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Review

Introduction

	 Cardiovascular disease (CVD) is 
the leading cause of death worldwide.1 

In Sub-Saharan Africa, although the 
leading cause of death remains com-
municable diseases, the prevalence 
of CVD is increasing.1–3 Progressive 
changes in socioeconomic status and 
a Westernized lifestyle contribute to 
the burden of preventable CVD.4–6

	 Since first demonstrated in the 
Framingham Heart study, it is now 
generally accepted that high-density 
lipoprotein cholesterol levels (HDL-
C) are inversely correlated with 
CVD risk.7–9 Much of the benefits 
of HDL are thought to be related 
to its antiatherogenic functions in-
cluding reverse cholesterol efflux, 
anti-oxidative, anti-inflammatory 
and anti-thrombotic properties.10

	 Since HDL-C is traditionally 
believed to be an accurate risk fac-
tor for CVD, it is hypothesized 
that ethnic groups with lower risk 
of coronary artery disease and isch-
emic heart disease may then have 

higher HDL-C than their high-
er risk counterparts. Does this 
hold true in an African setting?

Ethnic Diversity in 
Cardiovascular Disease 
Risk

	 A systematic review of cardiovas-
cular risk factors in North Americans 
concluded that African American 
populations exhibit higher obesity, 
diabetes and high blood pressure 
than White American populations11 

resulting in a greater risk for coro-
nary artery disease, stroke and car-
diovascular outcomes than their 
White American counterparts.12–14 
The review attributes the higher risk 
in African Americans to poor socio-
economic status, lack of education 
and lack of access to adequate health 
care compared with White Ameri-
cans.15 Interestingly, the aforemen-
tioned factors would apply to most 
Black populations living in Africa. 
	 Despite possessing similar risk 
factors as African Americans, the 
Black Africans present with differ-
ent CVD compared with African 
Americans, most likely due to a dif-
ference in epidemiological transi-
tion between Africa and America. 
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Indeed, Black Africans present with 
higher blood pressure, diabetes mel-
litus, hypertension and cerebrovas-
cular disease, compared with their 
White counterparts.5,16–19 In con-
trast, coronary heart disease remains 
less common in Black African popu-
lations. Less than 10% of Black Af-
rican patients present with ischemic 
heart disease, a CVD much more 
routinely associated with White pa-
tients in developed countries.4,20–23 

Within South Africa, cholesterol-
attributable mortality was higher in 
White compared with Black popula-
tions, with only 1.8% mortality at-
tributable to ‘sub-optimal’ cholester-
ol levels in the South African Black 
population.24 Notably, the White Af-
rikaaner population in South Africa, 
for example, are affected by founder 
effects relating to genetic aberrations 
in genes encoding for low density li-
poprotein receptors, increasing their 
risk for ischemic heart disease.22,25

	 Despite these ethnic differences 
in CVD risk, there has been a no-
table rise in non-communicable 
diseases throughout Africa,5 which 
are largely driven by an aging pop-
ulation, urbanization, unhealthy 
diet and reduced levels of physi-
cal activity.4,5 These effects can be 
clearly “illustrated by the so-called 
immigrant” effect. For example, the 
prevalence of type 2 diabetes shows 
a rising gradient from Black Afri-
cans to African American and Af-
rican migrants.26 A comparison of 
local Cameroonians and migrants 
showed a younger age of diagnosis 
of type 2 diabetes in the migrant 
patients.27 This may be attributed to 
earlier diagnosis of metabolic disor-
ders, due to an improved access to 

health care, or may be due to marked 
changes in the socioeconomic envi-
ronment, including shifts in dietary 
intake toward a Westernized diet.27 
Conversely, access to drugs might 
improve some health outcomes. 
Notably, African diabetic migrants 
displayed greater HDL-C concentra-

Africa may be a result of distinct 
ethnic-specific lipid profiles. Popula-
tions of African descent have more 
favourable lipid profiles than White 
populations, characterized by lower 
total-cholesterol, LDL-cholesterol 
and triglycerides.20,28,29 It was also 
generally thought that the lower in-
cidence of coronary heart disease in 
Black African populations may be 
attributed to their greater HDL-C, 
which has been consistently shown 
in African American, compared with 
White Americans.30–32 Within Af-
rica, high HDL-C concentrations 
were associated almost exclusively 
with Black African populations.4,33–36 

For example, studies from the early 
1990s in South Africa indicated that 
the majority of the Black popula-
tion presented with high protective 
HDL-C/triglyceride ratios.34,35 How-
ever, recent South African studies 
from the last decade have shown that 
HDL-C does not differ in the Black 
population, compared with White 
and other ethnic groups. (Table 1)
	 In the Heart of Soweto study, 
Black African patients had signifi-
cantly lower total-cholesterol, LDL-
cholesterol and triglycerides com-
pared with Indian, White and mixed 
ethnic groups; however, HDL-C did 
not differ between ethnic groups.6 
Similarly in 2001, Punyadeera et al 
showed that South African White 
women presented with higher total 
cholesterol, triglycerides and LDL-
cholesterol concentrations than 
Black women, but HDL-C concen-
trations did not differ by ethnicity.37 
In contrast, Goedecke et al showed 
that Black women from the Western 
Cape region in South Africa pre-
sented with lower HDL-C than their 

Since HDL-C is 
traditionally believed to be 
an accurate risk factor for 
CVD, it is hypothesized 
that ethnic groups with 
lower risk of coronary 

artery disease and ischemic 
heart disease may then 
have higher HDL-C 
than their higher risk 
counterparts. Does this 
hold true in an African 

setting?

tions than matched African diabetic 
patients, most likely due to access 
to statin therapy, which is avail-
able in more developed countries.27

Protective Lipid 
Profiles in Black 
African Population

	 Differences in the susceptibil-
ity to cardiometabolic diseases in 
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White counterparts, despite lower 
triglycerides and total cholesterol.38 
This was further confirmed by Ell-
man et al in 2015, even after adjust-
ing for differences in total fat mass 
and visceral adipose tissue mass.39 
These studies consistently showed 
that HDL-C concentrations are sim-
ilar or lower in Black African women 
compared with White pre-meno-
pausal women. In their 2010 study, 
Nwagha et al found reduced HDL-
C concentrations in post-meno-
pausal Nigerian women compared 
with their pre-menopausal coun-
terparts; however, no ethnic com-
parisons have been made in African 
populations in this regard.40 There 
is an emerging body of evidence 
from population studies suggesting 
that any protective lipid profile in 
Black populations cannot be linked 
to a higher HDL-C, as previously 
shown in American populations.
	 The change in the HDL-C phe-
notype of Black African populations 
over the years may be attributed to 
changes in lifestyle and nutrition 
transition. Lower HDL-C concen-
trations are associated with obesity, 
cigarette smoking and sedentary 
behavior.41–43 Conversely, moderate 

exercise, adherence to the Mediter-
ranean diet and moderate alcohol 
consumption are associated with in-
creases in HDL-C.44–46 For example, 
a long-term lifestyle intervention 
program employing the Mediter-
ranean diet and exercise in patients 
with metabolic syndrome indi-
cated that HDL-C, independent of 
changes in other lipids, was raised 
in response to the intervention.47

	 These observations, however, 
are limited to the quantity of the 
HDL-C, which may not, in fact, 
confer reduced CVD risk. The valid-
ity of the relationship between total 
HDL-C levels and CVD risk has 
been questioned recently, with the 
disappointing results of the AIM-
HIGH48 and dal-OUTCOMES49 

trials. In both trials, drug treat-
ment increased HDL-C levels but 
failed to reduce cardiovascular risk 
or secondary outcomes. A possible 
explanation for these unexpected 
results may be a selective increase of 
particular HDL subclasses, which 
play functionally distinct roles. 
However, the contribution of in-
dividual HDL subclasses to HDL 
function is not yet fully understood. 
	 We postulate that a “protective 

lipid profile” observed in Black Af-
ricans may be related to the quality 
of the HDL rather than the quantity.

