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Abstract
South Asians (SAs) account for a quarter of the world’s population and are one of the fastest-growing immigrant groups in 
the United States (US). South Asian Immigrants (SAIs) are disproportionately more at risk of developing cardiovascular 
disease (CVD) than other ethnic/racial groups. Atherosclerosis is a chronic inflammatory disorder and is the major cause of 
CVD. Traditional CVD risk factors, though important, do not fully explain the elevated risk of CVD in SAIs. High-density 
lipoproteins (HDLs) are heterogeneous lipoproteins that modify their composition and functionality depending on physiologi-
cal or pathological conditions. With its cholesterol efflux, anti-inflammatory, and antioxidant functions, HDL is traditionally 
considered a protective factor for CVD. However, its functions can be compromised under pathological conditions, such as 
chronic inflammation, making it dysfunctional (Dys-HDL). SAIs have a high prevalence of type 2 diabetes and metabolic 
syndrome, which may further promote Dys-HDL. This review explores the potential association between Dys-HDL and 
CVD in SAIs and presents current literature discussing the role of Dys-HDL in CVD.
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Introduction

South Asians (SAs) account for a quarter of the world’s pop-
ulation and represent the largest non-white ethnic group in 
the United Kingdom and Canada, constituting approximately 
5% of each country’s total population [1–3]. South Asian 
Immigrants (SAIs) are individuals originating from the 
Indian subcontinent (India, Pakistan, Bangladesh, Nepal, the 
Maldives, Bhutan, and Sri Lanka) [4]. In the United States 
(US), the 3.5 million SAIs are the second-largest immigrant 
group, representing 8.2% of the migrant population [5]. The 
SA American community grew nearly 40% from 2010 to 
2017 [6]. Additionally, there was a 72% increase in undocu-
mented SA Indian Americans between 2010 and 2017 [7]. 
With the rapidly increasing SAI population in the Western 

world, there is an exigent need to closely explore the health 
issues and monitor disease prevalence.

The death toll due to cardiovascular disease (CVD), 
including coronary artery disease (CAD), remains high, 
even in nations with advanced medical care systems. CVD is 
the leading cause of mortality in both developed and devel-
oping countries and remains a common cause of mortality 
in the US during the COVID-19 pandemic [8, 9]. Unfor-
tunately, SAs have higher rates of CVD and experience 
adverse effects related to CVD at younger ages (< 40 years) 
compared to other ethnic groups [10–14]. According to 
the INTERHEART study, deaths due to acute myocardial 
infarction (AMI) in SAs occur 5–10 years earlier than in 
western populations. Also, SA men encountering AMI were 
5.6 years younger than women [13]. Studies examining CVD 
prevalence in SAs in the US have found a three times higher 
risk for this group than the national average [15]. A Nor-
wegian study comparing CVD risk factors between SAIs, 
ethnic Norwegians, and other immigrants indicated the high-
est risk of CVD belonged to SAIs [16]. In an analysis of 
10.4 million US deaths, the mortality burden due to CVD as 
determined by proportional mortality ratio (PMR) was the 
highest among Asian Indian men and women [17]. Another 
study conducted in California also showed the highest PMR 
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among Indian men and women compared to five other ethnic 
groups [18]. The INTERHEART study showed traditional 
risk factors account for 75% of CVD [19]. Although hyper-
tension, age, obesity, type 2 diabetes (T2D), and dyslipi-
demia may partly explain CVD burden, current studies do 
not explain why SAIs experience increased prevalence and 
worse outcomes than other populations. Even after adjust-
ment for traditional risk factors, SAs are associated with 
an increased risk of CVD outcomes [20]. Thus, there is an 
urgent need to explore additional ethnicity-specific factors 
further to explain disease prevalence.

