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Abstract 

Background: The preventive effect of cholesterol efflux capacity (CEC) on the progression of atherosclerotic lesions 
has been confirmed in animal models, but findings in the population are inconsistent. Therefore, this meta-analysis 
aimed to systematically investigate the relationship of CEC with coronary artery disease (CAD) and cardiovascular 
mortality in a general population.

Methods: Four electronic databases (PubMed, Embase database, Cochrane Library, Web of Science) were searched 
from inception to February 1st, 2022 for relevant studies, without any language restriction. For continuous variables, 
the mean and standard deviation (SD), maximum adjusted odds ratios (ORs), relative risks (RRs), or hazard ratios (HRs) 
and 95% confidence intervals (CIs) were extracted. The random-effects model was adopted to calculate the pooled 
results, and dose-response analyses were conducted. All pooled results were expressed by standardized mean differ-
ence (SMD) and ORs.

Results: Finally, 18 observational studies were included. Compared with the non-CAD group, the CAD group (SMD 
-0.48, 95% CI − 0.66 to − 0.30;  I2 88.9%) had significantly lower CEC. In the high-CEC population, the risks of CAD (OR 
0.52, 95% CI 0.37 to 0.71;  I2 81%) significantly decreased, and a linear negative dose-response was detected. However, 
an association between CEC and the risk of cardiovascular mortality was not found (OR 0.44, 95% CI 0.18 to 1.06;  I2 
83.2%).

Conclusions: This meta-analysis suggests that decreased CEC is strongly associated with the risk of CAD, independ-
ent of HDL-C level. However, a decreased CEC seems not to be related to cardiovascular mortality. Meanwhile, CEC is 
linearly negatively correlated with the risk of CAD.

Keywords: Cardiovascular mortality, Coronary artery disease, Cholesterol efflux capacity, High-density lipoprotein, 
Meta-analysis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Coronary artery disease (CAD), a manifestation of ath-
erosclerosis, results in stable angina, unstable angina, 
myocardial infarction (MI), or sudden cardiac death [1]. 
Currently, CAD remains the leading cause of morbidity 
and mortality worldwide [2]. Atherosclerotic plaques are 
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the hallmark of CAD, and its formation is closely asso-
ciated with dyslipidemia and inflammatory processes 
[2–4]. During early plaque formation, endothelial cell 
damage is followed by inflammatory infiltration and 
abnormal accumulation of cholesterol in macrophages 
can result in foam cell formation and eventually ath-
erosclerotic plaques [5, 6]. Considering these patho-
mechanisms, high-density lipoprotein (HDL) has been 
extensively studied due to its abilities of simultaneous 
reverse cholesterol transport (RCT) and anti-inflamma-
tory effects [7, 8].

RCT is the process where excess cholesterol is trans-
ported via HDL from peripheral tissues to the liver and 
ultimately to the bile and feces for excretion [9]. In 1975, 
it was proposed that the concentration of HDL was nega-
tively correlated with atherosclerosis, and this assump-
tion was confirmed in animal models [10]. Subsequently, 
the Framingham study confirmed that HDL levels were 
inversely associated with the risk of CAD [11]. In the pro-
cess of RCT, cholesterol is initially transported from arte-
rial macrophages to HDL, thus maintaining intracellular 
cholesterol homeostasis, which is critical for the viability 
and function of macrophages [12]. Once macrophages 
fail to efficiently expel the remaining excess cholesterol, 
they will degenerate to foam cells. This triggers the local 
aggregation of pro-inflammatory cells, thereby providing 
an environment conducive to the progression of athero-
sclerotic plaques [13]. In view of the above, it is hypoth-
esized that a higher HDL level may be associated with a 
lower cardiovascular risk.

To verify this hypothesis, several trials based on statin 
therapy, cholesteryl ester transfer protein (CETP)-inhibi-
tors and niacin have been conducted, but their results are 
unsatisfactory [14–17]. Furthermore, the National Insti-
tute of Health (NIH) terminated the AIM-HIGH study 
18 months earlier than planned, since niacin (the most 
effective drug on raising HDL levels) could not provide 
additional cardiovascular benefits when used in combi-
nation with statins [18]. To sum up, these studies show 
that a mere increase in HDL levels has no cardiovascular 
benefits.

