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What We Know, Think We Know, or Are Starting to Know

Up to ~60% of the human brain is composed of lipids [fat], of which around half consists of 
essential polyunsaturated fatty acids [PUFA], specifically the omega-3 docosahexaenoic 
acid [DHA] and the omega-6 arachidonic acid [AA] (1). These long-chain fatty acids 
are rapidly incorporated into central nervous system cells, and play a critical role in 
development of the human brain and central nervous system through gestation and 
into infancy (2).

In relation to the early life-stage, there is little debate about the role, and need, for 
long-chain PUFA. Where the evidence gets slightly more ambiguous, however, is at the 
other end of the lifecycle; are PUFA still beneficial for the brain at that stage in life? This 
question is pertinent given the predicted dramatic rise in Alzheimer’s Disease incidence 
by 2060 (3), and absence of effective available pharmacological interventions (4).

This question has been difficult to tease out due to some common challenges that face 
nutrition research. The first is the temporal relationship between diet, nutrients, and 
disease outcomes; neurodegenerative disease may take years to develop, and studying 
healthy adults over a short period in a controlled trial may not produce any detectable 
effects (5). The second is that, conversely, studying adults that have already developed 
neurodegenerative disease may be too late for any intervention to be effective (6). 

Practically, this means that to study the effects of PUFA on neurodegenerative disease 
risk requires nutritional epidemiology to utilise prospective studies. Increasingly, 
cohorts that have been recently established have conducted more extensive baseline 
assessments of participants, including clinical evaluations of participants’ health status. 
The present study utilised the UK Biobank cohort to investigate effects of PUFA on 
dementia risk.
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The Study 

The UK Biobank cohort recruited over half-a-million participants across England, Wales, 
and Scotland between 2006–2010. All participants completed a range of in-person 
assessments at baseline, including biological samples for biomarkers of nutritional 
status* [see *Geek Box, below, for further details], immune markers, and brain imaging. 
The present study investigated the associations between:

•	 Exposure: There were two distinct exposures of interest, including:

	⸰ Plasma PUFA: Plasma levels of total PUFA, omega-3 PUFA, DHA, omega-6 PUFA, 
and linoleic acid [LA].

	⸰ Fish Oil [FO] Supplementation: FO supplementation was assessed at baseline as 
a dichotomous “Yes/No” question regarding FO supplement use.

•	 Outcome: Overall dementia incidence was the primary outcome. A subgroup analysis 
also investigated the two most prevalent dementia subtypes, Alzheimer’s Disease 
[AD] and vascular dementia [VD].

The study also analysed associations between plasma PUFA, FO supplementation, and 
brain structure assessed with neuroimaging scans. Finally, a mediation analysis was 
conducted to determine whether plasma PUFA levels mediated the association between 
FO and dementia risk. 
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*Geek Box: Biomarkers of Dietary Assessment

The term “biomarker” means use of a specific biochemical measure that provides an indication 
of nutrient intakes. This isn’t always as straightforward as “nutrient in = nutrient measured” 
because nutritional status is influenced by variations in the digestion, absorption, metabolism, 
distribution, and excretion of a nutrient, which differs from nutrients to nutrient. For example, 
when measuring fatty acids, whether it is red blood cells, phospholipid content of cell 
membranes, lipoproteins, or adipose tissue measured, each will provide different indications 
of dietary intake.

Biomarkers may be classified according to what measurement they allow for. A biomarker for 
which there is a quantitative relationship between dietary intake and the value of the biomarker, 
such that absolute intake over a 24 h period can be measured accurately, is known as a “recovery 
biomarker”. “Recovery” reflects the fact that all intake over a 24 h period is excreted, usually 
through urine, with minimal losses through other excretory pathways. These are very rare in 
nutrition science: only 24 h urinary sodium, 24 h urinary potassium, 24 h urinary nitrogen, and 
total energy measured by doubly-labelled water, are considered recovery biomarkers.

