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ABSTRACT 

Background. Apolipoprotein A-I (ApoA-I), encoded by the APOA1 gene, is the principal 
structural and functional protein of high-density lipoprotein (HDL) and a key scaffold for reverse 
cholesterol transport (RCT). The common −75 G>A promoter polymorphism (rs670) has been 
linked to genotype-dependent HDL-C responses to dietary fat and exercise training, as well as 
broader lipid-related responses to dietary-oil patterns (Ordovas et al., 2002; Ruaño et al., 2006; 
Rudkowska et al., 2013; Ramezani-Jolfaie et al., 2020). In the omega-3/PUFA-response context, 
the ancestral G allele (population-genetic wild-type) is treated as the less responsive variant, 
whereas the minor A allele confers greater PUFA responsiveness; this is important because 
wild-type status does not necessarily imply the most favorable nutrient response. 

Methods. A narrative review of human studies was conducted with focus on APOA1 rs670, 
dietary or supplemental omega-3/PUFA exposure, and HDL-related outcomes. The core 

evidence base comprises the Framingham Offspring cohort (Ordovas et al., 2002), an aerobic 
exercise intervention (Ruaño et al., 2006), gene-diet studies in the Inuit population and dietary-
oil interventions (Rudkowska et al., 2013; Ramezani-Jolfaie et al., 2020), and a case-control study 
on lipid profiles and coronary artery disease risk (Liao et al., 2015). General omega-3 and 
phytosterol mechanisms are supported by mechanistic and consensus/meta-analytic literature 
(Harris et al., 2008; Gylling et al., 2014; Ras et al., 2014). 

Results. Three genotype-defined response patterns are relevant for report interpretation. AA/TT 
carriers (~4 %) show the strongest positive HDL-C response under higher PUFA/omega-3 
exposure. GA/TC carriers (~30 %) retain a positive response, although the HDL-C increase is 
smaller than in AA/TT carriers. GG/CC carriers (~66 %) should not be described as HDL-C 
responders; in this group, omega-3 is not an appropriate strategy for raising HDL-C and may be 
associated with lower HDL-C in higher-intake contexts. The 4/30/66 distribution should be 
understood as rounded, population-facing functional classes that are broadly consistent with 
Hardy–Weinberg expectations for A-allele frequencies in the ~0.16–0.20 range (Ordovas et al., 
2002). 

Discussion. The APOA1 rs670 polymorphism is best presented as a nutrigenetic modifier. 
Omega-3 remains a suitable HDL-support strategy for AA/TT and GA/TC carriers, with the 



 

 

strongest expected HDL-C increase in AA/TT. For GG/CC carriers, APOA1-independent 
cholesterol-management strategies such as plant sterols/stanols are more appropriate for LDL-
C-oriented cholesterol management, because they reduce intestinal cholesterol absorption 
and act independently of APOA1 transcription (Gylling et al., 2014; Ras et al., 2014). 

Subjects: Genetics, Nutrition.    Keywords: Genetics, Polymorphism, Nutrition, Omega-3, PUFA, HDL 
Cholesterol. 

INTRODUCTION 

High-density lipoprotein cholesterol (HDL-C) is widely referred to as the "good" cholesterol because 

of its role in reverse cholesterol transport (RCT), the process by which excess cholesterol is mobilized 
from peripheral tissues and delivered to the liver for biliary excretion (Harris et al., 2008). Higher HDL-
C concentrations are, at a population level, associated with a lower incidence of atherosclerotic 
cardiovascular disease, and lifestyle interventions that improve the lipid profile are commonly used 
in cardiovascular prevention. 

Omega-3 fatty acids, primarily eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are 
well-studied dietary modifiers of the cardiovascular lipid profile. Their established effects include 
triglyceride reduction and anti-inflammatory effects, while their effect on HDL-C concentration is 
heterogeneous: in some individuals HDL-C rises, in others it remains unchanged, and in some 
settings it may decline. This variability has historically been ascribed to dose, baseline lipid status, and 
adherence, but evidence from gene-diet studies indicates that genotype can contribute materially 

to the HDL-C response. 