Thus, the research focus has shifted towards HDL func-
tionality rather than quantity. Cholesterol efflux capac-
ity (CEC) indicates the ability of HDL to facilitate the 
removal of cholesterol from the lipid-filled macrophages 
[19]. CEC depends primarily on the cholesterol content 
in macrophages, the expression of various macrophage-
mediated transporters and the lipid and protein composi-
tions of HDL as an extracellular receptor [20]. Moreover, 
the preventive effect of CEC on the progression of ath-
erosclerotic lesion has been confirmed in animal mod-
els [9]. Recently, CEC has also been measured in clinical 
cohorts. Several studies have suggested that physiological 

CEC is negatively correlated with the development of 
CAD, independent of the HDL cholesterol levels [21, 22]. 
This study systematically investigated the relationships of 
CEC with CAD and cardiovascular mortality. In addition, 
dose-response analyses were also conducted for CEC and 
the risks of CAD and cardiovascular mortality.

Methods
Literature search strategy
This study protocol and report were based on the “Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses” (PRISMA) statement [23] and were registered 
in the NPLASY-International Platform of Registered 
Systematic Review and Meta-analysis Protocols under 
the identifier of INPLASY202170006. Relevant studies 
were identified from four electronic databases (PubMed, 
Embase database, Cochrane Library, and Web of Science) 
from 1980 to February 1st, 2022, without any language 
restriction. Two groups of medical subject terms were 
applied, including “cardiovascular diseases” and “choles-
terol efflux capacity “. Furthermore, to identify additional 
studies, previous systematic reviews or meta-analyses 
were reviewed as well. The detailed search strategy is pre-
sented in Supplementary Materials (Additional file 1).

Parameters and outcomes of interest
The exposure of interest was HDL-CEC. All studies 
reporting CEC were included, regardless of the spe-
cific laboratory or calculation methods. According to 
the definitions of the included original studies, CAD 
was defined as coronary stenosis ≥50% confirmed by 
coronary angiography or multi-slice coronary computed 
tomography, or history of myocardial infarction or 
angina confirmed by hospital or autopsy records. Car-
diovascular mortality was defined as death due to any 
cardiovascular cause or sudden cardiac death. In this 
study, our endpoints included CAD and cardiovascular 
mortality risk.

Inclusion and exclusion criteria
With reference to the PICOS (Population, Intervention, 
Control, Outcome, and Study) criteria [24], the study 
inclusion criteria were as follows:

1) studies conducted on the general population with the 
age over 18 years;

2) studies, whose exposure of interest was HDL-CEC;
3) the CEC values of non-CAD population in case-con-

trol studies were regarded as the control group;
4) the CEC values in cohort studies were divided by 

medians or into quartiles, and patients with the 
lowest CEC quartile or those with CEC below the 
median were enrolled into the reference group 



Page 3 of 14Cheng et al. Lipids in Health and Disease           (2022) 21:47  

according to the calculation method of original pub-
lications;

5) studies, that reported the risk of CAD or cardiovas-
cular mortality;

6) studies, that were limited to case-control, cohort 
studies, or randomized controlled trials;

7) studies reporting relevant effect values such as odds 
ratios (ORs), relative risks (RRs), or hazard ratios (HRs) 
together with respective 95% confidence intervals (CIs).

The study exclusion criteria were:

1) studies focusing on cancer, autoimmune diseases, 
familial hyperlipidemia, or renal failure;

2) studies where the HDL-CEC values could not be 
obtained or converted;

3) studies not reporting the risk of CAD or cardiovascu-
lar mortality;

4) cross-sectional studies;
5) studies with unavailable ORs, RRs, or HRs;
6) conference abstracts, case reports, or case series.

Data extraction and quality assessment
A uniform list was prepared to collect related baseline 
characteristics, including first author, year of publication, 
country, sample size, proportion of males, age of patients 
on inclusion, follow-up, subjects, endpoints, donor cell 
line, labeled cholesterol, and cholesterol acceptor. In 
addition, the maximum covariate-adjusted ORs, RRs, or 
HRs were extracted. The quality of the included studies 
was assessed using the Newcastle Ottawa Scale (NOS), 
with a total score of 9 stars [24]. Studies with a score of 
≥6 stars were considered to have a low risk of bias, while 
those with a score of < 6 stars were deemed to show a 
high risk of bias [25].

Statistical analysis
Firstly, we assessed the difference in CEC value between 
CAD and non-CAD populations. For this purpose, the 
sample numbers, mean CEC values, and SD of CEC in 
CAD and non-CAD groups were extracted from the 
selected studies. Considering the heterogeneities in the 
experimental measurement methods, the standardized 
mean difference (SMD) was utilized for assessment. For 
studies reporting median values and interquartile ranges, 
with a large sample size (> 100/group), the median values 
were treated as means, and SD was calculated by 75th 
minus 25th percentiles divided by 1.35 [26], otherwise SD 
could not be estimated.

