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Abstract
Background  Coronary artery calcification (CAC) is a potential risk marker of coronary atherosclerosis that has 
high specificity and sensitivity. However, the association between high-density lipoprotein cholesterol (HDL-C) 
concentration and CAC incidence and progression is controversial.

Methods  PubMed, Embase, Web of Science, and Scopus were systematically searched to identify relevant 
observational studies up to March 2023 and assessed the methodological quality using Newcastle-Ottawa Scale 
(NOS) scale. Random-effects meta-analysis was used to estimate pooled odds ratios (OR) and 95% confidence interval 
considering heterogeneity across studies.

Results  Of the 2,411 records, 25 cross-sectional (n = 71,190) and 13 cohort (n = 25,442) studies were included in the 
systematic review. Ten cross-sectional and eight cohort studies were not eligible and were omitted from the meta-
analysis. A total of 15 eligible cross-sectional studies (n = 33,913) were included in the meta-analysis and pooled 
results revealed no significant association between HDL-C and CAC > 0, CAC > 10, or CAC > 100 [pooled OR: 0.99 (0.97, 
1.01)]. Meta-analysis of the 5 eligible prospective cohort studies (n = 10,721) revealed no significant protective effect 
of high HDL-C against CAC > 0 [pooled OR: 1.02 (0.93, 1.13)].

Conclusions  According to this analysis of observational studies, high HDL-C levels were not found to predict 
protection against CAC. These results suggest HDL quality rather than HDL quantity is important for certain aspects of 
atherogenesis and CAC.

Registration number  CRD42021292077.
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Introduction
Atherosclerotic cardiovascular disease (CVD) is among 
the greatest cause of morbidity and mortality worldwide. 
Furthermore, ischemic heart disease (IHD) remains a 
major cause of CVD. Therefore, identifying the pres-
ence of coronary atherosclerosis prior to IHD incidence 
improves risk stratification and modification [1, 2].

Coronary artery calcification (CAC), a risk marker for 
atherosclerosis, indicates the presence of IHD, regardless 
of symptoms or risk factors [3]. CAC has been shown to 
be correlated with calcium deposition in the arterial wall, 
a very early stage of atherosclerosis and an established 
surrogate of the atherosclerotic total burden. Thus, CAC 
has been used as one of the validated and feasible mark-
ers of the presence and extent of subclinical coronary 
atherosclerosis. The presence of CAC can be detected 
by non-contrast computed tomography (CT) [4, 5]. High 
CAC scores (CAC > 0) were demonstrated to be linked 
with an increased risk of cardiovascular events and mor-
tality. The Framingham Risk Score and other conven-
tional risk stratification techniques have been shown to 
be inferior to the CAC score in terms of predicting future 
cardiac events and all-cause mortality [6]. As a result, 
American and European prevention guidelines recently 
assigned a class IIa recommendation for the use of CAC 
to further risk stratify and select individuals at borderline 
and intermediate risks of CVD events [7]. However, con-
sidering costs and radiation with CT, CAC evaluation is 
not a routine test in many health-centers. So, determin-
ing specific CAC risk factors could help develop better 
approaches to understand who needs to perform deter-
mination of CAC.

Several studies have shown that serum level of high-
density lipoprotein cholesterol (HDL-C) is a biomarker 
of CAC. HDL delays the formation of atherosclerotic 
lesions and calcification by removing the cholesterol 
from macrophages within the coronary arterial wall and 
transports it to the hepatic cells [8]. It is postulated that 
lower HDL-C is associated with the presence and pro-
gression of CAC, whereas high HDL-C has a protec-
tive effect against CAC [9, 10]. However, several other 
research studies, failed to find this relationship [11, 12]. 
In the current systematic review and meta-analysis, we 
sought to investigate the relationship between HDL-C 
and the progression and incidence of CAC.

Methods
This meta-analysis was conducted in compliance with 
the recommendations of the Meta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) guidelines 
[13]. The protocol of the present systematic review in the 
International Prospective Register of Systematic Reviews 
(PROSPERO) was documented (registration number: 
CRD42021292077).

Search strategy
Online databases, including PubMed, Embase, Web 
of Science (ISI), and Scopus were searched systemati-
cally until March 2023 without language restriction. To 
enhance the sensitivity and specificity, a combination 
of Medical Subject Headings (MESH) and non-MESH 
words was utilized to capture studies. The following 
keywords were used: (“Coronary Artery Disease”[Mesh] 
OR “Coronary Arteriosclerosis” OR “Cardiovascular 
Diseases”[Mesh] OR “Coronary Heart Disease”) AND 
(“Lipoproteins, HDL” [Mesh] OR “High Density Lipo-
protein” OR HDL OR “Heavy Lipoproteins” OR “High-
density lipoprotein cholesterol” OR HDL-C OR “High 
Density Lipoprotein Cholesterol”) AND (“Coronary 
Artery calcification” OR “Coronary Artery calcification 
score” OR “Coronary Artery calcium score” OR “Cal-
cific Coronary Artery Disease” OR “calcific coronary 
disease”). Supplementary File Appendix 2 contains the 
entire search strategy. We also manually searched the ref-
erence lists of all retrieved articles and Google Scholar to 
identify any overlooked relevant publications.

Study selection and eligibility criteria
Three authors (FA, SS, NO) independently screened 
manuscripts to identify eligible studies and all manu-
scripts were included based on consensus among all 
authors. According to the PECOT (Population, Expo-
sure, Comparison, Outcome, Type of study) template, the 
study inclusion criteria included (P) human samples, (E 
and C) examining the association of low or high levels of 
HDL-C, (O) on CAC score, (T) in observational studies 
(cohort, case-control, or cross-sectional). The following 
studies were excluded: studies with absence of HDL-C 
or its adjusted association with CAC, duplicate samples 
(studies based on the same sample/population), review 
articles, editorials, clinical guidelines, personal opinions, 
book chapters, conference abstracts, case reports, genetic 
studies, animal studies, and studies focusing on diseases 
other than coronary artery disease.

Data extraction and quality assessment
Data were independently extracted from included stud-
ies by three authors (FA, SS, NO) based on consensus 
among all authors. The following data was extracted: first 
authors, publication years, data source, study types, par-
ticipants information (gender, age of patients, geographi-
cal location, sample size, and basic diseases), outcome 
definition, outcome measures including effect sizes and 
risk estimates (Odds Ratios) with their confidence inter-
vals, stratification based on controlled variable in the 
multivariable model, duration of follow-up (for cohort 
studies), and quality assessment.

The methodological quality of evidence of each study 
was assessed using the Newcastle-Ottawa Scale (NOS) as 
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previously established based on stringent criteria related 
to the 4 domains of selection, comparability, exposure 
(cross-sectional studies) or outcome (cohort studies) 
[14]. In general, an article score ≥ 7, is considered to be of 
good quality [14].

