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A B S T R A C T   

Background: Hypertriglyceridemia is as an independent risk factor for cardiovascular disease (CVD). Apolipo
protein C-III (ApoC-III) is known to regulate triglyceride (TG) metabolism. However, the causal association 
between ApoC-III and CVD development is unclear. The objectives were to examine the impact of ApoC-III 
concentration on TG and lipoproteins and investigate the role of known rare loss-of-function APOC3 variants 
for modulating ApoC-III, TG concentrations and CVD risk in different ethnic groups. 
Methods: Plasma ApoC-III levels were measured in a multiethnic sample of 518 individuals comprising 271 Asian 
Indians (Sikhs), 87 Caucasians, 80 African Americans, and 80 Hispanics. 
Results: ApoC-III levels showed a robust association with TG in Asian Indians (r = 0.5, p = 1.1 × 10− 23), Cau
casians (r = 0.4, p = 7.2 × 10− 4), and Hispanics (r = 0.9, p = 2.7x × 10− 28). African Americans had lowest ApoC- 
III and TG concentrations and highest (44%) prevalence of coronary artery disease (CAD). ApoC-III levels 
correlated with fasting blood glucose (r = 0.25, p = 6.1 × 10− 5) in Asian Indians and central adiposity in 
Hispanics (waist: r = 0.22, p = 0.05; waist-hip ratio: r = 0.24, p = 0.04). The carriers of rare variants IVS1-2G-A 
(rs373975305); A43T (rs147210663) and IVS3 + 1G-T (rs140621530) showed high TG but not low ApoC-III 
levels in Asian Indians and Caucasians. 
Conclusion: These results highlight the challenges of generalizing antisense ApoC-III inhibition for treating 
atherosclerotic disease in dyslipidemia that may benefit only specific sub-populations. The observed ethnic 
differences in ApoC-III concentrations and CAD risk factors, emphasize in-depth genetic and metabolomics 
evaluations on diverse ancestries.   

1. Introduction 

Cardiovascular disease (CVD) is the number one killer in the United 
States (US) and disproportionately affects underrepresented and 

minority communities of the US. The prevalence rate of CVD is highest 
in South Asians, approximately 60%, while the numbers are equally 
staggering for African Americans (47%) and Hispanics (30%) [1–3]. 
Elevated plasma triglyceride (TG) is a strong independent predictor for 
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CVD [4–6]. Genome-wide association studies (GWAS) have identified 
more than 150 common genetic variants related to blood lipids and 
triglyceride-rich lipoproteins (TRLs) to be associated with increased risk 
for CVD [7,8]. Of these loci, we and others have reported a chromosomal 
region (11q23.3) containing the APOA5-APOA4-APOC3-APOA1 gene 
cluster to have a robust association with TRLs with strong reproduc
ibility [9–13]. Fine mapping of this region (Chr.11q23.3) revealed an 
aggregate of six rare loss-of-function (LoF)/reduced-function mutations 
in the APOC3 gene, including a nonsense mutation (R19X), three splice- 
site mutations (IVS1-2G → A, IVS2 + 1G → A, and IVS3 + 1G → T), and 
two missense mutation (A43T and D65N) to be associated with reduced 
plasma TG levels and decreased risk of CVD mainly in European pop
ulations [14]. However, whether these null or reduced function variants 
are cardioprotective in the general population (including non- 
Europeans) is still unclear and controversial. Apolipoprotein C-III 
(ApoC-III) is an inhibitor of LPL (lipoprotein lipase), which hydrolyses 
TRLs, their intermediates, and chylomicron remnants [15]. The 
increased circulating ApoC-III levels trigger an increase in blood TG 
levels and obstruct their hepatic uptake. However, the causal association 
between ApoC-III and CVD development is unclear. We earlier investi
gated the effects of these reported LoF variants in the APOC3 gene with 
TG levels in Asian Indians (residing in India, Singapore, and the UK) and 
other ethnic groups, including African Americans, Caucasians, and 
Chinese. Our study could not validate these variants as cardioprotective 
in Asian Indians and even in UK Caucasians [16]. Similarly, a study by 
Crawford et al. could not confirm the rare LoF variant to be protective 
from CVD in the European Americans from BioVU biobank [17]. Also, 
findings of Caucasians from Iceland could not support the reported ef
fects of APOC3 LoF mutations on the risk of CVD [18]. On the other 
hand, our Mendelian randomization analysis of a common APOC3 
variant (rs5128) showed a robust association with an increase in plasma 
TG level leading to a mild increase in the risk of coronary artery disease 
(CAD) in Asian Indians [16]. In addition to affecting TG metabolism, 
ApoC-III is an independent predictor of CVD and insulin resistance [19]. 
However, only a handful of these association studies have measured 
ApoC-III levels in humans. Moreover, how these reduced function var
iants correlate with ApoC-III concentrations is largely unknown, espe
cially in non-Europeans. Therefore, we have measured plasma ApoC-III 
levels in this study to explore its distribution in multiethnic populations 
subsets and additionally we also included all earlier identified LoF rare 
variants from our earlier published study [16] to measure ApoC-III 
levels and determine their risk associated with high TG (HTG), type 2 
diabetes (T2D), and CVD. 