Among the genetic modifiers identified so far, the APOA1 gene is directly relevant because it encodes 
ApoA-I, the structural backbone of HDL particles. The common −75 G>A promoter polymorphism 
(rs670) has been linked to genotype-dependent HDL-C responses to dietary fat and exercise training, 
as well as broader lipid- and cardiometabolic responses to dietary-oil patterns (Ordovas et al., 2002; 
Ruaño et al., 2006; Rudkowska et al., 2013; Ramezani-Jolfaie et al., 2020). A key feature of this locus is 
that the ancestral G allele, which is the population-genetic wild-type and the major allele in studied 
populations, is the functionally less responsive variant in the omega-3/PUFA context; the minor A 
allele is the one associated with greater PUFA responsiveness of HDL metabolism. Understanding 
this inversion is the prerequisite for correct interpretation at this locus. 

APOA1 RS670: FUNCTION AND ALLELIC ARCHITECTURE 

The APOA1 gene, located on chromosome 11q23.3 and transcribed from the minus strand, encodes 
apolipoprotein A-I, the dominant structural protein of HDL. ApoA-I supports nascent HDL biogenesis, 
cholesterol efflux from peripheral cells, HDL particle maturation, and reverse cholesterol transport. 
Because these processes depend on adequate ApoA-I availability, promoter variation in APOA1 can 
plausibly modify HDL-C responses to dietary lipid signals (Harris et al., 2008). 



 

 

The rs670 polymorphism (−75 G>A) is located in the APOA1 promoter region, 75 base pairs upstream 
of the transcription start site. The G allele is the ancestral, population-genetic wild-type and the major 
allele in all studied populations (A-allele frequency ~0.16–0.20 in Europeans; Ordovas et al. 2002 
reported 0.165 in the Framingham Offspring cohort). At this specific locus, however, allele identity 
and functional rank are not aligned: the G allele appears less responsive to PUFA-derived regulatory 
signals, whereas the A allele is associated with more responsive PUFA-driven transcriptional 
behavior.  

Three functional genotype classes therefore arise, with the responsive rank inverse to the population 
frequency: AA/TT (homozygous for the responsive allele) — both promoter alleles support PUFA-
responsive APOA1 transcription; omega-3/PUFA exposure is expected to increase HDL-C most clearly 
in this group. Population frequency is approximately 4 %. GA/TC (heterozygous, one responsive allele) 
— positive omega-3 responsiveness is preserved, but the expected HDL-C increase is smaller than in 

AA/TT carriers; omega-3 remains an appropriate HDL-support strategy. Population frequency is 
approximately 30 %. GG/CC (homozygous for the ancestral, less responsive allele) — the PUFA-driven 
APOA1 transcriptional response is weak or absent; omega-3 should not be presented as an HDL-C-
raising strategy in this group and may be associated with lower HDL-C in higher-intake contexts. 
Population frequency is approximately 66 %. This three-tier architecture is the basis for genotype-
specific recommendations. 

GENOTYPE-DEPENDENT HDL-C RESPONSE TO OMEGA-3 INTAKE 

The Framingham Offspring Study (Ordovas et al., 2002) provided large-scale evidence that the APOA1 
rs670 genotype modifies the HDL-C response to dietary fat. In women, A-allele carriers had 

approximately 13 % higher HDL-C than GG homozygotes when polyunsaturated fat intake exceeded 
8 % of energy, but approximately 14 % lower HDL-C than GG homozygotes when PUFA intake was 
below 4 % of energy. The direction of this finding is consistent with the functional classification given 
above: A-allele presence is associated with a stronger response to PUFA availability, while the 
absence of that dietary signal removes or reverses the A-allele advantage. 

Additional human studies support a broader genotype-by-lifestyle interaction. In aerobic-exercise 
intervention studies, A-allele carriers showed an increase in large HDL particles with training, while 
GG homozygotes showed the opposite response — a decrease in large HDL — consistent with a 
genotype-by-stimulus effect (Ruaño et al., 2006). Gene-diet studies in Inuit adults and dietary-oil 
intervention data further support the principle that rs670 can modify lipid-related responses to 
dietary fat composition (Rudkowska et al., 2013; Ramezani-Jolfaie et al., 2020). 