High-density lipoprotein (HDL) has been known for its 
protective effects against CVD and is traditionally consid-
ered a marker for risk prediction [21–23]. The CVD protec-
tion by HDL is through several functions, including choles-
terol efflux, anti-inflammatory, antioxidant, antithrombotic, 
and antiapoptotic properties [24, 25]. However, HDL may 
lose its anti-atherosclerotic properties and instead develop 
pro-inflammatory functions, leading to the formation of dys-
functional HDL (Dys-HDL) [26–28]. Thus, HDL quantity 
and functionality are not necessarily related, which calls for 
further exploration of the role of HDL functionality in con-
tributing to CVD [22]. Because one-third of SAs have low 
levels of HDL (< 40 mg/dL) and are prone to developing 
CVD, more research needs to be done within this popula-
tion to understand other possible differences in HDL, such 
as size, anti-inflammatory function, and genetic variability 
[14] [29].

Additionally, risk scoring methods, traditionally used to 
assess CVD risk in Caucasians, do not accurately estimate 
risk in SAIs. These scoring methods are likely to under-
estimate or overestimate the SAI population’s scores [30]. 

Furthermore, current treatment recommendations for CVD, 
such as medication and exercise, tend to follow western 
guidelines [29]. According to general guidelines, the stand-
ard low-density lipoprotein (LDL) lowering therapies may 
not always improve outcomes in this ethnic group as these 
levels may be “normal” [31]. Thus, the current management 
of CVD risk remains unclear in SAIs. In this review, we 
discuss the potential role of Dys-HDL in explaining the high 
prevalence of CVD in SAIs and explore existing literature 
discussing this possible association.

Roles of HDL in Protecting Against CVD

HDL has traditionally been shown to have CVD protective 
effects [23, 32, 33] (Fig. 1). HDL has a reverse cholesterol 
efflux function, which allows the particle to maintain cholesterol 
homeostasis. The process of cholesterol efflux is when excess 
cholesterol is transferred from cells, mainly macrophages, to 
HDL particles, which helps promote atherosclerotic plaque 
regression [34]. HDL carries out this function primarily through 
the ATP Binding Cassette Transporter A1 (ABCA1), which pro-
motes plaque regression and reduces plaque stability [35–37] 
(Fig. 2). Furthermore, HDL impedes oxidative changes in 
LDL, preventing LDL-induced monocyte adherence and even-
tual plaque formation [23]. HDL particles also have a vasodi-
latory effect on vascular endothelium in hypercholesterolemic 
men [36]. This vasodilatory effect is explained by the ability 
of HDL particles to induce the phosphorylation of endothelial 
nitric oxide synthase (eNOS) and thus stimulate subsequent 
nitric oxide production. In addition to cholesterol efflux and anti-
oxidative effects, HDL particles also have anti-inflammatory 

Fig. 1  Protective effects of HDL 
against CVD (Abbreviations: 
HDL: high-density lipoprotein; 
NO: nitric oxide; LPS: lipopoly-
saccharide; figure derived from 
[38]) [38]
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effects that decrease adhesion molecules on endothelial cells. 
Specifically, HDL may lower the expression of vascular cell 
adhesion molecule 1 (VCAM-1) in plaques. These particles 
may also inhibit chemokines’ expression, promoting monocyte 
infiltration through direct disturbance of transcription factors 
[23]. These anti-atherogenic effects on the molecular level may 
contribute to clinical health outcomes and CVD risk.

Pathophysiology of Dys‑HDL

Although HDL has been linked with decreased CVD risk, 
merely increasing HDL levels may not significantly reduce 
CVD events. For instance, niacin significantly increases 
HDL by 20–25% but fails to demonstrate any long-term 
benefit for the prevention of CVD events in randomized 
control trials [42]. Failure of similar therapies that increase 
HDL levels called for further research into the molecular 
pathways that affect HDL functionality [32]. Lipid peroxi-
dation products such as myeloperoxidase or malondialde-
hyde may impair HDL cholesterol efflux capacity and lead 
to Dys-HDL formation, which becomes ineffective as an 
anti-inflammatory agent and appears to be pro-inflammatory 
[21, 27]. The pro-inflammatory effects may be explained 

by altered protein composition, containing increased levels 
of serum amyloid A and ceruloplasmin, proteins known to 
be active in acute-phase inflammatory reactions [26]. This 
points to the possibility that the intrinsic anti-atherosclerotic 
abilities of the HDL particles that are present may be more 
important than the sheer amount of HDL in the body.