Statistical analysis
The observed relationship between HDL-C and CAC 
was estimated using Odds Ratios (ORs) as the effect size. 
Random effects meta-analysis was conducted to obtain 
the pooled OR and its 95% confidence intervals using 
the Der-Simonian and Laird method. A random-effects 
meta-analysis was used to account for conceptual and 
clinical heterogeneity between studies with a forest plot 
to demonstrate the ORs and respective 95% confidence 
intervals.

To assess study heterogeneity, the I2 statistic (I2 ≥ 50% 
indicates substantial heterogeneity) was utilized. Also, 
Cochran’s Q statistic was utilized with a significance level 
of P < 0.10 to indicate the variance among studies.

Sensitivity analysis with serial removal of a specific 
study or group of studies assessed the robustness of the 
pooled results. A subgroup meta-analysis on the associa-
tion between HDL-C and CAC was conducted by HDL-C 
measurement scale (mg/dl vs. per 1 standard deviation 
increase).

To assess the publication bias, visual inspection of 
funnel plots was performed, so as log ORs were plot-
ted against their standard errors (as study precision). 
Also, the Egger’s regression asymmetry test and Begg’s 
adjusted rank correlation test were performed. Statistical 
tests were two-tailed and significance levels were con-
sidered less than 0.10 for analyses. All statistical analy-
ses were performed using the Stata version 14 software 
(Stata Corp., College Station, TX, USA).

Results
Search results
The flowchart of literature search and selection process is 
presented in Fig. 1. Using systematic database searching, 
2,403 potentially relevant publications were identified 
in the first evaluation, as well as eight studies, through a 
manual search of the reference lists of these papers. Sub-
sequently, 1,141 duplicates and 1,109 irrelevant articles 
after screening titles and abstracts. The full texts of 161 
potentially relevant publications were evaluated to deter-
mine if they met the eligibility criteria. Of these, 123 
publications were excluded for the reasons mentioned 
in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow diagram. Finally, 38 
articles met the eligibility criteria and were involved in 
the qualitative synthesis (systematic review) [9–12, 15–
48] and 20 were included in the quantitative synthesis 

(meta-analysis) [9, 11, 12, 16, 20, 22–24, 26–28, 32, 34, 
35, 39–41, 45, 47, 48].

Association between HDL-C and CAC in cross-sectional 
studies
Study characteristics
Twenty-five included cross-sectional studies [9, 11, 12, 
15–35, 47] enrolled 71,190 participants and the sample 
size ranged from 104 to 16,493 participants. Populations 
varied in sex distribution and age, and also had mean 
or median HDL-C levels. Nineteen studies included 
both genders [9, 11, 12, 15–22, 25, 26, 28–32, 47], four 
included only men [23, 24, 27, 33], and two included only 
women [34, 35]. The average age of study participants 
varied (22–94 years). Of the 25 included cross-sectional 
studies, 14 were conducted in America [9, 11, 15–18, 
21, 22, 25, 29–31, 34, 35], one in Europe [19], and ten in 
Asia [12, 20, 23, 24, 26–28, 32, 33, 47]. The sources of the 
three studies were the Multiethnic Study of Atheroscle-
rosis (MESA) [15, 30, 31], three were from the Brazilian 
Longitudinal Study of Adult Health (ELSA-BRASIL) [9, 
11, 22], three were from Shiga Epidemiological Study of 
Subclinical Atherosclerosis (SESSA) [23, 24, 27], and two 
studies were from the Study of Women’s Health Across 
the Nation (SWAN) [34, 35]. One study was a cross-
sectional study of both MESA and ELSA-BRASIL [16], 
and four other studies were based on the Brazilian Study 
on Healthy Aging [21], Utrecht Patient Oriented Data-
base (UPOD) [19], Study of Inherited Risk of Coronary 
Atherosclerosis (SIRCA) [29], and Mediators of Athero-
sclerosis in South Asians Living in America (MASALA) 
cohorts. All studies were published in English in the last 
17 years (2005–2022). Nineteen studies reported an OR 
estimate for CAC, adjusted at least for age and sex [9, 11, 
12, 16, 18, 20–24, 26–28, 31–35, 47]. In six other studies, 
the association between HDL-C and CAC was reported 
as relative risk (RR) [30], prevalence ratio (PR) [15], inci-
dent rate ratio (IRR) [25], coefficient β [17, 19], or tobit 
regression [29]. Many studies also adjusted for cardio-
vascular risk factors and other confounding factors. The 
presence of CAC was defined as a score greater than 0, 
1, 10, or 100. Seventeen studies analyzed HDL-C as a 
quantitative variable of mg/dL [9, 12, 15, 17, 18, 20, 21, 
23, 24, 28, 30–35, 47], two studies as mmol/L [19, 25] and 
six studies interpreted HDL-C in terms of one standard 
deviation increase [11, 16, 22, 26, 27, 29]. All included 
studies were assessed as having moderate to good quality 
according to the NOS scale (Supplementary Appendix 1). 
Details of each study are presented in Table 1.

Systematic review findings
Eleven cross-sectional studies reported an inverse rela-
tionship between HDL-C levels and CAC incidence [9, 
15, 18, 21, 24–26, 29, 31–33]. In other words, higher 
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HDL-C serum levels had a protective role against the 
presence of CAC. In a cross-sectional of MESA cohort, 
low HDL-C was associated with higher rates of multives-
sel CAC (PR: 1.20 (1.02, 1.40), < 0.01) [15]. In another 

cross-sectional study of the MESA cohort, HDL-C was 
associated with CAC presence (OR: 0.892 (0.854, 0.931), 
< 0.001) but not with CAC extent (OR: 0.006 (-0.038, 
0.05), 0.791) [31]. In a cross-sectional study of the 

Fig. 1  Flow chart for selection of studies
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Study ID Place /
Source

Population Sample 
Size 
(men%)

Age (year) Outcome Covariates Adjusted NOS 
Score

Abd 
Alamir, M. 
2018
[15]

USA / MESA healthy adults 3236 
(45%)

50–70 PR for low HDL-C (1 mg/dL)
and multivessel CAC:
1.20 (1.02, 1.40), < 0.01

age, sex, race, high school education, 
smoking, hypertension, waist circum-
ference, serum glucose level, serum 
insulin, serum CRP level, and Agatston’s 
calcium score

6

Al Rifai, M. 
2018
[16]

USA, Brazil / 
MESA,
ELSA-Brasil

healthy 
adults (with 
LDL-C < 70 mg/d)

263 
(43%)

58 ± 12 OR for HDL-C (per 1 SD 
increase) and CAC > 0:
0.80 (0.60, 1.07)

age, sex, race/ethnicity, education, and 
study site, cardiovascular risk factors

6

Al Rifai, M. 
2022
[17]

USA / 
MASALA

healthy adults 1155 
(52%)

56.8 ± 9.4 β coefficient for HDL-C (mg/
dL) and CAC density and 
volume:
0.009 (0.001, 0.016)
-0.004 (-0.009, 0.001)

education, annual family income, birth 
country, years lived in the USA and 
statin medication use.
Results for CAC density were addition-
ally adjusted for CAC volume while 
results for CAC volume were addition-
ally adjusted for CAC density

