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BACKGROUND: Recent research has raised questions about the assumed cardiovascular (CV) benefits 
of high-density lipoprotein cholesterol (HDL-C) and the potential for adverse outcomes with extremely 
high levels. 

OBJECTIVE: We conducted a meta-analysis to investigate the association between very high HDL-C 

levels ( ≥80 mg/dL) and mortality outcomes in individuals without coronary artery disease (CAD). 
METHODS: We systematically searched PubMed, Embase, and Cochrane databases for studies com- 

paring very high HDL-C levels to normal levels (40–60 mg/dL) in CAD-free individuals. We assessed 
heterogeneity using I2 statistics with a random-effects model. 

RESULTS: Our analysis included 1,004,584 individuals from 8 studies, of whom 133,646 (13.3 %) 
had very high HDL-C levels. All-cause mortality did not significantly differ between groups ( p = 0.55), 
nor did cancer mortality ( p = 0.45). Cardiovascular mortality showed no change in those with very high 
HDL-C (HR 1.05; 95 % CI 0.94–1.17; p = 0.37). Fatal and non-fatal coronary heart disease events were 
less frequent in the very high HDL-C group (HR 0.79; 95 % CI 0.73–0.86; p < 0.00001). Subgroup dose- 
response analysis revealed that very high HDL-C levels increased cardiovascular death in women above 
116 mg/dL (HR 1.47; 95 % CI 1.01–2.15) and in men above 94 mg/dL (HR 1.29; 95 % CI 1.01–1.65) 
( p_nonlinearity < 0.01). 

CONCLUSIONS: These findings suggest that very high HDL-C levels are not protective against car- 
diovascular mortality and may, in fact, increase CV mortality risk specially in men. 

Abbreviations: CAD, coronary artery disease; CHD, coronary heart disease; CV, cardiovascular; CVD, cardiovascular disease; EPCs, Endothelial progenitor 
cells; HDL-C, high-density lipoprotein cholesterol; HR, Hazard ratio; LDL-C, Low-density lipoprotein cholesterol; LLAs, Lipids-lowering agents; PROSPERO, 
International Prospective Register of Systematic Reviews; QUIPs, Quality In Prognosis Studies. 
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Introduction 

High-density lipoprotein cholesterol (HDL-C) is respon-
sible for transporting excess cholesterol from peripheral tis-
sues and delivering it to the liver, so it can be excreted or
reused, a process known as reverse cholesterol transport. 1

Historically, HDL-C has been considered a protective fac-
tor against cardiovascular (CV) events, particularly coronary
heart disease (CHD), for its anti-atherogenic nature, 2 earn-
ing it the moniker “good cholesterol”. However, attempts to
reduce CV mortality by pharmacologically increasing HDL-
C levels have proven unsuccessful. 3 Recent studies have also
raised concerns about adverse outcomes associated with very
high HDL-C levels. 4 

A prior meta-analysis 5 has been published evaluating the
relation between HDL-C levels and mortality from all causes,
cardiovascular disease (CVD) and cancer in the general pop-
ulation. This study included in the baseline characteristics
people with a history of CHD, a very significant risk fac-
tor for both all-cause and cardiovascular mortality. Thus, a
precise correlation cannot be made from the exposure to the
outcomes. Furthermore, they only considered values above
100 mg/dL as a high HDL-C level in the mortality endpoint.

The present systematic review and meta-analysis aimed
to determine the impact of very high levels of HDL-C
( ≥80 mg/dL) in mortality and CV events compared to nor-
mal levels (40–60 mg/dL) in patients without coronary heart
disease. 

Materials and methods 

Search strategy and eligibility 

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement guidelines (Supplemental
Methods 1 and 2). 6 Studies were included if they met the
following eligibility criteria: 1) observational studies (case-
control, prospective and retrospective cohort studies); 2)
compare individuals with very high HDL-C ( ≥ 80 mg/dL)
to those with HDL-C between 40 and 60 mg/dL; 3) en-
roll patients or general population free of coronary artery
disease (CAD); 4) have a follow-up period of at least 5
years; and 5) report any of the outcomes of interest. We
excluded duplicated studies or overlapping patient popula-
tions, as well as studies involving patients with a history
of CAD, and those lacking adequate information on out-
comes. This meta-analysis was registered in the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42023426606). Detailed search terms are available in
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
Supplemental Methods 3. Article selection was undertaken
independently by two reviewers (I.M. and M.A.P.B.). Dis-
agreements were resolved by consensus. 