Another possible theory for HDL to become dysfunc-
tional is the alteration of ApoA1. ApoA1 is the main protein 
responsible for maintaining the antioxidant function of HDL 
[43]. Dodani et al. identified six novel Single Nucleotide 
Polymorphisms (SNPs) of APOA1 in SAIs with sub-clinical 
CAD: three were correlated with metabolic syndrome (MS) 
and one with low HDL levels [11, 44] (see the “Genetics” 
section). These polymorphisms may relate to Dys-HDL 
in SAIs, predisposing them to CAD risk [43]. Dys-HDL 
inhibits HDL-associated antioxidant enzymes, thus block-
ing ApoA1’s effects of promoting cholesterol efflux. As a 
result, this increases the formation of LDL-derived oxidized 
lipids [23]. A small cross-sectional study between healthy 
subjects and stable CAD patients indicated that HDL in 
healthy patients inhibited endothelial superoxide production, 
increased eNOS mechanistic pathways, and promoted nitric 
oxide production for endothelial repair. These characteristics 
were absent in CAD patients [21]. In addition to functional 

Fig. 2  Schematic diagram of the pathways involved with HDL-medi-
ated cholesterol efflux: passive diffusion of FC from the macrophage 
with subsequent esterification by LCAT; transport of cholesterol 
to HDL particles via the SR-BI transporter on the vessel surface; 
ABCA1 transporter on the macrophages which mobilizes free cho-
lesterol and phospholipids to lipid-poor ApoA1; cholesterol from 
macrophages and other tissues are stored in mature particles known 
as alpha-HDL; LXRs are nuclear receptors induced in response to 
elevated levels of cholesterol; Excess cellular cholesterol can be 
converted to 27 hydroxycholesterol via the 27 hydroxylase enzyme, 

which binds to LXR (after dimerizing to RXR); LXR-RXR dimer can 
then bind the LXRE promoter element and increase the expression 
of the ABCA1 and SR-BI transporters; the presence of PL enables 
HDL to solubilize and transport unesterified FC released from cells 
(Abbreviations: SR-BI: Scavenger Receptor Class B Type I, ABCA1: 
Adenosine Triphosphate-Binding Cassette Transporter A1; FC: free 
cholesterol; LCAT: Lecithin Cholesterol Acyltransferase; LXR: Liver 
X Receptor; RXR: Retinoic X Receptor; LXRE: LXR Response Ele-
ment; PL: phospholipid; figure derived from [39]) [39–41]
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changes, structural properties may also play a role in caus-
ing Dys-HDL.

HDL size may contribute to CVD risk as larger HDL par-
ticles are associated with cardioprotective effects, whereas 
smaller HDL particles are linked to decreased cardiac pro-
tection [45, 46]. A clinical trial measuring lipid parameters 
was conducted between Asian Indian men and Caucasian 
men from the Framingham Offspring Study. Results indi-
cated that despite HDL concentrations being similar between 
the two groups, there were increased concentrations of small 
HDL particles compared to large HDL particles in Asian 
Indian men [47]. Thus, HDL size may have a direct effect 
on lipid metabolism. Larger HDL particles, particularly a 
subfraction of HDL known as HDL2b, are more efficient 
in reverse cholesterol transport [48]. Studies show that lev-
els of HDL2b are lower among Asian Indians compared to 
non-Asian Indians, suggesting impaired reverse cholesterol 
transport in SAs [48]. Inefficient cholesterol efflux due to 
small HDL size may potentially explain why SAs experi-
ence a weaker association between CVD and HDL levels 
compared to other ethnicities.