2. Methods 

2.1. Study groups 

Plasma ApoC-III levels were measured in 518 individuals comprising 
of 271 Asian Indians (Sikhs), 87 Caucasians, 80 African Americans, and 
80 Hispanics from Oklahoma. The 271 Punjabi Sikh individuals were 
from the Asian Indian Diabetic Heart Study/Sikh Diabetes Study 
(AIDHS/SDS) recruited from the Northern part of India from 2002 to 
2010 [20–23]. The AIDHS/SDS has unique characteristics that are ideal 
for genetic studies. Sikhs are strictly a nonsmoking population, and 
≈50% of participants are teetotalers and life-long vegetarians. All in
dividuals in the study had a comprehensive clinical assessment, family 
history, baseline anthropometric, and metabolic assessment at the time 
of recruitment, as mentioned previously. All blood samples were ob
tained at the baseline visit [20,22,23]. Body mass index (BMI) was 
calculated as weight (kg) / height (m)2. New guidelines of the World 
Health Organization for the BMI thresholds for Asians were followed 
[24]. T2D was defined based upon their medical records for symptoms 
and use of diabetic medications and measuring fasting glucose levels 
following the American Diabetes Association guidelines as described 
previously [25]. CAD was considered if there was the use of nitrate 

medication (nitroglycerine), electrocardiographic evidence of angina 
pain, coronary angiographic evidence of severe (greater than 50%) 
stenosis, or echocardiographic evidence of myocardial infarction as 
described previously. The diagnosis was based on the date of coronary 
artery bypass graft (CABG) or angioplasty and medication usage ob
tained from patient records as described previously [22,26]. The selec
tion of controls was based on a fasting glucose of <100.8 mg/dL or a 2- 
hour glucose <141.0 mg/dL. All AIDHS/SDS protocols and consent 
documents were reviewed and approved by the University of Oklahoma 
Health Science Center's Institutional Review Board (IRB) as well as the 
Human Subject Protection (Ethics) committees at the participating 
hospitals and institutes in India [23,27,28]. 

We also measured plasma ApoC-III in 87 Caucasians, 80 African 
Americans, and 80 Hispanics from the Metabolome in Ischemic Stroke 
Study (MISS) and Oklahoma Multiethnic CV Health Disparity Study 
(OLIVER) [16]. The MISS is a prospective ongoing study that began in 
2017, investigating ischemic stroke biomarker predictors by utilizing 
genomics, metabolomics, and Omics technologies. The OLIVER is a 
multiethnic population-based study investigating cardiovascular disease 
health disparity in Oklahoma populations residing in rural and urban 
areas and patients from Oklahoma University Medical Center (OUMC). 
Enrollment included children and adults and recording anthropometry, 
medical history, and collection of blood samples for measurement of 
fasting glucose, lipid profile, and genotyping as described previously 
[16,29,30]. Inclusion criteria for this study involved subjects with and 
without T2D or heart disease or dyslipidemia. An equal number of low 
(TG <100 mg/dL) and high (TG > 150 mg/dL), nearly matched for age, 
gender and ethnicity, were included. Excluded were the patients with 
any cancer or the issues with immunodeficiency. Study subjects with TG 
<100 mg/dL were considered as having low TG (LTG) and TG > 150 
mg/dL as high TG (HTG) based on NCEP/ATP III criteria [31]. We also 
included all individuals who were carriers of LoF variants from all ethnic 
groups identified in our previous publication using 396,644 individuals 
of multiethnic ancestries by Goyal et al. [16] to study their correlation 
with ApoC-III levels. 