Taken together, these data support a graded model in which AA/TT carriers obtain the most 
pronounced HDL-C benefit from omega-3/PUFA exposure, GA/TC carriers obtain still a positive 
benefit, and GG/CC carriers obtain little or no HDL-C benefit and should not be classified as HDL-C 
responders. 

 



 

 

FUNCTIONAL EFFECTS OF OMEGA-3 ON HDL — BEYOND HDL-C QUANTITY 

Across populations, omega-3 supplementation usually produces only modest change in HDL-C 
concentration. Omega-3 fatty acids may nevertheless influence HDL particle composition, 
triglyceride metabolism, inflammation, and lipid transport. These possible functional effects should 
be interpreted separately from HDL-C concentration (Harris et al., 2008). 

Genotypes most clearly modify the quantitative HDL-C response. AA/TT carriers show the strongest 
HDL-C increase. GA/TC carriers retain a positive HDL-C response. GG/CC carriers should not be 
classified as HDL-C responders; possible HDL particle changes described in general omega-3 studies 
should not be translated into a recommendation to use omega-3 specifically to raise HDL-C in this 
group (Ordovas et al., 2002; Harris et al., 2008). 

MOLECULAR MECHANISMS: REVERSE CHOLESTEROL TRANSPORT AND HDL 
REMODELING 

Omega-3 fatty acids influence multiple stages of HDL metabolism. They can affect hepatic ApoA-I 
production, HDL phospholipid composition, cholesterol efflux, HDL particle maturation, triglyceride 
metabolism, and reverse cholesterol transport. These mechanisms support lipid transport from 
peripheral tissues toward hepatic clearance, but the report-relevant endpoint remains the measured 
HDL-C response (Harris et al., 2008). 

Incorporation of EPA and DHA into lipoprotein phospholipids alters membrane fluidity and particle 
remodeling. However, these downstream effects depend on adequate ApoA-I availability; they 
therefore cannot by themselves compensate when the upstream APOA1 promoter response is weak. 

Crucially, the upstream step relevant to rs670 is PUFA-responsive APOA1 transcription. The A allele 
at −75 is associated with stronger PUFA-responsive transcriptional behavior, so higher PUFA/omega-
3 exposure can translate into greater ApoA-I availability and higher HDL-C. The ancestral G allele is 
less responsive; consequently, the same dietary signal is less likely to produce an HDL-C increase. This 
provides the mechanistic rationale for genotype-dependent recommendations. 

POPULATION DISTRIBUTION AND THE WILD-TYPE MAJORITY PARADOX 

Functional classification of the population by APOA1 rs670 genotype places approximately 4 % of 
individuals in the AA/TT class (both alleles responsive), approximately 30 % in the GA/TC class (one 
responsive allele, positive response preserved with reduced magnitude), and approximately 66 % in 
the GG/CC class (ancestral wild-type, non-responsive for the HDL-C endpoint). Two features of this 
distribution deserve attention. 

First, the reported 4/30/66 distribution is what Hardy-Weinberg expectation predicts when the A-
allele frequency is close to 0.20: AA = (0.20)² = 4 %, GA = 2(0.80)(0.20) = 32 %, GG = (0.80)² = 64 %. 
Ordovas et al. (2002) reported an A-allele frequency of 0.165 in the Framingham Offspring cohort; the 
4/30/66 categories should therefore be understood as rounded, population-facing functional classes. 



 

 

Second, the population-majority class is the GG/CC non-responder class. This is the wild-type majority 
paradox: the ancestral, more common configuration at this locus is functionally less favorable in the 
omega-3/PUFA HDL-C-response context. Case-control studies have evaluated rs670 in relation to 
lipid profiles and coronary artery disease risk (e.g., Liao et al., 2015). These disease-association data 
address a different phenotype than the omega-3-dependent HDL-C response and should not be 
interpreted as contradicting the nutrient-response model. 