Data source 

Queries of literature were performed using electronic
databases Embase, Cochrane Central Register of Controlled
Trials, and Medline (PubMed). The search included all sub-
mitted articles until 16th May 2023 without restriction to
submission date, type of study, or language. Systematic re-
views and meta-analyses were also evaluated to identify
other relevant studies that were eventually missing by using
search terms. 

Data extraction 

Baseline characteristics reported in Tables 1 and 2 were
independently extracted by two authors (I.M. and O.C.M.)
and outcome data were independently extracted by four au-
thors (I.M., M.A.P.B., R.B.S.F., and O.C.M.). Inconsisten-
cies were resolved by discussion along with other two au-
thors (M.C.F.S., and A.E.O.F.). Extracted data included (1)
author; (2) study design; (3) number of patients; (4) sex dis-
tribution; (5) mean age; (6) mean body mass index (BMI);
(7) proportion of patients with diabetes; (8) proportion of pa-
tients with hypertension; (9) proportion of smokers; (10) pro-
portion of participants taking lipid-lowering agents (LLAs);
(11) mean triglycerides levels; (12) mean total cholesterol
levels; (13) mean Low-density lipoprotein cholesterol (LDL-
C) levels; (14) mean HDL-C levels; (15) follow-up; (16) clin-
ical outcomes; and (17) adverse events. Data were extracted
and recorded on an Excel template. 

Quality assessment 

Based on the Quality In Prognosis Studies (QUIPs) tool, 7

two reviewers (I.M. and M.A.P.B.) independently assessed
the quality of included studies. Each study was evaluated
for a high, low, or moderate risk of bias across six domains:
participation, attrition, prognostic factor measurement, out-
come measurement, confounding, and statistical analysis and
reporting. Discrepancies were resolved through discussion.
To assess for evidence of publication bias, funnel plots were
used. Egger’s regression test could not be performed due to
the limited number of included studies ( n < 10). 

Data synthesis and statistical analyses 

Primary endpoints were (1) all-cause mortality and (2)
cardiovascular mortality, as per the individual articles’ def-
initions (see Supplemental Methods 4). CV mortality en-
 levels and mortality: A systematic review and meta-analysis, Journal of 
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Table 1 Baseline characteristics of included studies. 

Study N VH/NL Age a ,y 
VH/NL 

Men,% 

VH/NL 
BMI a , kg/m2 

VH/NL 
DM,% 

VH/NL 
HTN,% 

VH/NL 
Smoker b ,% 

VH/NL 
Follow-up 

Hamer 2018 13 4259/16,141 50.1/45.5 c 19.4/56.8 c 24.8/27.4 c NA NA 17.8/25.9 c 326,016 p-y 
Hirata 2018 14 1922/23,793 55.1/57.3 40.1/48.9 21.3/23.4 4.0/4.7 32.1/37.2 20.4/26.8 126,481 p-y 
Ko 2016 15 43,896/326,888 58.3/57.2 14.8/48.8 NA 9.1/20.8 35.0/44.9 15.2/16.0 4.9 ± 0.4 y a 

Kobayashi 
2019 16 

11,646/34,102 46.1/45.7 17.0/70.4 NA 0.8/2.6 4.6/9.2 8.1/22.5 1746 (740–3113) 
d a 

Liu 2022 17 28,638/219,191 57.6/ 56.2 12.8/52.9 24.3/28.1 1.7/4.9 19.3/22.7 NA 9.0 y a 

Madsen 2017 4 25,629/41,294 60.6/56.2 21.5/58.3 23.9/27.7 2.6/5.0 NA 15.8/22.2 745,452 p-y 
Wilkins 2014 18 1508/11,871 58.4/57.4 16.3/46.8 24.1/26.9 3.2/6.5 17.7/22.2 27.3/30.7 307,245 p-y 
Yang 2021 19 16,148/197,658 57.8/58.9 35.8/54.4 22.8/24.3 8.7/14.2 35.2/42.8 11.9/17.7 6.0 (5.2–6.4) y a 