2.2. Metabolic assays 

Serum lipids (total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and 
TG) were measured using standard enzymatic methods (Roche, Basel, 
Switzerland) as described previously [32,33]. To study the impact of 
rare variants on ApoC-III levels and TG, and for investigating the cor
relation between ApoC-III concentration with TG, for this study, we 
studied individuals with low and high TG. 

2.3. Circulating plasma ApoC-III level measurements using ELISA 

ApoC-III concentrations were measured using frozen plasma aliquots 
by enzyme-linked immunosorbent assay (ELISA) kits from Thermofisher 
Scientific (Waltham, MA, USA) in accordance to the manufacturer's in
structions. A solid-phase sandwich ELISA technology was used with a 
target-specific antibody pre-coated onto 96-well plates, and 1 μL of test 
samples were added to it and followed by the addition of a biotinylated 
detection polyclonal antibody and subsequent washing with 1× PBS 
(phosphate buffer saline) buffer repeatedly up to 4 times. The 
streptavidin-biotin-peroxidase complex was further added, and the un
bound conjugates were removed by repeating the washing step. Horse
radish peroxidase (HRP) substrate 3,3′,5,5′-tetramethylbenzidine (TMB) 
was used to visualize HRP enzymatic reaction. TMB was catalyzed by 
HRP to produce a blue color product that turned yellow on the addition 
of an acidic stop solution. The density of yellow color formed was pro
portional to the ApoC-III concentration of each sample, and the optical 
density (OD) absorbance was measured at 450 nm by SmartReader 
(ACCURIS Instruments) microplate reader. Samples were blinded for 
ApoC-III measurements, and a standard curve was generated to 
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extrapolate the ApoC-III concentrations of the test plasma samples as 
described previously [16]. 

2.4. Statistical analysis 

Continuous variables demonstrating non-normal distribution were 
normalized using log-transformation before the analysis. Group 
descriptive statistics for clinical parameters were expressed as mean ±
standard deviation. Pearson correlation analysis was performed to 
determine the linear association between ApoC-III and TG and other 
traits in each ethnic group. General linear model analyses were used to 
adjust for the age, gender, BMI, T2D, and CAD to determine the asso
ciation of plasma ApoC-III concentrations with TG and other traits. 
Statistical analyses were performed using SPSS for Windows statistical 
package (version 27.0) (SPSS Inc., Chicago, USA). 

3. Results 

Clinical and demographic characteristics of study participants from 
all ethnic groups are described in Table 1. Hispanics were the youngest 
ethnic group with the lowest mean age (41.4 ± 14.2) compared to Asian 
Indians (50.0 ± 13.3), African Americans (61 ± 11.8), and Caucasians 
(66.4 ± 14.2) years. The Asian Indians had the lowest BMI (27.2 ± 4.2) 
in comparison to Caucasians (30.1 ± 7.6), African Americans (31.9 ±
16.2) and Hispanics (28.0 ± 5.2). Despite the youngest age group, 
Hispanics had a more atherogenic lipid profile with the highest TC, LDL- 
C, and TG among all ethnic groups, and Asian Indians had the lowest TC, 
HDL-C levels. At the same time, TG levels were lowest in African 
Americans (Supplementary Fig. 1 and 2) . As shown in Fig. 1, the mean 
plasma ApoC-III concentrations were lowest in African Americans (9.5 
± 6.8 mg/dL) and highest in Hispanics (34.0 ± 25.3 mg/dL). Despite 
with lowest ApoC-III concentrations, the prevalence of CAD was highest 
in African Americans (44%), followed by Caucasians (31%), Asian In
dians (10%), and Hispanics had only 1% CAD cases. 