Quality over Quantity 
of HDL 

	 It is important to consider that 
the HDL particles themselves can be 
fully or partially loaded with choles-
terol, implying that functional HDL 
is not directly related to a measure 
of total HDL-C.50 Another impor-
tant consideration is that of dysfunc-
tional HDL. Dysfunctional HDL 
relates to a total loss of HDL func-
tion where the normal anti-athero-
genic lipoprotein starts displaying 
pro-atherogenic properties, often 
as a result of structural changes.51,52 
Accordingly, although two individu-
als may have equivalent quantities 
of HDL-C, the quality of an in-
dividual’s HDL may differ, conse-
quently affecting CVD risk profiles.
	 The quality of an individual’s 
HDL in this case refers to both the 
anti-atherogenic functionality and 
distribution of HDL subclasses (Fig-
ure 1). HDL displays a broad range 
of anti-atherosclerotic functions, the 

Table 1. Findings of South African population studies comparing HDL-C levels

Population Population age Sex (%) Finding Reference

Black, n=458 16-69 years Men (52%) and women 
(48%)

Protective high HDL/
triglyceride ratio in the 
majority of patients

Seedat et al34

Black, n=15;  White, 
n=14 Pre-menopausal Women

No difference in HDL-C 
values  across ethnicities

Punyadeera et al37

Black, n=1823; White, 
n=142; Mixed race, 
n=87; Indian, n=133

40-75 years Men (53%) and women 
(47%) Sliwa et al6

Black, n=28; White, n=28 18-45 years (pre-meno-
pausal) Women

HDL-C significantly lower 
in Black vs White women

Goedecke et al38

Black, n=209; White, 
n=234

18-45 years (pre-meno-
pausal) Women Ellman et al39
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most fundamental of which is reverse 
cholesterol efflux. Peripheral cells are 
unable to catabolize free cholesterol 
and as a means of attenuating cho-
lesterol cytoxicity, it is effluxed to 
carriers like HDL.53,54 HDL then de-
livers excess cholesterol to the liver 
where it is excreted into the bile.54 
While reverse cholesterol efflux is 
the primary and most well character-
ised function of HDL, many other 
functions have been demonstrated.
	 Most of the additional func-
tions of HDL center on control-
ling the pro-atherogenic influence 
of oxidized LDL (OxLDL). OxLDL 
increases the expression of mono-
cyte chemotactic protein, trigger-
ing inflammatory cell intrusion 
through the endothelial cell layer 
and the downstream formation of 
atherosclerotic plaques.55–57 HDL 
inhibit metal ion induced LDL oxi-
dation and performs antioxidant 
functions primarily by the paraox-

onase enzyme.58–62 HDL also per-
forms anti-inflammatory functions 
through inhibition of endothelium 
expressed monocyte adhesion mol-
ecules.63–65 HDL is a functionally 
diverse molecule, as summarized 
in Figure 1. While HDL function 
has been well characterized, new 
and accurate methods have allowed 
quantification of HDL subclasses.
	 Using agarose gel electropho-
resis, HDL can be separated into 
two distinct subclasses, HDL2 and 
HDL3.66–68 The two HDL subclasses 
differ on the basis of charge, size, 
composition and as shown recently, 
by functionality.66,69,70 It is a matter 
of extensive debate as to which of the 
subclasses, HDL2 or 3 is function-
ally superior.71 Epidemiological data 
suggest that CVD is associated with 
lower HDL2; however, preclini-
cal studies appear to indicate that 
HDL3 is functionally superior to 
HDL2.69,70,72–75 Due to the structural 

associations of HDL3 with antioxi-
dant enzymes, as well as sphingo-
sine-1-phosphate, a known cardio-
protective lipid, we propose that the 
smaller HDL3 serves as the superior 
HDL subclass.73,76,77 Certainly, in 
patients with myocardial infarction, 
long-term clinical events were as-
sociated with low levels of HDL3.78

	 New methods are now available 
to facilitate the quantification of 
HDL subclass distribution includ-
ing the Lipoprint system (Quan-
timetrix, Redondo Beach, CA).79 
Using this system, we have recently 
studied the HDL subclasses in an 
African population. Although our 
preliminary data did not high-
light a difference in HDL subclass 
distribution between Black and 
White South African women, a dif-
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Figure 1. Quality vs quantity of HDL
Despite equivalent concentrations of HDL-C, CVD risk may be different. This is related to improved HDL func-
tionality, namely reverse cholesterol efflux, antioxidative, anti-inflammatory, anti-thrombotic and anti-apoptotic 
functions. Decreased CVD risk may be associated with shifts in HDL subclass distribution, with decreased 
HDL2 and increased HDL3. Increased CVD risk may be associated with dysfunctional HDL and a reduction in 
sphingosine-1-phosphate (S1P) content.

The protective lipid profile 
associated with Black 

African populations does 
not include elevated 

HDL-C concentrations as 
originally thought.

ference in HDL antioxidant and 
anti-inflammatory activities was 
noted, with a better HDL protec-
tive profile for the Black population 
compared with White women.80 
In addition, obese women had de-
creased levels of large HDL com-
pared with their normal-weight 
counterparts.80 These preliminary 
data indicate the importance of a 
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focussed approach on HDL sub-
class and functionality, which may 
provide further novel insights into 
CVD risk in African populations. 

Conclusions

	 The protective lipid profile as-
sociated with Black African popu-
lations does not include elevated 
HDL-C concentrations as originally 
thought. Cardiovascular risk due 
to lifestyle changes is increasing in 
Black African populations, which 
may then contribute to lower HDL-
C concentrations. It is, however, un-
clear how this may relate to HDL 
functionality and subclass distribu-
tion. Failure of clinical trials to show 
a cardioprotective effect of raised 
HDL-C levels suggests that measure-
ment of total HDL-C alone is not a 
sufficient measure for assessment of 
CVD risk. It is therefore critical to 
consider the functionality of HDL 
as well as the distribution of HDL 
subclasses. Although HDL-C levels 
are similar or lower in Black African 
compared with White populations, 
differences in HDL subclass and 
superior HDL function may confer 
protection against coronary artery 
disease and ischemic heart disease in 
Black populations. In order to better 
understand why different ethnici-
ties are more susceptible to certain 
types of CVD, assessing the quality 
of HDL should be considered. Many 
of these techniques, while estab-
lished further afield, have not been 
used in an African setting and these 
are essential to our understanding of 
the role of HDL in preventing CVD 
and metabolic diseases in Africa.