BMI = Body Mass Index; d = days; DM = Diabetes mellitus; HTN = Hypertension; y = years; N = number of participants; NA = not available; 
NL = Normal high-density lipoprotein cholesterol group; p- y = person-years; VH = Very high-density lipoprotein cholesterol group; 
a mean or median 
b Current smoker. 
c Includes individuals with CVD at baseline. 

Table 2 Baseline lipid profile of included studies. 

Study TG a , mg/dL VH/NL TC a , mg/dL VH/NL LDL-C a , mg/dL VH/NL HDL-C a , mg/dL VH/NL Taking LLAs,% VH/NL 

Hamer 2018 13 NA 230.8/ 212.7 b NA NA NA 

Hirata 2018 14 NA 223.0/202.6 NA 88.2/ 49.5 NA 

Ko 2016 15 78.4/ 137.2 222.3/ 199.4 114.9/121.8 91.8/ 50.2 NA 

Kobayashi 2019 16 60.8/ 119.9 104.2/ 122.5 NA NA 2.6/ 77.9 
Liu 2022 17 92.7/ 165.1 248.3/ 218.7 138.6/140.4 89.6/ 50.2 NA 

Madsen 2017 4 90.2/ 156.9 NA 117.2/130.1 90.6/ 48.7 10.0/ 11.7 
Wilkins 2014 18 104.2/ 159.1 223.7/ 215.6 113.3/140.5 92.2/ 49.7 NA 

Yang 2021 19 85.1/ 130.3 219.9/ 198.7 113.1/121.1 87.9/ 48.7 18.2/ 16.4 

HDL-C = high density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; LLA = Lipid-lowering agent; NA = not available; NL = Nor- 
mal high-density lipoprotein cholesterol group; TG = Triglycerides; TC = total cholesterol; VH = Very high-density lipoprotein cholesterol group. 
a mean or median. 
b Includes individuals with CVD at baseline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

compassed death from heart diseases, essential hypertension,
hypertensive renal disease, cerebrovascular diseases, and
peripheral vascular disease. Secondary endpoints were (1)
cancer mortality and (2) Coronary heart disease events, with
CHD events defined in accordance with each article’s spec-
ifications (see Supplemental Methods 5). Hazard ratio (HR)
was used as a common measure to assess association be-
tween HDL-C levels and adverse outcomes. Multivariate ad-
justed HR values were employed to control for covariates
such as age, sex, body mass index (BMI), smoking, alco-
hol intake, hypertension, non-HDL-C cholesterol, and use of
LLAs (see Supplemental Methods 6). We assessed statistical
heterogeneity using Hedges Q statistic and I2 statistic, with
significance set at p < 0.10 and I2 ≥ 25.0 %. 

For studies whose authors reported risk estimates strat-
ified by different quantiles of HDL-C and had reference
groups different from 40 to 60 mg/dL group, Orsini’s 8 

method was used to convert reference groups. If studies re-
ported risk estimates by sex or quantiles of HDL-C, a fixed-
effects model was used to pool the stratum data for the main
analysis, provided the reference category was identical in
subgroups. A random-effects model was employed to com-
bine hazard ratios and 95 % CIs. Subsequently, we generated
forest plots for each of the endpoints. 
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
Dichotomous variables were reported as percentages,
while continuous variables were reported as mean and stan-
dard deviation or median (interquartile range). In cases where
baseline characteristics were provided as median and in-
terquartile range, the method provided by Wan et al. 9 was
used to convert them to mean and standard deviation. For
studies that reported mean and standard deviation from in-
dependent non-overlapping groups, Cochrane Handbook for
Systematic Reviews of Interventions’ 10 formulae for com-
bining summary statistics across two groups was utilized. 