Operationally, this distribution means that a general-population recommendation to use omega-3 
specifically to raise HDL-C is not appropriate for a large proportion of recipients. The GG/CC majority 
should instead be directed toward APOA1-independent cholesterol-management strategies when 
the goal is lipid improvement rather than triglyceride lowering. 

TARGETED ACTIVE SUBSTANCES: OMEGA-3 (EPA/DHA) AND PHYTOSTEROLS 

The mechanistic and clinical evidence supports a genotype-stratified strategy that aligns the active 
substance with the expected APOA1 response. 

Omega-3 fatty acids (EPA and DHA) are the preferred HDL-support strategy for AA/TT and GA/TC 
carriers. These fatty acids can influence ApoA-I availability, HDL particle characteristics, triglyceride 
metabolism, and inflammatory pathways. In the AA/TT genotype, this is expected to translate into 
the strongest HDL-C increase. In the GA/TC genotype, the HDL-C rise remains positive. Dietary 
sources of EPA and DHA include fatty fish such as salmon, mackerel, herring, tuna, and trout; 
supplemental EPA/DHA is an established option when habitual fish intake is low (Harris et al., 2008; 
Ordovas et al., 2002). 

Plant sterols/stanols are a suitable APOA1-independent cholesterol-management strategy for GG/CC 
carriers, the population-majority class. They are plant-derived sterols with a structure like cholesterol 
and reduce intestinal cholesterol absorption by competing with dietary and biliary cholesterol for 
incorporation into intestinal micelles. At intakes around 2 g/day, plant sterols/stanols significantly 
inhibit cholesterol absorption and lower LDL-C by approximately 8–10 %; dose-response meta-
analyses report continued LDL-C lowering up to intakes of about 3 g/day. This mechanism is 
independent of APOA1 transcription, so plant sterols/stanols should be presented as an LDL-C-
oriented cholesterol-management strategy rather than as a direct HDL-C-raising substitute for 
omega-3 (Gylling et al., 2014; Ras et al., 2014). 

CLINICAL RELEVANCE: OUTCOMES AND PERSONALIZED RECOMMENDATIONS 

Because the APOA1 rs670 genotype modulates the direction and magnitude of the HDL-C response 
to omega-3 fatty acids, genotype-aware recommendations are feasible and useful. AA/TT carriers 
(approximately 4 % of the population) can be advised to use omega-3-rich dietary patterns or 
EPA/DHA supplementation when HDL support is one objective. GA/TC carriers (approximately 30 %) 
can also use omega-3 for triglyceride lowering and a preserved positive HDL-C response. GG/CC 
carriers (approximately 66 %, the population majority) should not be advised to maximize omega-3 
intake for the purpose of raising HDL-C, because in this genotype omega-3 is not expected to activate 



 

 

the APOA1 pathway sufficiently for an HDL-C increase and may be associated with lower HDL-C in 
higher-intake contexts. 

Across all genotypes, background diet remains important; saturated-fat-rich, energy-dense, low-
quality dietary patterns can undermine lipid-management efforts regardless of supplementation 
strategy. The practical recommendation is therefore genotype-stratified rather than single-
substance: omega-3 for AA/TT and GA/TC when the goal includes HDL support, and plant 
sterols/stanols for GG/CC when the goal is APOA1-independent, LDL-C-oriented cholesterol 
management. 

TABLE 1 — HUMAN STUDIES ON APOA1 RS670, DIET / LIFESTYLE, AND HDL-RELATED 
OUTCOMES 

STUDY (AUTHOR, 
YEAR) 

DESIGN · POPULATION · SNP PRIMARY OUTCOME / KEY FINDINGS 

Ordovas et al., 
2002 

Design: Observational cohort; gene × 
diet interaction analysis 

Population: 1,577 adults from 
Framingham Offspring Study 

SNP: APOA1 rs670 (−75 G>A) 

PUFA intake modified HDL-C by 
genotype: A-allele-carrying women 
had ~13 % higher HDL-C than GG 
with high PUFA (>8 % energy) but 
~14 % lower HDL-C with low PUFA 
(<4 % energy). Consistent with the A 
allele conferring PUFA-responsive 
APOA1 transcriptional behavior 
(Ordovas et al., 2002). 