The most commonly used biomarkers, which measure the concentration of a nutrient in  
plasma, red blood cells, adipose tissue, etc., are known as “concentration biomarkers”, as 
they are measuring the concentration of that specific nutrient in the circulation or tissue. The 
use of biomarkers is very attractive for nutritional epidemiology, as it allows for an objective 
assessment of the validity of dietary questionnaires, and quantification of intake that is 
independent of measurement error.

However, there remain limitations to their application. First, there is not a reliable biomarker 
for every nutrient of interest to nutrition science. Secondly, many non-dietary factors may 
influence the status of a biochemical indicator, thus introducing a potential measurement error 
that is unrelated to actual dietary intake. Nonetheless, for exposures of interest like sodium, 
potassium, fatty acids, or total energy expenditure, biomarkers are reliable, and provide a 
means of quantifying accurate dietary intake.

Results:  For the final analysis, 102,722 participants were included in the plasma PUFA 
analysis, and 425,374 participants were included in the FO supplement analysis. The 
average age of participants at baseline was 56yrs, and ~54% were female. The average 
follow-up duration was 9.2yrs, during which there were 7,768 incident cases of dementia. 

Associations Between Plasma PUFA and Dementia Risk: Higher plasma concentrations of 
all five PUFA biomarkers measured were associated with lower dementia risk: 

•	 Total PUFA were associated with a 15% [95% CI, 11% to 19%] lower risk. 
•	 Omega-3 PUFA with a 10% [95% CI, 5% to 14%] lower risk.
•	 DHA with an 8% [95% CI, 4% to 13%] lower risk.
•	 Omega-6 PUFA with a 14% [95% CI, 10% to 18%] lower risk.
•	 LA with 14% [95% CI, 10% to 18%] lower risk.
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When analysed as a proportion of all fatty acids in the plasma, the results were similar 
overall except for an attenuated strength of the effect estimate for omega-3 PUFA. 

These findings remained similar after adjusting for age, sex, intake of oily fish, vegetables, 
fruit, social deprivation index, education status, and other relevant covariates for 
dementia risk. The findings also were unchanged after excluding dementia cases that 
occurred in the first 2yrs of follow-up.

Associations Between FO Supplementation and Dementia Risk: FO supplementation was 
associated with a 6% [95% CI, 1% to 11%] lower risk of dementia, after adjusting for the 
covariates referred to above. 

In a subgroup analysis by dementia type, FO supplementation was associated with a 
14% [95% CI, 4% to 23%] lower risk of VD, but was not associated with lower risk of AD. 
In a sensitivity analysis excluding participants who also reported vitamin or mineral 
supplement use, the association with FO supplementation was attenuated and no 
longer significant. 

Forest plot from the paper illustrating the effect estimates [square box] and 95% 
confidence intervals [arms left-right from box] for the exposures of interest in the 
present study. The top five rows indicate the risk estimates for the 5 plasma PUFA 

biomarkers assessed as total plasma concentrations; the middle five represent the 5 
plasma PUFA biomarkers assessed as a proportion of all fatty acids in plasma. The final 

row is the risk estimate for FO supplementation.
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Mediation Between Plasma PUFA, FO Supplementation, and Dementia Risk: In the 
analysis to detect whether plasma PUFA measures mediated the association between FO 
supplementation and dementia risk, omega-6 PUFA mediated 4.39% of the association, 
total PUFA’s 29%, omega-3 PUFA’s 57.99%, and DHA 56.95% [discussed further under Key 
Characteristic, below].

Analysis of Plasma PUFA, FO Supplementation, and Brain Structure: Higher plasma levels 
of total PUFA, omega-6 PUFA, and LA were associated with larger volumes of brain 
cortical and subcortical regions, brain regions damaged in dementia/AD. There were 
also associations between total PUFA, omega-6 PUFA, LA, and higher brain white matter 
structures related to cognition and psychological functioning. However, there were no 
significant associations for FO supplementation and brain structure measures. 

