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What We Know, Think We Know, or Are Starting to Know
We know that omega-3 fatty acids, which includes the 18-carbon alpha-linolenic acid [ALA], 
20-carbon eicosapentaenoic acid [EPA], and 22-carbon docosahexaenoic acid [DHA]*, 
are critical for human health. As essential fats, omega-3 fatty acids must be consumed through 
the diet, and our capacity to synthesise them in the body is limited. This is because we lack the 
required enzymes to create omega-6 or omega-3 fatty acids from other dietary constituents, 
whereas, for example, we can synthesise saturated fats from carbohydrates. For the long-chain 
omega-3 fatty acids, EPA and DHA, the primary direct food source is oily fish [or krill and algae, 
which is where oily fish we consume, like salmon or mackerel, obtain their EPA/DHA from). 
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*Geek Box: Understanding Fatty Acids

If you read nutrition research enough, you’re going to read a lot about dietary fatty acids, some 
of them with mind-boggling names [thankfully we have acronyms!]. Fatty acids are characterised 
by their chemical structure, with two key aspects:

 1. how long they are [i.e., their ‘chain length’], and;

 2. how saturated they are;

The chain length reflects the number of carbon atoms. So for example, ‘C18’ in the case of 
ALA means 18-carbon atoms in length. In addition to length, fatty acids are characterised by 
saturation. What this means is that each carbon atom is linked to a hydrogen atom: because 
every carbon atom has a corresponding hydrogen atom, the fatty acid is saturated with a 
single-bond (all carbon and hydrogen bonded together). A saturated fatty acid is written as 
the number 0. So, if you read ‘C18:0 stearic acid’, you know that this fatty acid is 18-carbons 
in length, and is saturated. Unsaturated fats, however, have a double-bond, where instead of 
each carbon atom being bonded with a hydrogen atom, two carbon atoms are bonded together 
instead. So, ‘monounsaturated’ fats are fatty acids with a single double-bond [‘mono’], while 
polyunsaturated fats have 2 or more [‘poly’]. These fatty acids will have the position of their double 
bond written into their nomenclature. As an example of how a monounsaturated fat would be 
written, let’s take oleic acid, of extra-virgin olive oil fame: this would read ‘18C:1n9’, indicating 
that it is 18-carbons in length [‘C18’], has one double-bond [‘:1’], and that the double-bond occurs 
at the 9th position in the chain [known as the ‘omega’]. Hence, oleic acid is an ‘omega-9’ fatty acid. 
Because polyunsaturated fats have multiple double-bonds, they are written according to where 
the first-double bond is position. So C18:3n3 ALA, indicates that this is an 18-carbon length fatty 
acid, with three double bonds, and the first double-bond occurring in the n3 position: hence the 
fatty acid is an ‘omega-3’.



04 www.alineanutrition.com

Epidemiology indicates a protective effect of fish consumption against cardiovascular 
disease. In the population-based Chicago Western Electric Study, men consuming 250g fish 
per week had a 38% relative risk reduction for coronary heart disease [CHD], and 67% lower 
risk of a sudden myocardial infarction [heart attack] (1). Prospective cohort studies indicate 
a dose-response, with 2-4 servings compared to <1 serving, or >5 servings compared to 
<1, associated with reduced risk of cerebrovascular disease (2). In the GISSI trial, a study in 
secondary prevention in patients who had suffered a heart attack within the three-months 
prior to recruitment, randomisation to omega-3 supplementation resulted in a 30% reduction 
in cardiovascular deaths after 3.5yrs, and a 35% reduction in deaths from coronary artery 
disease (3). Taken as a whole, we think that fish consumption, providing intake of long-chain 
omega-3 fatty acids EPA and DHA, is important for heart health.

The mechanistic reasons for this association between EPA/DHA intake and heart health 
are more diverse. The most reliable and predictable effect is the pronounced reduction 
in circulating triglycerides that occurs from EPA, and the recent REDUCE-IT intervention 
trial found that 4g per day of a purified pharmaceutical-grade EPA, additional to 
statin therapy resulted, in a 25% reduction in risk for a cardiovascular event in participants in 
secondary prevention (4). Other than the reliable reduction in triglycerides from EPA, however, 
EPA/DHA supplementation in controlled trials has been shown to improve plaque stability in 
the arteries, and reduce atherosclerotic plaque inflammation (5,6). This is important, as these 
studies demonstrate that EPA/DHA can be incorporated into plaque, and have a beneficial 
influence on the process of atherosclerosis (5,6). However, the extent to which this may 
influence artery calcification* in humans is not yet understood. The present study examined 
the relationship between EPA/DHA levels  and coronary artery calcification [CAC] in humans.