6

Allison, M. 
A. 2005
[18]

USA healthy adults 6086 
(62%)

22–94 OR for HDL-C (5 mg/dL)
and CAC (men and women):
0.92 (0.89, 0.95)
0.93 (0.90, 0.96)

cardiovascular risk factors 7

Bitten-
court, M. S. 
2017
[11]

Brazil / 
ELSA-Brasil

healthy adults 3845 
(46%)

49.9 ± 8.4 OR for HDL-C (per 1 SD 
increase) and CAC > 0:
1.02 (0.93, 1.13), 0.46

age, sex, diabetes, smoking, hyperten-
sion, systolic blood pressure, LDL-C, 
Log-transformed TG rich lipoproteins 
and HDL-C, BMI and log-transformed 
high sensitivity CRP

7

Chiu, T. Y. 
2012
[12]

Taiwan healthy adults 341 
(62%)

53 ± 10 OR for HDL-C (1 mg/dL)
and CAC > 0:
0.98 (0.96, 1)

sex-specific age, BMI, FBS = 110 mg/
dl, diabetes and use of lipid-lowering 
drugs

6

Den 
Harder, A. 
M. 2018
[19]

Nether-
lands /
UPOD

suspected or 
known CAD 
adults

1504 
(64%)

53 ± 13 β coefficient for HDL-C 
(mmol/L) and CAC:
-0.05 (-0.17, 0.14), 0.559

age, sex, BMI, diabetes, GFR 6

Ditah, C. 
2016
[20]

Israel healthy adults 504 
(64%)

25–74 OR for HDL-C (1 mg/dL)
and CAC ≥ 100 vs. CAC < 100:
0.59 (0.27, 1.29) 0.49

age, sex and ethnicity, BMI, diabetes, 
hypertension, smoking status, statin 
use, large and small LDL-P and medium 
VLDL-P

7

Freitas, W. 
M. 2015
[21]

Brazil / Bra-
zilian Study 
on Healthy 
Aging

healthy adults 208 
(18%)

85 ± 4 OR for HDL-C (1 mg/dL)
and CAC:
0.34 (0.15, 0.75), 0.008

age, sex, diabetes, blood pressure, 
smoking and statin therapy

6

Generoso, 
G. 2019
[22]

Brazil / 
ELSA-Brasil

healthy adults 3674 
(46%)

49.8 ± 8.3 OR for HDL-C (per 1 SD 
increase) and CAC = 0 vs. 
CAC > 0 and CAC < 100 vs. 
CAC ≥ 100:
1.041 (0.933, 1.161)
0.940 (0.800, 1.105)

age, sex, smoking, hypertension, alco-
hol use, physical activity, LDL-C, TGs

7

Hirata, A. 
2020
[23]

Japan / 
SESSA

healthy men 910 
(100%)

63.6 ± 10.2 OR for HDL-C (1 mg/dL)
and CAC > 10:
1.03 (0.86, 1.22), 0.72

age, BMI, LDL-C, log-transformed 
TGs, log-transformed high sensitivity 
CRP, lipid-lowering medication use, 
diabetes, hypertension, smoking status, 
alcohol drinking status, and type of CT

6

Hisamatsu, 
T. 2014
[24]

Japan / 
SESSA

healthy men 851 
(100%)

40–79 OR for HDL-C (1 mg/dL)
and CAC > 0:
0.56 (0.34, 0.91)

age, smoking status (former, current), 
ethanol consumption (g/day), BMI, 
blood glucose, systolic blood pressure, 
medication status (hypertension and 
diabetes), type of CT, exercise, and a 
family history of IHD

6

Table 1  Characteristics of the cross-sectional studies
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Study ID Place /
Source

Population Sample 
Size 
(men%)

Age (year) Outcome Covariates Adjusted NOS 
Score

Kaplan, H. 
2017
[25]

Bolivia healthy adults 705 
(50%)

57.6 
(40–94)

IRR for HDL-C (mmol/L) and 
prediction of CAC absence:
–0.04 (–0.07, 0.00), 0.0474

age, sex 5

Kim, J. D. 
2017
[26]

South Korea healthy adults 16,493 
(74%)

42.68 ± 8.79 OR for HDL-C (per 1 SD 
increase) and CAC ≥ 1:
0.87 (0.82, 0.93), < 0.05

age, sex, BMI 7

Kimani, C. 
2019
[27]

Japan / 
SESSA

healthy men 1035 
(100%)

69.5 ± 6.9 OR for HDL-C (per 1 SD 
increase) and CAC > 0:
0.98 (0.8, 1.2), < 0.955

age, BMI, systolic blood pressure, smok-
ing (pack-year), alcohol intake, HbA1c, 
uric acid, GFR, serum lipids, and CRP

6

Lee, J. 2020
[28]

South Korea healthy adults 2123 
(70%)

55.4 ± 11.3 OR for HDL-C (1 mg/dL)
and CAC ≥ 100:
0.99 (0.97, 1), < 0.094

age, male, height, weight, abdominal 
circumference, BMI, blood pressure, 
high sensitivity CRP, FBS, HbA1c, 
Bilirubin, GGT, ALP, LDH, AST, ALT, BUN, 
Creatinine, GFR, total cholesterol, TG, 
LDL-C, WBC, hemoglobin, MCV, Platelet 
count

7

Martin, S. S. 
2011
[29]

USA / SIRCA healthy adults 803 
(52.8%)

48 ± 6 tobit regression for HDL-C 
(per 1 SD increase) and CAC:
0.89 (0.70, 1.11), 0.30

age, sex, medications, blood pres-
sure, lipids, tobacco and alcohol use, 
exercise, family history of premature 
IHD, BMI, waist circumference, and high 
sensitivity CRP

6

Paramso-
thy, P. 2010
[30]

USA / MESA healthy adults 4792
(47%)

45–84 RR for HDL-C (1 mg/dl) and 
CAC:
1.05 (0.98, 1.12)

age, race/ethnicity, sex, clinical site, 
education, history of hypertension, 
current smoking status, alcohol use, 
estrogen use among women, waist 
circumference, fasting glucose, fasting 
insulin, CRP, and creatinine

6

Pedrosa, J. 
F. 2019
[9]

Brazil / 
ELSA-Brasil

healthy adults 2388 
(46%)

53.6 ± 13.4 OR for HDL-C (1 mg/dL)
and CAC > 0:
0.99 (0.98, 0.99), ≤ 0.05

LDL-C, HbA1c, blood pressure, anti-
diabetic, antihypertensive, and lipid 
lowering medications

7

Pletcher, M. 
J. 2013
[31]

USA / MESA healthy adults 6757 
(47%)

45–84 OR for HDL-C (per 10 mg/dl) 
and CAC presence and CAC 
extent:
0.892 (0.854, 0.931), < 0.001
0.006 (-0.038, 0.05), 0.791

conventional CHD risk factors, race/
ethnicity

7

Sharma, A. 
2011
[32]