To determine the relationship of ApoC-III concentration with TG, we 
analyzed the ApoC-III distribution in data stratified by low TG (LTG 
<100 mg/dL) and high TG >150 mg/dL (HTG). ApoC-III levels were 
highest for Hispanics even in the low TG group (LTG = 21.5 mg/dL and 
HTG = 46.4 mg/dL) followed by Asian Indians (LTG = 14.2 mg/dL and 

HTG = 29.7 mg/dL) compared to Caucasians (LTG = 8.8 mg/dL and 
HTG = 22.7 mg/dL). And the African Americans showed the lowest 
ApoC-III levels in both low and high TG (LTG = 8.0 mg/dL and HTG =
11.0 mg/dL) (Supplementary Table 1). The strongest correlation of TG 
and ApoC-III levels was observed in Hispanics (r = 0.9, p = 2.7 × 10− 28) 
followed by Asian Indians (r = 0.5, p = 1.1 × 10− 23), Caucasians (r =
0.4, p = 7.2 × 10− 4), and the weakest correlation between TG and ApoC- 
III levels was observed in African Americans (r = 0.2, p = 0.03) (Fig. 2). 
A linear regression analysis revealed a strong association of ApoC-III 
concentrations with plasma TG in all the ethnic groups. Even after 
adjusting for age, gender, BMI, T2D, and CAD, it remained significant. 
There was a nearly 2.5-fold increase in TG associated with ApoC-III 
levels in Hispanics showing (95% CI 1.9–2.9, p = 3.5 × 10− 23) fol
lowed by Asian Indians (OR 1.8, 95% CI 1.5–1.9, p = 5.8 × 10− 22) while 
Caucasians and African Americans had a nominal increase of (OR 1.4, 
95% CI 1.3–1.5, p = 0.005) and (OR 1.3, 95% CI 1.2–1.4, p = 0.031) 
after adjusting for covariates, respectively (Supplementary Table 3). 
Although the African Americans had the highest prevalence of CAD in 
this study, there was a negative correlation between ApoC-III concen
tration with CAD (r = − 0.3, p = 0.004) (Supplementary Table 2). 

The increase in ApoC-III concentrations correlated significantly with 
fasting blood glucose (FBG) (r = 0.25, p = 6.1 × 10− 5) and T2D (r =
0.20, p = 0.002) in Asians Indians while in Hispanics, ApoC-III levels 
correlated with marginal significance with waist (r = 0.22, p = 0.05) and 
waist-hip ratio (WHR) (r = 0.24, p = 0.04) and with T2D (r = 0.20, p =
0.04) (Supplementary Fig. 3). As several lipoproteins have shown dif
ferences in concentration among women and men, we evaluated sex 
differences in the distribution of lipoproteins and ApoC-III in this study. 
HDL cholesterol is usually much higher in women than men, and our 
data confirmed these patterns (Table 2). 

Next, we evaluated the genotype-phenotype association of rare/LoF 
variants between ApoC-III levels and TG in different ethnic groups. Even 
though, the carriers of IVS1-2G-A (rs373975305) splice acceptor; A43T 
(rs147210663) and IVS3 + 1G-T (rs140621530) splice donor in Asian 
Indians had low plasma ApoC-III levels (9.5 mg/dL, 9.8 mg/dL and 7.7 
mg/dL), these individuals had high TG levels (184 mg/dL, 256 mg/dL 
and 178 mg/dL) respectively. Only IVS2 + 1G-A (rs138326449), a splice 
donor variant, showed both low ApoC-III and low TG levels in Asian 
Indians (1.879 mg/dL and 83 mg/dL). On the contrary, the same variant 
carriers in Hispanics showed high ApoC-III concentration (24.2 mg/dL) 
with low TG levels (42 mg/dL). The IVS3 + 1G-T (rs140621530) variant 
in Caucasians and African Americans showed relatively low ApoC-III 
levels (15.21 mg/dL and 6.71 mg/dL); however, despite low ApoC-III, 
the TG levels were strikingly high in Caucasians (152 mg/dL) than 

Table 1 
Clinical attributes of study participants by ethnic group.  

