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Abstract
Following a request from the European Commission, the Panel on Nutrition, Novel 
Foods and Food Allergens (NDA) was asked to deliver a scientific opinion on the 
revision of the safe level of intake for supplemental docosahexaenoic acid (DHA). 
Systematic reviews of the literature were conducted to identify human interven-
tion studies administering supplemental DHA alone from a source with an eicosa-
pentaenoic acid (EPA)/DHA ratio < 0.3 for at least 8 weeks, without restrictions on 
population or outcome. Hazard identification focused on bleeding complications 
(including bleeding time, platelet function and blood clotting parameters), glu-
cose homeostasis, blood lipid profile, markers of lipid peroxidation, immune func-
tion, pregnancy endpoints and safety, tolerability and adverse events. The risk of 
spontaneous bleeding was selected as the critical effect on which to base the UL/
safe level of intake for supplemental DHA alone. In the absence of adequate data to 
characterise a dose–response relationship and identify a reference point, no UL for 
supplemental DHA alone can be established for any population group. Therefore, 
the Panel derived a safe level of intake, which differs from a UL in that it is based 
on intakes up to which no adverse effects have been observed. Based on the avail-
able evidence, the Panel retains the safe level of intake of 1 g/day for supplemen-
tal DHA alone established in 2012 for all population groups (i.e. infants, children, 
adolescents and adults, including pregnant and lactating women). This safe level 
of intake applies to DHA added to foods or consumed as food supplements in any 
chemical form (e.g. triacylglycerols, ethyl esters, phospholipids) from sources (e.g. 
fish oil concentrates, algal oils, krill oils) containing DHA alone or mostly DHA (i.e., 
EPA/DHA ratio < 0.3).
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1  |  INTRO DUC TIO N

1.1  |  Background as provided by the European Commission

On 24 September 2024, EFSA adopted a scientific opinion on the “Safety of an extension of use of oil from Schizochytrium 
limacinum (strain FCC-3204) as a novel food pursuant to Regulation (EU) 2015/2283”.1 In its opinion, EFSA concluded that the 
novel food oil from Schizochytrium limacinum (strain FCC-3204) is safe under the new intended use.

The above-mentioned opinion refers to EFSA's “Scientific Opinion related to the tolerable upper intake level of eicosapen-
taenoic acid (EPA), docosahexaenoic acid (DHA) and docosapentaenoic acid (DPA)” adopted by the EFSA NDA Panel (2012).

In its 2012 opinion, EFSA concluded that a Tolerable Upper Intake Level for DHA could not be established. However, the 
Panel noted that supplemental intakes of EPA and DHA combined at doses up to 5 g/day, and supplemental intakes of EPA 
alone up to 1.8 g/day, did not raise safety concerns for the adult population. The Panel also considered that supplemental 
intakes of DHA alone up to about 1 g/day did not raise safety concerns for the general population (safe level of intake). 
Limited data were available on the effects of long-term supplementation with DHA alone at higher doses. The Panel noted 
that specific dietary recommendations for DHA for European adults and children were well below this amount.

In the recent 2024 opinion, EFSA provided anticipated intake estimates of DHA from the authorised novel food sources 
(excluding food supplements) showing that the anticipated intake of DHA from the authorised uses ranges from 0.1 to 2.4 
g/day (mean intake) and from 0.3 to 4 g/day (95th percentile intake). According to these data, the intake of DHA from the au-
thorised uses could be above 1 g DHA/day, the safe level of intake established by the NDA Panel in 2012 scientific opinion.

1.2  |  Terms of Reference as provided by the European Commission

In accordance with Article 29(1)(a) of Regulation (EC) 178/2002, the European Commission asks the European Food Safety 
Authority to provide a scientific opinion on the safety of supplemental docosahexaenoic acid (DHA).

In particular, EFSA is requested to:

•	 reassess the safe level of intake of 1 g/day for supplemental DHA alone established for the general population by the 
NDA Panel in 2012, in view of the scientific data that have become available since then. To that end, EFSA is requested to 
review new available data of long-term supplementation with DHA alone at doses at or above the current safe level of 
intake of 1 g/day;

•	 establish a safe level of intake or, if data allow, a Tolerable Upper Intake Level (UL) for supplemental DHA alone for all 
population groups and, as appropriate, for specific vulnerable subgroups of the population.

1.3  |  Interpretation of the Terms of Reference and context of the assessment

The protocol developed for this assessment was endorsed by the NDA Panel on 24 March 2025 (Annex A). The context of 
the assessment, including the rationale for the definition of the exposure of interest, and the interpretation of the terms of 
reference for this mandate (problem formulation), can be found in that protocol (Sections 2 and 3, respectively).

The exposure of interest is DHA added to foods or consumed as food supplements in any chemical form (e.g. triacyl-
glycerols, ethyl esters, phospholipids) from sources (e.g. fish oil concentrates, algal oils, krill oils) containing DHA alone or 
mostly DHA (i.e. EPA/DHA ratio < 0.3). For convenience, DHA alone will be used in this opinion to refer to the exposure of 
interest.

Briefly, the only assessment question for this mandate can be formulated as follows:
What is the maximum level of total chronic daily intake of supplemental DHA, which is not expected to pose a risk of 

adverse health effects to humans? (Hazard identification and characterisation).
In addressing this question and relying on previous assessments, the Panel considers that this maximum level of total 

chronic daily intake cannot be lower than 1 g/day.
The formulation of the assessment sub-questions and the methods used to address them are shown in Table 1.

 1EFSA Journal. 2024;22:e9043.

T A B L E  1   Formulation of sub-questions.

Sub-questions Method to address the sub-questions

1. What is the dose–response relationship between the intake of supplemental DHA ≥ 1 g/day and 
adverse health effects in humans?

Systematic review

2. What are the potential mechanisms/mode(s) of action underlying the relationship between 
supplemental DHA intake ≥ 1 g/day and the identified adverse health effects?

Narrative review
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2  |  DATA AN D M ETH O DO LOG IES

2.1  |  Data

For the sub-question addressed through a systematic review, a brief description of the process used for evidence retrieval, 
study selection and data extraction is provided below.

2.1.1  |  Literature search

MEDLINE (Ovid), Embase (Ovid) and Cochrane Central Register of Controlled Trials were searched on 26 March 2025 to iden-
tify intervention studies and systematic reviews of intervention studies published in English from 1 January 2010 that had 
investigated the effects of supplemental DHA in humans. Specific search strings were developed by information specialists 
at EFSA for the mentioned databases to limit by type of study, publication type, publication year and language. Endpoints 
and population groups were not specified (no restriction). The search strategies and the number of records before and 
after de-duplication can be found in Annex B. The reference lists of systematic reviews were screened to identify poten-
tially eligible articles that might have not been captured by the literature search. None were identified. Backward citation 
searches were conducted on relevant publications to identify other articles reporting on the same study and addressing 
potentially relevant endpoints. Four additional publications were identified.

2.1.2  |  Study selection

RCTs and non-randomised comparative studies of interventions investigating the effect of supplemental DHA at doses ≥ 1 
g/day from a source with an EPA/DHA ratio < 0.3 given through the oral route for at least 8 weeks were eligible (Annex A). 
Title/abstract and full-text screening was done in duplicate. Conflicts were solved by discussion.

The results of the different steps of the study selection process can be found in Appendix A.

2.1.3  |  Data extraction

Data from the studies eligible for the assessment as defined in the protocol (no restrictions regarding the study population 
or the endpoints investigated were established a priori) were extracted in a structured form which includes all references 
reporting on the same study, the study design, study population, dose and source of supplemental DHA, the EPA/DHA 
ratio, the number of individuals randomised to DHA and the number of individuals completing the DHA intervention, the 
duration of the intervention and the outcomes reported in the study.

Studies conducted in patients with underlying chronic disease conditions such as cystic fibrosis, HIV infection, rheuma-
toid arthritis or diabetes with unclear concomitant therapies or under standard pharmacological treatment for the disease 
were excluded from the assessment (n = 7, reported in 13 publications). This is because the disease and/or its treatment are 
expected to modify the effect of supplemental DHA on the outcomes investigated in these studies that are of interest for 
this assessment (i.e. glucose homeostasis, immune function and the blood lipid profile), which limits the extrapolation of 
the results to the general population for which the UL/safe level of intake for supplemental DHA is derived. Three addi-
tional studies reported in 5 publications were excluded at data extraction because the Panel considered that the endpoints 
investigated were not relevant for the safety assessment (Section 3.1).

The characteristics of the 26 studies included in the assessment and of the 10 studies excluded at data extraction, to-
gether with the rationale for their exclusion, can be found in Appendix B, Tables B.1 and B.2, respectively.

The results of the studies included in the assessment were extracted in tabular form for specific outcomes, where 
needed.

2.2  |  Methodologies

The methodologies used to address the assessment question and sub-questions are depicted in the protocol (Annex A).

2.3  |  Public consultation

A draft opinion was endorsed by the NDA Panel on 30 September 2025 and was open for public consultation from 3 
October to 14 November 2025 (PC-1647). The draft opinion has been amended in view of the comments received, which 
have all been addressed and are published in a technical report (Annex C).
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3  |  ASSESSM E NT

3.1  |  Introduction

In 2012, the NDA Panel concluded that the available data were not sufficient to establish a UL2 for DHA. However, the Panel 
considered that supplemental intakes of DHA alone up to about 1 g/day do not raise safety concerns for the general popu-
lation. This safe level of intake3 is based on long-term human intervention studies that have generally not reported adverse 
effects of supplemental DHA at these levels of intake, and on the limited data available on the effects of long-term sup-
plementation with DHA alone at higher doses. Adverse effects which have been described in humans in association with 
high intakes of n-3 long-chain polyunsaturated fatty acids (LCPUFAs) include bleeding episodes, impaired immune func-
tion, increased lipid peroxidation and impaired lipid and glucose metabolism.