Secondly, we assessed the difference in cardiovascu-
lar risk between the highest and the lowest CEC value 

groups. In cohort studies, CEC values were divided 
according to quartiles or medians, where the quartile 
1 (Q1) or less-than median group was regarded as the 
lowest group, while the quartile 4 (Q4) or over median 
group as the highest group. Broadly speaking, the dif-
ferences between the different effect values (e.g., ORs, 
RRs and HRs) were very minor if the incidence of the 
outcome is low (< 10%) [27]. The cumulative results 
were expressed as ORs for conservative assessment, 
while subgroup analyses were also performed to find 
any difference between the three measures of associa-
tion (OR, RR or HR) [28]. On the other hand, statistical 
heterogeneity was assessed using the  I2 statistic, where 
 I2 values of 25, 50, and 75% indicated low, moderate, 
and high inconsistencies, respectively [29]. If there was 
a high heterogeneity between studies, subgroup analy-
ses (number of studies > 10) were performed to explore 
the possible sources of heterogeneity between groups. 
Further, sensitivity analyses were carried out in paral-
lel by progressively eliminating one study each time, so 
as to assess the potential sources of heterogeneity and 
the stability of our pooled results. Moreover, the Der-
Simonian and Laird (DL) method for random-effects 
model was employed to estimate the pooled standard-
ized mean difference (SMD) and ORs, as the former 
evaluated the pooled results more conservatively com-
pared to the fixed-effects model. Also, if sufficient stud-
ies (n ≥ 10) were included [18], Begg’s and Egger’s tests 
were utilized to assess the potential risk of publication 
bias. Later, trim and fill analyses were performed if 
there was evidence of publication bias.

Thirdly, this study focused on assessing the dose-
response analyses between CEC and cardiovascu-
lar outcomes. To maximize the available studies, the 
robust error meta-regression approach proposed 
by Xu and Doi [30] was employed to establish the 
potential dose-response relationship between CEC 
and CAD and cardiovascular mortality. In this “one-
stage” framework, each of the included studies was 
considered as a cohort across the entire population. 
In general, the lowest dose category was required as 
a reference for the included studies. In this analy-
sis, the potential nonlinear trends in three knots were 
tested using the restricted cubic splines, and nonlinear 
p-values were calculated by testing whether the coeffi-
cient of the second spline was equal to zero. When the 
nonlinear p-value was < 0.05, the nonlinear model was 
adopted; otherwise, the linear model was adopted. Fur-
thermore, when studying open intervals, the amplitudes 
were assumed to be the same as the adjacent categories. 
All statistical analyses were conducted using the statisti-
cal program Stata 12.0E.
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Results
Search results and study characteristics
Initially, a total of 2524 studies were identified from the 
four databases. Among them, 646 records were identi-
fied more than once and consequently excluded, leaving 
1878 studies. After screening the titles and abstracts 
of these 1878 studies, 1814 were excluded due to irrel-
evance, and 8 studies were excluded because of being 
not retrievable, leaving 56 studies for full-text review. 
Finally, 18 observational studies were included for the 
present meta-analysis. The specific reasons for study 
exclusion were as follows, a) reviews (n = 8); b) stud-
ies not reporting CEC (n = 12); c) studies not including 
the risk of CAD or cardiovascular mortality (n = 14); 
d) cross-sectional studies (n = 4). Further, a “snowball 
search” was performed based on the citation list of 
all included studies. In the 18 studies initially identi-
fied, there were 614 citations, whereas 523 were irrel-
evant for this meta-analysis, 55 were duplicates, and 
36 were reviews. Ultimately, no additional studies were 

included in the analysis. The detailed flow chart of the 
study retrieval process is presented in Fig. 1.

Our meta-analysis included 14 case-control and four 
cohort studies [21, 22, 31–46] involving altogether 
6298 cases. Eleven studies [21, 31–33, 37–40, 42, 43, 
45], including 3521 cases, mentioned CEC differences 
between CAD and non-CAD groups. Additionally, nine 
studies [21, 22, 32–35, 40, 42, 46], involving 5023 cases, 
mentioned a relationship of CEC with CAD susceptibil-
ity, with seven studies [21, 22, 33, 34, 40, 42, 46] show-
ing positive results and two studies [32, 35] showing 
no significant association. Four articles [22, 36, 41, 46], 
including 916 cases, reported the correlation between 
CEC and cardiovascular mortality risk, with two stud-
ies [36, 46] showing negative correlation and two studies 
[22, 41] showing no significant correlation. In the dose-
response analyses, three studies [21, 22, 42] mentioned 
the dose-relationship between CEC and CAD risk, while 
another three [22, 36, 41] indicated the dose-relationship 
between CEC and cardiovascular mortality susceptibility. 