Acknowledgments

	 Funded by the National Research 
Foundation, South African Medical Research 
Council and the University of Cape Town.

Conflict of Interest
	 No conflicts of interest to report. 

Author Contributions
	 Research concept and design: Woud-
berg, Goedecke, Lecour; Data analysis and 
interpretation: Goedecke; Manuscript draft: 
Woudberg, Lecour; Acquisition of funding: 
Lecour; Supervision: Goedecke, Lecour; 
Administrative: Goedecke

References
1.	 Collaborators G. Europe PMC Funders 

Group Global, regional, and national age-sex 
specific all-cause and cause-specific mortal-
ity for 240 causes of death, 1990-2013: a 
systematic analysis for the Global Burden of 
Disease Study 2013. 2015;385(9963):117-
171. doi:http://dx.doi.org/10.1016/S0140-
6736(14)61682-2.Global..

2.	 Moran A, Forouzanfar M, Sampson U, 
Chugh S, Feigin V, Mensah G. The epidemi-
ology of cardiovascular diseases in sub-
saharan Africa: the global burden of diseases, 
injuries and risk factors 2010 study. Prog 
Cardiovasc Dis. 2013;56(3):234-239. http://
dx.doi.org/10.1016/j.pcad.2013.09.019. 
PMID:24267430.

3.	 Mathers CD, Loncar D. Projections of global 
mortality and burden of disease from 2002 
to 2030. PLoS Med. 2006;3(11):e442. http://
dx.doi.org/10.1371/journal.pmed.0030442. 
PMID:17132052.

4.	 Akinboboye O, Idris O, Akinboboye O, 
Akinkugbe O. Trends in coronary artery dis-
ease and associated risk factors in sub-Saharan 
Africans. J Hum Hypertens. 2003;17(6):381-
387. http://dx.doi.org/10.1038/
sj.jhh.1001562. PMID:12764400.

5.	 Mayosi BM, Flisher AJ, Lalloo UG, Sitas F, 
Tollman SM, Bradshaw D. The burden of 
non-communicable diseases in South Africa. 
Lancet. 2009;374(9693):934-947. http://
dx.doi.org/10.1016/S0140-6736(09)61087-
4. PMID:19709736.

6.	 Sliwa K, Lyons JG, Carrington MJ, et al. 
Different lipid profiles according to ethnic-
ity in the Heart of Soweto study cohort 
of de novo presentations of heart disease. 
Cardiovasc J Afr. 2012;23(7):389-395. 
http://dx.doi.org/10.5830/CVJA-2012-036. 
PMID:22914997.

7.	 Assmann G, Schulte H, von Eckardstein 
A, Huang Y. High-density lipoprotein 
cholesterol as a predictor of coronary heart 
disease risk. The PROCAM experience 
and pathophysiological implications for 

reverse cholesterol transport. Atherosclerosis. 
1996;124(124)(suppl):S11-S20. http://
dx.doi.org/10.1016/0021-9150(96)05852-2. 
PMID:8831911.

8.	 Goldbourt U, Yaari S, Medalie JH. Isolated 
low HDL cholesterol as a risk factor for 
coronary heart disease mortality. A 21-year 
follow-up of 8000 men. Arterioscler Thromb 
Vasc Biol. 1997;17(1):107-113. http://
dx.doi.org/10.1161/01.ATV.17.1.107. 
PMID:9012644.

9.	 Gordon T, Castelli WP, Hjortland MC, 
Kannel WB, Dawber TR. High density lipo-
protein as a protective factor against coronary 
heart disease. The Framingham Study. Am 
J Med. 1977;62(5):707-714. http://dx.doi.
org/10.1016/0002-9343(77)90874-9. Share 
on mendeley.. PMID:193398.

10.	 Nofer J-R, Kehrel B, Fobker M, Levkau B, 
Assmann G, von Eckardstein A. HDL and 
arteriosclerosis: beyond reverse cholesterol 
transport. Atherosclerosis. 2002;161(1):1-
16. http://dx.doi.org/10.1016/S0021-
9150(01)00651-7. PMID:11882312.

11.	 Gasevic D, Ross ES, Lear SA. Ethnic differ-
ences in cardiovascular disease risk factors: 
a systematic review of North American 
evidence. Can J Cardiol. 2015;31(9):1169-
1179. http://dx.doi.org/10.1016/j.
cjca.2015.06.017. PMID:26239006.

12.	 McTigue KM, Chang Y-F, Eaton C, et 
al. Severe obesity, heart disease, and death 
among white, African American, and His-
panic postmenopausal women. Obesity (Silver 
Spring). 2014;22(3):801-810. http://dx.doi.
org/10.1002/oby.20224. PMID:24493096.

13.	 Lloyd-Jones D, Adams R, Carnethon M, et 
al. Heart disease and stroke statistics--2009 
update: a report from the American Heart 
Association Statistics Committee and 
Stroke Statistics Subcommittee. Circulation. 
2009;119. http://dx.doi.org/10.1161/CIR-
CULATIONAHA.108.191261.

14.	 Duke CMP, Plowden TC, Armstrong 
AY. Disparate cardiovascular and diabetic 
outcomes in young adult Black women: 
studies from across the globe. Curr Cardiovasc 
Risk Rep. 2012;6(3):251-258. http://dx.doi.
org/10.1007/s12170-012-0229-1.

15.	 Mensah GA, Mokdad AH, Ford ES, 
Greenlund KJ, Croft JB. State of dispari-
ties in cardiovascular health in the United 
States. Circulation. 2005;111(10):1233-
1241. http://dx.doi.org/10.1161/01.
CIR.0000158136.76824.04. 
PMID:15769763.

16.	 Chaturvedi N, McKeigue PM, Marmot 
MG. Resting and ambulatory blood pres-
sure differences in Afro-Caribbeans and 
Europeans. Hypertension. 1993;22(1):90-96. 
http://dx.doi.org/10.1161/01.HYP.22.1.90. 
PMID:8319998.