We conducted subgroup analyses to investigate how sex
might influence the relationship between HDL-C levels and
mortality. We conducted a dose-response meta-analysis to
examine sex differences on mortality, and used this method
as a sensitivity analysis to explore the link between CHD
events and HDL-C levels. Given the uncertainty regard-
ing the shape of the dose-response curve, we initially ex-
plored both linear and non-linear patterns (quadratic and re-
stricted cubic spline mode), opting for the model with the
lowest Akaike’s information criterion (AIC). 11 Ultimately,
quadratic model was selected and a pnon-linearity was ob-
tained. 

We established criteria to determine dose values when
only ranges were available: if the smallest dose group be-
 levels and mortality: A systematic review and meta-analysis, Journal of 
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Fig. 1 PRISMA Flow Diagram of study screening and selec- 
tion. The search across Embase, PubMed, and Cochrane yielded 
1707 studies; 46 underwent full-text review based on inclusion and 
exclusion criteria. Ultimately, 8 studies were included in the meta- 
analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gan with an open range, we set the dose as the median of
that group, assuming a starting point of zero. For closed dose
group ranges, we set the dose as the median. If the largest
dose group ended with an open range, we calculated the dose
by adding the difference between the median of the previous
dose group and its starting value to the beginning value of
the last group. 12 

Additional sensitivity analyses were conducted to assess
the robustness of our findings. These included investigat-
ing heterogeneity and the reliability of aggregated results
through fixed-effects models, various exclusion criteria, and
stepwise omission of individual studies. Due to limited data
on other outcomes, these analyses primarily focused on all-
cause and CV mortality. 

All data analyses were carried out using Review Man-
ager 5.4 (Nordic Cochrane Centre, Cochrane Collaboration,
Copenhagen, Denmark) and R software version 4.3.2 (R
Foundation, Viena, Austria) was used for the dose-response
analysis. 

Results 

Initially, 1707 citations were identified, with an additional
26 from backward snowballing. After excluding duplicates,
1330 articles remained. We excluded 1310 based on title and
abstract and another 38 after full-text evaluation ( Fig. 1 ). Ul-
timately, 8 studies were included, 4 , 13–19 involving 1004,584
individuals, including 133,646 (13.3 %) with HDL-C levels
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
≥ 80 mg/dL. Baseline characteristics and lipid profiles are
in Tables 1 and Table 2 . Detailed breakdowns for men and
women are available in the supplementary materials (Supple-
mental Table 1 and Supplemental Table 2 for baseline charac-
teristics, and Supplemental Table 3 and Supplemental Table
4 for lipid profiles). 

All-cause mortality 

The analysis revealed no significant difference in all-
cause mortality between individuals with very high and nor-
mal HDL-C levels (HR 1.03; 95 % CI 0.94–1.13; p = 0.55; I2

71 %; Fig. 2 A). Subgroup analysis by gender also revealed
no significant variations, but no further increase in protec-
tion, for HDL-C levels ≥ 80 mg/dL among men (HR 0.97;
95 % CI 0.87–1.08 for 80 mg/dL; Fig. 2 B) or for HDL-C
levels ≥ 90 mg/dL women (HR 0.94; 95 % CI 0.82–1.07;
Fig. 2 C) (all pnon-linearity < 0.01). 

Cardiovascular mortality 

The examination of cardiovascular mortality revealed no
significant distinctions among individuals with very high
HDL-C levels compared to those with normal HDL-C levels
(HR 1.05; 95 % CI 0.94–1.17; p = 0.37; I2 44 %; Fig. 3 A).
However, in a dose-response meta-analysis stratifying by
gender revealed a significantly elevated CV mortality in men
with HDL-C levels above 94 mg/dL (HR 1.29; 95 % CI 1.01–
1.65; Fig. 3 B), while in women such significancy appeared
for women values above 116 mg/dL (HR 1.47; 95 % CI 1.01–
2.15; Fig. 3 C) (all pnon-linearity < 0.01). 