Fig. 1 Flow chart of study selection for the meta-analysis



Page 5 of 14Cheng et al. Lipids in Health and Disease           (2022) 21:47  

The detailed baseline information is presented in Table 1. 
The results of all the included studies were adjusted by 
HDL-C levels. Studies with a score of ≥6 stars were con-
sidered as high-quality studies (Supplementary Table 1).

CEC values in CAD compared with non‑CAD groups
CEC values of CAD group were significantly lower than 
those of non-CAD group (SMD = − 0.48, 95% CI − 0.66 
to − 0.30;  I2 = 88.9%) (Fig.  2). Sensitivity analyses were 
conducted by excluding one study each time, and the 
pooled results of CAD were slightly changed (Supple-
mentary Fig. 1). Moreover, a funnel plot, which was pre-
pared to assess the potential publication bias for CAD, 
exhibited asymmetry pointing towards a bias (Supple-
mentary Fig. 2). Besides, there was no obvious evidence 
of publication bias (p = 0.350) detected by Begg’s test, 
whereas Egger’s tests suggested that there might be a 
publication bias (p = 0.007). Trim and fill analyses were 
thereby conducted because there were no additional 
studies. The pooled results obtained from the random 
model were the same.

CEC and the risk of CAD (highest vs. lowest)
The risk of CAD decreased by 48% in the highest CEC 
group compared with the lowest CEC group (OR = 0.52, 
95% CI 0.37 to 0.71;  I2 = 81%), and similar results were 
obtained after subgroup analysis by OR (OR = 0.45, 95% 
CI 0.32 to 0.63;  I2 = 63%) and HR (HR = 0.51, 95% CI 0.26 
to 1.0;  I2 = 89.2%). Similarly, the risk of CAD decreased 
by 19% per 1-SD CEC increment (OR = 0.81, 95% CI 0.71 
to 0.93;  I2 = 68.2%), and similar results were observed 
from the subgroup analysis according to OR (OR = 0.69, 
95% CI 0.52 to 0.92;  I2 = 68.4%) and HR (HR = 0.83, 95% 
CI 0.71 to 0.96;  I2 = 59.1%) (Fig.  3). In the sensitivity 
analysis, the pooled results remained stable after exclud-
ing one study each time (Supplementary Fig. 3A and B). 
No obvious evidence of publication bias was detected by 
Funnel plot (Supplementary Fig. 4), Begg’s test (p = 0.371) 
or Egger’s test (p = 0.283).

As shown in Fig.  4A, a linear model was adopted to 
explore the association between CEC and the risk of 
CAD. As a result, the risk of CAD gradually decreased 
with the increase in CEC. Meanwhile, as CEC increased 
by 20%, the risk of CAD decreased by 10% (OR = 0.90; 
95% CI 0.82–0.99).

CEC and the risk of cardiovascular mortality (highest vs 
lowest)
It was observed from Fig. 5 that, the risk of cardiovascu-
lar mortality did not decrease in the highest CEC group 
compared with the lowest CEC group (OR = 0.44, 95% 
CI 0.18 to 1.06;  I2 = 83.2%), similar results were obtained 
after subgroup analysis by HR (HR = 0.52, 95% CI 0.19 to 

1.43;  I2 = 85.7%). However, when the study by Ritsch et al. 
(the incidence of outcome was 18%>10%) was removed, 
the pooled results showed a weak correlation (OR = 0.33, 
95% CI 0.11 to 0.96; p = 0.042) (Supplementary Fig. 5).

In Fig.  4B, the linear model was utilized to assess the 
correlation between CEC and the risk of cardiovascular 
mortality. As a result, the risk of cardiovascular mortality 
did not decrease with the increase in CEC.

Subgroup analyses
To investigate the potential sources of heterogeneity 
in our study, subgroup analyses were conducted. How-
ever, due to the small number of studies included, we 
only performed subgroup analyses on the pooled results 
covering more than 10 studies, which included the fol-
lowing clinical characteristics: study design, country, 
year of publication, sample size, and study quality scores 
(Supplementary Table  1). Thereafter, the heterogeneity 
between studies was converted to zero based on sub-
group analyses of the donor cell line and cholesterol 
acceptor suggesting that these factors might potentially 
contribute to the heterogeneity in the comparison of CEC 
between CAD and non-CAD groups. However, potential 
sources of heterogeneity between CEC and CAD risk 
were not identified.