The Critical Breakdown

Pros: The study’s aims were clearly stated, and included distinct analyses between 
biomarkers of PUFA status and FO supplementation as exposures. The mediation 
analysis provided additional validity of the associations for FO supplementation and 
dementia risk [discussed further under Key Characteristic, below]. The sample sizes for 
both analyses were vast, particularly for the FO analysis with >400k participants. The 
sample was also balanced for sex, which is important given dementia risk is higher in 
women compared to men (7). The analyses adjusted for relevant covariates for dementia 
risk, including adjusting for intakes of fatty fish as the main dietary source of long-
chain omega-3 PUFA, and which is also associated with lower dementia/AD risk (8,9). It 
also adjusted for ApoE4, a gene that regulates cholesterol metabolism in the brain and 
~40% of AD patients carry this variant (10). The results of the primary analysis remained 
largely robust to adjustment for these, and other, relevant covariates. The analysis 
also considered relevant subgroups [e.g., age, sex, ApoE4 status] and sensitivity [e.g., 
exclusion of the first 2yrs of follow-up to minimise reverse causality] analyses. 

Cons: Given that both the prevalence and incidence of dementia increase exponentially 
after 75yrs of age, the average age of the cohort in the present study of 56yrs at 
baseline was potentially too young relative to the outcome of interest to provide more 
robust statistical power. Given the age at baseline, the follow-up duration of ~10yrs, 
while looking adequate on paper, is slightly short for this specific outcome, and this 
is reflected in the relatively low incidence of dementia. Fish oil supplementation was 
categorised dichotomously with no additional information related to dose, and no 
repeated assessment to determine whether supplementation was maintained over the 
duration of follow-up. The biomarker analysis only assessed plasma PUFA, which is only 
a reflection of immediately recent [i.e., ~2-3 days] dietary intake, and are not a reliable 
indicator of longer term, habitual diet compared to other biomarkers [e.g., red blood 
cells or adipose tissue] (11).
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Key Characteristic

Given the exposures of interest in the present study were not dietary intake of PUFA, but 
plasma PUFA as a biomarker and use of FO supplements, which would be expected to 
influence endogenous PUFA status, the use of a mediation analysis was insightful. The 
figure below illustrates the outcomes of these analyses for omega-3 PUFA [top left], DHA 
[top right], total PUFA [bottom left], and omega-6 PUFA [bottom right]. 

A mediation analysis considers how a third variable influences a relationship between 
two other variables. To understand how this is achieved, let’s take the example of 
omega-3 PUFA. If you look at that figure, you’ll see arrows pointing in a specific direction. 
A mediation analysis must start with a significant association between your two main 
variables, in this case FO supplementation and dementia.  

Once that relationship is present and significant, the next step is to determine the 
relationship between FO supplementation and the third, mediating variable – in this case 
plasma omega-3 PUFA. If this is present and significant, the final step is to determine 
the strength of the association between the mediator and outcome, i.e., between plasma 
omega-3 PUFA and dementia. 

In effect, this is testing whether the effect of FO supplementation on dementia risk 
goes through plasma omega-3 PUFA. If there is a full mediating effect, the effect of 
FO supplementation on dementia risk would completely disappear. If there is a partial 
mediating effect, the independent effect of FO supplementation on dementia is 
weakened, i.e., it is the mediator that explains a proportion of the overall effect of FO 
supplementation on dementia risk. 

In this analysis, we can see that omega-6 PUFA mediated just 4% of the association 
between FO supplementation on dementia; but FO supplements don’t contain any 
omega-6, so we wouldn’t expect there to be much of any mediating effect here [and I’m 
not really sure why they ran this analysis]. 
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Interesting Finding

There are several findings from this overall analysis that provide some interesting 
additional insights. The first relates to one of our stated Cons, above, which is the overall 
younger age profile of the cohort relative to the prevalence and incidence rates for the 
outcome of dementia. In a subgroup analysis by age of participants, stratified by over or 
under 65yrs, the association between FO supplementation and dementia was significant 
only in the >65yrs, a 9% [95% CI, 3% to 15%] lower dementia risk. 