The human intervention studies eligible for this assessment were designed to investigate potential beneficial effects of 
DHA supplementation in healthy individuals or patients with well-defined medical conditions at recruitment and were all 
controlled for supplemental fat intake. Vegetable oils and/or EPA were used for comparison in all the studies. Some of these 
studies report on several outcomes/endpoints that are not relevant for this safety assessment, including:

a.	 The fatty acid profile in red blood cells (RBCs), plasma or other body fluids (e.g. cerebrospinal fluid), generally 
measured as markers of compliance with the intervention and/or to calculate the omega-3 index;

b.	 Endpoints related to cognitive function, MRI measures of brain volume and specific areas thereof (hippocampal vol-
ume), or fMRI measures of brain activation, in healthy individuals or in individuals with cognitive impairment, Alzheimer 
disease, dementia or bipolar disorder.

c.	 Depression-related endpoints in individuals with mild–moderate depression or post-traumatic injury;
d.	 Post-stress or quality of life endpoints in patients with post-traumatic injury; biomarkers of head trauma in American 

football players;
e.	 Exercise performance, markers of muscle damage and muscle soreness post-exercise in amateur endurance athletes;
f.	 Gingival endpoints in individuals with periodontitis (except bleeding on probing);
g.	 Endpoints related to vaginal microbiota composition and potential pathobionts in pregnant women with overweight or 

obesity;
h.	 Sperm quality in males with history of infertility;
i.	 Vision-related endpoints in patients with X-linked retinitis pigmentosa, Stargardt macular dystrophy or Best disease 

(macular degeneration);
j.	 Anthropometry, body composition and blood pressure;
k.	 Clinical endpoints in very pre-term infants (< 29 weeks of gestation) of DHA-supplemented mothers, as this population 

group is outside the target population for which ULs/safe levels of intake are derived.

Three of the initially eligible human intervention studies only investigated one or more of these endpoints and were 
excluded at data extraction (Section 2.1.3).

No adverse effects of DHA supplementation on any of these outcomes/endpoints have been reported in any of the 
eligible studies.

The Panel notes that results regarding gene expression/transcriptomics in peripheral white blood cells, monocytes or 
subcutaneous adipose tissue related to markers of inflammation, insulin resistance or lipid metabolism cannot be used to 
establish a UL/safe level of intake for DHA, but could be considered when discussing the mechanisms by which supple-
mental DHA could adversely affect other endpoints related to immune function, glucose homeostasis and/or blood lipids, 
if needed.

Of the eligible 26 human intervention studies, 13 have systematically investigated the effect of supplemental DHA on 
relevant outcomes for this safety assessment and 13 only report on safety/tolerability/adverse effects/adverse events in 
different ways (see Section 3.2.7). The characteristics of all the included studies by category of relevance for this assessment 
can be found in Appendix B, Table B.1.

3.2  |  Hazard identification

3.2.1  |  Bleeding complications, bleeding time, platelet function and blood clotting parameters

Safety concerns about a higher risk of bleeding complications associated with the consumption of high-dose supplements 
of n-3 LCPUFAs arise from the observation, mostly in short-term intervention studies, that fish oils (EPA and DHA in com-
bination), as well as either EPA or DHA alone (highly purified ethyl esters), increase bleeding time and decrease platelet 

 2The maximum level of total chronic daily intake of a nutrient (from all dietary sources) which is not expected to pose a risk of adverse health effects to humans (EFSA NDA 
Panel, 2024).

 3When a UL cannot be established, a safe level of intake represents the highest level of nutrient intake at which there is reasonable confidence in the absence of adverse 
effects (EFSA NDA Panel, 2024).
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aggregation in a dose–response manner at doses up to about 9 g/day (highest doses tested) (EFSA NDA Panel, 2012). Some 
episodes of epistaxis in 11 children and adolescents consuming 1.5 g/day EPA and DHA from fish oil for 6 months (single-
arm, uncontrolled study) have also been reported (Clarke et al., 1990).

In 2012 (EFSA NDA Panel, 2012), the Panel noted that the changes in bleeding time (for supplemental intakes of EPA and 
DHA combined up to about 6 g/day) and platelet aggregation (for supplemental intakes of EPA and DHA, either alone or in 
combination, up to about 4 g/day) observed in these short-term (4–12 weeks) intervention studies could not be considered 
adverse, as they were not associated with an increased risk of clinical complications (e.g. spontaneous bleeding). However, 
conclusions on bleeding complications were reached based on a wealth of controlled human intervention studies on the 
effects of n-3 LCPUFA conducted in population subgroups at high risk of bleeding, including patients on antiplatelet or an-
tithrombotic medications (acetyl salicylic acid, clopidogrel, anticoagulants) undergoing invasive procedures, and pregnant 
women at delivery.

In 2012, the Panel considered that supplemental intakes of EPA and DHA combined of up to about 5 g/day for up to 
2 years and up to about 7 g/day for up to 6 months, do not increase the risk of spontaneous bleeding episodes or bleeding 
complications, even in subjects at high risk of bleeding (e.g. in antiplatelet or antithrombotic medications). The Panel noted 
that the data available were insufficient to conclude on whether the same doses administered mostly as EPA or mostly 
as DHA would have different effects on this outcome. The Panel also considered that intakes of EPA alone at doses up 
to 1.8 g/day for 2 years do not increase the risk of bleeding complications, based on the results of one open label human 
intervention study (Yokoyama et al., 2007) which investigated the effects of 1.8 g/day of EPA as ethyl esters consumed for 
5 years in combination with statins (n = 9326) vs. statins alone (n = 9319) in hypercholesterolaemic, high fish consumers on 
the primary and secondary prevention of coronary heart disease which also assessed safety outcomes and the risk of stroke 
and its subclasses (Tanaka et al., 2008). No long-term intervention studies with DHA alone at doses > 1 g/day reporting on 
bleeding complications were available at the time.

3.2.1.1  |  Bleeding complications

No long-term intervention studies on supplemental DHA at doses ≥ 1 g/day reporting on spontaneous bleeding or bleed-
ing complications were identified through the literature search conducted for this assessment. This is consistent with the 
studies retrieved in a recent systematic review and meta-analysis of RCTs which investigated bleeding risk in individuals 
with (or at high risk of) cardiovascular events receiving supplemental EPA and DHA, either alone or in combination (Javaid 
et al., 2024). The systematic review was triggered by the results of the REDUCE-IT (Reduction of Cardiovascular Events with 
Icosapent Ethyl–Intervention) trial, in which 4 g/day of highly purified EPA consumed for a median of 4.9 years increased 
(although non-significantly) the number of serious bleeding events as compared to a placebo mineral oil (2.7% vs. 2.1%, 
p = 0.06) among the 8179 patients enrolled (n = 4089 randomised to EPA), 70.7% of which were on secondary prevention of 
cardiovascular events (Bhatt et al., 2019). Trials with < 1000 patients were excluded to minimise the risk of type 1 statistical 
error. Trials of short duration were also excluded. A total of nine RCTs on EPA and DHA in combination and two RCTs on EPA 
alone were identified, all lasting at least 2 years. None used supplemental DHA alone.

None of the studies retrieved reported on spontaneous bleeding.
One double-blind, parallel RCT investigated the effect of supplemental DHA on bleeding on probing in adults with mild 

periodontitis (Naqvi et al., 2014). Participants aged ≥ 40 years were randomised to consume 2 g/day supplemental DHA 
(n = 27, n = 24 completers) or a control oil (50% maize oil and 50% soybean oil; n = 28, n = 22 completers) for 3 months. All 
participants received low-dose aspirin (81 mg/day). Clinical measurements included bleeding on probing scores (dichot-
omous, yes/no) at 6 sites per tooth. The authors report no significant differences in bleeding on probing scores between 
groups or changes in bleeding on probing scores throughout the study.

Another double-blind, parallel RCT reports on postpartum haemorrhage as a predefined secondary outcome (Pellonperä 
et al., 2019). Pregnant women with overweight and obesity were randomised to supplemental DHA-rich fish oil (1.9 g/day 
DHA, n = 109), ‘probiotics’ (n = 110), their combination (n = 109) or placebo (medium-chain fatty acids; n = 110), from early 
pregnancy (mean 14 weeks' gestation) until 6 months postpartum. Among the women analysed for postpartum haem-
orrhage (n = 95, 96, 96 and 92 in the respective groups), median blood loss was 400 mL across all groups (p = 0.96). Severe 
haemorrhage (> 1000 mL) occurred in 5%–8% of women, with no significant differences among groups (p = 0.83).

The Panel considers that, in the absence of adequately powered, long-term intervention studies investigating supple-
mental DHA alone at doses ≥ 1 g/day and reporting on spontaneous bleeding or bleeding complications, the available data 
remain insufficient to conclude on whether supplemental DHA alone would have different effects on the risk of bleeding 
than DHA in combination with EPA or EPA alone.

3.2.1.2  |  Bleeding time

None of the eligible studies has systematically investigated the effect of supplemental DHA on bleeding time. One RCT 
reports on the effect of supplemental DHA on the international normalised ratio (INR) of patients on warfarin because 
subtherapeutic INR was incidentally discovered in some patients after trial initiation.

In a double-blind, parallel RCT, male and female adults with Alzheimer disease were randomised to consume 2 g/
day DHA (n = 238, n = 171 completers) or a control oil (50% maize oil and 50% soybean oil; n = 164, n = 128 completers) for 
1.5 years. A total of 32 patients were on warfarin at the time of randomisation. During the blinded phase of the trial, the 
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data and safety monitoring board noted that 3 individuals taking warfarin had a subtherapeutic INR after starting the study 
product, and since then INR was tested monthly in all individuals taking warfarin. After unblinding, all three cases were 
found to receive DHA. One case of increased INR was detected in the control oil group. The number of patients on warfarin 
randomised to each intervention group was not reported (Quinn et al., 2010).