17.	 Cappuccio FP, Cook DG, Atkinson RW, 
Strazzullo P. Prevalence, detection, and 

http://dx.doi.org/10.1016/S0140-6736(14)61682-2.Global
http://dx.doi.org/10.1016/S0140-6736(14)61682-2.Global
http://dx.doi.org/10.1016/j.pcad.2013.09.019
http://dx.doi.org/10.1016/j.pcad.2013.09.019
http://www.ncbi.nlm.nih.gov/pubmed/24267430
http://dx.doi.org/10.1371/journal.pmed.0030442
http://dx.doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/pubmed/17132052
http://dx.doi.org/10.1038/sj.jhh.1001562
http://dx.doi.org/10.1038/sj.jhh.1001562
http://www.ncbi.nlm.nih.gov/pubmed/12764400
http://dx.doi.org/10.1016/S0140-6736(09)61087-4
http://dx.doi.org/10.1016/S0140-6736(09)61087-4
http://dx.doi.org/10.1016/S0140-6736(09)61087-4
http://www.ncbi.nlm.nih.gov/pubmed/19709736
http://dx.doi.org/10.5830/CVJA-2012-036
http://www.ncbi.nlm.nih.gov/pubmed/22914997
http://dx.doi.org/10.1016/0021-9150(96)05852-2
http://dx.doi.org/10.1016/0021-9150(96)05852-2
http://www.ncbi.nlm.nih.gov/pubmed/8831911
http://dx.doi.org/10.1161/01.ATV.17.1.107
http://dx.doi.org/10.1161/01.ATV.17.1.107
http://www.ncbi.nlm.nih.gov/pubmed/9012644
http://dx.doi.org/10.1016/0002-9343(77)90874-9
http://dx.doi.org/10.1016/0002-9343(77)90874-9
http://www.ncbi.nlm.nih.gov/pubmed/193398
http://dx.doi.org/10.1016/S0021-9150(01)00651-7
http://dx.doi.org/10.1016/S0021-9150(01)00651-7
http://www.ncbi.nlm.nih.gov/pubmed/11882312
http://dx.doi.org/10.1016/j.cjca.2015.06.017
http://dx.doi.org/10.1016/j.cjca.2015.06.017
http://www.ncbi.nlm.nih.gov/pubmed/26239006
http://dx.doi.org/10.1002/oby.20224
http://dx.doi.org/10.1002/oby.20224
http://www.ncbi.nlm.nih.gov/pubmed/24493096
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.191261
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.191261
http://dx.doi.org/10.1007/s12170-012-0229-1
http://dx.doi.org/10.1007/s12170-012-0229-1
http://dx.doi.org/10.1161/01.CIR.0000158136.76824.04
http://dx.doi.org/10.1161/01.CIR.0000158136.76824.04
http://www.ncbi.nlm.nih.gov/pubmed/15769763
http://dx.doi.org/10.1161/01.HYP.22.1.90
http://www.ncbi.nlm.nih.gov/pubmed/8319998


Ethnicity & Disease, Volume 26, Number 4, Autumn 2016558

Increased High-Density Lipoprotein Cholesterol in Black Women - Woudberg et al

management of cardiovascular risk factors 
in different ethnic groups in south London. 
Heart. 1997;78(6):555-563. http://dx.doi.
org/10.1136/hrt.78.6.555. PMID:9470870.

18.	 Golden SH, Brown A, Cauley JA, et al. 
Health disparities in endocrine disorders: bio-
logical, clinical, and nonclinical factors--an 
Endocrine Society scientific statement. J Clin 
Endocrinol Metab. 2012;97(9):E1579-E1639. 
http://dx.doi.org/10.1210/jc.2012-2043. 
PMID:22730516.

19.	 Fowkes FGR, Thorogood M, Connor MD, 
Lewando-Hundt G, Tzoulaki I, Tollman SM. 
Distribution of a subclinical marker of car-
diovascular risk, the ankle brachial index, in 
a rural African population: SASPI study. Eur 
J Cardiovasc Prev Rehabil. 2006;13(6):964-
969. http://dx.doi.org/10.1097/01.
hjr.0000201511.28590.9f. PMID:17143129.

20.	 Agyemang C, Addo J, Bhopal R, Aikins 
AG, Stronks K. Cardiovascular dis-
ease, diabetes and established risk fac-
tors among populations of sub-Saharan 
African descent in Europe: a literature 
review. Global Health. 2009;5(1):7. http://
dx.doi.org/10.1186/1744-8603-5-7. 
PMID:19671137.

21.	 Mayosi BM. Contemporary trends in the 
epidemiology and management of cardio-
myopathy and pericarditis in sub-Saharan 
Africa. Heart. 2007;93(10):1176-1183. 
http://dx.doi.org/10.1136/hrt.2007.127746. 
PMID:17890693.

22.	 Rossouw JE. Diet and heart disease in the 
1980s. S Afr Med J. 1983;64(12):437-442. 
PMID:6312616.

23.	 Sliwa K, Wilkinson D, Hansen C, et al. 
Spectrum of heart disease and risk factors 
in a black urban population in South Africa 
(the Heart of Soweto Study): a cohort study. 
Lancet. 2008;371(9616):915-922. http://
dx.doi.org/10.1016/S0140-6736(08)60417-
1. PMID:18342686.

24.	 Norman R, Bradshaw D, Steyn K, Gaziano 
T, Collaboration SACRA, South African 
Comparative Risk Assessment Collaborat-
ing Group. Estimating the burden of disease 
attributable to high cholesterol in South 
Africa in 2000. S Afr Med J. 2007;97(8 Pt 
2):708-715. http://dx.doi.org/10.1515/
REVEH.2010.25.2.87. PMID:17952228.

25.	 Steyn K, Goldberg YP, Kotze MJ, et al. 
Estimation of the prevalence of familial hy-
percholesterolaemia in a rural Afrikaner com-
munity by direct screening for three Afrikaner 
founder low density lipoprotein receptor gene 
mutations. Hum Genet. 1996;98(4):479-484. 
http://dx.doi.org/10.1007/s004390050243. 
PMID:8792826.

26.	 Mbanya JC, Cruickshank JK, Forrester T, 
et al. Standardized comparison of glu-
cose intolerance in west African-origin 
populations of rural and urban Cameroon, 
Jamaica, and Caribbean migrants to Britain. 

Diabetes Care. 1999;22(3):434-440. http://
dx.doi.org/10.2337/diacare.22.3.434. 
PMID:10097925.

27.	 Choukem SP, Fabreguettes C, Akwo E, et 
al. Influence of migration on characteristics 
of type 2 diabetes in sub-Saharan Africans. 
Diabetes Metab. 2014;40(1):56-60. http://
dx.doi.org/10.1016/j.diabet.2013.07.004. 
PMID:24076360.

28.	 Frank ATH, Zhao B, Jose PO, Azar KMJ, 
Fortmann SP, Palaniappan LP. Racial/
ethnic differences in dyslipidemia pat-
terns. Circulation. 2014;129(5):570-579. 
http://dx.doi.org/10.1161/CIRCULA-
TIONAHA.113.005757. PMID:24192801.

29.	 Sundquist J, Winkleby MA, Pudaric S. 
Cardiovascular disease risk factors among 
older black, Mexican-American, and white 
women and men: an analysis of NHANES 
III, 1988-1994. Third National Health and 
Nutrition Examination Survey. J Am Geriatr 
Soc. 2001;49(2):109-116. http://dx.doi.
org/10.1046/j.1532-5415.2001.49030.x. 
PMID:11207863.

30.	 Castelli WP, Doyle JT, Gordon T, et 
al. HDL cholesterol and other lipids 
in coronary heart disease. The coop-
erative lipoprotein phenotyping study. 
Circulation. 1977;55(5):767-772. http://
dx.doi.org/10.1161/01.CIR.55.5.767. 
PMID:191215.