Secondary outcomes 

CHD events were less frequent in the very high HDL-C
group (HR 0.79; 95 % CI 0.73–0.86; p < 0.00001; I2 0 %;
Fig. 4 ). Albeit, a dose-response analysis demonstrated no fur-
ther protection for HDL-C values over 126 mg/dL (HR 0.55;
95 % CI 0.29–1.01; Supplemental Fig. 1). Moreover, there
were no significant differences in cancer mortality between
groups, whether analyzed in men (HR 1.02; 95 % CI 0.81–
1.29; p = 0.85; I2 65 %; Supplemental Fig. 2), women (HR
0.86; 95 % CI 0.64–1.15; p = 0.30; I2 86 %; Supplemental
Fig. 2), or the overall population (HR 0.93; 95 % CI 0.77–
1.12; p = 0.45; I2 80 %; Supplemental Fig. 2). 

Quality assessment 

Quality assessment using the QUIPs tool indicated no
studies at high risk of bias (Supplemental Figure 3). Four
studies had an overall moderate risk of bias: one due to
insufficient information on prognostic factor measurement
method, two due to inadequate outcome measurement, and
one due to confounding factors. There was no definitive evi-
dence of publication bias in the funnel plot for CV mortality
(Supplemental Figure 4). Nevertheless, the funnel plot for
all-cause mortality showed an asymmetrical inverted shape
(Supplemental Figure 5). 
 levels and mortality: A systematic review and meta-analysis, Journal of 
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Fig. 2 All-cause mortality between Very high and Normal HDL-C groups. A) Forest plot illustrating all-cause mortality in relation to 
HDL-C levels across six studies within the entire cohort. There is no significant all-cause mortality difference between very high and normal 
HDL-C levels ( p = 0.55). B) Gender-specific analysis involving five studies reveals no statistically significant association in men C) or in 
women. HDL = High-density lipoprotein cholesterol. 

Fig. 3 Cardiovascular mortality in Very high HDL-C vs. Normal HDL-C levels. A) Forest plot depicting the link between cardiovascular 
mortality and HDL-C levels across six studies within the entire cohort. No distinction exists in cardiovascular death outcomes between very 
high and normal HDL-C levels ( p = 0.37). B) Gender-specific analysis across five studies also indicates a higher risk of fatal cardiovascular 
outcomes in men with very high HDL-C ( ≥ 94 mg/dL),C) and in women ( ≥ 116 mg/dL). HDL = High-density lipoprotein cholesterol. 

 

 

 

 

 

 

 

 

 

 

Discussion 

Recent advances in observational data have enabled re-
searchers to explore potential non-linear relationships be-
tween HDL-C levels and all-cause mortality. This explo-
ration indicates that both low and high levels of HDL-C may
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
have adverse effects. The initial two studies with such data
were published in 2016. 15 , 20 Our meta-analysis reveals that,
in comparison to normal HDL-C levels, very high levels are
not associated with increased all-cause mortality in the gen-
eral population. However, significant gender-specific dispar-
ities emerge. Among women, only very high HDL-C levels
 levels and mortality: A systematic review and meta-analysis, Journal of 
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Fig. 4 Risk of coronary heart disease events in Very high HDL-C vs. Normal HDL-C. Forest plot displaying the risk of coronary 
heart disease events connected to HDL-C levels across three studies. HDL-C levels ≥ 80 mg/dL significantly protect against CHD events 
( p < 0.00001). HDL = High-density lipoprotein cholesterol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≥ 116 mg/dL increase cardiovascular mortality compared to
normal levels. In contrast, men with HDL-C levels exceed-
ing 94 mg/dL face a 29 % increased risk of cardiovascular
mortality. 

All-cause mortality 

In our analysis of six studies, no significant association
was found between HDL-C levels above 80 mg/dL and in-
creased all-cause mortality. A previous dose-response meta-
analysis 5 reported a non-linear inverse association between
HDL-C levels and all-cause mortality, suggesting a J-shaped
curve. Their analysis included patients with a history of CAD
at baseline, a recognized high-risk population. Furthermore,
mortality was only observed in individuals with HDL-C lev-
els above 100 mg/dL. In contrast, such an effect did not man-
ifest within our study. 

Significant heterogeneity was present in our data, with
sensitivity analyses (Supplemental Table 5) suggesting a
study 

17 with moderate risk of bias due to incomplete in-
formation on prognostic factor measurement as a possible
source. 