The Panel notes that no eligible studies have systematically investigated the effect of supplemental DHA alone on 
bleeding time.

3.2.1.3  |  Platelet function and blood clotting parameters

In a double-blind, parallel RCT, males aged 7–31 years with diagnosis of the X-linked form of retinitis pigmentosa (XLRP) 
were randomised to consume 30 mg/kg bw/day (mean = 1.74 g/day, range = 0.6–3.6 g/day) of DHA (n = 41, n = 29 completers) 
or a control oil (50% maize oil and 50% soybean oil; n = 37, n = 22 completers) for 4 years. As part of the safety assessment 
of the intervention, whole blood platelet aggregation was monitored every 6 months to address concerns of increased 
bleeding due to inactivation of platelet activation responses (Hughbanks-Wheaton et al., 2014). Platelet aggregation was 
measured in citrate-anticoagulated whole blood using type I collagen as agonist. No group differences over the 4-year 
trial were found. The Panel notes the highly variable doses of supplemental DHA across participants in absolute amounts.

In another double-blind, parallel RCT, male and female adults 18–65 years of age that were overweight or obese (BMI 
25–39.9 kg/m2) were randomised to consume 2 g/day DHA (n = 19) or a control oil (50% maize oil and 50% soybean oil; 
n = 17) for 4.5 months. The outpatient intervention period was preceded and followed by inpatient periods of 21 days 
each. Prothrombin time and the activated partial thromboplastin time were measured on fasting plasma drawn on day 
14 of each inpatient period with standard clot-based assays using reagents. Fibrinogen was measured on fasting plasma 
with the Clauss method. The authors report that, compared with the control oil, DHA had no significant effect on clotting 
parameters, including prothrombin time, activated partial thromboplastin time and fibrinogen. Data are not shown in the 
publication (Neff et al., 2011).

In the RCT in adults with Alzheimer disease described above (Quinn et al., 2010), the data and safety monitoring board 
also noted during the blinded phase of the trial that thrombotic events were occurring at a rate higher than expected over-
all, and thereafter they were closely monitored through the trial. After unblinding, there were no significant differences 
between the DHA and control groups in the incidence of thrombotic events (3.4% and 1.2% in the DHA and control groups, 
respectively).

The Panel notes that the studies identified investigating supplemental DHA alone at doses of about 2 g/day do not 
report adverse effects on platelet function or blood clotting parameters. These findings are consistent with the Panel's 
previous conclusion that changes in platelet function observed at supplemental intakes of DHA alone up to about 4 g/day 
in mostly small and relatively short-term intervention studies are not considered adverse, as they are not associated with 
an increased risk of clinical complications (e.g. spontaneous bleeding).

3.2.1.4  |  Conclusions on bleeding complications, bleeding time, platelet function and clotting parameters

The Panel considers that no new data have become available to revise its previous conclusions on supplemental DHA alone 
in relation to the risk of bleeding, as no long-term intervention studies conducted in a sufficiently large number of indi-
viduals with supplemental DHA alone at doses ≥ 1 g/day reporting on spontaneous bleeding or bleeding complications 
are available.

The Panel concludes that the long-term safety of supplemental DHA alone at doses > 1 g/day in relation to the risk of 
bleeding cannot be established for any population group.

3.2.2  |  Glucose homeostasis

In 2005, the IoM advised that subjects with ‘impaired glucose tolerance or diabetic conditions requiring increased doses 
of hypoglycaemic agents’ should take EPA and DHA supplements with caution (IOM, 2005) owing to a number of human 
intervention studies, mostly uncontrolled, that have described adverse effects of supplemental n-3 LCPUFA (≥ 10 g/day) on 
glucose homeostasis, such as increased insulin requirements, an increase in glycated haemoglobin (HbA1c) and an increase 
in fasting and postprandial glycaemia, in patients with type 1 and type 2 diabetes (see (De Caterina et al., 2007) for review).

In 2012, the NDA Panel noted that human intervention studies that were controlled for fat intake generally do not show a 
differential effect of vegetable oils and supplemental fish oil at doses up to 5 g/day of EPA and DHA consumed for 12 weeks 
on blood glucose control in diabetic subjects, or on insulin sensitivity in healthy or diabetic subjects, but data were insuf-
ficient to conclude on whether the same doses administered mostly as EPA or mostly as DHA would have different effects 
on this outcome (EFSA NDA Panel, 2012).

Among the human intervention studies eligible for the current safety assessment, seven RCTs report on the effect of 
supplemental DHA in one or more measures of glucose homeostasis. The characteristics of the studies and the endpoints 
measured in relation to glucose homeostasis are shown in Appendix C.

One additional study measured blood glucose levels as part of the routine clinical biochemistry, but the results for this 
endpoint were not reported (McNamara et al., 2010). This study will not be considered further in this section. Measures 
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of glucose homeostasis which follow the natural history of type 2 diabetes, i.e. from those that are expected to be im-
paired first to those expected to be impaired later in time, can be grouped in lines of evidence (LoE) as follows (EFSA NDA 
Panel, 2022):

a.	 Measures of insulin sensitivity obtained either in steady-state conditions (during an euglycaemic hyperinsulinaemic 
clamp) or in non-steady state conditions (e.g. during an intravenous glucose administration with frequent sampling/
minimal model assessment (IVGTT)).

b.	 Indices of insulin sensitivity/resistance and indices of insulin secretion/beta cell function, either derived from the fasting 
state (e.g. HOMA-IR, HOMA-beta) or from an oral glucose tolerance test (OGTT) (e.g. Matsuda index of insulin sensitivity).

c.	 Measures of glucose tolerance, either derived from the fasting state (fasting glucose and insulin) or from an OGTT, in-
cluding glucose and insulin at 120 min and areas under the curve (AUC) for glucose and insulin.

d.	 Measures of blood glucose control, including fructosamine, glycated albumin and glycated haemoglobin (HbA1c). These 
are not expected to change significantly in non-diabetic individuals.

None of the available studies have measured insulin sensitivity directly (LoE a). As for LoE b, three studies report on 
indices of insulin sensitivity/resistance derived from the fasted state (HOMA-IR, QUICKI; (Félix-Soriano et al., 2021; Kelley 
et al., 2012; Neff et al., 2011)), of which one (Kelley et al., 2012) also calculated the Matsuda index in the post-prandial state. 
In relation to LoE c, three studies assessed fasting glucose as part of the routine clinical biochemistry (Chang et al., 2021; 
Hughbanks-Wheaton et al., 2014; Klingel et al., 2019) and four other studies measured fasting glucose and insulin (Félix-
Soriano et al., 2021; Kelley et al., 2012; Neff et al., 2011; Singhal et al., 2013), two of which have also reported on the 120-min 
AUC for glucose and insulin after an OGTT (Neff et al., 2011) or after a standardised breakfast (Kelley et al., 2012). Finally, 
one study (Neff et al., 2011) measured HbA1c (LoE d). The Panel notes that, although this study lasted 16 weeks, which is 
sufficient to detect differences in HbA1c in persons with diabetes, HbA1c is not expected to change significantly over such 
short period of time in non-diabetic individuals.

None of the eligible human intervention studies, which were all controlled for supplemental fat intake, showed a dif-
ferential effect of supplemental DHA as compared to vegetable oils or EPA-rich oils on fasting glucose or insulin, indices of 
insulin sensitivity/resistance thereof, indices of insulin sensitivity/resistance in the post-prandial state, or HbA1c. The doses 
of supplemental DHA tested ranged from 1.6 to 3 g/day, and the duration of the intervention from 10 to 16 weeks (up to 
4 years) in most studies. All the studies were conducted in non-diabetic adults and only one, which measured fasting glu-
cose only as part of the routine clinical biochemistry, included also children (Hughbanks-Wheaton et al., 2014). The Panel 
notes that the studies' design, including sample size and trial duration, were generally adequate to detect any biologically 
relevant adverse effect of the intervention on the endpoints measured within each study.

3.2.2.1  |  Conclusions on glucose homeostasis

The Panel considers that supplemental intakes of DHA alone up to 3 g/day consumed for up to 10–16 weeks do not ad-
versely affect glucose homeostasis in adult healthy individuals. Data do not allow concluding on children or patients with 
diabetes.

3.2.3  |  Blood lipid profile

In 2012, the Panel noted that supplemental intakes of EPA and DHA combined of 2–6 g/day, and supplemental intakes of 
mostly DHA of 2–4 g/day, increase blood concentrations of low-density lipoprotein (LDL)-cholesterol by about 3%, and that 
such increase is accompanied by a decrease in triglycerides (TG) with no changes in total (or non-high-density lipoprotein 
(non-HDL)) cholesterol concentrations.

A total of nine RCTs eligible for the present assessment investigated the effects of supplemental DHA on the blood lipid 
profile as compared to EPA or a control vegetable oil. Among the blood lipid parameters investigated in these studies, the 
Panel decided to consider only those that are recommended to estimate the risk of atherosclerotic cardiovascular disease 
(CVD) and/or that are treatment targets for dyslipidaemias (Mach et al., 2019), namely plasma concentrations of total cho-
lesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), TG, apolipoprotein B (ApoB) and non-HDL-C. Where plasma 
concentrations of non-HDL-C are not reported, the TC/HDL-C ratio will be considered instead. The Panel acknowledges 
that the AUC for post-prandial lipaemia and lipoprotein particle size are being investigated in relation to CVD risk, and 
that very high lipoprotein(a) levels represent a genetically determined risk factor for atherosclerosis in certain individuals. 
However, the Panel notes that the independent role of any of these variables in determining the risk of CVD in the general 
population is to be established.

The characteristics of the nine eligible RCTs and the results for the blood lipid variables that are relevant for this safety 
assessment can be found in Appendix D.