Indonesia healthy adults 104 
(63.5%)

56 (10.3) OR for HDL-C (1 mg/dL)
and CAC:
0.93 (0.87, 0.99), ≤ 0.0001

age, sex, diabetes, hypertension, dys-
lipidemia, smoker, family history of IHD, 
total cholesterol, LDL-C, TGs, abnormal 
Lipoprotein(a)

6

Sung, K. C. 
2013
[33]

South Korea healthy men 12,031 
(100%)

29–79 OR for HDL-C (1 mg/dl) and 
CAC > 0:
0.78 (0.64, 0.94), 0.01

age, glucose, TG, LDL-C, systolic blood 
pressure, waist circumference, prior 
cerebrovascular accident, prior coro-
nary artery disease, prior hypertension, 
alcohol consumption, smoking status 
and exercise

6

Swabe, G. 
2021
[34]

USA / SWAN midlife women 478 (0%) 50.9 ± 2.9 OR for HDL-C (1 mg/dL)
and CAC > 10:
1.04 (0.95, 1.12), 0.4

cycle day, hormone use, age, race, site, 
waist circumference, smoking, log TGs, 
systolic blood pressure, log glucose, 
LDL-C, menopausal status, education, 
and alcohol consumption

6

Table 1  (continued) 
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ELSA-Brasil cohort, HDL-C was associated with CAC ≥ 1 
(OR: 0.99 (0.98, 0.99), ≤ 0.05) [9]. HDL-C level was asso-
ciated with CAC > 0 (OR: 0.56 (0.34, 0.91)) in a cross-sec-
tional study of the SESSA cohort [24]. In a cross-sectional 
study of the SIRCA cohort, HDL-C was inversely associ-
ated with CAC after adjusting for age and sex (tobit ratio: 
0.72 (0.59, 0.88), 0.001), but after further adjustment for 
medications, blood pressure, lipids, tobacco and alcohol 
use, exercise, family history of premature IHD, body mass 
index (BMI), waist circumference, and high-sensitivity 
CRP got insignificant [29]. In a cross-sectional study of 
the Brazilian Study on Healthy Aging cohort in individu-
als aged 80 years or over, the association between HDL-C 
and CAC was significant (OR: 0.34 (0.15, 0.75), 0.008) 
[21]. In another cross-sectional study, individuals with 
low HDL-C had higher CAC scores and the adjusted cor-
relation of HDL-C and CAC was significant in both men 
and women (OR: 0.92 (0.89, 0.95) and 0.93 (0.90, 0.96), 
respectively) [18]. HDL-C decreased the risk of CAC 
(IRR: − 0.04 (–0.07, 0.00), 0.0474) [25], and it was also 
associated with CAC in three other cross-sectional stud-
ies; (OR: 0.87 (0.82, 0.93), < 0.05) [26], (OR: 0.93 (0.87, 
0.99), ≤ 0.0001) [32], and (OR: 0.78 (0.64, 0.94), 0.01) [33].

However, 11 studies failed to demonstrate the protec-
tive role of HDL-C against CAC incidence [11, 12, 16, 19, 
20, 22, 23, 27, 28, 30, 47]. HDL-C level was not associ-
ated with CAC in a cross-sectional study of the MESA 
cohort (RR: 1.05 (0.98, 1.12)) [30]. HDL-C was also not 
independently associated with the presence or extent of 
CAC in a cross-sectionals of ELSA-Brasil cohort (OR: 
1.041 (0.933, 1.161), and 0.940 (0.800, 1.105), respec-
tively) [22]. In another cross-sectional study of ELSA-
Brasil, lower HDL-C was not associated with CAC (OR: 
1.02 (0.93, 1.13), 0.46) [11]. In a cross-sectional of MESA 
and ELSA-Brasil, adjusted prevalence OR for the associa-
tion of HDL-C and CAC > 0 was insignificant (0.80 (0.60, 
1.07)) [16]. Two cross-sectional studies of SESSA cohort 
also failed to demonstrate significant association between 

HDL-C and CAC; (OR: 1.03 (0.86, 1.22), 0.72) [23] and 
(OR: 0.98 (0.8, 1.2), < 0.955) [27]. In a cross-sectional 
study of UPOD, HDL-C was not associated with CAC (β 
coefficient: -0.05 (-0.17, 0.14), 0.559) [19]. The association 
between HDL-C and CAC was also insignificant in four 
other studies (OR: 0.98 (0.96, 1)) [12], (OR: 0.59 (0.27, 
1.29) 0.49) [20], (OR: 0.99 (0.97, 1), < 0.094) [28], and 
(OR: 1.25 (0.97, 1.61), 0.09) [47].

In a recent cross-sectional of MASALA, HDL-C was 
directly associated with CAC density (β coefficient: 
0.009 (0.001, 0.016)) but the reverse association between 
HDL-C and CAC volume was insignificant (β coefficient: 
-0.004 (-0.009, 0.001)) [17]. It is suggested that higher 
HDL-C probably results in denser coronary plaques that 
are more stable and therefore less likely to rupture.

Two cross-sectional studies investigated the relation-
ship between HDL-C and CAC in menopausal women. 
In a cross-sectionals study of SWAN cohort, it is revealed 
that HDL-C is not protective against high CAC or any left 
main CAC in premenopausal or early perimenopausal 
(OR: 0.99 (0.95, 1.03) and 1.01 (0.96, 1.05), respectively). 
Moreover, in the late-perimenopausal or postmenopausal 
group, HDL-C was not protective against high CAC (0.99 
(0.96, 1.02)), but was protective against left main CAC 
(1.08 (1.00, 1.16)) [35]. In a recent cross-sectional study 
of the SWAN cohort there was no association between 
HDL-C and CAC > 10 (OR: 1.04 (0.95, 1.12), 0.4) [34].

Meta-analysis findings
Ten cross-sectional studies were omitted from the meta-
analysis because their data were not eligible for quantita-
tive synthesis [15, 17–19, 21, 25, 29–31, 33]. Briefly, they 
have different statistic methodology for reporting asso-
ciation between HDL-C and CAC [15, 19, 25, 29, 31], dif-
ferent analyzing HDL-C variables [17, 18, 30, 33] and one 
study had included only elderly individuals aged ˃80 years 
[21].