Parameters Asian 
Indian 

Caucasian African 
American 

Hispanic 

N 271 87 80 80 
Male (%) 56 54 55 63 
Age (years) 50.01 ±

13.3 
66.4 ± 14.2 61.0 ± 11.8 41.4 ± 14.2 

BMI (kg/m2) 27.2 ± 4.2 30.1 ± 7.6 31.9 ± 16.3 28.0 ± 5.2 
Total cholesterol 

(mg/dL) 
152.6 ±
66.4 

168.4 ±
47.5 

177.4 ± 52.7 192.7 ±
43.2 

HDL-C (mg/dL) 37.9 ±
14.9 

44.4 ± 14.4 44.4 ± 12.7 42.1 ± 14.1 

LDL-C (mg/dL) 99.04 ±
39.6 

97.01 ±
37.3 

109.4 ± 48.8 125.7 ±
35.6 

TG (mg/dL) 135.0 ±
81.8 

139.1 ±
109.9 

116.2 ± 58.8 149.6 ±
118.2 

ApoC-III (mg/dL) 22.5 ±
30.9 

16.1 ± 34.7 9.5 ± 6.8 34.0 ± 25.3 

ApoC-III range 
(mg/dL) 

0.1–254.8 1.2–237.6 1.2–35.4 4.8–126.2 

CAD (%) 10 31 44 1 
T2D (%) 65 61 39 23 
Smokers (%) 0 38 59 10 
Statin (%) 0 18 31 0 

Values are displayed in mean ± standard deviation; ApoC-III = Apolipoprotein 
C-III; BMI = body mass index; CAD = coronary artery disease; HDL-C = high 
density lipoproteins cholesterol; LDL-C = low density lipoproteins cholesterol; 
N = number of participants; TG = triglycerides; T2D = type 2 diabetes mellitus. 

Fig. 1. Distribution of mean levels of TG and ApoC-III concentrations (mg/dL) 
in different Ethnic groups. 
ApoC-III = Apolipoprotein C-III; TG = triglycerides. 
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African Americans (69 mg/dL). A similar trend was observed for A43T 
(rs147210663) variant in Caucasian and African Americans showing 
relatively low levels of ApoC-III levels (15.21 mg/dL and 1.07 mg/dL), 
respectively, and high TG levels in Caucasians (152 mg/dL) than African 
Americans (78 mg/dL) (Fig. 3 and Supplementary Fig. 4). 

4. Discussion 

Recent genetic and Mendelian randomization studies have provided 
robust evidence of the causal association between TG and CVD. Ever 
since some rare LoF variants in APOC3 were shown to be car
dioprotective in Europeans, there has been a consensus to therapeuti
cally inhibit ApoC-III to improve CV outcomes. However, inconsistent 
reports on the cardioprotective role of rare variants in the APOC3 by 
other groups urge a deeper evaluation of this critical protein in 
atherogenic dyslipidemia among different ethnic groups. 

We observed a significant ethnic difference in the distribution of 
ApoC-III levels and their subsequent correlation with TG and other CV 
risk factors. Hispanic participants in this study had the highest ApoC-III 

concentrations, followed by Asian Indians. However, African Americans 
had the lowest ApoC-III levels (9.5 mg/dL), which are similar to earlier 
reported data on African American women (10.06 mg/dL) and African 
American Youth (9.4 mg/dL) [34,35]. Likewise, plasma TG levels were 
highest in Hispanics, showing the highest prevalence of HTG in our 
study, despite being the youngest ethnic group in this study. These data 
support the earlier published findings of the NHANES 1999–2004 survey 
showing 85.9% prevalence of HTG in Hispanics compared to 31.2% in 
Caucasians with metabolic syndrome [36]. 