31.	 Chaturvedi N, McKeigue PM, Marmot MG. 
Relationship of glucose intolerance to coro-
nary risk in Afro-Caribbeans compared with 
Europeans. Diabetologia. 1994;37(8):765-
772. http://dx.doi.org/10.1007/BF00404333. 
PMID:7988778.

32.	 Grundy SM, Arai H, Barter P, et al; Expert 
Dyslipidemia Panel of the International 
Atherosclerosis Society Panel members. An 
International Atherosclerosis Society Posi-
tion Paper: global recommendations for the 
management of dyslipidemia--full report. 
J Clin Lipidol. 2014;8(1):29-60. http://
dx.doi.org/10.1016/j.jacl.2013.12.005. 
PMID:24528685.

33.	 Alberts M, Urdal P, Steyn K, et al. Prevalence 
of cardiovascular diseases and associated 
risk factors in a rural black population of 
South Africa. Eur J Cardiovasc Prev Reha-
bil. 2005;12(4):347-354. http://dx.doi.
org/10.1097/01.hjr.0000174792.24188.8e. 
PMID:16079642.

34.	 Seedat YK, Mayet FG, Latiff GH, Joubert 
G. Risk factors and coronary heart disease in 
Durban blacks--the missing links. S Afr Med 
J. 1992;82(4):251-256. PMID:1411822.

35.	 Steyn K, Jooste PL, Bourne L, et al. Risk 
factors for coronary heart disease in the 
black population of the Cape Peninsula. The 
BRISK study. S Afr Med J. 1991;79(8):480-
485. PMID:2020891.

36.	 Sumner AE, Zhou J, Doumatey A, et al. Low 
HDL-Cholesterol with Normal Triglyceride 

Levels is the Most Common Lipid Pattern 
in West Africans and African Americans 
with Metabolic Syndrome: Implications 
for Cardiovascular Disease Prevention. 
CVD Prev Contr. 2010;5(3):75-80. http://
dx.doi.org/10.1016/j.cvdpc.2010.07.003. 
PMID:21113431.

37.	 Punyadeera C, van der Merwe MT, Crowther 
NJ, Toman M, Schlaphoff GP, Gray IP. 
Ethnic differences in lipid metabolism 
in two groups of obese South African 
women. J Lipid Res. 2001;42(5):760-767. 
http://dx.doi.org/10.1038/sj.ijo.0801660. 
PMID:11352983.

38.	 Goedecke JH, Utzschneider K, Faulenbach 
MV, et al. Ethnic differences in serum lipo-
proteins and their determinants in South Af-
rican women. Metabolism. 2010;59(9):1341-
1350. http://dx.doi.org/10.1016/j.
metabol.2009.12.018. PMID:20096899.

39.	 Ellman N, Keswell D, Collins M, Tootla M, 
Goedecke JH. Ethnic differences in the as-
sociation between lipid metabolism genes and 
lipid levels in black and white South African 
women. Atherosclerosis. 2015;240(2):311-317. 
http://dx.doi.org/10.1016/j.atherosclero-
sis.2015.03.027. PMID:25864161.

40.	 Nwagha UI, Ikekpeazu EJ, Ejezie FE, Neboh 
EE, Maduka IC. Atherogenic index of plasma 
as useful predictor of cardiovascular risk 
among postmenopausal women in Enugu, 
Nigeria. Afr Health Sci. 2010;10(3):248-252. 
http://dx.doi.org/10.4314/ahs.v10i3.62873. 
PMID:21327136.

41.	 Healy GN, Winkler E a H, Owen N, 
Anuradha S, Dunstan DW. Replacing sitting 
time with standing or stepping : associations 
with cardio-metabolic risk biomarkers. Eur 
Hear J Adv access. 2015. doi:http://dx.doi.
org/10.1093/eurheartj/ehv308.

42.	 Howard BV, Ruotolo G, Robbins DC. 
Obesity and dyslipidemia. Endocrinol Metab 
Clin North Am. 2003;32(4):855-867. http://
dx.doi.org/10.1016/S0889-8529(03)00073-
2. PMID:14711065.

43.	 Wilsgaard T, Arnesen E. Change in serum 
lipids and body mass index by age, sex, and 
smoking status: the Tromsø study 1986-
1995. Ann Epidemiol. 2004;14(4):265-
273. http://dx.doi.org/10.1016/j.annepi-
dem.2003.08.004. PMID:15066606.

44.	 Ellison RC, Zhang Y, Qureshi MM, Knox 
S, Arnett DK, Province MA; Investigators 
of the NHLBI Family Heart Study. Lifestyle 
determinants of high-density lipoprotein 
cholesterol: the National Heart, Lung, 
and Blood Institute Family Heart Study. 
Am Heart J. 2004;147(3):529-535. http://
dx.doi.org/10.1016/j.ahj.2003.10.033. 
PMID:14999205.

45.	 Hawley JA. Exercise as a therapeutic inter-
vention for the prevention and treatment 
of insulin resistance. Diabetes Metab Res 
Rev. 2004;20(5):383-393. http://dx.doi.