Ruaño et al., 
2006 

Design: Aerobic exercise 
intervention trial (6 months) 

Population: 75 healthy 
normolipidemic adults 

SNP: APOA1 rs670  

A-allele carriers increased their 
proportion of large HDL particles 
with training; GG homozygotes 
showed the opposite response — a 
decrease in large HDL. This supports 
a genotype-by-stimulus effect on 
HDL-related outcomes (Ruaño et al., 
2006). 

Rudkowska et 
al., 2013 

Design: Cross-sectional gene-diet 
interaction 

Population: 553 Inuit adults 

SNP: APOA1 rs670  

Dietary fat composition interacted 
with APOA1 rs670 in relation to lipid-
profile variables, particularly total 
cholesterol and LDL-C, supporting a 
broader rs670 gene–diet interaction 
model (Rudkowska et al., 2013). 



 

 

STUDY (AUTHOR, 
YEAR) 

DESIGN · POPULATION · SNP PRIMARY OUTCOME / KEY FINDINGS 

de Luis et al., 
2019 

Design: Hypocaloric-diet 
intervention trial 

Population: Obese adults 

SNP: APOA1 rs670  

Metabolic and lipid responses 
differed by diet macronutrient 
composition and rs670 genotype, 
supporting the broader rs670 gene-
diet interaction model (de Luis et al., 
2019). 

Ramezani-Jolfaie 
et al., 2020 

Design: Randomized crossover 
dietary-oil trial 

Population: Adults with and without 
type 2 diabetes 

SNP: APOA1 rs670  

Unsaturated oil interventions 
produced rs670-dependent 
differences in cardiometabolic 
markers (Ramezani-Jolfaie et al., 
2020). 

Liao et al., 2015 Design: Case-control study on 
coronary artery disease 

Population: 300 CAD cases + 300 
controls, Chinese population 

SNP: APOA1 rs670 

Allele- and genotype-frequency 
distributions differed between CAD 
cases and controls, indicating rs670 
relevance to lipid profiles and CAD-
risk phenotypes (Liao et al., 2015). 

CONCLUSION 

The APOA1 rs670 (−75 G>A) promoter polymorphism is a nutrigenetically informative locus with a 
counterintuitive functional architecture: the ancestral G allele, which is the population-genetic wild-
type and major allele, is less responsive in the omega-3/PUFA HDL-C-response context, while the 
minor A allele is associated with greater PUFA responsiveness. This yields three functional genotype 
classes — AA/TT (homozygous responsive, ~4 %), GA/TC (heterozygous, positive response preserved 
with reduced magnitude, ~30 %), and GG/CC (homozygous wild-type, non-responsive for HDL-C, ~66 
%). The clinical consequence is that a single, population-level omega-3 recommendation for the 
purpose of raising HDL-C will be inappropriate for the GG/CC majority (Ordovas et al., 2002).  

AA/TT carriers obtain the most pronounced HDL-C benefit from omega-3/PUFA exposure. GA/TC 
carriers obtain a smaller HDL-C rise but retain a positive response, which is consistent with the report 
statement that one defective gene still allows normal functionality in practical recommendation 
terms. GG/CC carriers obtain little HDL-C benefit and should not be described as HDL-C responders. 
For this genotype, plant sterols/stanols are a mechanistically plausible APOA1-independent 
alternative for LDL-C-oriented cholesterol management: they reduce intestinal cholesterol 
absorption and lower LDL-C without relying on APOA1 transcription (Gylling et al., 2014; Ras et al., 
2014). Integrating rs670 genotyping into nutrition guidance may help align supplementation with 
the expected biological response while avoiding recommendations that are neutral or 
counterproductive for the intended HDL-C endpoint. Tailoring omega-3 and plant sterol/stanol 



 

 

strategies to APOA1 genotype can support more precise lipid-management advice while respecting 
the central nutrigenetic principle that the same nutrient does not produce the same outcome in 
every patient. 
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