Dys‑HDL in SAIs

The number of clinical studies exploring the association 
between Dys-HDL and CVD in SAIs is limited. One cross-
sectional study used the HDL inflammatory index (HII) to 
look at 30 SAIs and determined that 50% had Dys-HDL 
(HII ≥ 1.00) [28, 49]. The study also used Carotid Intima-
Media Thickness (CIMT) as a surrogate for atherosclerotic 
disease and found 41.4% of subjects had evidence of sub-
clinical CAD (CIMT ≥ 0.80 mm). Notably, the participants 
selected did not have clinical CAD but were considered high 
risk. Among the subjects, 42.9% of SAIs with ≥ 40 mg/dL 
of HDL had Dys-HDL compared to 7.1% with ≤ 40 mg/
dL [28]. Another study conducted on 130 first-generation 
SAIs showed that Dys-HDL, as determined by the HII, was 
significantly correlated with CIMT after adjusting for age, 
hypertension, and family history of CVD [11]. Thus, these 
studies further demonstrate that HDL levels alone may not 
be the best predictor for atherosclerotic disease and could 
be used in conjunction with functionality to better predict 
future risk [11, 50].

The functionality of HDL particles may differ among 
SAs compared to other ethnic groups. One study com-
pared HDL functions in SAIs to Caucasian subjects in 
three different age groups (neonates, adolescents, adults). 
After subjecting the adult group to a high-calorie diet, 
the anti-oxidative capacity of HDL was impaired in SAs 
compared to their Caucasian counterparts [51]. In addi-
tion, anti-inflammatory capacity was impaired among SA 
neonates and was affected by an 8-day low-calorie diet in 

adult SAs only. Cholesterol efflux capacity was similar 
between both ethnicities, but HDL’s ability to prevent LDL 
oxidation was impaired in adult SAI males compared to 
Caucasian males [51]. These results suggest that even if 
the HDL’s cholesterol efflux capacity is unaffected, cer-
tain ethnic groups, such as SAIs, may have impairment in 
other HDL functions, which can lead to disease progres-
sion. This concept of Dys-HDL may explain the higher 
risk of CVD seen in this ethnic group, and thus, it may be 
a significant risk factor to consider in clinical therapy for 
these patients. However, studies with larger sample sizes 
are needed to better delineate the causes of Dys-HDL to 
demonstrate its clinical utility.

Role of Metabolic Syndrome in Dys‑HDL

The underlying factors that lead to CVD also contribute 
to the high prevalence of metabolic disorders such as 
MS and T2D [44, 52, 53]. For instance, determinants of 
T2D and MS include insulin resistance and clustering 
of other pro-atherogenic factors due to lifestyle shifts, 
urbanization, diet, and possibly genetics. A randomized 
population-based study of SAIs in the US showed a T2D 
prevalence of 17.4%, which was significantly higher 
when compared to Hispanic whites (7.8%) and non-
Hispanic blacks (13%) [54]. A study has also indicated 
high glucose intolerance and decreased beta-cell func-
tion compared to other ethnic groups [55]. In a sample 
of 129 adult SAIs in the US, there was an MS prevalence 
of ~ 29.7% (≥ 35 years old), which represents a signifi-
cant proportion of the population [44]. At the same body 
mass index, SAs have a more pronounced atherogenic 
lipoprotein profile and dysglycemia compared to Cau-
casians [29, 56, 57]. Unfortunately, the coexistence of 
T2D, MS, and dyslipidemia likely worsens the CVD risk, 
as many of the risk factors overlap between these condi-
tions [58].

Recent literature suggests that hyperglycemia and insu-
lin resistance seen in T2D may play a role in Dys-HDL. T2D 
leads to significant oxidative stress, which reduces the antioxi-
dative capacity of HDL particles. Loss of suppressive effects 
of insulin on lipolysis leads to the buildup of free fatty acids, 
which promotes the secretion of VLDL from the liver resulting 
in hypertriglyceridemia [59]. Triglycerides are transported to 
both HDL and LDL through cholesteryl ester transfer proteins 
(CETP) resulting in greater clearance of triglyceride enriched 
HDL [59]. Insulin resistance also causes ApoA1 to undergo con-
formational change through non-enzymatic glycation, forming 
unstable particles [26, 60, 61]. This instability also contributes to 
rapid HDL clearance from the circulation, leading to an overall 
decrease in HDL.
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Genetics