Discussion
The results of the meta-analysis can be summarized as 
follows: 1). CEC values were significantly lower in the 
CAD group compared to the non-CAD group. 2). The 
reduced CEC values were significantly associated with 
the risk of CAD. 3). There was no significant correla-
tion between CEC values and the risk of cardiovascular 
mortality.

To the best of our knowledge, four previous systemic 
reviews and meta-analyses have systematically investi-
gated the relationship of HDL-CEC with cardiovascu-
lar disease (CVD) [47–50]. Our meta-analysis includes 
seven [21, 22, 33, 35, 36, 42, 46], four [27, 33, 35],14 stud-
ies [21, 22, 31, 33, 36–40, 42–46] and 8 studies [21, 22, 
32, 33, 35, 36, 42, 46] that were also included in these 
four meta-analyses, respectively. For instance, the study 
by Qiu et  al. examined the associations of HDL-CEC 
with the risk of CVD and all-cause mortality. The results 
indicated that CEC was negatively correlated with the 
risk of CVD and possibly independent of the HDL level. 
The study by Lee et  al. investigated that CEC is associ-
ated with adverse cardiovascular outcomes but does not 
increase the risk of all-cause and cardiovascular mortal-
ity, which is similar to our results. However, both of them 
also included cross-sectional studies, which might dimin-
ish the quality [51], as patients with renal failure and 
familial hyperlipidemia were also included, leading to a 



Page 6 of 14Cheng et al. Lipids in Health and Disease           (2022) 21:47 

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 1

8 
ob

se
rv

at
io

na
l s

tu
di

es

N
A 

no
t a

pp
lic

ab
le

. C
AD

 C
or

on
ar

y 
ar

te
ry

 d
is

ea
se

s, 
H

D
L-

C 
hi

gh
-d

en
si

ty
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l, 
BO

D
IP

Y-
C 

bo
ro

n 
di

py
rr

om
et

he
ne

 d
ifl

uo
rid

e-
ch

ol
es

te
ro

l, 
AB

D
P 

ap
ol

ip
op

ro
te

in
 B

–d
ep

le
te

d 
pl

as
m

a,
 A

BD
S 

ap
ol

ip
op

ro
te

in
 B

–
de

pl
et

ed
 s

er
um

, C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

, 3  H
-C

 3  H
-c

ho
le

st
er

ol
, B

H
K 

ge
ne

tic
al

ly
 m

od
ifi

ed
 b

ab
y 

ha
m

st
er

 k
id

ne
y 

ce
lls

, U
CH

 H
D

L 
is

ol
at

io
n 

by
 u

ltr
ac

en
tr

ifu
ga

tio
n.

 1
, C

A
D

 in
ci

de
nc

e.
 2

, C
ar

di
ov

as
cu

la
r m

or
ta

lit
y

A
ut

ho
r, 

ye
ar

Co
un

tr
y

Sa
m

pl
e 

N
um

be
r

Pr
op

or
tio

n 
of

 m
al

es
 (%

)
A

ge
 (y

ea
rs

)
Fo

llo
w

‑u
p 

(y
ea

rs
)

Su
bj

ec
ts

En
dp

oi
nt

s
D

on
or

 C
el

l l
in

e
La

be
lin

g 
of

 
ch

ol
es

te
ro

l
Ch

ol
es

te
ro

l 
ac

ce
pt

or

Co
ho

rt
 st

ud
ie

s
 

Ro
ha

tg
i A

 [2
2]

, 2
01

4
U

SA
13

2 
ca

se
s

N
A

30
–6

5
M

ed
ia

n 
9.

4
N

on
-C

A
D

1,
2

J 7
74

BO
D

IP
Y-

C
A

BD
P

 
Li

u 
C

 [3
6]

, 2
01

6
C

hi
na

12
2 

ca
se

s
N

A
40

–8
5

3.
8

C
A

D
2

J 7
74

BO
D

IP
Y-

C
A

BD
S

 
Ri

ts
ch

 A
 [4

1]
, 2

02
0

A
us

tr
ia

44
8 

ca
se

s
N

A
62

.8
 ±

 1
0.

4
M

ed
ia

n 
9.