Study ID Place /
Source

Population Sample 
Size 
(men%)

Age (year) Outcome Covariates Adjusted NOS 
Score

Wang, J. S. 
2022 [47]

Taiwan healthy adults 364 
(82.7%)

58.4–72.1 OR for HDL-C (1 mg/dL)
and CAC > 100:
1.25 (0.97, 1.61), 0.09

age, sex, BMI, smoking, hypertension, 
diabetes, GFR, FBS

6

Woodard, 
G. A. 2011
[35]

USA / SWAN midlife women 540 (0%) 50.2 ± 2.9 OR for HDL-C (1 mg/dL)
and CAC > 10 (pre-
menopausal and 
postmenopausal):
0.99 (0.95, 1.03)
0.99 (0.96, 1.02)

age, site, race, systolic blood pressure, 
glucose, BMI, smoking, menopausal 
status and lipids

6

Abbreviations: ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; BMI, body mass index; BUN; blood urea nitrogen; CAC, coronary 
artery calcification; CHD, coronary heart disease; CRP, C-reactive protein; CT, computed topography; FBS, fasting blood sugar; GFR, glomerular filtration rate; GGT, 
gamma-glutamyl transferase; HDL-C, high-density lipoprotein-cholesterol; IHD, ischemic heart disease; IRR, incident rate ratio; LDH, lactate dehydrogenase; LDL-
C, low-density lipoprotein-cholesterol; LDL-P, low-density lipoprotein-particle; MCV, mean corpuscular volume; NOS, Newcastle-Ottawa Scale; OR, odds ratio; PR, 
prevalence ratio; RR, relative risk; TG, triglyceride; VLDL-P, very low-density lipoprotein-particle; WBC, white blood cell.

Table 1  (continued) 
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Fifteen cross-sectional studies were eligible for the 
meta-analysis [9, 11, 12, 16, 20, 22–24, 26–28, 32, 34, 35, 
47]. Ten studies analyzed HDL-C as a quantitative vari-
able (mg/dL) [9, 12, 20, 23, 24, 28, 32, 34, 35, 47] and five 
studies measured and interpreted it in terms of one stan-
dard deviation increase [11, 16, 22, 26, 27]. The Pooled 
results revealed no significant association between 
HDL-C and CAC > 0, CAC > 10, or CAC > 100 (OR: 0.99 
(0.97, 1.01)) as illustrated in Fig. 2.

Association between HDL-C and CAC in cohort studies
Study characteristics
Thirteen cohort studies [10, 36–46, 48] enrolled 25,442 
participants with sample sizes ranging from 21 to 6,011 
participants. The duration of follow-up was between 5 
and 20 years. Populations varied in sex distribution and 
age, and also had mean or median HDL-C levels. Eleven 
cohorts included both genders [10, 36–38, 40, 41, 43–46, 
48] and two included only women [39, 42]. The average 
age of the participants ranged from 29 to 84 years old. 
Of the 12 included cohort studies, ten were conducted 

Fig. 2  Meta-analysis for cross-sectional studies
Forest plot of the association between HDL and CAC separated by HDL (mg/dl vs. per 1 standard deviation increase) and CAC measurement scale. Dia-
mond represents the summary odds ratio (pooled OR) estimate and its width shows corresponding 95% CI with random effects estimate. The size of 
the square and its central point reflects the study specific statistical weight (inverse of variance) and point estimate of the OR and horizontal line reflects 
corresponding 95% CI of the study. I2 test and Cochran’s Q statistic were used to assessing the statistical heterogeneity (P < 0.10) across studies
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in America [10, 36, 37, 39, 41–44, 46, 48], two in Europe 
[38, 40], and one in Asia [45]. All studies were published 
in English in the last 26 years (1996–2022). Seven stud-
ies reported an OR estimate for CAC adjusted at least for 
age and sex [36, 39–44]. In six other studies, the associa-
tion between HDL-C and CAC was reported as hazard 
ratio (HR) [45, 48], RR [10], IRR [38], standardized β [37], 
or baseline and change in CAC [46]. Many studies also 
adjusted for cardiovascular risk factors and other con-
founding factors. The incidence, progression, and density 
of CAC were investigated in these studies. Eleven stud-
ies analyzed HDL-C as a quantitative variable (mg/dL) 
[10, 37, 39–46, 48], one study as mmol/L [38], and one 
study had interpreted HDL-C as one standard devia-
tion increase [36]. All included studies were good quality 
according to the NOS scale (Supplementary Appendix 1). 
Details of each study are presented in Table 2.

Systematic review findings
In a Muscatine study cohort, decreased HDL-C measured 
during young adult life was associated with the presence 
of CAC in young adults (OR: 5.5 (2, 15.2), < 0.001) [43]. 
In the National Cholesterol Education Program, there 
was an association between higher HDL-C (> 60  mg/dl) 
and less progression of CAC volume (change in volume 
score: 203 (-52, 2,828) for HDL-C ≥ 60, 159 (-123, 3,872) 
for 40 < HDL-C ≤ 59, and 151 (0–2, 213) for HDL-C ≤ 40; 
P = 0.03) [46]. In another study, among subjects with a 
zero CAC score at baseline, there was an independent 
association between HDL-C and CAC progression (HR: 
0.976 (0.953, 0.999), 0.043) [45]. In ELSA-Brasil cohort, 
lower HDL-C was associated with CAC incidence (OR: 
0.83 (0.72, 0.96), 0.01) but not CAC progression (OR: 
0.89 (0.74, 1.06), 0.19) [36]. However, in a recent study 
of MESA, HDL-C was associated with both a low risk of 
incident CAC development (RR: 0.92 (0.89, 0.96), < 0.001) 
and lower annual CAC progression (difference in average 
progression β: -0.92 (-1.74, -0.1), < 0.027) [10].

In the Coronary Artery Risk Development in Young 
Adults (CARDIA) cohort, non-optimal HDL-C during 
young adulthood was associated with CAC two decades 
later. HDL was independently associated with CAC in 
this study (OR for average exposure to HDL-C before age 
35: 2.8 (1.1, 6.8), 0.03) [44]. In contrast, in a recent CAR-
DIA cohort, there was no association between HDL-C 
and CAC progression (OR: 0.83 (0.647, 1.065), 0.143) 
[41]. Another recent cohort of both MESA and CARDIA 
showed that age might influence the relationship between 
HDL-C level and CAC. The results revealed a signifi-
cant association between HDL-C and CAC incidence in 
middle-aged people between 46 and 64 years old (HR: 
1.23 (1.12, 1.34)), but the association was insignificant 
in young individuals between 32 and 45 (HR: 1.07 (0.96, 

1.19)) and older individuals between 65 and 84 years old 
(HR: 1.10 (0.97, 1.25)) [48].

A few cohorts also reported no association between 
HDL-C and CAC. In the Dallas Heart Study, HDL-C was 
not associated with prevalent CAC in adjusted models 
(P = 0.13) [37]. In Heinz Nixdorf Recall Study, HDL-C was 
not associated with CAC progression in either men or 
women (OR: 0.93 (0.7, 1.29) and 1.00 (0.78, 1.20), respec-
tively) [40]. In another cohort, there was no association 
between HDL-C and the incidence (IRR: 0.84 (0.46, 1.54), 
0.60) or progression of CAC (IRR: 0.94 (0.60, 1.48), 0.80) 
[38].