*Geek Box: Coronary Artery Calcification 

Calcification of tissues is a process that can occur in response to injury. In the process of 
atherosclerosis development - which occurs over decades, often from the second decade of 
life - the arteries are exposed to repeated injury from trapped cholesterol, and the resulting 
immune responses and inflammatory responses that occur. The lesions that occur in the artery 
as a result become calcified. The extent of coronary artery calcification is strongly correlated 
with the extent of atherosclerosis, and is highly predictive of cardiovascular disease mortality. 
CAC results in impaired vascular function, and blood flow to the heart. However, unless identified 
by an angiography, CAC is asymptomatic, and does not have any specific clinical manifestation 
[unlike, for example, high blood cholesterol levels]. The two primary risk factors for CAC are age 
and biological sex, with evidence of CAC in >90% of men over the age of 70yrs, and in >67% of 
women over the same age. It is important to note that dietary calcium intake is not associated 
with CAC, and it is important not to conflate ‘calcification’ as a physiological process with ‘calcium’ 
as an important dietary mineral. To date, there is no established intervention to treat CAC, either 
pharmacologically, surgically, or nutritionally. In addition, the exact pathophysiology of CAC 
remains to be fully elucidated. Nonetheless, CAC is very important for prognosis of cardiovascular 
disease risk in both primary and secondary prevention. 
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The Study 

The study enrolled 71 participants with symptoms of atypical angina [chest pain], who were 
referred for a coronary computed tomography scan [CT scan], which is the main non-invasive 
method to detect artery calcification. Participants were excluded if they had been taking fish-
oil supplements or other polyunsaturated fat [PUFA] supplements. Blood was drawn prior to 
the CT scan, to analyse fatty acid composition. The Agatston Score [AS], which calculates a CAC 
score adjusted for age and sex [the two primary risk factors], was used to stratify participants 
according to CAC burden. The AS divides CAC scores into three groups: between 0–100, 101–
400, and >400. A CAC score of >400 significantly increases risk for cardiovascular events. In this 
study, the investigators divided the participants into those above the AS 75th percentile, who 
were defined as having early-onset atherosclerosis, and those below the AS 75th percentile, 
who were the comparison group. The study analysed AS scores relative to EPA/DHA levels, and 
the Omega-3 Index.

Results: 49 men and 22 women with a mean age of 62, BMI of 28, and mean of 2.4 cardiovascular 
risk factors, were examined. Baseline characteristics were similar for age, BMI, cardiovascular 
risk factors, and medications. Participants above the AS 75th percentile had an AS score of 
419, while those below the 75th percentile had an AS score of 0. In the participants above 
the AS 75th percentile, values for EPA, DHA, and the Omega-3 Index were significantly lower, 
compared to those below the AS 75th percentile. There were no significant differences in 
any other fatty acids. In those below the 75% percentile, the EPA comprised 0.93% of total 
membrane fatty acids, compared to 0.77% in those above the 75th percentile. DHA comprised 
4.90% in participants >75th percentile, compared to 5.50% in those <75th percentile. The 
Omega-3 Index in participants >75th percentile was 5.73%, compared to 6.22% in those <75th 
percentile.
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The Critical Breakdown
Pros: Used red-blood cell content of EPA/DHA to assess levels of these omega-3 fatty acids, 
allowing for a more precise analysis of levels of these fatty acids than blood measures [more on 
this under Key Characteristic, below]. Participants were at low-intermediate risk for coronary 
artery disease, which given that CAC is asymptomatic, was a positive as it provided insight 
into the fact that CAC may be developed at an early stage in cardiovascular risk assessment. 
The method of analysis, gas chromatography, is a robust method for quantifying 
metabolites. The investigators calculated the ‘Omega-3 Index’, the amount of EPA/DHA as a 
percentage of all fatty acids identified in red-blood cell membranes. This is insightful because 
the fatty acid composition of cell membranes can change rapidly in response to dietary intake; 
EPA content rises and falls quickly, while DHA remains more constant. The proportion of fatty 
acids in cell membranes, as a percentage of fatty acids, may be important for the biological 
activity of these fatty acids.

Cons: As a clinical investigation, the study had a small number of participants; this is to be 
expected in a preliminary investigation, so is more a caveat than a true limitation. Although 
the investigators labelled the study as prospective, in reality the study is more cross-sectional 
[although comparing participants with high vs. low CAC scores, not against healthy controls]. 