http://dx.doi.org/10.1136/hrt.78.6.555
http://dx.doi.org/10.1136/hrt.78.6.555
http://www.ncbi.nlm.nih.gov/pubmed/9470870
http://dx.doi.org/10.1210/jc.2012-2043
http://www.ncbi.nlm.nih.gov/pubmed/22730516
http://dx.doi.org/10.1097/01.hjr.0000201511.28590.9f
http://dx.doi.org/10.1097/01.hjr.0000201511.28590.9f
http://www.ncbi.nlm.nih.gov/pubmed/17143129
http://dx.doi.org/10.1186/1744-8603-5-7
http://dx.doi.org/10.1186/1744-8603-5-7
http://www.ncbi.nlm.nih.gov/pubmed/19671137
http://dx.doi.org/10.1136/hrt.2007.127746
http://www.ncbi.nlm.nih.gov/pubmed/17890693
http://www.ncbi.nlm.nih.gov/pubmed/6312616
http://dx.doi.org/10.1016/S0140-6736(08)60417-1
http://dx.doi.org/10.1016/S0140-6736(08)60417-1
http://dx.doi.org/10.1016/S0140-6736(08)60417-1
http://www.ncbi.nlm.nih.gov/pubmed/18342686
http://dx.doi.org/10.1515/REVEH.2010.25.2.87
http://dx.doi.org/10.1515/REVEH.2010.25.2.87
http://www.ncbi.nlm.nih.gov/pubmed/17952228
http://dx.doi.org/10.1007/s004390050243
http://www.ncbi.nlm.nih.gov/pubmed/8792826
http://dx.doi.org/10.2337/diacare.22.3.434
http://dx.doi.org/10.2337/diacare.22.3.434
http://www.ncbi.nlm.nih.gov/pubmed/10097925
http://dx.doi.org/10.1016/j.diabet.2013.07.004
http://dx.doi.org/10.1016/j.diabet.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/24076360
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005757
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005757
http://www.ncbi.nlm.nih.gov/pubmed/24192801
http://dx.doi.org/10.1046/j.1532-5415.2001.49030.x
http://dx.doi.org/10.1046/j.1532-5415.2001.49030.x
http://www.ncbi.nlm.nih.gov/pubmed/11207863
http://dx.doi.org/10.1161/01.CIR.55.5.767
http://dx.doi.org/10.1161/01.CIR.55.5.767
http://www.ncbi.nlm.nih.gov/pubmed/191215
http://dx.doi.org/10.1007/BF00404333
http://www.ncbi.nlm.nih.gov/pubmed/7988778
http://dx.doi.org/10.1016/j.jacl.2013.12.005
http://dx.doi.org/10.1016/j.jacl.2013.12.005
http://www.ncbi.nlm.nih.gov/pubmed/24528685
http://dx.doi.org/10.1097/01.hjr.0000174792.24188.8e
http://dx.doi.org/10.1097/01.hjr.0000174792.24188.8e
http://www.ncbi.nlm.nih.gov/pubmed/16079642
http://www.ncbi.nlm.nih.gov/pubmed/1411822
http://www.ncbi.nlm.nih.gov/pubmed/2020891
http://dx.doi.org/10.1016/j.cvdpc.2010.07.003
http://dx.doi.org/10.1016/j.cvdpc.2010.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21113431
http://dx.doi.org/10.1038/sj.ijo.0801660
http://www.ncbi.nlm.nih.gov/pubmed/11352983
http://dx.doi.org/10.1016/j.metabol.2009.12.018
http://dx.doi.org/10.1016/j.metabol.2009.12.018
http://www.ncbi.nlm.nih.gov/pubmed/20096899
http://dx.doi.org/10.1016/j.atherosclerosis.2015.03.027
http://dx.doi.org/10.1016/j.atherosclerosis.2015.03.027
http://www.ncbi.nlm.nih.gov/pubmed/25864161
http://dx.doi.org/10.4314/ahs.v10i3.62873
http://www.ncbi.nlm.nih.gov/pubmed/21327136
http://dx.doi.org/10.1093/eurheartj/ehv308
http://dx.doi.org/10.1093/eurheartj/ehv308
http://dx.doi.org/10.1016/S0889-8529(03)00073-2
http://dx.doi.org/10.1016/S0889-8529(03)00073-2
http://dx.doi.org/10.1016/S0889-8529(03)00073-2
http://www.ncbi.nlm.nih.gov/pubmed/14711065
http://dx.doi.org/10.1016/j.annepidem.2003.08.004
http://dx.doi.org/10.1016/j.annepidem.2003.08.004
http://www.ncbi.nlm.nih.gov/pubmed/15066606
http://dx.doi.org/10.1016/j.ahj.2003.10.033
http://dx.doi.org/10.1016/j.ahj.2003.10.033
http://www.ncbi.nlm.nih.gov/pubmed/14999205
http://dx.doi.org/10.1002/dmrr.505


Ethnicity & Disease, Volume 26, Number 4, Autumn 2016 559

Increased High-Density Lipoprotein Cholesterol in Black Women - Woudberg et al

org/10.1002/dmrr.505. PMID:15343584.
46.	 Siri-Tarino PW. Effects of diet on high-

density lipoprotein cholesterol. Curr 
Atheroscler Rep. 2011;13(6):453-460. http://
dx.doi.org/10.1007/s11883-011-0207-y. 
PMID:21901431.

47.	 Gomez-Huelgas R, Jansen-Chaparro S, 
Baca-Osorio AJ, Mancera-Romero J, 
Tinahones FJ, Bernal-López MR. Effects of 
a long-term lifestyle intervention program 
with Mediterranean diet and exercise for 
the management of patients with metabolic 
syndrome in a primary care setting. Eur J 
Intern Med. 2015;26(5):317-323. http://
dx.doi.org/10.1016/j.ejim.2015.04.007. 
PMID:25907985.

48.	 Boden WE, Probstfield JL, Anderson T, 
et al; AIM-HIGH Investigators. Niacin in 
patients with low HDL cholesterol levels 
receiving intensive statin therapy. N Engl 
J Med. 2011;365(24):2255-2267. http://
dx.doi.org/10.1056/NEJMoa1107579. 
PMID:22085343.

49.	 Schwartz GG, Olsson AG, Abt M, et al; 
dal-OUTCOMES Investigators. Ef-
fects of dalcetrapib in patients with a 
recent acute coronary syndrome. N Engl 
J Med. 2012;367(22):2089-2099. http://
dx.doi.org/10.1056/NEJMoa1206797. 
PMID:23126252.

50.	 Santos-Gallego CG. HDL: quality or quan-
tity? Atherosclerosis. 2015;243(1):121-123. 
http://dx.doi.org/10.1016/j.atherosclero-
sis.2015.08.027. PMID:26378719.

51.	 Kontush A, Chapman MJ. Function-
ally defective high-density lipoprotein: a 
new therapeutic target at the crossroads of 
dyslipidemia, inflammation, and athero-
sclerosis. Pharmacol Rev. 2006;58(3):342-
374. http://dx.doi.org/10.1124/pr.58.3.1. 
PMID:16968945.

52.	 Serban C, Muntean D, Mikhailids D, Toth 
P, Banach M. Dysfunctional HDL: the 
journey from savior to slayer. Clin Lipidol. 
2014;9(1):49-59. http://dx.doi.org/10.2217/
clp.13.83. 

53.	 Glomset JA. The plasma lecithins:cholesterol 
acyltransferase reaction. J Lipid Res. 
1968;9(2):155-167. PMID:4868699.

54.	 Rader DJ, Alexander ET, Weibel GL, Bill-
heimer J, Rothblat GH. The role of reverse 
cholesterol transport in animals and humans 
and relationship to atherosclerosis. J Lipid 
Res. 2009;50(suppl):S189-S194. http://
dx.doi.org/10.1194/jlr.R800088-JLR200. 
PMID:19064999.

55.	 Assmann G, Gotto AM Jr. HDL cholesterol 
and protective factors in atherosclerosis. Cir-
culation. 2004;109(23)(suppl 1):III8-III14. 
PMID:15198960.

56.	 Barter PJ, Nicholls S, Rye K-A, Anan-
tharamaiah GM, Navab M, Fogelman AM. 
Antiinflammatory properties of HDL. Circ 
Res. 2004;95(8):764-772. http://dx.doi.

org/10.1161/01.RES.0000146094.59640.13. 
PMID:15486323.

57.	 Yu X-H, Fu Y-C, Zhang D-W, Yin K, 
Tang C-K. Foam cells in atherosclerosis. 
Clin Chim Acta. 2013;424:245-252. http://
dx.doi.org/10.1016/j.cca.2013.06.006. 
PMID:23782937.

58.	 Durrington PN, Mackness B, Mackness MI. 
Paraoxonase and atherosclerosis. Arterioscler 
Thromb Vasc Biol. 2001;21(4):473-480. 
http://dx.doi.org/10.1161/01.ATV.21.4.473. 
PMID:11304460.

59.	 Hessler JR, Robertson AL Jr, Chisolm GM 
III. LDL-induced cytotoxicity and its inhibi-
tion by HDL in human vascular smooth 
muscle and endothelial cells in culture. 
Atherosclerosis. 1979;32(3):213-229. http://
dx.doi.org/10.1016/0021-9150(79)90166-7. 
PMID:223585.