Caucasians and Asian Indians showed “dyslipidemia of insulin 
resistance” with a classic pattern of high TG with low HDL-C levels. 
However, African Americans had the highest prevalence of CAD despite 
having the lowest mean levels of ApoC-III and TG in this study and as 
reported earlier [37]. These results suggest that the increased preva
lence of CAD and CVD in African Americans could be independent of 
ApoC-III and TG concentrations and may be regulated by pathways 
other than TG. Free fatty acids (FFA) in plasma are known to regulate 
ApoC-III concentrations positively; however, a study by Sacks et al. [38] 
on African American women with T2D showed lower plasma FFA, which 

Fig. 2. Scatter plot showing the correlation between the distribution of ApoC-III concentration (X-axis) vs.TG levels (Y-axis) among different ethnic groups. 
ApoC-III = Apolipoprotein C-III; TG = triglycerides. 

Table 2 
Distribution of lipoprotein lipids and ApoC-III among various ethnicities segregated based on gender.  

Traits Gender Asian Indian (N = 271) Caucasian (N = 87) African American (N = 80) Hispanic (N = 80) 

Mean ± SD p-Value Mean ± SD p-Value Mean ± SD p-Value Mean ± SD p-Value 

HDL-C (mg/dL) Male 36.2 ± 13.7 ¡04 42.2 ± 12.5  0.24 42.1 ± 12.4  0.11 42.6 ± 14.4  0.71 
Female 39.9 ± 16.1 46.7 ± 16.1 47.1 ± 12.7 41.1 ± 13.6 

LDL-C (mg/dL) Male 96.1 ± 36.9 0.003 98.1 ± 33.5  0.53 103.2 ± 48.2  0.17 129.8 ± 39.2  0.30 
Female 102.7 ± 42.6 95.8 ± 41.4 117.1 ± 49.1 117.9 ± 26.4 

TC (mg/dL) Male 146.6 ± 65.1 0.006 169.3 ± 44.2  0.67 169.3 ± 50.7  0.12 195.5 ± 49.9  0.68 
Female 160.1 ± 67.5 167.3 ± 51.6 187.2 ± 54.2 187.5 ± 27.03 

TG (mg/dL) Male 142.8 ± 81.9 0.032 143.5 ± 118.2  0.46 117.4 ± 56.9  0.74 140.7 ± 117.5  0.27 
Female 125.2 ± 81 134 ± 100.5 114.8 ± 61.7 164.3 ± 119.8 

ApoC-III (mg/dL) Male 23.2 ± 31.9 0.32 12.2 ± 11.3  0.67 8.2 ± 5.9  0.21 32.4 ± 23.7  0.62 
Female 21.5 ± 29.6 20.7 ± 49.7 11.1 ± 7.5 36.5 ± 28.04 

Values are displayed in mean ± standard deviation; ApoC-III = Apolipoprotein C-III; HDL-C = high density lipoproteins cholesterol; LDL-C = low density lipoproteins 
cholesterol; TC = total cholesterol; TG = triglycerides; N = number of individuals.a 

a The values marked in bold represents significant p-value (< 0.05) between genders for Asian Indian in HDL-C, LDL-C, TC and TG. 
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might correlate or explain the low ApoC-III levels observed in African 
Americans [38,39]. We also detected sex differences in some lipopro
teins, but statistical significance was only seen in Asian Indians, perhaps 
because of the sample size. Women had higher HDL-C and lowered TG in 
all ethnic groups. Interestingly, this difference appears to reduce their 
CAD risk in African American women as the prevalence of CAD in 
women was 36% compared to 50% in African American men. Again, this 
variation seemed ethnicity-specific because no significant gender dif
ference in CAD prevalence was observed in other ethnic groups 
(Table 2). 