Key Characteristic
Measuring fatty acids in cell membranes. Depending on whether fatty acids are measured as 
the composition of fats in circulating blood fats, like triglycerides or lipoproteins, or measured 
as free fatty acids, or measured from cell membranes, all provide a different indication of 
the relationship with dietary intake. For example, measuring fasting blood lipids reflects 
dietary intake over the previous 3-4 days, while measuring lipoprotein content reflects 2-3 
weeks (7). The fatty acid composition of cell membranes is considered a reflection of dietary 
intake over the previous months, and is therefore a more reliable assessment of consistent 
intake of EPA/DHA (7). If, for example, the authors had measured blood samples, this could 
merely have reflected a very short-term, rather than habitual, presence of these fatty acids. 
Furthermore, because EPA and DHA are rapidly incorporated into cell membranes, blood 
measures of EPA and DHA are not a strong indication of levels of these fatty acids in the body, 
or of dietary intake. The measurement of fatty acids that are not synthesised in the body, like 
omega-3 fatty acids, better reflects dietary intake of these fatty acids. However, for EPA and 
DHA, membrane levels are a far more robust indicator of EPA/DHA status (8). The inference 
we are left with is that the higher levels of EPA and DHA in participants <75th percentile for 
CAC score, reflects their habitual dietary intake over the previous months. Unfortunately, the 
investigators in this study did not undertake any dietary assessment. 
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Interesting Finding
There was no difference in the levels of the 18-carbon omega-3, alpha-linolenic acid, between 
participants >75th percentile compared to participants <75th percentile. Technically, the 
omega-6 linoleic acid and omega-3 alpha-linolenic acid [ALA] are the two essential fatty acids, 
which humans cannot synthesise themselves. This is because we can synthesise longer-chain 
fatty acids, like EPA and DHA, from ALA, and thus EPA and DHA are not considered ‘essential’. 
However, in humans the efficiency of converting ALA to EPA and DHA is very low, and due to 
the essential biological functions for which both are required, EPA and DHA are considered 

‘conditionally essential’. In healthy young men, the conversion of ALA to EPA is around 
8%, and 21% in women [the higher conversion rates attributable to oestrogen levels]. The 
conversion of ALA to DHA is only 0-4% in men, and 9% in women. Even factoring in the 
sex differences in conversion rates, the absolute level of conversion to ALA is low in humans. 

To give some perspective on these biological differences between ALA and the longer-chain 
EPA and DHA, a study looking at the effects of sources of both on inflammatory markers yes 
subject flaxseed oil equivalent to 13.7g ALA per day for 4-weeks, followed by 2.9g combined 
EPA/DHA for 4-weeks (9). Although inflammatory markers decreased from both interventions, 
the effect was greater with the long-chain marine omega-3’s (9). Another intervention, however, 
providing very high-dose ALA - 17.5g/d for 6-weeks - did find reduced inflammation, 
which appeared to be due to ALA conversion to EPA, and EPA acting in its anti-inflammatory 
capacity (10). The evidence does suggest that the marine omega-3’s EPA/DHA are more potent 
in anti-inflammatory effect than plant-derived ALA. In the current study, one possibility is that 
the EPA levels of cell membranes reflects conversion from high dietary ALA intake, but that cell 
membrane ALA remains constant. However, the levels of ALA required to have that effect suggest 
a more likely explanation is that cell membrane content reflects direct sources of EPA and DHA. 
Again, we’ve no dietary data to even speculate with. However, what this study indicates is that 
the protective effect of omega-3 fatty acids against artery calcification relates specifically to 
the long-chain marine omega-3’s, and ALA is not associated with the outcome.

Relevance
It is important to put this study into context: it is a correlational study, and as a preliminary 
investigation was one of only a few very recent studies looking at the relationship between 
omega-3’s and CAC. The study is hypothesis-generating, rather than evidence of any cause-
effect relationship, and provides a basis upon which to setup intervention studies to more 
directly investigate this relationship. What it does provide us with is an additional piece of 
the evidential jigsaw, which is starting to come together and indicates that the long-chain 
omega-3 fatty acids, EPA and DHA, have important roles in cardiovascular health, beyond their 
triglyceride-lowering effects. This may indicate an even greater importance for dietary intake, 
and this may be relevant for the current discussions on plant-based diets, and the relevance 
of nutrients derived from animal-sources, like EPA and DHA. There are people within the 
plant-based paradigm who argue that with high enough ALA in the diet, there is no need for 
direct sources of EPA and DHA. However, the low conversion rates and, more importantly, the 
evidence for differential biological activity with regard to factors like inflammation, suggest 
the prudent approach is to have direct sources of EPA or DHA in the diet, whether from food 
or supplemental sources.
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Application to Practice
In terms of recommendations to consumed oily fish, nothing has changed. It may provide 
more evidence that people excluding direct sources of EPA/DHA would want to give strong 
consideration to supplementation, and algae-based supplements now provide a vegan-
friendly, direct source of EPA/DHA. While there are no recommendations we may make 
specific to CAC from this study, current guidelines for nutritional strategies for cardiovascular 
risk support oily fish consumption, or direct EPA/DHA intake, for heart health.  In this regard, 
the marine omega-3 PUFA’s are strongly cardioprotective, and an average of 1g per day EPA 
and DHA – equivalent to three 90-120g servings of oily fish per week – is associated with a 20% 
reduction in risk for CVD mortality (11). General nutrition advice for a healthy heart remains the 
same, and oily fish/direct EPA/DHA intake is a pillar of those recommendations. 
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