The second is the subgroup analysis by oily fish intake, stratified by <1 or >1 serving 
per week. In this analysis, the effect of FO supplementation was only significant in 
participants consuming <1 oily fish meal per week, with a 14% [95% CI, 6% to 21%] lower 
risk of dementia. 

This is important, as an issue across all of nutrition research is that individuals with 
adequate nutrient status are unlikely to benefit from further increasing intakes of that 
nutrient beyond required levels (12,13). And both biomarker studies (14) and intervention 
trials (15) suggest that those most likely to benefit from omega-3 supplementation are 
those with low dietary intake and endogenous omega-3 status. 

The final interesting finding is the subgroup analysis by ApoE4, stratified by carriers 
or non-carriers; the association between FO supplementation and dementia risk was 
significant in ApoE4 carriers, but not non-carriers, with an 8% [95% CI, 1% to 15%] lower 
risk in ApoE4-carriers. This is instructive because ApoE4-carriers have lower omega-3 status 
and responsiveness to supplementation (16), while high-dose DHA supplementation may 
improve cognitive function in ApoE4-carriers, but not ApoE4-non-carriers (17).

Relevance

Although this study has the major strength of its enormous sample size, it is far from 
providing more definitive answers to some of the open questions on the potential 
protective effects of PUFA against dementia risk. The strongest, and most robust, effect 
estimates in the present study were for plasma PUFA, and FO supplementation was 
a more modest 6% lower dementia risk. The major limitation is what plasma PUFA 
represents as a biomarker, i.e., immediate dietary and supplemental intake (11,18).

Tracer studies have shown that the whole-body half-life of omega-3 PUFA is ~54 days 
following 3.2g/d omega-3 supplementation (18). The fact that this study is a decade 
of follow-up, with supplementation only assessed as a “Yes/No” question and no 
further detail on dose, limits the inferences we might take. The fact that the effect 
of FO supplementation was no longer significant after excluding participants using 
micronutrient supplementation may also reflect the fact that the effects of omega-3 
PUFA interacts with other nutrients, B-vitamins in particular (19). 

Further, of this minor lower risk associated with FO supplementation, over half of this 
was explained in the mediation analysis by plasma omega-3 PUFA and DHA. Thus, the 
weight of the findings for the present study relates to the biomarkers of plasma PUFA 
status, with its inherent limitations for making inferences about dementia risk a decade 
later. 
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It is also interesting to note that while omega-3 PUFA tend to take the lion’s 2share of 
focus for brain health, omega-6 PUFA and LA were associated with lower dementia risk 
in the biomarker analysis, and greater brain cortical volume in the imaging analysis. It is 
often overlooked that omega-6 PUFA do play important roles in the brain, and the brain 
appears to exhibit a particular ratio of DHA to AA, at least in developmental stages (2). 
However, given that LA does not convert in any appreciable amount to AA (20), the precise 
relationship with LA in particular remains to be determined. 

Application to Practice

Despite the continued lack of definitive answers, the weight of evidence is more 
consistently tipping in the direction of a benefit to long-chain PUFA of the omega-3    
variety, which is evident in biomarker studies of brain structures and of dementia risk 
(21,22).

However, this does not appear to be a general benefit, and there do appear to be 
particular characteristics that may better predict a benefit to higher omega-3 PUFA 
intake, whether achieved from diet or supplementation; those who consume low, or no, 
oily fish; those with low total omega-3 intakes, individuals that are ApoE4-carriers, and 
elderly adults who are otherwise healthy and low in omega-3, or exhibit some signs of 
mild cognitive impairment. 

Thus, depending on the population you may work with in practice, these factors should 
be considered in the evaluation of whether FO supplementation is required. Generally, 
for those who do consume oily fish, the recommendation of 1–2 servings a week is sound 
advice to cover long-chain omega-3 bases. 
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