Two cohort studies investigated the relationship 
between HDL-C and CAC in menopausal women. In 
Healthy Women Study, HDL-C was associated with CAC 
progression in postmenopausal women. Adjusted OR 
for 10  mg/dL increase of HDL-C was 0.53 (0.03, 0.93) 
in women with CAC ≥ 101 [42]. However, in the SWAN 
cohort, there was no association between HDL-C and 
the progression of CAC after menopause (OR: 0.78 (0.51, 
1.19), 0.60) or CAC density (OR: -1.48 (-10.76, 8.88), 
0.77) in women transitioning through menopause [39].

Meta-analysis findings
Eight cohorts were omitted from meta-analysis as their 
data were not eligible for quantitative synthesis [10, 36–
38, 42–44, 46]. They have different statistic methodology 
for reporting association between HDL-C and CAC [37, 
38, 46], different analyzing HDL-C variables [10, 42–44] 
and one study had included patients with CAC > 0 at ini-
tiation of cohort [36]. Five cohorts were eligible for meta-
analysis [39–41, 45, 48]. The pooled results revealed no 
significant association between HDL-C and CAC (OR: 
1.02 (0.93, 1.13)) as illustrated in Fig. 3. A cumulative for-
est plot was also created (Fig. 4).

Sensitivity analysis and publication bias
In cross-sectional studies, sensitivity analysis separated 
by subgroups was done and revealed that meta-analysis 
model was robust. Also, sensitivity analysis for cohort 
studies showed that the association between HDL-C and 
CAC was consistent (range of summary ORs: 0.99–1.04), 
indicating that the meta-analysis model was robust (Sup-
plementary Appendix 3). To assess possible publication 
bias, the association between CAC and HDL-C are pre-
sented in a funnel plot (Fig. 5). There was no evidence of 
publication bias by visual inspection and assessment of 
statistical tests (P = 0.25, for Begg’s adjusted rank corre-
lation test and P = 0.99 for Egger’s regression asymmetry 
test) (Supplementary Appendix 4).
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Study ID Place /
Source

Population / 
Follow-up

Sample 
Size 
(men%)

Age (year) Outcome Covariates Adjusted NOS 
Score

Cardoso, 
R. 2020
[36]

Brazil / 
ELSA-Brasil

healthy adults /
5.1 ± 0.9 years

2707 
(43%)

48.6 ± 7.7 OR for HDL-C (per 1 SD increase) 
and CAC incident and progression:
0.83 (0.72, 0.96), 0.01
0.89 (0.74, 1.06), 0.19

age, sex, race 8

Chandra, 
A. 2015
[37]

USA / Dallas 
Heart Study

healthy adults /
9.3 years

1977 
(49%)

44 standardized β for HDL-C (mg/dl) 
and CAC:
P value = 0.13

age, sex, hypertension, diabetes, 
smoking, BMI, non-HDL, log-Tg, 
menopause status, and alcohol

8

Diederich-
sen, S. Z. 
2017
[38]

Denmark healthy adults /
5 years

1006 
(47%)

55.39 ± 5.01 IRR for HDL-C (mmol/L) and CAC 
incident and progression:
0.84 (0.46, 1.54), 0.60
0.94 (0.60, 1.48), 0.80

age, sex, diabetes, hypertension, 
dyslipidemia, smoking, and base-
line CAC score where applicable

8

El 
Khoudary, 
S. 2021
[39]

USA / SWAN midlife women 
/ before 
and after 
menopause

241 (0%) 51.1 ± 2.9 OR for HDL-C (1 mg/dL)
and CAC > 0 and CAC density:
0.78 (0.51, 1.19), 0.60)
-1.48 (-10.76, 8.88), 0.77

study site, race/ethnicity, time-
varying age, menopausal stage, 
BMI, physical activity, alcohol use, 
log-Tg, LDL-C, C3, log-E2, cycle day 
of blood draw, and total HDL-P 
for HDL-C and ApoA-I models or 
HDL-C for HDL subclasses, content, 
and function measures

7

Erbel, R. 
2013
[40]

Germany / 
Heinz Nix-
dorf Recall 
Study

healthy adults / 
5 years

3956 
(48%)

59.3 ± 7.7 OR for HDL-C (1 mg/dL)
and CAC progression (men and 
women):
0.93 (0.7, 1.29)
1.00 (0.78, 1.20)

age and cardiovascular risk factors 9

Gao,T. 
2022
[41]

USA / 
CARDIA

healthy adults / 
20 years

957 
(48.8%)

45.4 ± 3.5 OR for HDL-C (1 mg/dL)
and CAC progression:
0.83 (0.647, 1.065), 0.143

center, sex, race, education, alcohol 
drinking, and physical activity

9

Kuller, L. 
H. 1999
[42]

USA / 
Healthy 
Women 
Study

midlife women 
/ before and 
after meno-
pause (11 
years)

21 (0%) 48–59 OR for HDL-C (mg/dl) and 
CAC ≥ 101:
0.53 (0.03, 0.93)

LDL-C, systolic blood pressure, 
smoking, waist circumference, BMI, 
Tg, glucose

7

Mahoney, 
L. T. 1996
[43]

USA / 
Muscatine 
Study

healthy adults / 
6 years

384 
(51%)

29–37 OR for HDL-C (mg/dl) and CAC:
5.5 (2, 15.2), < 0.001

age and sex 8

Pletcher, 
M. J. 2010
[44]

USA / 
CARDIA

healthy adults / 
20 years

1854 
(46%)

45 ± 4 OR for HDL-C (mg/dl) and CAC:
2.8 (1.1, 6.8), 0.03

lipid exposure after age 35 and 
other coronary risk factors

9

Razavi, 
A.C. 2022 
[48]

USA / MESA, 
CARDIA

healthy adults / 
10 years

2139 
(41.8%)

32–45  h for HDL-C (1 mg/dL)
and CAC incidence:
1.07 (0.96, 1.19)

age, sex, race, ethnicity, education, 
income, smoking, systolic blood 
pressure, diastolic blood pressure, 
total cholesterol, FBS, BMI, blood 
pressure-lowering, lipid-lowering, 
and glucose-lowering medications

9

Razavi, 
A.C. 2022 
[48]

USA / MESA, 
CARDIA

healthy adults / 
10 years

2154 
(38.3%)

46–64  h for HDL-C (1 mg/dL)
and CAC incidence:
1.23 (1.12, 1.34)

age, sex, race, ethnicity, education, 
income, smoking, systolic blood 
pressure, diastolic blood pressure, 
total cholesterol, FBS, BMI, blood 
pressure-lowering, lipid-lowering, 
and glucose-lowering medications

9

Razavi, 
A.C. 2022 
[48]

USA / MESA, 
CARDIA

healthy adults / 
10 years

815 
(33.1%)

65–84  h for HDL-C (1 mg/dL)
and CAC incidence:
1.10 (0.97, 1.25)

age, sex, race, ethnicity, education, 
income, smoking, systolic blood 
pressure, diastolic blood pressure, 
total cholesterol, FBS, BMI, blood 
pressure-lowering, lipid-lowering, 
and glucose-lowering medications