Additionally, the funnel plot analysis revealed mild visual
asymmetry, suggesting potential bias. However, this asym-
metry might result from heterogeneity between studies rather
than publication bias. 21 Limited study numbers can mis-
lead visual assessments of funnel plots, lacking the statistical
power to distinguish between publication bias and genuine
heterogeneity. Therefore, it is important not to hastily con-
clude that the asymmetry indicates publication bias, 22 as true
between-study heterogeneity is likely the underlying cause. 

Cardiovascular risk 

Literature findings on cardiovascular risk are conflicting.
While some studies have not demonstrated an association be-
tween higher HDL-C levels and CV mortality, 14 , 15 , 19 others
suggested an increased risk, particularly in men. 4 , 17 How-
ever, very high HDL-C levels have shown a protective effect
against fatal and non-fatal CHD events. 16 , 18 , 19 

HDL particles, with cholesterol at their core and sur-
rounded by phospholipids, free cholesterol, and various
apolipoproteins such as Apolipoprotein A-I (apoA1) and
apoA2, are crucial for lipid metabolism and cardiovascu-
lar health. They help maintaining blood vessels integrity
and prevent the formation of atherosclerotic plaques, which
are implicated in cardiovascular diseases like heart attacks
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
and strokes, often triggered by oxidized LDL cholesterol.
Beyond cholesterol transport, HDL-C facilitates reverse
cholesterol transport, reduces inflammation, combats oxida-
tive stress, and supports endothelial cell health. Moreover,
HDL particles have vasodilatory, anti-clotting, and immune-
modulating properties. 23 However, while an increase in HDL
concentration may enhance these protective functions, any
dysfunction in its structure can compromise its activities. 

Our analysis indicates that very high HDL-C levels (be-
tween ≥80 mg/dL and < 126 mg/dL) offer protection against
fatal and non-fatal CHD events combined but not against car-
diovascular mortality, especially in men. Notably, they not
only fail to provide further protection in women and men at
these levels when stratified by sex, but also increase risk in
men and women when above 94 mg/dL and 116 mg/dL, re-
spectively. Intriguingly, this risk escalates with even higher
HDL-C levels, as corroborated by our dose-response analy-
sis. This implies that factors beyond fatal CHD events, such
as cerebrovascular incidents and increased carotid intima-
media thickness (a predictor for CV risk), may contribute to
the nonprotection observed in CV mortality. 

Indeed, studies have found associations between elevated
HDL-C levels and ischemic 14 , 24 and/or hemorrhagic 25 cere-
brovascular events, which are not included in the CHD out-
come, as it only considers heart related occurrences. This
may be a contributing factor to the disparities between CHD
events and CV mortality. 

Furthermore, the relationship between HDL-C and CVD
is complex and controversial, partly due to the diverse ar-
ray of HDL subspecies, each with varying surface proteins
impacting thrombosis, inflammation, immunity, and lipid
metabolism. While some HDL subspecies offer protection
against CVD, others may contribute to adverse cardiovascu-
lar outcomes. For instance, HDL containing complement C3
or alpha-2-Macroglobulin is associated with a higher risk of
CVD, whereas HDL containing apoC1 or apoE is linked to a
lower risk. 26 

Notably, the studies by Kobayashi 16 and Wilkins 18 only
evaluated CHD occurrence and were thus included in the
CHD events analysis, while Yang’s study 

19 overlapped be-
tween both outcomes. Moreover, none of the articles evalu-
ated HDL subspecies, leaving the intricate interplay between
HDL subspecies as another possible contributing factor to the
contradictory findings observed in studies exploring the as-
sociation between HDL-C and CHD risk. 