APOC3 expression is upregulated in the condition of insulin resis
tance, and glycemic control plays a central role in impacting ApoC-III 
secretion [40]. A significant positive correlation of ApoC-III concentra
tions with FBG was observed in Asian Indians and T2D in the case of 
both Asian Indians and Hispanics. Also, ApoC-III levels correlated 
significantly with central adiposity (waist or WHR) in Hispanics but not 
Asian Indians (Supplementary Fig. 3). Studies have shown high glucose 
concentrations induce APOC3 gene expression in rat and human hepa
tocytes with the help of transcription factors such as carbohydrate- 
responsive element-binding protein (Chrebp) and hepatocyte nuclear 
factor 4 alpha (Hnf4α). Forkhead box O1 (Foxo-1) via the insulin- 
responsive element during insulin resistance increases ApoC-III levels 
[41–43]. Interestingly, despite HTG and high ApoC-III, Hispanics had a 
low prevalence of CAD, as shown in earlier studies [44–46]. It is possible 
that in Hispanics, the elevated ApoC-III levels may predispose them to 
increased insulin resistance and T2D risk without increasing the risk for 
CAD. 

Our study also could not validate the cardioprotective role of LoF 
variants analyzed. The rare variants evaluation was an extension of our 
earlier published study [16], where we evaluated the role of all earlier 
published rare (LoF) variants of ApoC-III with TG in 396,644 individuals 
of multiethnic ancestries. Our study could not confirm the correlation of 
these variants with low TG in Asian Indians and other ethnic groups 
[16]. In this study, we also evaluated all available rare variant carriers 
for their serum ApoC-III levels. With few exceptions, the LoF carriers did 
not have low ApoC-III levels, which correlated with their high TG levels 
(Fig. 3; Supplementary Fig. 4). Also, our data revealed that African 
Americans had lower TG and ApoC-III levels irrespective of their ge
notype. Similarly, the cardioprotective effect of some of these rare 
variants also could not be confirmed in Icelanders [18] and US Cauca
sians [17]. Most individuals carrying these known rare variants specif
ically (rs140621530; IVS3 + 1G-T) and (A43T; rs147210663 identified 
initially in Yucatan Indians) had low ApoC-III but showed high TG levels 
in Asian Indians and did not reveal any cardioprotective effects in Asian 
Indians and Caucasians (Supplementary Fig. 4). The insulin resistance 
may offset the lowering impact of LoF variants in some ethnic groups. It 
is also possible that the other variants within the APOC3 and other genes 
in the APOA5-APOA4-APOC3-APOA1 gene cluster may influence the 
ApoC-III concentrations. Thus, due to possible pleiotropic effects of 
different genes within the LD region, the same rare (LoF or splice 
variant) may not show similar phenotypic effects in multiple carriers 
[13]. Perhaps, because of these differences, we and other studies cannot 
confirm the LoF variants cardioprotective role [16,17]. 

Like every study, this study has strengths and limitations. Strengths 
include well-characterized and ethnically diverse patient cohorts. Our 
study fills the gap in knowledge for evaluating circulating ApoC-III 
concentrations with TG and CV risk factors in various ethnic cohorts. 
The observed ethnic differences in this study further substantiate the 
existence of ‘TG paradox’ in African Americans, and the gender differ
ences in lipoproteins (specifically HDL) seem to reduce the CAD risk only 
in African American women and not in other women. These results 
highlight the need to understand these differences more deeply at the 
molecular level. Among the limitations, one main limitation is the small 
sample size in each ethnic group. Secondly, one could argue that the 
statin treatment could have impacted TG levels as 31% of African 
Americans were on statins compared to 18% Caucasians. However, Fi
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observed differences in the unique atherogenic lipid profiles among 
African Americans have been reported by other investigators [35]. Af
rican Americans are more insulin resistant with lower TG and low ApoC- 
III and lower ApoB levels [35,47]. Overall, these results highlight the 
challenges of the generalizability of antisense ApoC-III inhibition for 
treating atherosclerotic disease in dyslipidemia. This treatment may 
only be beneficial to specific sub-populations. Notably, African Ameri
cans do not show high ApoC-III levels or HTG despite having a high 
prevalence, and mortality due to CVD should be evaluated differently. 
Our study also emphasizes the need to perform in-depth genetic and 
metabolomics/proteomic evaluations on diverse ancestries to identify 
race-specific biomarkers, risk factors, and therapies to effectively 
address cardiometabolic disease health disparities. 
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