9

Table 2  Characteristics of the cohort studies
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Fig. 3  Meta-analysis for cohort studies
 Forest plot of five cohort studies that investigated the association between HDL-C and CAC. Diamond represents the summary odds ratio (pooled OR) 
estimate and its width shows corresponding 95% CI with random effects estimate. I2 test and Cochran’s Q statistic were used to assessing the statistical 
heterogeneity (P < 0.10) across studies

 

Study ID Place /
Source

Population / 
Follow-up

Sample 
Size 
(men%)

Age (year) Outcome Covariates Adjusted NOS 
Score

Shen, Y. W. 
2020
[45]

China healthy adults 
/ 5.71 ± 2.68 
years

459 
(67.8%)

51.42 ± 8.44  h for HDL-C (1 mg/dL)
and CAC progression:
0.976 (0.953, 0.999), 0.043

age, sex, LDL-C, total cholesterol, 
TG, diabetes, hypertension, current 
smoking, Framingham risk score

9

Wong, N. 
D. 2004
[46]

USA / 
National 
Cholesterol 
Education 
Program

healthy 
adults ≥ 45 
years old 
with multiple 
cardiac risk 
factors yielding 
a ≥ 10% 8-year 
risk of develop-
ing coronary 
heart disease 
/ 7.0 ± 0.5 
years (85 ± 4.5 
months)

761 
(91%)

64.5 ± 7.3 baseline and change in CAC in 
HDL-C (mg/dl) ≥ 60, HDL-C = 40 to 
59 and HDL-C ≤ 40:
203 (-52, 2,828)
159 (-123, 3,872)
151 (0–2, 213)
P value = 0.03

age, sex, race, diabetes, current 
smoking status; use of hypertensive 
medication, use of cholesterol-
lowering medication, blood pres-
sure, average levels of baseline and 
follow-up LDL-C, and average level 
of Tg.

8

Zeb, I. 
2021
[10]

USA / MESA healthy adults / 
6.5 ± 3.5 years

6011 
(47.6%)

61.8 ± 10.1 RR for HDL-C (10 mg/dl) and CAC 
incident (n = 3115):
0.92 (0.89, 0.96), < 0.001
Robust Regression model for 
HDL-C and annual CAC progres-
sion (n = 2896):
-0.92 (-1.74, -0.1), < 0.027

follow-up time, age, sex, and race 8

Abbreviations: BMI, body mass index; CAC, coronary artery calcification; FBS, fasting blood sugar; HDL-C, high-density lipoprotein-cholesterol; HDL-P, high-density 
lipoprotein-particle; HR, hazard ratio; IRR; incident rate ratio; LDL-C, low-density lipoprotein-cholesterol; NOS, Newcastle-Ottawa Scale; OR, odds ratio; RR, relative 
risk; TG; triglyceride.

Table 2  (continued) 
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Discussion
In this study, 25 cross-sectional (n = 71,190) and 13 
cohort (n = 25,442) studies were systematically reviewed 
to characterize the link between CAC and HDL-C. 
Several studies have reported an independent inverse 

relationship between serum HDL-C and CAC incidence 
and progression. However, many other studies failed 
to reveal a statistically significant relationship between 
HDL-C and CAC incidence after adjustment for con-
founding factors. A meta-analysis of 15 eligible cross-
sectionals (n = 33,913) and five eligible cohort studies 

Fig. 5  Publication Bias
 Begg’s funnel plot for assessing the presence of publication bias. Logarithm of odds ratio was plotted against the precision of the study (P = 0.99, for Eg-
ger’s regression asymmetry test)

 

Fig. 4  Cumulative meta-analysis for cohort studies
 Cumulative forest plot for the association between HDL-C and CAC. Diamond represents the cumulative odds ratio estimate and its width shows cor-
responding 95% CI with random effects estimate
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(n = 10,721) demonstrated an insignificant association 
between HDL-C and CAC. Subsequently, HDL-C blood 
level might not be considered an independent risk factor 
for CAC.

Similarly, although previous epidemiological studies 
have been extensively demonstrated the inverse rela-
tionship between HDL-C plasma levels and IHD with a 
strong, graded and coherent pattern [49, 50], Mendelian 
randomization studies then revealed no causal associa-
tion between HDL-C and the pathogenesis of IHD [51]. 
In a recent cohort study of 15.8  million Korean adults, 
both elevated and low HDL-C were associated with 
elevated mortality from CVD, and high HDL-C serum 
concentration was not necessarily a sign of better cardio-
vascular health [52]. Moreover, pharmacological increase 
in HDL-C with drugs such as fibrates, niacin, or cho-
lesteryl ester transfer protein inhibitors failed to reduce 
IHD in several clinical trials [53]. Therefore, the HDL-C 
level is now considered a biomarker of cardiovascular 
health rather than a risk factor. This controversy might be 
the result of crude measurement of the total cholesterol 
content in HDL, while the entity of HDL is characterized 
by its structure and function [54, 55]. For instance, our 
previous studies demonstrated that increased HDL lipid 
peroxidation, which impairs the antioxidant function of 
HDL, is positively associated with cardiovascular events 
in the MASHAD cohort [56–59]. It is obvious that a 
simple measurement of cholesterol carried by HDL par-
ticles does not reflect HDL functionality or composition 
in the prediction or prevention of IHD. HDL subfractions 
can be classified according to their size, shape, charge, 
density, functionality, and biochemical composition. 
Although HDL-C is the only reproducible and standard-
ized parameter available to estimate plasma concentra-
tion of HDL, there was an association between increased 
levels of small HDL and low proportions of large particles 
with an increased risk of coronary artery disease [60]. 
Hence, measurement of specific HDL subfractions would 
be a better biomarker than HDL-C level to evaluate the 
risk of IHD [61]. The same is true regarding the associa-
tion between CAC and HDL-C levels. According to the 
results of the present meta-analysis, no clinically signifi-
cant correlations were observed between HDL-C plasma 
levels and incidence or progression of CAC.

Interestingly, some observational clinical studies have 
indicated an association between different HDL sub-
fractions and CAC. In cohort of Dallas Heart Study (9.3 
years), HDL-particle (HDL-P) were inversely associated 
with prevalent CAC in fully adjusted models, includ-
ing risk factors and HDL-C (standardized β= −0.06, 
P = 0.009). Furthermore, HDL-C was only associated with 
prevalent CAC after serial adjustment for HDL-P (stan-
dardized β = 0.07, P = 0.008) [37]. In a cross-sectional 
study, HDL-P and medium size HDL-P were protective 

against CAC (OR: 0.42 (0.22, 0.79), 0.002 and 0.36 (0.19, 
0.69), 0.006, respectively), while large HDL-P and aver-
age size HDL-P were not (OR: 0.77(0.33, 1.83), 0.29 
and 0.72(0.35, 1.48), 0.58, respectively) [20]. While high 
HDL-P was significantly negatively linked with CAC 
progress in the MESA cohort (9.6 0.6 years), this associa-
tion was diminished when conventional lipids were taken 
into account. Low HDL-P levels were not linked to the 
development of CAC [62]. Cross-sectional SESSA dem-
onstrated impaired antiatherogenic function of HDL in 
correlation with the binding capacity of dysfunctional 
HDL to lectin-like oxidized LDL receptor-1 (LOX-1). The 
adjusted OR of HDL-P for CAC was not significant in 
this study (0.92 (0.78, 1.08), 0.33) [23]. In another cross-
sectional of SESSA, HDL-P concentrations and size also 
were not in association with the presence of CAC (OR 
1.04 (0.62, 1.75) and 0.66 (0.40, 1.10), respectively) [24]. 
Similar results were obtained in a cross-sectional study 
by Mahajan et al. on age-adjusted PR of HDL-P concen-
trations and size with CAC [63].