Changes in blood lipids during the intervention did not differ between the supplemental DHA and the control groups in 
3 studies conducted in adults with hypertriglyceridaemia (1.6 g/day for 10 weeks; (Dittrich et al., 2015)), low-grade chronic 
inflammation (3 g/day for 10 weeks; (So et al., 2022)) or adults and children with XLRP (30 mg/kg bw/day, mean 1.740 g/day 
for 4 years; (Hughbanks-Wheaton et al., 2014)). The number of participants in the supplemental DHA arm ranged from 19 to 
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24 individuals in the studies with cross-over designs and up to 41 individuals in the RCT with a parallel design (Hughbanks-
Wheaton et al., 2014). Vegetable oils and EPA (3 g/day; (So et al., 2022)) served as controls.

In three additional studies, only a significant decrease in blood TG between 22 and 33% with supplemental DHA as 
compared to control oils was reported in healthy adults of both sexes (Klingel et al., 2019; MacIntyre et al., 2023; Singhal 
et al., 2013) and in post-menopausal women with overweight or obesity (Félix-Soriano et al., 2021). All these studies had a 
parallel design, used olive oil as comparator, lasted between 12 and 16 weeks and tested doses of supplemental DHA be-
tween 1.6 and 3 g/day. The number of participants in the supplemental DHA arm ranged from 21 to 162 individuals (15 and 
135 completers). In the RCT using the highest dose of supplemental DHA (3 g/day), also EPA was tested at the same daily 
dose (Klingel et al., 2019; MacIntyre et al., 2023). No significant differences between the effect of these n-3 LCPUFA on the 
blood lipid profile were reported.

In the remaining three studies, conducted in adults of both sexes with overweight/obesity (Neff et al., 2011), abdominal 
obesity and low-grade chronic inflammation (Allaire et al., 2016; Allaire et al., 2018) or males with hypertriglyceridaemia 
(Kelley et  al.,  2007; Kelley et  al.,  2008), supplemental DHA at doses between 2 and 3 g/day consumed for 10–16 weeks 
also significantly reduced blood TG (by between 13% and about 26%) as compared to olive oil or a 1:1 mixture of maize 
and soy oil. However, these studies also report a significant increase in TC, LDL-c, ApoB or a combination of these in the 
supplemental DHA group as compared to the control which, on their own, could be considered adverse. The Panel notes 
the small number of participants in the supplemental DHA arm in the two studies with a parallel design, which was 20 (17 
completers) (Kelley et al., 2007; Kelley et al., 2008) and 19 individuals (Neff et al., 2011).

In males with hypertriglyceridaemia (Kelley et al., 2007; Kelley et al., 2008), LDL-c concentrations significantly increased 
(by 15.8%) with 3 g/day supplemental DHA given for 90 days as compared to olive oil. However, blood concentrations of TC, 
apolipoprotein B and the total:HDL cholesterol ratio were not affected. In adults with overweight (Neff et al., 2011), TC sig-
nificantly increased (by 4.8%) with 2 g/day supplemental DHA given for 16 weeks as compared to maize/soy oil. LDL-c and 
HDL-c were not significantly affected. ApoB was not measured, and non-HDL-c or the total: HDL-c ratio were not calculated. 
Finally, the largest RCT (154 individuals, 123 completers) had a three-way cross-over design and tested the effect of sup-
plemental DHA, EPA and maize oil at doses of 2.7 g/day for 10 weeks, with washout periods of 9 weeks in between (Allaire 
et al., 2016; Allaire et al., 2018). Supplemental DHA significantly increased TC (by 3.8%), LDL-c (by 6.9%) and ApoB (by 4.5%), 
but also HLD-c (by 7.6%), leading to a significant 2.5% decrease in the total: HDL-c ratio as compared to maize oil. A signif-
icant increase in TC (by 3.6%), LDL-c (by 3.2%) and HDL-c (% difference cannot be calculated), and a significant decrease in 
the total: HDL-c (% difference cannot be calculated) were also reported for DHA as compared to EPA, whereas no significant 
differences were observed for ApoB. DHA also showed a significant reduction in TG (by 7.1%) as compared to EPA.

Overall, the Panel notes that the effect of supplemental DHA on the blood lipid profile depends on the dose of supple-
mental DHA, but also on the oil used as control. When compared to vegetable oils (and to a lower extent with EPA), doses of 
supplemental DHA between 2 and 3 g/day generally show a hypotriglyceridaemic effect, which may be accompanied by a 
significant increase in TC and/or LDL-c but also by an increase in HDL-c, whereas the total: HDL-c ratio is either not affected 
or modestly reduced.

3.2.3.1  |  Conclusions on the blood lipid profile

The Panel considers that the new data that have become available are consistent with its previous conclusions that sup-
plemental DHA alone at doses of 2–4 g/day for up to 16 weeks does not induce changes in the blood lipid profile that may 
be considered adverse in relation to CVD risk.

3.2.4  |  Markers of lipid peroxidation

Early observations linking DHA intake with increased lipid peroxidation and oxidative damage to cells and molecules in 
laboratory animals may have been confounded by the presence of primary and secondary oxidation products in supple-
ments lacking antioxidants, as the effect was reversed when DHA was administered with supplemental vitamin E (EFSA 
NDA Panel, 2012).

In 2012, the Panel concluded that supplemental intakes of EPA and DHA consumed either alone or in combination at 
doses up to about 5 g/day for up to 16 weeks do not induce changes in lipid peroxidation which might raise concern in 
relation to CVD risk as long as the oxidative stability of these n-3 LCPUFAs is guaranteed. This conclusion was based on the 
results of controlled human intervention studies which assessed the effects of EPA and DHA, alone or in combination, on 
plasma or urine F2-isoprostanes and/or in vivo LDL-oxidation. Most studies used fish oil in combination with antioxidants 
and vegetable oils as control, although some studies did not report on whether sources of EPA, DHA, or both, contained an-
tioxidants or not, and few had measured secondary oxidation products in the supplements administered. The addition of 
antioxidants to food supplements containing n-3 LCPUFA to ensure product stability appeared to be optional (GOED, 2012).

The Panel notes that, despite best practice guidelines have been issued to control oxidation products in EPA and DHA 
supplements (GOED, 2012), the compliance of EPA/DHA supplements on the market appears to be variable (Bannenberg 
et al., 2017).
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3.2.4.1  |  F2-isoprostanes

Two studies assessed the effect of supplemental DHA on plasma F2-isoprostanes, one of which used an ELISA kit for 
8-F2c-isoprostane measurements (Dong et al., 2021). The Panel notes that immunological techniques, owing to their lack 
of specificity due to possible cross reactions with other prostanoids, are not appropriate for measuring F2-isoprostanes 
(EFSA NDA Panel, 2018), and so this study will not be considered further in this section.

In the second study (Shichiri et al., 2014), 34 men with hypertriglyceridaemia were randomised to consume 3 g/day of 
supplemental DHA or olive oil (control) for 90 days (n = 17 per group). Ascorbyl palmitate and mixed tocopherol (250 ppm 
each) were added as antioxidants to both oils (Kelley et al., 2007). Plasma and RBC concentrations of 8-isoprostaglandin-F2α 
(8-iso-PG F2α) and other markers of lipid peroxidation were measured on days 1, 45 and 90 of the study using liquid chro-
matography–tandem mass spectrometry (LC–MS/MS). No significant differences between the DHA and control groups in 
any of these markers were observed in plasma or RBC for the duration of the study.

3.2.4.2  |  Oxidation of LDL

Two studies assessed the effects of supplemental DHA on in vivo plasma oxidised LDL (oxLDL).
The first study (Hughbanks-Wheaton et al., 2014) is the double-blind, parallel RCT in males aged 7–31 years with diagno-

sis of XLRP described in section 3.2.1.3 in relation to platelet function. Patients were randomised to consume DHA supple-
ments (30 mg/kg bw per day; mean = 1.74 g/day, range = 0.6–3.6 g/day; n = 41, n = 29 completers) or a control oil (50% maize 
oil and 50% soybean oil; n = 37, n = 22 completers) for 4 years. All study capsules contained small amounts of vitamins E and 
C as antioxidants (amounts not reported). Plasma oxLDL were measured every 6 months as part of the safety assessment 
of the intervention. No between-group differences over the 4-year trial were found.

The second study (Dittrich et al., 2015) is a RCT in which 59 male and female adults with hypertriglyceridaemia were 
randomised to DHA oil (1.6 g/day, n = 19, 16 completed), echium oil or linseed oil (n = 18, 15 completed in both groups) 
for 10 weeks. All groups also received sunflower oil (control) for 10 weeks in a crossover design, with a 10-week washout 
period in between. The DHA oil contained 10.67 mg/100 g α-tocopherol. Plasma oxLDL were measured at the beginning 
and end of each intervention. No differences were observed between the intervention oils and the control, or among the 
intervention oils, on plasma oxLDL.

3.2.4.3  |  Other markers of lipid peroxidation

Several studies have investigated the effect of supplemental DHA on non-specific changes in the overall antioxidant capac-
ity of plasma using methods such as TRAP, FRAP, TEAC, ORAC or FOX assays, and/or other markers of lipid peroxidation (e.g. 
thiobarbituric acid reactive substances (TBARS), malondialdehyde (MDA), conjugated dienes, lipid hydroperoxides). The 
Panel notes that changes in any of these markers do not necessarily imply changes in oxidative damage to molecules (EFSA 
NDA Panel, 2018) and therefore will not be considered further.

3.2.4.4  |  Conclusions on markers of lipid peroxidation

The Panel considers that the new data that have become available are consistent with its previous conclusion that sup-
plemental DHA alone at doses up to about 5 g/day for up to 16 weeks does not induce changes in lipid peroxidation which 
might raise concern in relation to CVD risk, as long as the oxidative stability of DHA supplements is guaranteed.