Regarding gender disparities, hormonal variations may
play a significant role. For instance, a study revealed that el-
 levels and mortality: A systematic review and meta-analysis, Journal of 
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evating HDL-C levels before the final menstrual period was
associated with reduced progression in Carotid Intima-Media
Thickness, whereas increasing HDL-C during menopause
was linked to greater progression. This suggests that HDL
particles may undergo changes in their anti-atherogenic
properties during the menopausal transition, potentially in-
fluenced by complement C3 protein levels, which tend
to be higher in postmenopausal women compared to pre-
menopausal women. 27 

In addition, in individuals with notably high levels of
HDL, the content of HDL phospholipids and cholesterol ef-
flux capacity (CEC) play significant roles in the develop-
ment of CAD and the occurrence of CHD events, with find-
ings pointing towards reduced CEC and phospholipids con-
tent in patients with very high HDL and CAD. 28 The clin-
ical importance of HDL CEC has been underscored by nu-
merous studies, which have demonstrated an inverse correla-
tion between CEC and the prevalence of atherosclerosis, as
well as the incidence of cardiovascular events. Importantly,
this relationship has been observed independently of plasma
HDL-C levels. 29 Thus, it is plausible to consider that vari-
ations in phospholipid content and CEC among the stud-
ies included in the analysis may contribute to the observed
differences in cardiovascular mortality and CHD event
outcomes. 

The mechanisms underlying the discovery that very high
HDL-C levels were linked to an increased mortality remain
unclear. One possibility is that relying solely on a basic as-
sessment of HDL-C levels might be insufficient. It is believed
that measuring the functional activity of HDL could offer a
more effective approach to predicting mortality risk, 30 as in
individuals with very high HDL-C levels, there is a likeli-
hood that both the structure and functionality of high-density
lipoprotein are compromised, leading to dysfunctional high-
density lipoprotein that might pose harm rather than provid-
ing benefits. 31 

The reverse remnant-cholesterol transport hypothesis fur-
ther elucidates the relationship between plasma HDL-C lev-
els and cardiovascular disease, proposing that hindered trans-
fer of free cholesterol from triglyceride-rich lipoprotein rem-
nants to HDL impedes cholesterol transport to the liver. This
impairment is evident in individuals with both low and very
high HDL-C levels. 32 

Endothelial dysfunction and injury, pivotal in atheroscle-
rotic lesion, contribute to cardiovascular disease progression.
Although HDL supports endothelial progenitor cells (EPCs),
elevated HDL levels can impair EPCs and angiogenesis via
Rho-associated kinase pathways, diminishing HDL’s protec-
tive effects. This has been further associated with HDL dys-
function particles. Thus, these pathological mechanisms cor-
roborate that serum levels of HDL alone do not fully capture
cholesterol flux. 33 

Examining HDL subclasses could provide valuable in-
sights. For example, Martin et al. 34 analyzed HDL2-C
(larger, more buoyant) and HDL3-C (smaller, denser) sub-
classes in two cohorts for secondary prevention. Individu-
als with lower HDL3-C had an over 50 % increased risk of
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mortality and myocardial infarction, highlighting the poten-
tial value of subclassifying HDL. We hypothesize that ele-
vated HDL-C levels could serve as a compensatory mech-
anism aimed at mitigating the potential adverse effects of
impaired HDL function, thereby attempting to maintain its
overall action in the body. 

Moreover, there are various factors known to elevate HDL
concentrations, including chronic alcoholism, oral estrogen
replacement therapy, regular aerobic exercise, and medi-
cation regimens involving niacin, statins, or fibrates. 35 Al-
though the studies cited are predominantly observational in
nature, efforts were made to adjust statistical analyses for
these factors. Additionally, elevated HDL-C levels may be
attributed to specific genetic variants associated with ad-
verse health outcomes. Mutations in genes involved in HDL
metabolism, such as APOA1, 36 Scavenger receptor class B
type I (SCARB1), 37 Lipase C (LIPC), 38 and Cholesteryl Es-
ter Transfer Protein (CETP), 39 can disrupt the synthesis, mat-
uration, and functionality of HDL particles, impacting their
atheroprotective properties. 

For instance, apoA1 overproduction resulting from
APOA1 mutations is associated with reduced cardiovascu-
lar risk, despite elevated HDL-C. Conversely, the SCARB1
(P376L) SNP, linked to significantly elevated HDL-C levels,
paradoxically increases the risk of CHD, potentially due to
compromised reverse cholesterol transport. 