HDL size is also a determinant of the anti-atherogenic 
properties of HDL. In a cross-sectional study of the Bap-
tist Employee Healthy Heart Study (BEHHS) randomized 
trial, small HDL and large HDL offered modest protec-
tion against CAC (OR: 0.92 (0.89, 0.99) and 0.89 (0.83, 
0.95), respectively) [64]. In another cross-sectional of 
Healthy Women Study, large HDL was inversely associ-
ated with CAC, but small HDL was not [65]. In a cross-
sectional of MESA, the presence of proinflammatory 
protein apolipoprotein C-III on HDL was positively asso-
ciated with CAC, whereas HDL lacking apolipoprotein 
C-III was inversely associated with CAC [66]. In some 
studies, HDL-C subclass 2 (HDL2-C), which is composed 
only of apolipoprotein A-I was more anti-atherogenic 
than subclass 3 (HDL3-C) which contains both apolipo-
protein A-I and apolipoprotein A-II. In cohort of Healthy 
Women Study, the level of HDL2-C was strongly and 
inversely related to CAC (r= -0.31, < 0.001) and was much 
stronger in comparison with HDL3-C [42]. Decrease of 
HDL2-C was significantly associated with the increase of 
CAC prevalence and extent (OR: 3.45 (2.03, 50.1)), while 
in a cross-sectional of a preventive cardiology outpatient 
program cohort, HDL3-C was not (OR: 1.33 (0.07, 26.9)) 
[67]. But in a cross-sectional of ELSA-Brasil, neither 
HDL2-C and HDL3-C nor HDL2-C/HDL3-C ratio were 
independently associated with the presence or extent of 
CAC after adjustment for epidemiological variables and 
traditional CVD risk factors [22]. In cohort of SWAN 
HDL study (before and after menopause), longitudinal 
associations of the adjusted HDL metrics (total HDL-P, 
large HDL-P, medium HDL-P, small HDL-P, HDL size, 
HDL-phospholipid, HDL-triglyceride, HDL-C efflux 
capacity) with CAC incidence and density were investi-
gated. CAC incidence was only associated with medium 
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HDL-P (OR: 1.46 (1.12, 1.90), 0.006) and small HDL-P 
(OR: 0.76 (0.58, 1.01), 0.05). CAC density was not asso-
ciated with any HDL metric in the adjusted model [39]. 
The HDL content of triglyceride, phospholipid, total 
cholesterol, and esterified cholesterol of different HDL 
subclasses were also evaluated in a cross-sectional of 
Genetics of Atherosclerosis Disease study. The findings 
showed that HDL subclasses might be CAC markers, 
however, they do not support an association between 
lipoproteins and CAC scores [68]. Thus, there is a con-
troversy between the results of HDL particles and sub-
fractions with CAC. This is probably due to the absence 
of a unique gold standard to measure the functional and 
physical characteristics of HDL subfractions among stud-
ies. Lack of standard and easily applicable methods to 
analyze and detect HDL particles and subfractions, limits 
their clinical usefulness for the assessment of cardiovas-
cular risk. Therefore, further studies are needed to fully 
understand the impact of HDL subfractions and HDL-C 
in atherosclerotic CVD risk stratification in para clinics 
and different populations [69].

Strengths and limitations
This study had several strengths. First, this is the first sys-
tematic review and meta-analysis of HDL-C concentra-
tion and CAC in the literature. Second, it has replicable 
and extensive methods for searching the published lit-
erature. Third, a large sample size study was conducted, 
including 91,160 individuals from a wide region of Asia, 
Europe, and America in a cohort or cross-sectional 
design. Thus, a conclusive result with low bias and high 
precision was obtained for the general population in 
the current study. Finally, in addition to resolving the 
controversy between existing studies on the association 
between HDL-C level and CAC, this article reveals that 
HDL-C fails to predict the risk of CAC and should not be 
used as a biomarker or risk factor for CAC measurement 
and screening.

The present systematic review and meta-analysis has 
limitations. First, the included population were a wide 
range of healthy adults at baseline or a random sample 
of society with different ages and races. So, the hetero-
geneity among patients may affect how CAC is found 
to be linked with HDL-C. Moreover, 35 of the 38 stud-
ies were conducted in America and Asia, so the results 
of this meta-analysis may not be applied to other conti-
nents where different lifestyles and races would affect 
the association. Thus, it is uncertain whether the results 
are applicable to other ethnicities. Second, HDL-C lev-
els and CAC measurements reported in each included 
study were measured at different laboratory centers 
using different assay methods, equipment and experi-
mental kits. In addition, different cutoffs for HDL-C and 
CAC scores have been proposed. This may have caused 

inconsistencies in data interpretation. Third, most of 
the studies included in the meta-analysis were cross-
sectional in design and temporal or causal relationships 
between HDL-C and CAC incidence cannot be deter-
mined. Only four cohorts were eligible for the meta-
analysis and one study included only midlife women. 
Therefore, robust subgroup analysis was not feasible. 
Fourth, although multivariable adjustment was con-
ducted in all included studies, they were not justified for 
identical confounding factors and may lead to discrepan-
cies. However, we selected studies in meta-analysis that 
reported an estimate of OR for CAC adjusted at least for 
age and sex. In addition, all included studies are still sub-
jected to bias, because many unexpected and unknown 
confounding factors may exist. Finally, as mentioned 
above, all included studies in meta-analysis measured 
HDL-C content but did not represent the functionality of 
HDL in preventing CAC and atherosclerosis.

Conclusions
The present meta-analysis findings indicate that high 
HDL-C levels have no significant protective effects 
against CAC in cohort and cross-sectional studies. 
Accordingly, this analysis did not reveal a major role for 
HDL-C level in CAC. As a result, HDL-C concentration 
cannot be used as a predictor or risk factor to estimate 
the need for CAC measurement and screening. One rea-
son might be that crude measurement of total cholesterol 
content in HDL, such as HDL-C, does not represent the 
structure and function of HDL. This finding supports the 
concept that HDL quality, rather than quantity, is more 
important for certain aspects of atherogenesis and CAC. 
Standard measurement of HDL particles and subfrac-
tions and its association with CAC should be investigated 
in future large-scale prospective research to confirm 
these findings.
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