3.2.5  |  Immune function

In its previous opinion (EFSA NDA Panel, 2012), the NDA Panel noted that, whereas EPA and DHA had been shown to de-
crease the expression of cytokines and the proliferation of peripheral white blood cells at doses as low as 0.9 g/day EPA 
and 0.6 g/day DHA consumed as fish oil for 6–8 weeks in ex vivo and in vitro studies, the clinical relevance of these changes 
in vivo was unknown. The Panel also noted that, whereas immunosuppression, if sustained, may increase the risk of infec-
tions, there were no human intervention studies available which had investigated the effects of n-3 LCPUFA supplementa-
tion on the risk of infections in vivo.

None of the eligible studies have investigated the effect of supplemental DHA on the risk of infections.
In 2012, the NDA Panel noted that chronic and/or inappropriate activation of inflammatory responses (innate immunity) 

can also lead to disease, and that some markers of the so-called low-grade systemic (e.g. high-sensitivity C-reactive protein 
and some cytokines) and vascular (e.g. sICAM-1, VCAM-1 and E-selectin) inflammation have been associated with an increased 
risk of cardiovascular events in healthy and high-risk subjects. However, there was no information available on the effect of 
high intakes of n-3 LCPUFA on the risk of chronic diseases of inflammatory origin, and there was no evidence that changes 
induced by diet or drugs in any of these inflammatory markers modify the risk of disease per se. The Panel also noted that 
most studies conducted with EPA and DHA combined at doses up to 5 g/day had either no effect or showed a decrease in 
markers of vascular and/or systemic inflammation, but the data available were insufficient to conclude on whether the same 
doses administered mostly as EPA or mostly as DHA would have different effects on this outcome (EFSA NDA Panel, 2012).
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A total of 10 eligible RCTs have investigated the effect of supplemental DHA on markers of systemic or vascular in-
flammation in plasma or serum. Details on the study characteristics and the specific endpoints measured can be found in 
Appendix E. Changes in markers of inflammation (i.e. hs-CRP, IL-6 and IL-1ß) in crevicular gingival fluid among individuals 
with periodontitis that were investigated in one of these studies (Naqvi et al., 2014) will not be considered further, as their 
clinical relevance for the general population is unclear.

One additional study assessed inflammatory markers in breastmilk (Fougère et al., 2023); however, the clinical relevance 
of this endpoint for infant health-related outcomes remains to be elucidated. Moreover, there is a lack of well-established 
reference ranges or defined threshold values for inflammatory markers in breastmilk that would indicate a potential risk to 
the infant. Therefore, this study was not considered in the assessment for this outcome.

None of the available studies reported an adverse effect (i.e. a significant increase in ‘pro-inflammatory markers’ and/
or a significant decrease in ‘anti-inflammatory’ markers, such as IL-10 or adiponectin) of supplemental DHA as compared 
to the control (vegetable) oils. Daily doses of supplemental DHA ranged from 1 to 3 g/day, and the duration of the inter-
vention from 8 to 21 weeks. All the studies were conducted in adults, including two in pregnant women, which provided 
supplemental DHA at doses of 1 and 1.9 g/day.

3.2.5.1  |  Conclusions on immune function

The Panel considers that supplemental intakes of DHA alone up to about 3 g/day for up to 16 weeks are unlikely to induce 
changes in immune functions which might raise concern in relation to the risk of infections or inappropriate activation of 
inflammatory responses.

3.2.6  |  Pregnancy endpoints

One double-blind, RCT investigated the effect of two doses of supplemental DHA (1 g/day, n = 576; and 0.2 g/day, n = 524) 
given to adult (> 18 years) pregnant women from 12 to 20 weeks of pregnancy until delivery on the incidence of early 
preterm birth (EPB), defined as delivery < 34 weeks of gestation (Carlson et  al.,  2021). Participants were randomised to 
one of the two DHA groups with a maximum number of pregnant women of 1100 enrolments and 5% expected dropout 
rate following a planned Bayesian adaptive design. The primary outcome was EPB by dose and by DHA status at baseline 
(low/high: RBC phospholipid DHA < 6%/≥ 6%). A total of 540 women in the 1 g/day DHA group and 492 women in the 0.2 
g/day DHA group entered data analysis. Bayesian posterior probabilities (pp) were determined for planned efficacy and 
safety outcomes using intention-to-treat analyses. Women in the higher supplemental DHA dose (1 g/day) had a lower 
EPB rate [1.7% (9/540) vs. 2.4% (12/492), pp. = 0.81], especially those with a lower DHA status at enrolment [2.0% (5/249) vs. 
4.1%, (9/219), pp. = 0.93], whereas no difference was seen in women with a high DHA status [1.4% (4/289) vs. 1.1% (3/271), 
pp. = 0.57]. The higher supplemental DHA dose was also associated with fewer serious adverse events (maternal: chorio-
amnionitis, premature rupture of membranes and pyelonephritis; neonatal: feeding, genitourinary and neurological prob-
lems, all pp. > 0.90).

Another double-blind, placebo-controlled, parallel RCT already described in Section 3.2.1.1 (Pellonperä et al., 2019) in-
vestigated the effect of supplemental DHA-rich fish oil (1.9 g/day DHA, n = 109), ‘probiotics’ (n = 110) and their combina-
tion (n = 109) versus placebo (medium-chain fatty acids; n = 110) from early pregnancy (mean 14 weeks' gestation) until 6 
months postpartum in overweight and obese pregnant women. The primary outcome was incidence of gestational dia-
betes mellitus (GDM). No significant differences among groups were reported in relation to the incidence of GDM, fasting 
glucose or insulin concentrations, or the HOMA-IR. Likewise, there were no significant differences in the incidence of ges-
tational hypertensive disorders (pregnancy-induced hypertension and pre-eclampsia) among the groups. Neonatal out-
comes, including birth weight, macrosomia (> 90th percentile), small for gestational age, gestational age at delivery, Apgar 
score, umbilical artery pH, hypoglycaemia, admission to the intensive care unit and congenital malformations, showed no 
significant differences among groups.

The Panel notes that only one study in pregnant women was identified using doses > 1 g/day. The Panel considers that 
the two studies identified support the safety of supplemental DHA alone at doses up to 1 g/day on pregnancy related 
endpoints.

3.2.7  |  Safety, tolerability and adverse events

A total of 21 out of the 26 RCTs eligible for the assessment reported on (or mentioned) safety, tolerability and/or adverse 
effects/events. These studies were designed to investigate potential beneficial effects of DHA supplementation in healthy 
individuals (children, adults and pregnant women) or patients with well-defined medical conditions, rather than to estab-
lish the safety of supplemental DHA. The characteristics of these 21 studies, including the safety endpoints assessed, the 
timing and methods of assessment (when reported), and the results, are presented in Appendix F.

Across these studies, the methods for capturing adverse events varied considerably and were often poorly described. 
One study combined physical examinations (including vital signs) and clinical biochemistry at baseline and week 8 with a 
structured side-effect interview administered at baseline, week 4 and week 8 (McNamara et  al.,  2010). In another trial 
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conducted in children, parents were contacted by phone or email at weeks 4, 10 and 15 to report any adverse events (Milte 
et al., 2015), while in another study, serious adverse events were recorded during weekly telephone calls, and data on ad-
verse effects and tolerance over the preceding 7 days were collected during monthly calls (Singhal et al., 2013). Two US FDA 
Investigational New Drug (IND) studies monitored treatment-emergent adverse events (Carlson et al., 2021; Hughbanks-
Wheaton et al., 2014). In one study, participants self-reported adverse events via quarterly diaries and at annual visits, and 
blood chemistry abnormalities were assessed using the DAIDS4 criteria (Hughbanks-Wheaton et  al.,  2014). In the other 
study, adverse events were recorded by investigators and assessed yearly by a data safety monitoring committee (Carlson 
et al., 2017). In both studies, serious adverse events (e.g. death, hospitalisation, life-threatening events, disability/incapacity, 
congenital anomalies) were reported immediately to investigators. In a perinatal trial, maternal events were recorded up to 
40 weeks post-menstrual age, and neonatal safety documented in case report forms (MOBIDIck trial). In another study in-
volving pregnant women with overweight and obesity, participants were instructed to maintain a weekly diary to docu-
ment any potential adverse effects (Pellonperä et al., 2019). Most other studies, however, simply noted that adverse effects 
or side effects were ‘assessed’ at various intervals (e.g. every 1–2 weeks, at 6 and 12 weeks, monthly or quarterly), without 
providing details on the methods used for the assessment. Overall, the heterogeneity in assessment methods and fre-
quency, and the lack of methodological details, limit comparisons across studies.

Across the included RCTs, DHA supplementation was generally well tolerated, with most studies reporting either no 
adverse events or only mild, self-limited effects such as gastrointestinal (GI) symptoms, burping, unpleasant breath, or 
headache. In several trials, investigators explicitly stated that no adverse events were reported or that the intervention was 
well tolerated, though details on what was assessed or how were often lacking.

Only three studies have reported the occurrence of bleeding events during DHA supplementation.
In a double-blind, 12-month RCT with a 3-way cross over design, 90 children 7–12 years of age with ADHD (of which 54 

completed the study) consumed 1.032 g/day of DHA (DHA-rich fish oil), EPA (EPA-rich fish oil) and linoleic acid (LA) (saf-
flower oil, control) for 4 months each. One case of nose bleeding was reported during the DHA treatment (Milte et al., 2015). 
This case was already noted in a previous publication from the same study, where the results of the first 4 months of the 
intervention (3 parallel arms with EPA, DHA or LA) are reported (Milte et al., 2012). No further information was provided.

In another double-blind, RCT with an ABAB cross-over design (MacDonald & Sieving, 2018), 11 adult males and females 
with autosomal recessive Stargardt macular dystrophy received 2 g/day of DHA and of a mixture of maize and soy oil (con-
trol) for two periods of 3 months each with no washout in between. A case of serious vaginal bleeding requiring hysterec-
tomy was reported in the study arm receiving the control oil first. The exact timing of the event is not reported. All eight 
adverse events recorded, including the bleeding episode, were considered not to be related to the intervention.