9
N

on
-C

A
D

2
J 7

74
3  H

-C
A

BD
S

 
Ku

us
is

to
 S

 [3
4]

, 2
01

9
U

K
57

4 
ca

se
s

N
A

25
–7

4
15

N
on

-C
A

D
1

J 7
74

3  H
-C

A
BD

S

Ca
se

-c
on

tr
ol

 st
ud

ie
s

 
Sa

le
he

en
 D

 [4
2]

, 2
01

5
U

SA
Ca

se
: 1

74
5

Co
nt

ro
l: 

17
49

68
40

–7
9

14
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

J 7
74

3  H
-C

A
BD

S

 
Zh

an
g 

J [
46

], 
20

16
C

hi
na

Ca
se

: 2
14

Co
nt

ro
l:1

16
78

67
 ±

 1
1

1
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1,

2
J 7

74
3  H

-C
A

BD
S

 
Li

 X
M

 [3
5]

, 2
01

3
C

hi
na

Co
ho

rt
 A

: C
as

e 
87

1
Co

nt
ro

l: 
27

9
Co

ho
rt

 B
: C

as
e:

 1
46

Co
nt

ro
l: 

43
1

67 70
64

 ±
 1

1
3

Ca
se

: C
A

D
Co

nt
ro

l: 
no

n-
C

A
D

1
J 7

74
3  H

-C
A

BD
S

 
Sh

ea
 S

 [4
4]

, 2
01

9
U

SA
Ca

se
: 2

70
Co

nt
ro

l: 
27

0
N

A
45

–8
5

10
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

TH
P-

1 
m

on
oc

yt
es

3  H
-C

U
C

H

 
Pa

te
l P

 [4
0]

, 2
01

3
U

SA
Ca

se
: 2

3
Co

nt
ro

l: 
46

74
58

.2
 ±

 1
0

N
A

Ca
se

: C
A

D
Co

nt
ro

l: 
no

n-
C

A
D

1
J 7

74
3  H

-C
A

BD
S

 
Ca

hi
ll 

L 
[3

2]
, 2

01
9

U
SA

Ca
se

: 6
96

Co
nt

ro
l: 

70
1

10
0

40
–7

5
17

Ca
se

: C
A

D
Co

nt
ro

l: 
no

n-
C

A
D

1
J 7

74
3  H

-C
A

BD
P

 
Is

hi
ka

w
a 

T 
[3

3]
, 2

01
5

Ja
pa

n
Ca

se
: 1

82
Co

nt
ro

l: 
72

81
.9

66
.2

 ±
 1

0.
3

2
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

J 7
74

3  H
-C

A
BD

S

 
Lu

o 
M

 [3
8]

, 2
01

8
C

hi
na

Ca
se

: 1
20

Co
nt

ro
l: 

90
63

.6
63

.9
6 
±

 7
.8

5
N

A
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

TH
P-

1 
m

on
oc

yt
es

3  H
-C

A
BD

P

 
Kh

er
a 

A
 [2

1]
, 2

01
1

U
SA

Ca
se

: 4
42

Co
nt

ro
l: 

35
1

68
.6

57
 ±

 9
N

A
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

J 7
74

3  H
-C

A
BD

S

 
W

an
g 

G
 [4

5]
, 2

01
8

C
hi

na
Ca

se
: 4

0
Co

nt
ro

l: 
40

62
.5

30
–7

5
2

Ca
se

: C
A

D
Co

nt
ro

l: 
no

n-
C

A
D

1
J 7

74
3  H

-C
A

BD
S

 
Sh

ao
 B

 [4
3]

, 2
01

4
C

hi
na

Ca
se

: 2
0

Co
nt

ro
l: 

20
70

64
 ±

 1
1

10
 m

on
th

s
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

BH
K

3  H
-C

U
C

H

 
Lu

o 
M

 [3
7]

, 2
01

7
C

hi
na

Ca
se

: 1
40

Co
nt

ro
l: 

99
66

.4
63

.1
0 
±

 8
.4

2
N

A
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

TH
P-

1 
m

on
oc

yt
es

3  H
-C

A
BD

P

 
A

ga
rw

al
a 

A
P 

[3
1]

, 2
01

5
U

SA
Ca

se
: 5

5
Co

nt
ro

l: 
12

0
60

64
 ±

 1
1

N
A

Ca
se

: C
A

D
Co

nt
ro

l: 
no

n-
C

A
D

1
J7

74
3  H

-C
A

BD
P

A
BD

S

 
N

or
im

at
su

 K
 [3

9]
, 2

01
7

Ja
pa

n
Ca

se
: 5

8
Co

nt
ro

l: 
14

6
69

61
–7

3
N

A
Ca

se
: C

A
D

Co
nt

ro
l: 