60.	 Mackness MI, Arrol S, Durrington PN. 
Paraoxonase prevents accumulation of 
lipoperoxides in low-density lipoprotein. 
FEBS Lett. 1991;286(1-2):152-154. http://
dx.doi.org/10.1016/0014-5793(91)80962-3. 
PMID:1650712.

61.	 Navab M, Hama SY, Anantharamaiah 
GM, et al. Normal high density lipoprotein 
inhibits three steps in the formation of mildly 
oxidized low density lipoprotein: steps 2 
and 3. J Lipid Res. 2000;41(9):1495-1508. 
PMID:10974057.

62.	 Parthasarathy S, Barnett J, Fong LG. High-
density lipoprotein inhibits the oxidative 
modification of low-density lipoprotein. 
Biochim Biophys Acta - Lipids Lipid Metab. 
1990;1044:275-283.

63.	 Calabresi L, Gomaraschi M, Franceschini 
G. Endothelial protection by high-density 
lipoproteins: from bench to bedside. Arterio-
scler Thromb Vasc Biol. 2003;23(10):1724-
1731. http://dx.doi.org/10.1161/01.
ATV.0000094961.74697.54. 
PMID:12969988.

64.	 Cockerill GW, Rye K-A, Gamble JR, Vadas 
MA, Barter PJ. High-density lipoproteins 
inhibit cytokine-induced expression of 
endothelial cell adhesion molecules. Arterio-
scler Thromb Vasc Biol. 1995;15(11):1987-
1994. http://dx.doi.org/10.1161/01.
ATV.15.11.1987. PMID:7583580.

65.	 Gomaraschi M, Calabresi L, Rossoni G, et 
al. Anti-inflammatory and cardioprotec-
tive activities of synthetic high-density 
lipoprotein containing apolipoprotein 
A-I mimetic peptides. J Pharmacol Exp 
Ther. 2008;324(2):776-783. http://
dx.doi.org/10.1124/jpet.107.129411. 
PMID:18042829.

66.	 Asztalos BF, Tani M, Schaefer EJ. 
Metabolic and functional relevance of 
HDL subspecies. Curr Opin Lipidol. 
2011;22(3):176-185. http://dx.doi.
org/10.1097/MOL.0b013e3283468061. 
PMID:21537175.

67.	 Rosenson RS, Brewer HB Jr, Chapman MJ, 
et al. HDL measures, particle heterogene-
ity, proposed nomenclature, and relation 
to atherosclerotic cardiovascular events. 
Clin Chem. 2011;57(3):392-410. http://
dx.doi.org/10.1373/clinchem.2010.155333. 
PMID:21266551.

68.	 Williams PT, Krauss RM, Vranizan KM, Ste-
fanick ML, Wood PD, Lindgren FT. Associa-
tions of lipoproteins and apolipoproteins with 
gradient gel electrophoresis estimates of high 
density lipoprotein subfractions in men and 
women. Arterioscler Thromb. 1992;12(3):332-
340. http://dx.doi.org/10.1161/01.
ATV.12.3.332. PMID:1547192.

69.	 Davidson WS, Silva RA, Chantepie S, Lagor 
WR, Chapman MJ, Kontush A. Proteomic 
analysis of defined HDL subpopulations 
reveals particle-specific protein clusters: 
relevance to antioxidative function. Arte-
rioscler Thromb Vasc Biol. 2009;29(6):870-
876. http://dx.doi.org/10.1161/AT-
VBAHA.109.186031. PMID:19325143.

70.	 Camont L, Lhomme M, Rached F, et 
al. Small, dense high-density lipopro-
tein-3 particles are enriched in negatively 
charged phospholipids: relevance to cellular 
cholesterol efflux, antioxidative, antithrom-
botic, anti-inflammatory, and antiapoptotic 
functionalities. Arterioscler Thromb Vasc 
Biol. 2013;33(12):2715-2723. http://dx.doi.
org/10.1161/ATVBAHA.113.301468. 
PMID:24092747.

71.	 Superko HR, Pendyala L, Williams PT, 
Momary KM, King SB III, Garrett BC. 
High-density lipoprotein subclasses and 
their relationship to cardiovascular disease. 
J Clin Lipidol. 2012;6(6):496-523. http://
dx.doi.org/10.1016/j.jacl.2012.03.001. 
PMID:23312047.

72.	 Asztalos BF, Horvath KV, Kajinami K, et 
al. Apolipoprotein composition of HDL in 
cholesteryl ester transfer protein deficiency. 
J Lipid Res. 2004;45(3):448-455. http://
dx.doi.org/10.1194/jlr.M300198-JLR200. 
PMID:14657195.

73.	 Kontush A, Therond P, Zerrad A, et al. Pref-
erential sphingosine-1-phosphate enrichment 
and sphingomyelin depletion are key features 
of small dense HDL3 particles: relevance to 
antiapoptotic and antioxidative activities. Ar-
terioscler Thromb Vasc Biol. 2007;27(8):1843-
1849. http://dx.doi.org/10.1161/AT-
VBAHA.107.145672. PMID:17569880.

74.	 Musunuru K, Orho-Melander M, Caulfield 
MP, et al. Ion mobility analysis of lipoprotein 
subfractions identifies three independent axes 
of cardiovascular risk. Arterioscler Thromb 
Vasc Biol. 2009;29(11):1975-1980. http://
dx.doi.org/10.1161/ATVBAHA.109.190405. 
PMID:19729614.

75.	 Tian L, Li C, Liu Y, Chen Y, Fu M. The val-
ue and distribution of high-density lipopro-
tein subclass in patients with acute coronary 