In the MOBIDIck double-blind, placebo-controlled RCT (Marc et al., 2020), 461 lactating women who delivered before 
29 weeks of gestation were randomised to receive 1.2 g/day of DHA or placebo until 36 weeks' postmenstrual age. Maternal 
bleeding requiring treatment or hospitalisation was a prespecified secondary outcome and recorded as a maternal serious 
adverse event. It occurred in 2 of 232 mothers (0.9%) in the DHA group and 4 of 229 (1.8%) in the placebo group. In addi-
tion, one case of haemorrhage was reported in the DHA group as a maternal adverse event. All adverse events and serious 
adverse events were documented throughout the study period, irrespective of severity or suspected relationship to the 
intervention.

The Panel notes the lack of methodological detail regarding the assessment of adverse events in most of these studies, 
the heterogeneity in assessment methods and frequency across studies, and that the reported adverse effects/events 
were mostly mild and self-limiting.

3.3  |  Hazard characterisation

3.3.1  |  Selection of the critical effect

The critical effect on which the safe level of intake of 1 g/day for supplemental DHA alone was established in 2012 (EFSA 
NDA Panel, 2012) for all population groups was the risk of spontaneous bleeding.

Whereas long-term, adequately powered intervention studies were used to establish the safety of supplemental EPA 
and DHA in combination (up to 5 g/day) and for EPA alone (up to 1.8 g/day), such studies were lacking for DHA alone.

The new studies that have become available are consistent with the previous conclusions of the Panel that changes in 
platelet function observed at supplemental intakes of DHA alone up to about 4 g/day in mostly small and relatively short-
term intervention studies are not considered adverse, as they are not associated with an increased risk of clinical compli-
cations (e.g. spontaneous bleeding). However, the Panel notes that the long-term effects of supplemental DHA alone on 
the risk of spontaneous bleeding/bleeding complications, which are rare and complex events, have not been adequately 
investigated in humans at doses > 1 g/day.

As for other potential adverse effects previously identified in relation to the intake of supplemental EPA and DHA either 
alone or in combination, the Panel considers that supplemental DHA alone at doses up to 3 g/day do not adversely affect 

 4The Division of Acquired Immunodeficiency Syndrome (DAIDS) grading criteria provide a standardised system for classifying the severity of adverse events in clinical 
trials (U.S. Department of Health and Human Services, 2017).
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glucose homeostasis, blood lipids, markers of lipid peroxidation or immune function. Data are only available for adults, 
excluding pregnant and lactating women and individuals with diabetes.

Based on the available evidence, the Panel decided to select risk of spontaneous bleeding as the critical effect on which 
to base the UL/safe level of intake for supplemental DHA alone.

3.3.2  |  Derivation of health-based guidance values

In the absence of adequate data to characterise a dose–response relationship and identify a reference point, no UL for sup-
plemental DHA alone can be established for any population group. Therefore, a safe level of intake will be derived by the 
Panel (see Section 1.2).

Different from a UL, a safe level of intake is based on data which characterise levels of intake up to which no adverse 
effects have been observed. A safe level of intake may be based on the highest dose at which no adverse effects are ob-
served in human studies, among others (EFSA NDA Panel, 2024).

Based on the available evidence, the Panel retains the safe level of intake of 1 g/day for supplemental DHA alone es-
tablished in 2012 (EFSA NDA Panel, 2012) for all population groups (i.e. infants, children, adolescents and adults, including 
pregnant and lactating women).

This safe level of intake applies to DHA added to foods or consumed as food supplements in any chemical form (e.g. tri-
acylglycerols, ethyl esters, phospholipids) from sources (e.g. fish oil concentrates, algal oils, krill oils) containing DHA alone 
or mostly DHA (i.e. EPA/DHA ratio < 0.3).

This safe level of intake does not apply to:
a.	 DHA from the background diet (i.e. naturally occurring in food),
b.	 Supplemental DHA from sources (e.g. fish oil, krill oil, algal oil) containing DHA in combination with EPA (EPA/DHA 

ratio ≥ 0.3)

3.4  |  Risk characterisation

The Panel notes that the application of safe levels of intake for risk assessment and risk management is more limited than 
an UL because (EFSA NDA Panel, 2024):
a.	 intakes above the safe level of intake do not necessarily mean that there is an increased risk of adverse effects, 

and.
b.	 the proportion of people at risk of adverse effects in a population or subgroups thereof cannot be estimated, as the in-

take level at which the risk of adverse effects starts to increase is not defined.

Therefore, in the absence of a UL, the risk associated with the consumption of supplemental DHA alone cannot be 
characterised.

4  |  CO NCLUSIO NS

The Panel considers that the available data are not sufficient to establish a UL for supplemental DHA alone for any popula-
tion group.

Based on the data available, the Panel concludes that supplemental intakes of DHA alone up to 1 g/day do not raise 
safety concerns for the general population and retains the previously established safe level of intake of 1 g/day for all 
population groups (i.e., infants, children, adolescents and adults, including pregnant and lactating women), as set in 2012.

The safe level of intake applies to DHA added to foods or consumed as food supplements in any chemical form (e.g. tri-
acylglycerols, ethyl esters, phospholipids) from sources (e.g. fish oil concentrates, algal oils, krill oils) containing DHA alone 
or mostly DHA (i.e. EPA/DHA ratio < 0.3).

A B B R E V I AT I O N S
ApoB	 apolipoprotein B
ADHD	 attention deficit hyperactivity disorder
AIDS	 acquired immunodeficiency syndrome
ASA	 acetylsalicylic acid
AUC	 area under the curve
BMI	 body mass index
bw	 body weight
CRP	 C-reactive protein
CVD	 cardiovascular disease
DAIDS	 Division of AIDS (NIH grading scale)
DB	 double blind
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DHA	 docosahexaenoic acid
DHAX trial	 docosahexaenoic acid in X-linked retinitis pigmentosa trial
DPA	 docosapentaenoic acid
ELISA	 enzyme-linked immunosorbent assay
EPA	 eicosapentaenoic acid
EPB	 early preterm birth
FDA	 Food and Drug Administration
fMRI	 functional magnetic resonance imaging
FOX	 ferrous oxidation-xylenol orange
FRAP	 ferric reducing antioxidant power
GA	 gestational age
G-CSF	 granulocyte colony-stimulating factor
GI	 gastrointestinal
GM-CSF	 granulocyte monocyte-colony stimulating factor
GOED	 Global Organization for EPA and DHA Omega-3s
HbA1c	 glycated haemoglobin
HDL-c	 high-density lipoprotein cholesterol
HIV	 human immunodeficiency virus
HOMA-IR	 Homeostatic Model of Assessment of Insulin Resistance
hs-CRP	 high-sensitivity C-reactive protein
ICAM-1	 intercellular adhesion molecule-1
IND	 investigational new drug
iAUC	 incremental area under the curve
INFγ	 interferon gamma
IL-1β	 interleukin 1 beta
IL-6	 interleukin 6
IL-10	 interleukin 10
INR	 International Normalised Ratio
IOM	 Institute of Medicine
IVGTT	 intravenous glucose tolerance test
LA	 linoleic acid
LC–MS/MS	 liquid chromatography–tandem mass spectrometry
LCPUFA	 long-chain polyunsaturated fatty acids
LDL-c	 Low-density lipoprotein cholesterol
LoE	 line of evidence
LPB	 lipopolysaccharide binding protein
MCP-1	 monocyte chemoattractant protein-1
MMP-2	 matrix metalloproteinase-2
MDA	 malondialdehyde
MOBIDIck	 maternal omega-3 supplementation to reduce bronchopulmonary dysplasia in very preterm infants trial
MRI	 magnetic resonance imaging
NDA Panel	 EFSA Panel on Nutrition, Novel Foods and Food Allergens
n-3	 omega-3
OGTT	 oral glucose tolerance test
OL	 open label
ORAC	 oxygen radical absorbance capacity
oxLDL	 oxidised low-density lipoprotein
PG	 prostaglandin
pp	 posterior probabilities
QUICKI	 Quantitative Insulin Sensitivity Check Index
RBC	 red blood cells
RCT	 randomised controlled trial
REDUCE-IT	 Reduction of Cardiovascular Events with Icosapent-Ethyl intervention
SAA	 serum amyloid A
sICAM-1	 soluble intracellular adhesion molecule-1
SD	 Standard deviation
sRAGE	 soluble receptor for advanced glycation end products
TBARS	 thiobarbituric acid reactive substances
TC	 total cholesterol
TEAC	 Trolox Equivalent Antioxidant Capacity
TG	 triglycerides
TNF-α	 tumour necrosis factor-alpha
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TNFR	 tumour necrosis factor receptor
TRAP	 total radical-trapping antioxidant parameter
UL	 tolerable upper intake level
VCAM-1	 vascular cell adhesion molecule-1
VEGF	 vascular endothelial growth factor
WBC	 white blood cells
XLRP	 X-linked retinitis pigmentosa
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APPE N D IX A

Flow chart for the selection of studies

F I G U R E  A .1   Flow chart for the selection of studies.
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APPE N D IX B

Human intervention studies on supplemental DHA meeting the eligibility criteria set at protocol level

T A B L E  B .1   Human intervention studies eligible for the assessment.

Reference
Country Study design Population

Agea 
(years) 
and sex

N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA 
ratio Comparator Duration Endpoints

Studies with at least one eligible outcome for the safety assessment of supplemental DHA

Singhal et al. (2013)
UK

DB-RCT, parallel Adults
Healthy

18–37
M/F

162 (136) 1.6 g/day Algal DHA oil from 
Schizochytrium sp.