no
n-

C
A

D
1

J 7
74

3  H
-C

U
C

H



Page 7 of 14Cheng et al. Lipids in Health and Disease           (2022) 21:47  

high cohort heterogeneity. Therefore, in view of this limi-
tation, we restricted our analysis to cohort studies, case-
control studies or randomized controlled trials. Patients 
in these case-control and cohort studies did not have a 
specific disease (cancer, autoimmune diseases, familial 
hyperlipidemia, or renal failure), and ORs were adjusted 
for covariates. Soria-Florido et al. investigated the poten-
tial associations of HDL function, including CEC val-
ues, the antioxidant and anti-inflammatory activities 
with the risks of CVD and mortality. They reported that 
higher CEC and anti-inflammatory activity were associ-
ated with the lower risks of CVD and mortality. These 
findings were in line with those obtained by Qiu et al. In 
addition, Ye et al. suggested that decreased CEC was an 
independent risk factor for CAD, which predicted the all-
cause and cardiovascular mortality among CAD patients. 
Further, we added the information that CEC in the CAD 

population was generally reduced compared with that 
in the non-CAD population. Moreover, the risk of CAD 
significantly decreased in the high-CEC populations 
independent of HDL-C levels. However, the study by 
Li et al. reported the opposite result. In their study, two 
cohorts were included, one was an angiographic cohort 
and the other was an outpatient cohort. After 3 years of 
follow-up, the risk of myocardial infarction/stroke/death 
was inversely associated with CEC levels in the outpa-
tient cohort and positively associated with CEC levels 
in the stable angiographic cohort, and these correlations 
remained significant even after adjustment for tradi-
tional cardiovascular risk factors. They considered that 
the presence of such results was related to specific cohort 
populations, that is, the relationship between CEC and 
CAD might differ significantly in different populations. 
Hence, the relationship between CEC and CAD might 

Fig. 2 Forest plots of random-effects meta-analysis (between-study variance estimator: DerSimonian and Laird (DL)) for cholesterol efflux capacity 
(CEC) differences between coronary artery disease (CAD) vs. non-CAD group. Shown is the standardized mean difference (SMD) together with its 
95% confidence interval (95% CI) as effect measure
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Fig. 3 Forest plots of random-effects meta-analysis (between-study variance estimator: DerSimonian and Laird (DL)) for the differences of coronary 
artery disease (CAD) risk between highest cholesterol efflux capacity (CEC) vs. lowest CEC groups. Shown is the odds ratio (OR)/ relative risks (RR)/
hazard ratio (HR) together with their 95% confidence interval (95% CI) as effect measure
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vary from person to person and more studies are neces-
sary to prove this assumption.

HDL may delay the formation of atherosclerotic lesions 
through various mechanisms [52]. It is well known, 
that genetic variants that alter HDL-C levels are not 

necessarily associated with CAD risk, and that interven-
tions aiming to increase HDL levels do not necessarily 
reduce cardiovascular events in CAD patients [53]. Thus, 
simply quantifying HDL levels is not a sufficient method 
to assess HDL function [54]. Whereas, CEC is involved 

A

B

Fig. 4 Dose-response analyses for cholesterol efflux capacity (CEC) and coronary artery disease (CAD) (A), and cardiovascular mortality (B). Shown 
is the odds ratio (OR) together with its 95% confidence interval (95% CI) as effect measure
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in the reverse cholesterol transport from macrophages in 
the arterial wall to the liver, an important step in the pro-
cess of HDL retardation of arterial plaque formation [55]. 
We thus suggest that HDL-CEC is indicative of plasma 
HDL function and can be taken as a biomarker to predict 
cardiovascular risk [56].

Further, HDL-CEC can exert anti-inflammatory and 
anti-atherosclerotic effects by inhibiting inflammatory 
processes in macrophages and activation of the inflam-
masome [57]. In this study, we observed that the risk 
of CAD obviously increased with the decrease of CEC, 
which may be related to the impaired HDL-CEC function 
in CAD patients. CAD patients frequently suffer from 
metabolic diseases [58]. Importantly, animal and in vitro 
experiments have shown that inflammation and meta-
bolic disorders can convert HDL to a dysfunctional form. 
This not only impairs HDL’s CEC from macrophages and 
thus anti-atherosclerotic properties [59–61], but also can 

convert HDL to act pro-inflammatory, further increas-
ing the risk of CAD [60, 62–64]. Therefore, alterations 
in HDL-CEC may be both a cause and a consequence in 
the development and progression of CAD. As outlined 
for CAD, also the incidence of cardiovascular mortality 
involves a multitude of traditional cardiovascular risk fac-
tors and genetic factors. CEC is only one factor amongst 
others and actually, in our study, we found no association 
between CEC and cardiovascular mortality. However, it 
is worth mentioning that CEC is a long-term stable trait 
being modestly independently heritable and independent 
of the HDL particle number, particle size and apolipopro-
tein A-II levels [56], thus functioning as a possible target 
for therapeutic intervention in the future.

