according to study design, baseline status(patients with a
history of CVD or not), influencing factors adjusted for
(adjusting for lipids or not). There were two models in
each of Mackey’s [7], Akinkuolie’s [5], Chandra’s [6] and
Parish’s [13] studies. Compared to model 1, model 2 was
additionally adjusted for lipids. Table 3 shows the meta-
analysis results of subgroups. No grouping basis could
explain heterogeneity fully, but case-control studies and
studies only about females got I2 < 50% and P > 0.1,
indicating insignificant heterogeneity.
Also, sensitivity analysis was conducted by omitting

the studies one by one and repeating the meta-analysis.
But heterogeneity remained significant with single study
removal. Heterogeneity became insignificant with the re-
moval of Akinkuolie’s [5] study together with Parish’s
[13] (I2 = 0.0%, P = 0.658). The pooled HR was 0.76(95%
CI: 0.71,0.82) with no significant difference from the HR
with these two articles included.

Meta-analysis about HDL-P subclasses
We also collected the data about HR or OR for HDL-P
subclasses and CVD events. The diameter ranges of
large, medium and small HDL-P were 8.8–14.0 nm,
8.2–8.8 nm, 7.3–8.2 nm, respectively. Seven articles
analyzed the relation between levels of large HDL-P and
CVD events. Four studied the relation between levels of
medium HDL-P and CVD events. Five studied the relation
between levels of small HDL-P with CVD events. HRs was
calculated for per SD increment and Q4 versus Q1. Forest
plots were shown in Fig. 3. In Fig. 3a, HRs were calculated
for per SD increment. Subtotal HRs of large, medium and

Table 3 Meta-analysis results of subgroups

Subgroups I2(%) P Pooled HR 95% CI

study design case-control 0.0 0.418 0.78 0.70,0.88

cohort 69.0 0.001 0.83 0.79,0.88

sex female only 18.6 0.297 0.89 0.84,0.93

both 73.3 0.001 0.80 0.74,0.86

baseline status no CVD history 74.7 0.003 0.82 0.74,0.89

partly with CVD 60.0 0.029 0.83 0.78,0.89

influencing factors
adjusted for

adjusted for lipids 70.1 0.018 0.84 0.77,0.91

not adjusted for lipids 65.2 0.005 0.81 0.76,0.87
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small HDL-P were 0.90(0.82,0.99), 0.91(0.86,0.96) and
0.90(0.80,1.01), respectively. In Fig. 3b, no significant
difference was observed in HRs of HDL-P subclasses.

Assessment of publication bias test
As Fig. 4 shows, studies included were symmetrical. As
shown in Fig. 4,the Begg’s funnel plots of eight studies

Fig. 3 Forest plots for small, medium and large HDL-P. a HRs were calculated for per SD increment. b HRs were calculated for Q4 vs Q1
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about HR calculated for per SD increment(Fig. 4a) and
Q4 vs Q1(Fig. 4b) were almost symmetric(P = 0.108,
1.00, respectively),suggesting a low likelihood of
publication bias.

Discussion and conclusions
It is well established that serum HDL takes a cardioprotec-
tive role and is reversely related with CVD events risk. Func-
tions of HDL include its role in reverse cholesterol transport
(RCT), anti-oxidation and anti-inflammation. In this meta-
analysis, we searched and analyzed studies about the value
of blood HDL-P levels in predicting incident CVD events.
Results of meta-analysis showed that the pooled HR

(or OR) for per SD increment and Q4 versus Q1 of
blood HDL-P level was 0.82 and 0.65, 95% CI ranging
from 0.76 to 0.87 and 0.57 to 0.75, respectively. Same as

established theories, our data indicates that higher HDL-
P level maight be a protective factor for CVD events.
We also analyzed clinical value of different HDL-P sub-

franctions in predicting CVD events. HRs for per SD incre-
ment of large, medium and small HDL-P were 0.90, 0.91
and 0.90, with no significant difference. But the results of
Kim’s study [16], small and medium HDL-P were signifi-
cantly and inversely correlated with carotid intima-media
thickening measurement results. The possible reason was
that the relation between small and medium HDL-P with
cardioprotective paraoxonase1 activity may represent the
function of HDL. But HRs for Q4 versus Q1 were 0.91, 0.
70 and 0.63, respectively. And 95% CI of HRs for Q4vsQ1
cover 1. One possible explanation was the shortage of stud-
ies included. Four [5, 8, 9, 14] studies explored the associ-
ation between large HDL-P levels and CVD events. Only
two [8, 9] researches studied medium and small HDL-P.

Fig. 4 funnel plots of included studies. a shows the Begg's funnel plots of studies about HR calculated for per SD increment. b shows the Begg's
funnel plots of studies about HR calculated for Q4 vs Q1
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HDL particles spectrum changes in the whole HDL
metabolism. And different HDL-P subclasses have varied
functions. Small HDL-P seems to have a stronger anti-
inflammatory effect than large HDL-P [17]. Large HDL-P
is reported to have the property of inhibiting platelet acti-
vation and stimulating the activation of anti-coagulant
proteins [18]. Since the structure and ingredient of HDL
particle vary in the process of HDL metabolism, amounts
of HDL-C and apolipoprotein A1 differ in different HDL
particles. Large HDL-P contains more cholesterol inside.
So HDL-C may not reflect the whole function and amount
of HDL in blood. HDL-P may be a promising biomarker
for CVD events and a new target of therapy.
Heterogeneity existed in pooled HR for per SD incre-

ment, but not Q4vsQ1. Sensitivity analysis demonstrated
removal of Akinkuolie’s [5] and Parish’s [13] studies
made heterogeneity insignificant. No publication bias
was observed. With 63,064subjects included, total
sample size was large in this meta-analysis study. Our
study came to a robust result that blood HDL-P
concentration is a promising biomarker reversely related
to CVD events, regardless of patients’ basic status.
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