NR but < 0.3 Olive oil 16 weeks FA profile in RBC
Brachial artery FMD
Carotid IMT
PWV
Blood pressure
Blood lipids
Glucose homeostasis
Inflammatory markers
Anthropometry
Adverse events

Metherel et al. (2019), 
Lee et al. (2019), 
Klingel et al. (2019), 
Metherel 
et al. (2021), 
Rotarescu 
et al. (2022), 
MacIntyre 
et al. (2023)

Canada

DB-RCT, parallel Adults
Healthy

18–30
M/F

30 3 g/day High DHA-oil from 
fish and algal 
sources, TG

0.015 Olive oil
EPA

12 weeks FA profile in RBC
n – 3 LCPUFA 

interconversion
Blood pressure
Blood lipids
Glucose homeostasis
Adverse effects

Naqvi et al. (2014)
USA

DB-RCT, parallel Adults Periodontitis 53 (8)
M/F

27 (24) 2 g/day (+81 mg/day 
ASA all groups)

Algal DHA oil from 
Crypthecodinium 
cohnii

NR but < 0.3 Maize/soy oil 3 months DHA in RBC
Gingival endpoints
Bleeding on probing
Inflammation markers 

(systemic and GCF)
Bone turnover
Adverse events

Neff et al. (2011)
USA

DB-RCT, parallel Adults Overweight/
obese

43 (11)
M/F

19 2 g/day Algal DHA oil from 
Crypthecodinium 
cohnii

0.005 Maize/soy oil 4.5 months FA profile in plasma and 
adipose tissue

Blood lipids
Blood pressure
Glucose homeostasis
Inflammation markers
Blood clotting param.
Safety and tolerance
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(Continues)

Reference
Country Study design Population

Agea 
(years) 
and sex

N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA 
ratio Comparator Duration Endpoints

Félix-Soriano 
et al. (2021)

Spain

DB-RCT, parallel Post-menopausal 
women 
Overweight/
obese

55–70
Females

21 (15)
22 (16)

1.65 g/day
1.65 g/day + RT

DHA rich fish oil, ethyl 
esters

0.09 Olive oil 16 weeks Anthropometry
Body composition
Muscle strength
Blood lipids
Blood pressure
Glucose metabolism

Chang et al. (2021), 
So et al. (2021), So 
et al. (2022), So, 
Wu, et al. (2024), So, 
Yao, et al. (2024)

USA

DB-RCT, 
cross-over

(WO: 10 weeks)

Adults
Low-grade chronic 

inflammation

50–75
M/F

24 (21) 3 g/day DHA rich fish oil, ethyl 
esters

NR but < 0.3 
(≥ 97% 
purity)

EPA
High-oleic 

sunflower oil 
(run-in)

10 weeks Plasma FA profile
Metabolome
Plasma PUFA-derived 

lipid mediators
Monocyte 

transcriptomic 
profile

Blood lipids
Lipid metabolism
Inflammation markers
Glucose homeostasis

Allaire et al. (2016), 
Allaire et al. (2017), 
Vors et al. (2017), 
Allaire et al. (2018), 
Allaire et al. (2019), 
Vallée Marcotte 
et al. (2020)

ComparED
Canada

DB-RCT, cross-
over (WO: 
9 weeks)

Adults
Abdominal obesity 

and low-grade 
inflammation

18–70
M/F

154 (123) 2.7 g/day Fish oil re-esterified 
TG

NR but < 0.3 
(> 90% 
purity)

Maize oil
EPA

10 weeks FA profile in RBC
Inflammatory gene 

expression in WBC
Gene expression of lipid 

metabolism
Blood lipids 

Inflammation 
markers

Side effects

Kelley et al. (2012), 
Shichiri et al. (2014), 
Kelley et al. (2007), 
Kelley et al. (2008), 
Kelley et al. (2009) 
(backwards search)

USA

DB-RCT, parallel Adults
High TG

39–66
Males

20 (17) 3 g/day Algal DHA oil from 
Crypthecodinium 
cohnii

NR but < 0.3 Olive oil 90 days FA in plasma and RBC
Blood lipids
Post-prandial lipaemia
Lipid peroxidation
Glucose homeostasis
Inflammation markers

Dittrich et al. (2015)
Germany

DB-RCT, 
parallel and 
crossover 
(WO: 
10 weeks)

Adults
High TG

56 (12)
M/F

19 (16) 1.6 g/dayb Algal oil 0.0273c Sunflower oil 
(control)

Linseed oil
Echium oil

10 weeks FA in plasma and RBC
Blood lipids
Lipid peroxidation
Inflammation markers

T A B L E  B .1   (Continued)
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Reference
Country Study design Population

Agea 
(years) 
and sex

N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA 
ratio Comparator Duration Endpoints

Hoffman et al. (2014), 
Hughbanks-
Wheaton 
et al. (2014), 
Hoffman 
et al. (2015)

DHAX trial
USA

DB-RCT, parallel Adults and children
X-linked retinitis 

pigmentosa

7–31
Males

41 (29) 30 mg/kg bw per 
day, range: 
0.6–3.6 g/day, 
mean 1.740 g/
day

Algal-DHA oil TG from 
Crypthecodinium 
cohnii

0.002 Maize/soy oil 4 years FA in plasma and RBC
Vision endpoints
Blood lipids
Glucose homeostasis
Lipid peroxidation
Platelet aggregation
Lipid-soluble vitamins
Safety and tolerability
Adverse events

Ramos-Campo 
et al. (2020)

Spain

DB-RCT, 
crossover 
(WO: 
4 weeks)

Adults, Amateur 
endurance 
athletes

18–45
Males

19 (19) 2.1 g/day Fish oil re-esterified 
triglyceride

0.114 Olive oil 10 weeks Markers of muscle 
damage

Exercise performance
Muscle soreness
Inflammation markers

Pellonperä et al. (2019), 
Houttu et al. (2020), 
Pellonperä 
et al. (2021), Houttu 
et al. (2022)

Finland

DB-RCT, parallel Overweight and 
obese pregnant 
women 
(gw < 18 weeks; 
mean 14 weeks)

30.4 (4.8)
Females

110 (96)
110 (90)

1.9 g/day
1.9 g/day 

(+’probiotics’)

Fish oil 0.116 Medium-chain 
triglycerides

(+’probiotics’)

14 weeks 
gestation 
(mean) until 
6 months 
postpartum

Body composition
Postpartum 

haemorrhage
Gestational diabetes 

mellitus
Gestational 

hypertensive 
disorders

Neonatal outcomes
Vaginal microbiota 

composition
Inflammation markers
Adverse effects

Carlson et al. (2021), 
Valentine 
et al. (2021)

USA

DB-RCT, parallel Pregnant women 30 (5.6)
Females

524 (492)
576 (540)

0.2 g/day
1 g/day

Algal-DHA oil
Schizochytrium sp.

NR but < 0.3 0.2 g/day DHA 
(superiority 
trial)

12–20 weeks 
pregnancy 
until delivery

FA profile in RBC
Early pre-term birth
Inflammation markers
Adverse events

Studies reporting on adverse events/side effects/tolerability as the only relevant information for the safety assessment of supplemental DHA

McNamara et al. (2010)
USA

DB-RCT, parallel Children
Healthy

8–10
Males

12 (10)
14 (13)

0.4 g/day
1.2 g/day

Algal DHA oil TG from 
Crypthecodinium 
cohnii

0.02 Maize oil 8 weeks FA profile in RBC
Visual sustained 

attention 
performance

fMRI cortex activation 
during sustained 
attention task

Safety and tolerability

T A B L E  B .1   (Continued)
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Reference
Country Study design Population

Agea 
(years) 
and sex

N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA 
ratio Comparator Duration Endpoints

Milte et al. (2012), Milte 
et al. (2015)

Australia

DB-RCT, cross-
over (no 
WO)

Children
ADHD

7–12
M/F

90 (54) 1.032 g/day DHA-rich fish oil 0.255 Safflower oil
EPA-rich fish oil

4 months FA profile in RBC
Cognitive endpoints
Adverse events

González-Ravina 
et al. (2018)

Spain

DB-RCT, parallel Adults
≥ 1-year history of 

infertility

18–50
Males

15
15
15

0.5 g/day
1 g/day
2 g/day

Concentrated 
DHA-TG from 
fish oil

NR but < 0.3 Primrose oil 12 weeks Sperm quality
Adverse effects

Stonehouse 
et al. (2013)

New Zealand

DB-RCT, parallel Adults
Healthy

18–45
M/F

115 (85) 1.16 g/day DHA-rich fish oil + 
primrose oil

0.15 High-oleic 
sunflower oil

24 weeks FA profile in RBC
Cognitive function
Side effects

Arellanes et al. (2020)
USA

DB-RCT, parallel Older adults
Mild cognitive 

impairment

58–90
M/F

15 2.152 g/day Algal-DHA oil 0.0016 Maize/soy oil 24 weeks FA levels (CSF)
Cognitive function
Hippocampal volume
Adverse events

Mozaffari-Khosravi 
et al. (2013)

Iran

DB-RCT, parallel Adults
Mild–moderate 

depression

34 (13)
M/F

27 (20) 1 g/day Algal-DHA oil 
concentrate

0 EPA Coconut oil
EPA oil

12 weeks Depressive outcomes
Adverse events

Quinn et al. (2010), 
Tomaszewski 
et al. (2020)

USA

DB-RCT, parallel Adults Alzheimer 
disease

76 (9.3)
M/F

238 (171) 2 g/day Algal-DHA oil 0.002 Maize/soy oil 1.5 years FA levels (CSF)
Cognitive function
Brain volume
Hippocampal volume
Ventricular volume
Outcomes by ApoE 

genotype
Adverse events

Oliver et al. (2016), Lust 
et al. (2023)

USA

DB-RCT, parallel Adults
American football 

players

NR
Males

30 (21)
37 (19)
36 (22)

2 g/day
4 g/day
6 g/day

Algal DHA oil from 
Schizochytrium sp.