Although CEC is a key indicator for the anti-ather-
osclerotic function of HDL and a strong predictor for 
CAD outcomes, measurement of HDL-CEC is not a 
part of routine lipid tests in CVD patients. This is partly 

Fig. 5 Forest plots of random-effects meta-analysis (between-study variance estimator: DerSimonian and Laird (DL)) for the differences of 
cardiovascular mortality risk between highest cholesterol efflux capacity (CEC) vs. lowest CEC groups. Shown is the odds ratio (OR)/ hazard ratio (HR) 
together with their 95% confidence interval (95% CI) as effect measure
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explained by the lack of standardized procedures and 
the complexity of CEC mechanisms, because cholesterol 
efflux involves plenty of enzymes, like ATP-binding cas-
sette transporter A1 (ABCA1), ATP-binding cassette 
transporter G1 (ABCG1), scavenger receptor class-BI 
(SR-BI), and aqueous diffusion [65]. Meanwhile, the 
determination of CEC value involves in-vitro testing, 
while standardized measurement of HDL-3 and HDL-2 
levels can help to overcome technical limitations in rou-
tine testing. Cholesterol efflux to the HDL-3 subpopula-
tion (350 kDa) is more efficient than to HDL-2 particles 
(175 kDa). Further, HDL-3 particles possess greater anti-
oxidative and anti-apoptotic activities than HDL-2 par-
ticles. Finally, the increased HDL-2-to-HDL-3 ratio is 
associated with a higher risk of CAD [66, 67]. Therefore, 
determining the HDL-3-to-HDL-2 ratio may provide a 
simple standardized routine test to identify CAD mani-
festation or to predict outcome.

Compared to previous studies, the present study 
has the following strengths. To our knowledge, this is 
the first meta-analysis that systematically analyzes the 
association of CEC with the risks of CAD and cardio-
vascular mortality by dose-response analyses.

Nonetheless, certain limitations should also be noted. 
1). The search and screening of this paper were done by 
the first author twice in July 2021 and February 2022, 
respectively. No kappa statistics were prepared. 2). There 
were high heterogeneities in the pooled cohorts used to 
generate the results of this paper, representing a limita-
tion of this study. Heterogeneity is a consequence of the 
variability in experimental procedures, methods, study 
quality, and the differences in the characteristics of the 
studied patients. To address this problem, the donor 
cell line, labeled cholesterol, and cholesterol acceptors 
were identified as the possible sources of heterogeneity 
through subgroup analyses. Future experiments should 
consider the potential impact of experimental materi-
als on the study. 3). Due to the insufficient number of 
existing studies, some pooled results were not further 
analyzed by subgroup analyses to detect the poten-
tial sources of heterogeneity. 4). A high percentage of 
patients were from the study by Ritsch et al., where the 
incidence of cardiovascular mortality was exceptionally 
high (18%). This might be explained by the comparably 
long follow-up period (approximately 10 years) and the 
advanced age of the population. Except for the study by 
Ritsch et al., the other included cohort studies had a low 
incidence of cardiovascular outcomes (< 10%). Besides, 
although all the effect values of ORs/RRs included in 
this analysis were adjusted for covariates by the original 
authors (Supplementary Table  3), the effect of residual 
covariates on the results of this paper was not excluded. 
5). The number of studies included in dose-response 

analyses was relatively small, and the results of this study 
should be interpreted with caution. Notably, results 
of dose-response analyses represent the trends in risk 
rather than precise quantification. 6). Most of the stud-
ies included in this paper are based on the assessment of 
serum efflux capacity, which may differ from the in vitro 
situation. Meanwhile, the CEC assay was performed in 
a closed system and ignored the dynamic comprehen-
sive aspects of cholesterol flux through the RCT path-
way. 7). Most of the cohorts included US and Asian 
patients, with only few Europeans and none from other 
regions. Considering the different genetic backgrounds, 
more multi-regional studies are warranted in the future. 
8). The NOS score was used to evaluate the quality of 
cohort studies and case-control studies. Although the 
NOS score is currently widely accepted in meta-analysis, 
it is also criticized to deliver arbitrary results [68].

Conclusions
Based on the current evidence, we suggest that a 
decreased CEC is strongly associated with the risk of 
CAD, independent of HDL-C level. However, a decreased 
CEC seems not to be related to cardiovascular mortal-
ity. In addition, CEC is negatively correlated with the risk 
of CAD in a linear manner. Nonetheless, further multi-
center, multi-regional, and large sample studies are war-
ranted in the future to complement and further validate 
these findings.
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