Therefore, future studies should consider women age and
menopause status when evaluating HDL. Furthermore, fur-
ther research is needed in the development and standardiza-
tion of methodologies for fractionating HDLs based on their
functional and genetic properties. This would enable a more
comprehensive investigation into the potential role of very
high HDL-C levels in mortality risk and contribute to the
advancement of targeted therapies. Although the association
between HDL CEC, HDL phospholipid content and cardio-
vascular outcomes is now established, fewer therapeutic tri-
als interpolating theses three factors have obtained success.
Currently, development of infusion preparations of apoA1 to
improve CEC is under investigation. 40 

Finally, it is important to highlight the need for gender-
specific definitions for normal and elevated HDL-C, as seen
in individuals studies. 4 , 18 In our dose-response analysis,
40 mg/dL served as the reference for men, and 50 mg/dL for
women. Extremely high levels were identified as 94 mg/dL
for men and 116 mg/dL for women. 

Despite the presence of moderate heterogeneity concern-
ing cardiovascular mortality, our sensitivity analyses (Sup-
plemental Table 6) have drawn attention to the potential con-
tribution of study, 17 characterized by a moderate risk of bias
due to insufficient information regarding the measurement
method of the prognostic factor. 

Cancer death 

Aligned with individual studies, 4 , 15 , 19 our analysis did
not find an association between very high HDL-C levels
and cancer mortality, even in subgroup analyses by sex.
 levels and mortality: A systematic review and meta-analysis, Journal of 
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These findings suggest that elevated levels of HDL-C do not
serve as either a protective or a risk factor for cancer-related
mortality. 

Limitations 

Firstly, our findings were derived from study-level data,
which precluded us from conducting an analysis of compet-
ing risk for cause-specific mortality to evaluate its potential
impact on the results or implementing individual-level ad-
justments or stratification of the outcomes. 

Secondly, while we extracted the most adjusted risk esti-
mates for our analyses, residual confounding may still have
influenced our pooled outcomes. Factors such as the presence
of familial hypercholesterolemia or the use of statins could
have acted as confounding variables in the association be-
tween HDL-C and mortality. Additionally, another limitation
of our study is the insufficient availability of major baseline
biological and clinical characteristics (such as age, smoking
status, presence of diseases, lipid levels and menopause sta-
tus for women) across a significant portion of the included
studies. This lack of data may have constrained our ability
to thoroughly analyze and adjust for potential confounding.
Moreover, our analysis was further hindered by the scarcity
of studies that incorporated these variables into their adjust-
ments, which could leave our results vulnerable to residual
confounding effects. 

Thirdly, we observed both funnel plot asymmetry and sig-
nificant heterogeneity in the all-cause mortality outcome.
These observations raise concerns about the potential for
publication bias and the reliability of the pooled results.
However, we identified heterogeneity as the possible source
of such asymmetry and explored its sources through sensi-
tivity analyses. Clinical and methodological heterogeneity
is commonplace in meta-analyses, particularly those involv-
ing observational studies. 21 Lastly, it is important to note
that our study encompassed a limited number of studies
about HDL-C levels, cancer mortality, and CHD events. As
a result, the associated outcomes should be interpreted with
caution and necessitate validation through future large-scale
studies. 

Conclusions 

In summary, individuals with very high HDL-C levels do
not demonstrate reduced all-cause or cardiovascular mortal-
ity compared to those with normal levels. Nevertheless, sig-
nificant gender-specific disparities exist, with men facing an
increased risk of cardiovascular mortality at HDL-C above
94 mg/dL and women at 116 mg/dL. These findings hold
substantial clinical significance, considering the routine use
of HDL-C measurements for cardiovascular risk assessment.
Further research is needed to investigate the interplay be-
tween HDL-modulating therapies and mortality risks associ-
ated with high HDL-C levels. Additionally, exploring HDL
subclasses and genetic variants, as well as excluding patients
Please cite this article as: Mamede et al, Association between very high HDL-C
Clinical Lipidology, https://doi.org/10.1016/j.jacl.2024.06.002 
with known dyslipidemia, may offer valuable insights into
the intricate and multifaceted relationship between HDL-C
and mortality risk. 
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