The genetic sequence variation of SAs is poorly under-
stood and limits the development of a comprehensive map 
for genes involved in metabolism. Whole-genome sequenc-
ing conducted in 2013 on 168 SAs indicated variations in 
genes related to core metabolic properties, including lipid 
metabolism, insulin signaling, and T2D [62]. One of these 
genes encodes a protein product called Apolipoprotein H, 
which is a component of several circulating lipoproteins. 
Variations in this gene are involved in LDL and triglycer-
ide metabolism [63]. Other genes include insulin growth 
factors (IGF1 and IGF2) and LYN genes, which play a 
role in insulin receptor activation and glucose utilization, 
respectively [53]. These genes, which initially may be 
protective, become deleterious in changing environments, 
such as migration to westernized societies [62]. Addition-
ally, a 25-base pair deletion in MYBPC3, a gene encoding 
cardiac myosin binding protein C, is unique to only 4% of 
SAs and indicates a sevenfold increase in cardiomyopathy 
[64]. Thus, genetic variations in SAIs are an important 
factor in disease prevalence.

Several studies indicate the crucial role that the APOA1 
gene may play in CVD. A small cross-sectional study on 
SAIs explored six SNPs located on non-coding regions of 
the APOA1 gene. Results indicated that three (G2, G3, and 
G5) of the six APOA1 SNPs were strongly associated with 
MS, a primary risk factor for T2D and CVD. However, 
less is known about which of the three interferes with nor-
mal HDL function [11]. DNA sequencing on seven SNPs 
on the APOA1 gene from 94 SAIs showed that several 
polymorphisms are common among this ethnic group and 
almost always occur together. Specifically, SNPs T655C, 
T756C, and T1001C were found to be different from those 
reported in European Caucasians. This genetic variability 
of the APOA1 gene may contribute to decreased levels 
of HDL, which may explain why SAs are disproportion-
ately affected [43]. However, further exploration is needed 
to delineate the association between genetic factors and 
Dys-HDL.

Conclusion

The SAI population is unique in that it faces a dispropor-
tionately higher risk for CVD and requires special atten-
tion. Although traditional risk factors, such as hyperten-
sion, obesity, diabetes, age, and metabolic derangements, 
may contribute to CVD development, these parameters 
do not fully explain the excess CVD risk in this specific 
population. Dyslipidemia, characterized by elevated tri-
glycerides, low HDL, and high LDL, is conventionally 

used to monitor CVD health in clinical practice. However, 
there is a need to also look at lipid functionality. We need 
to understand nontraditional risk factors extensively and 
develop new methods to accurately measure and estimate 
CVD risk in this population. The traditional understanding 
of HDL as “good cholesterol” must be revisited as recent 
literature suggests quantity and function are independent, 
and simply raising HDL levels may not lower CVD risk. 
Understanding the underlying causes of CVD in SAIs 
remains a topic of interest to ensure culturally appropri-
ate medical health services are delivered.

This review suggests that Dys-HDL may contribute to 
CVD in SAIs as its pro-inflammatory effects render HDL’s 
antioxidant properties inactive, thereby causing a cascade 
of events that ultimately impair normal HDL function. 
Although the pathophysiology of Dys-HDL is described in 
the literature, more work is needed to study its role among 
specific ethnic groups, specifically SAIs. Thus far, clinical 
trials involving Dys-HDL and SAIs are limited and include a 
small sample size. Dys-HDL’s use as a prognostic biomarker 
may be warranted to predict future disease and yield bet-
ter patient outcomes. Further research with larger sample 
sizes is needed to strengthen the power of unconventional 
risk factors such as Dys-HDL in predicting CVD in vulner-
able populations. Additionally, the SAI group is so diverse 
that the sample needs to be carefully selected to reflect this 
heterogeneous population. Understanding the implication 
of Dys-HDL in SAIs may lead to improved diagnostic and 
therapeutic approaches to CVD.
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