http://dx.doi.org/10.1002/dmrr.505
http://www.ncbi.nlm.nih.gov/pubmed/15343584
http://dx.doi.org/10.1007/s11883-011-0207-y
http://dx.doi.org/10.1007/s11883-011-0207-y
http://www.ncbi.nlm.nih.gov/pubmed/21901431
http://dx.doi.org/10.1016/j.ejim.2015.04.007
http://dx.doi.org/10.1016/j.ejim.2015.04.007
http://www.ncbi.nlm.nih.gov/pubmed/25907985
http://dx.doi.org/10.1056/NEJMoa1107579
http://dx.doi.org/10.1056/NEJMoa1107579
http://www.ncbi.nlm.nih.gov/pubmed/22085343
http://dx.doi.org/10.1056/NEJMoa1206797
http://dx.doi.org/10.1056/NEJMoa1206797
http://www.ncbi.nlm.nih.gov/pubmed/23126252
http://dx.doi.org/10.1016/j.atherosclerosis.2015.08.027
http://dx.doi.org/10.1016/j.atherosclerosis.2015.08.027
http://www.ncbi.nlm.nih.gov/pubmed/26378719
http://dx.doi.org/10.1124/pr.58.3.1
http://www.ncbi.nlm.nih.gov/pubmed/16968945
http://dx.doi.org/10.2217/clp.13.83
http://dx.doi.org/10.2217/clp.13.83
http://www.ncbi.nlm.nih.gov/pubmed/4868699
http://dx.doi.org/10.1194/jlr.R800088-JLR200
http://dx.doi.org/10.1194/jlr.R800088-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/19064999
http://www.ncbi.nlm.nih.gov/pubmed/15198960
http://dx.doi.org/10.1161/01.RES.0000146094.59640.13
http://dx.doi.org/10.1161/01.RES.0000146094.59640.13
http://www.ncbi.nlm.nih.gov/pubmed/15486323
http://dx.doi.org/10.1016/j.cca.2013.06.006
http://dx.doi.org/10.1016/j.cca.2013.06.006
http://www.ncbi.nlm.nih.gov/pubmed/23782937
http://dx.doi.org/10.1161/01.ATV.21.4.473
http://www.ncbi.nlm.nih.gov/pubmed/11304460
http://dx.doi.org/10.1016/0021-9150(79)90166-7
http://dx.doi.org/10.1016/0021-9150(79)90166-7
http://www.ncbi.nlm.nih.gov/pubmed/223585
http://dx.doi.org/10.1016/0014-5793(91)80962-3
http://dx.doi.org/10.1016/0014-5793(91)80962-3
http://www.ncbi.nlm.nih.gov/pubmed/1650712
http://www.ncbi.nlm.nih.gov/pubmed/10974057
http://dx.doi.org/10.1161/01.ATV.0000094961.74697.54
http://dx.doi.org/10.1161/01.ATV.0000094961.74697.54
http://www.ncbi.nlm.nih.gov/pubmed/12969988
http://dx.doi.org/10.1161/01.ATV.15.11.1987
http://dx.doi.org/10.1161/01.ATV.15.11.1987
http://www.ncbi.nlm.nih.gov/pubmed/7583580
http://dx.doi.org/10.1124/jpet.107.129411
http://dx.doi.org/10.1124/jpet.107.129411
http://www.ncbi.nlm.nih.gov/pubmed/18042829
http://dx.doi.org/10.1097/MOL.0b013e3283468061
http://dx.doi.org/10.1097/MOL.0b013e3283468061
http://www.ncbi.nlm.nih.gov/pubmed/21537175
http://dx.doi.org/10.1373/clinchem.2010.155333
http://dx.doi.org/10.1373/clinchem.2010.155333
http://www.ncbi.nlm.nih.gov/pubmed/21266551
http://dx.doi.org/10.1161/01.ATV.12.3.332
http://dx.doi.org/10.1161/01.ATV.12.3.332
http://www.ncbi.nlm.nih.gov/pubmed/1547192
http://dx.doi.org/10.1161/ATVBAHA.109.186031
http://dx.doi.org/10.1161/ATVBAHA.109.186031
http://www.ncbi.nlm.nih.gov/pubmed/19325143
http://dx.doi.org/10.1161/ATVBAHA.113.301468
http://dx.doi.org/10.1161/ATVBAHA.113.301468
http://www.ncbi.nlm.nih.gov/pubmed/24092747
http://dx.doi.org/10.1016/j.jacl.2012.03.001
http://dx.doi.org/10.1016/j.jacl.2012.03.001
http://www.ncbi.nlm.nih.gov/pubmed/23312047
http://dx.doi.org/10.1194/jlr.M300198-JLR200
http://dx.doi.org/10.1194/jlr.M300198-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/14657195
http://dx.doi.org/10.1161/ATVBAHA.107.145672
http://dx.doi.org/10.1161/ATVBAHA.107.145672
http://www.ncbi.nlm.nih.gov/pubmed/17569880
http://dx.doi.org/10.1161/ATVBAHA.109.190405
http://dx.doi.org/10.1161/ATVBAHA.109.190405
http://www.ncbi.nlm.nih.gov/pubmed/19729614


Ethnicity & Disease, Volume 26, Number 4, Autumn 2016560

Increased High-Density Lipoprotein Cholesterol in Black Women - Woudberg et al

syndrome. PLoS One. 2014;9(1):e85114. 
http://dx.doi.org/10.1371/journal.
pone.0085114. PMID:24465490.

76.	 Frias MA, Lecour S, James RW, Pedretti 
S. High density lipoprotein/sphingosine-1-
phosphate-induced cardioprotection: role 
of STAT3 as part of the SAFE pathway. 
JAK-STAT. 2012;1(2):92-100. http://dx.doi.
org/10.4161/jkst.19754. PMID:24058758.

77.	 Kimura T, Sato K, Kuwabara A, et al. 
Sphingosine 1-phosphate may be a major 
component of plasma lipoproteins respon-
sible for the cytoprotective actions in human 
umbilical vein endothelial cells. J Biol 
Chem. 2001;276(34):31780-31785. http://
dx.doi.org/10.1074/jbc.M104353200. 
PMID:11427538.

78.	 Martin SS, Khokhar AA, May HT, et al; Li-
poprotein Investigators Collaborative (LIC). 
HDL cholesterol subclasses, myocardial 
infarction, and mortality in secondary preven-
tion: the Lipoprotein Investigators Col-
laborative. Eur Heart J. 2015;36(1):22-30. 
http://dx.doi.org/10.1093/eurheartj/ehu264. 
PMID:24980493.

79.	 Filippatos TD, Liberopoulos EN, Kosta-
panos M, et al. The effects of orlistat and 
fenofibrate, alone or in combination, on 
high-density lipoprotein subfractions and 
pre-beta1-HDL levels in obese patients 
with metabolic syndrome. Diabetes Obes 
Metab. 2008;10(6):476-483. http://dx.doi.
org/10.1111/j.1463-1326.2007.00733.x. 
PMID:17459096.

80.	 Woudberg NJ, Goedecke JH, Blackhurst 
D, et al. Association between ethnicity 
and obesity with high-density lipoprotein 
(HDL) function and subclass distribution. 
Lipids Health Dis. 2016;15(1):92. http://
dx.doi.org/10.1186/s12944-016-0257-9. 
PMID:27169717.

http://dx.doi.org/10.1371/journal.pone.0085114
http://dx.doi.org/10.1371/journal.pone.0085114
http://www.ncbi.nlm.nih.gov/pubmed/24465490
http://dx.doi.org/10.4161/jkst.19754
http://dx.doi.org/10.4161/jkst.19754
http://www.ncbi.nlm.nih.gov/pubmed/24058758
http://dx.doi.org/10.1074/jbc.M104353200
http://dx.doi.org/10.1074/jbc.M104353200
http://www.ncbi.nlm.nih.gov/pubmed/11427538
http://dx.doi.org/10.1093/eurheartj/ehu264
http://www.ncbi.nlm.nih.gov/pubmed/24980493
http://dx.doi.org/10.1111/j.1463-1326.2007.00733.x
http://dx.doi.org/10.1111/j.1463-1326.2007.00733.x
http://www.ncbi.nlm.nih.gov/pubmed/17459096
http://dx.doi.org/10.1186/s12944-016-0257-9
http://dx.doi.org/10.1186/s12944-016-0257-9
http://www.ncbi.nlm.nih.gov/pubmed/27169717