0.026 Maize oil 27 weeks FA in plasma and RBC
Biomarkers of head 

trauma (NFL)
Side effects

MacDonald and 
Sieving (2018)

USA

DB-RCT, cross-
over (ABAB, 
no WO)

Adults Stargardt 
macular 
dystrophy

26–63
M/F

11 (10) 2 g/day Algal-DHA oil 
Crypthecodinium 
cohnii

0 EPA Maize/soy oil 3 + 3 months Vision endpoints
Adverse events

Lee et al. (2010)
Canada

DB-RCT, cross-
over (ABAB, 
no WO)

Adult males 
Best disease 
(macular 
degeneration)

23–64
Males

8 20 mg/kg bw per 
day

1.4 g/day assuming 
70 kg

Algal-DHA oil 
Crypthecodinium 
cohnii

0.002 Maize oil 2 + 4 months Vision endpoints
Plasma DHA
Adverse events

Marc et al. (2020), 
Angoa et al. (2022), 
Fougère 
et al. (2023), Rais 
et al. (2025)

MOBIDIck trial
Canada

DB-RCT, parallel Women delivering 
< 29 weeks of 
gestation

31 (5.3)
Females

232 (187) 1.2 g/day Algal-DHA oil 
Schizochytrium sp.

0.06 Maize/soy oil 8–13 weeks Bronchopulmonary 
dysplasia-free survival

Other pre-term infant 
endpoints

Inflammation markers in 
breastmilk

FA profile in breastmilk
Adverse events

T A B L E  B .1   (Continued)

(Continues)
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Reference
Country Study design Population

Agea 
(years) 
and sex

N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA 
ratio Comparator Duration Endpoints

Sousa et al. (2023)
Brasil

DB-RCT, parallel Low-risk pregnant 
women

20–40
Females

30 (20) 1.44 g/day DHA-rich fish oil 0.18 Olive oil 22–24 weeks 
pregnancy 
until delivery

Developmental 
endpoints (infants)

Side effects

Hashimoto (2012)
Japan

DB-RCT, parallel Older adults
Mild dementia

72 (7.6)
M/F

57 1.72 g/day DHA-enriched fish oil 0.24 Olive oil + 48 mg 
DHA and 12 
mg EPA

1 year + 1 year all 
on DHA

FA profile in RBC
Cognitive function
Side effects

Abbreviations: ABAB, Study design with alternating baseline (A) and intervention (B) phases; ADHD, attention-deficit/hyperactivity disorder; ApoE, apolipoprotein E; ASA, aspirin; bw, body weight; CSF, cerebrospinal fluid; DB-RCT, double-blind 
randomised controlled trial; DHA, docosahexaenoic acid; DHAX trial, Docosahexaenoic acid in X-linked retinitis pigmentosa trial; EPA, eicosapentaenoic acid; FA, fatty acid; FMD, flow-mediated dilation; fMRI, functional magnetic resonance imaging; 
GCF, gingival crevicular fluid; gw, gestational weeks; IMT, intima-media thickness; LCPUFA, long-chain polyunsaturated fatty acids; M/F, male/female; MOBIDIck trial, Maternal omega-3 supplementation to reduce bronchopulmonary dysplasia in very 
preterm infants trial; N, number; NFL, neurofilament light chain; NR, not reported; OL-RCT, open-label randomised controlled trial; PUFA, polyunsaturated fatty acid; PWV, pulse wave velocity; RCT, randomised controlled trial; RBC, red blood cells; RT, 
resistance training; TG, triglyceride; WO, washout period; WBC, whole blood cells.
aRange or mean (SD), unless otherwise noted.
bInformation provided by the authors: the exact DHA dose is 1.6 g/day as reported in the section ‘study design’ of the paper, rounded up to 2 g/day in the abstract and Figure 2.
cInformation provided by the authors.

T A B L E  B .1   (Continued)

T A B L E  B . 2   Human intervention studies excluded at data extraction and reasons for exclusion.

Reference country 
study design

Population agea (years) 
and sex N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA ratio 
comparator Duration Endpoints Rationale for exclusion

Studies in patients with underlying chronic disease conditions

Alicandro et al. (2013)
Italy
DB-RCT, parallel

Children
Cystic fibrosis
6–12
M/F
21 (18)

1 g/day (100 mg/kg bw, 
~ 2.5 g/day, for the 
first month)

Algal DHA oil TG

0.03
Germ oil

1 year FA profile in plasma
Lipid-soluble vitamins
Clinical endpoints
Inflammatory markers
Anthropometry
Body composition
Safety and tolerability

Cystic fibrosis is an autosomal-recessive genetic 
disorder characterised by thick mucus 
accumulation in the lungs, pancreas, liver, 
kidneys and intestine leading to chronic 
pulmonary infections, pancreatic insufficiency, 
malabsorption and chronic inflammation. 
Pulmonary therapies for patients with 
cystic fibrosis consist of mucolytics, anti-
inflammatories and antibiotics (Ong & 
Ramsey, 2023). Both the disease-specific 
pathophysiological disturbances and the 
associated treatment limit the extrapolation 
of the results on clinical endpoints (e.g. rate of 
infections), the blood lipid profile, markers of 
inflammation and safety/tolerability/adverse 
events to the general population.

López-Neyra 
et al. (2020), Pastor 
et al. (2019)

Spain
DB-RCT, parallel

Children and adults
Cystic fibrosis
14.4 (12.9)
M/F
48 (43)

50 mg/kg bw up to 3 
g/day

Algal DHA oil from 
Schizochytrium sp.

NR but < 0.3 (NF) 35% 
DHA

Maize/soy oil

48 weeks FA profile in plasma
Blood lipids
Clinical endpoints
Anthropometry
Inflammation markers
Adverse events

Ayats-Vidal et al. (2023), 
Ayats-Vidal 
et al. (2024)

Spain
DB-RCT, parallel

Children and adults
Cystic fibrosis
11.7
M/F
11 (7)

50 mg/kg bw; 0.7 to 2.8 
g/day

Concentrated DHA-TG 
from fish oil

0.121
Olive oil

1 year FA profile in RBC
Clinical endpoints
Inflammatory markers
Anthropometry
Adverse events
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Reference country 
study design

Population agea (years) 
and sex N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA ratio 
comparator Duration Endpoints Rationale for exclusion

Dong et al. (2021)
China
DB-RCT, parallel

Adults
HIV-infected patients 

under stable cART and 
neurocognitive impairment

55 (10)
M/F
44 (35)

3.15 g/day
Algal-DHA oil

0.015 (45% DHA, < 0.7 
EPA)

Soy oil

24 weeks Plasma DHA
Cognitive function
Blood lipids
Lipid peroxidation
Inflammatory markers
Gut microbiota
Faecal metabolites

HIV infection and its treatment (cART) significantly 
affect immune function, systemic inflammation, 
lipid and glucose metabolism and body 
composition. While cART reduces inflammation, 
levels often remain elevated compared to 
uninfected individuals and specific regimens 
(e.g. INSTIs, TAF) can differentially impact 
metabolic and inflammatory markers 
(Hileman & Funderburg, 2017). These disease- 
and treatment-related features limit the 
extrapolation of the results to the general 
population.

Domingo, Gallego-
Escuredo, 
et al. (2018), 
Domingo, 
Fernández, 
et al. (2018)

Spain
DB-RCT, parallel

HIV-infected patients under 
stable cART

Median (IQR)
44 (40–50)
M/F
43 (35)

4 g/day
Concentrated DHA-TG 

from fish oil

0.121
Olive oil

48 weeks Plasma FA profile
Blood lipids
Glucose homeostasis
Blood pressure
Inflammation markers
Body composition
Anthropometry
SAT gene expression
Adverse events

Dawczynski et al. (2018)
Germany
DB-RCT, cross-over
(WO: 10 weeks)

Adults
Rheumatoid arthritis
61 (13)
M/F
38 (25)

2.1 g/day
Algal DHA oil from 

Schizochytrium sp.

0.04
Sunflower oil

10 weeks FA profile in RBC
Plasma PUFA-derived 

lipid mediators
Clinical endpoints
Inflammatory markers

Rheumatoid arthritis is a chronic autoimmune 
disorder associated with persistently elevated 
levels of systemic and local inflammation, as 
well as possible involvement of multiple organs 
beyond the joints. These disease-specific 
inflammatory and immunological alterations 
limit the extrapolation of the results to the 
general population.

Mansoori et al. (2015), 
Mansoori 
et al. (2016), 
Toupchian 
et al. (2016), Naeini 
et al. (2020)

Iran
DB-RCT, parallel

Adults
T2DM
30–70
M/F
36(35)

1.45 g/day
DHA-rich fish oil

0.276
Paraffin oil

8 weeks Blood lipids
Anthropometry
Body composition
Glucose homeostasis
Gene expression in 

PBMC
ADMA

The study was excluded due to uncertainty 
regarding concomitant use of glucose-lowering 
medications. Although the study excluded 
participants on insulin or thiazolidinediones, 
it did not clearly report whether the patients 
recruited were under other common treatments 
for T2DM (e.g. metformin, sulfonylureas). These 
medications can independently affect glucose 
homeostasis and the blood lipid profile, limiting 
the ability to attribute the observed effects 
solely to supplemental DHA or to extrapolate 
the results to the general population.

T A B L E  B . 2   (Continued)
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Reference country 
study design

Population agea (years) 
and sex N per DHA arm 
(completers) DHA dose DHA source

EPA/DHA ratio 
comparator Duration Endpoints Rationale for exclusion

Studies reporting only on outcomes/endpoints that are not relevant for the safety assessment of supplemental DHA

Zhang et al. (2018), 
Zhang et al. (2017)

China
DB-RCT, parallel

Older adults
Mild cognitive impairment
74.5 (2.6)
M/F
120 (109)

2 g/day
Algal-DHA oil

0.002 (45%–55% DHA; 
< 0.1% EPA)

Maize oil

2 years Plasma DHA
Cognitive function
Blood autophagy 

biomarkers
Hippocampal volume

Outcomes/endpoints not relevant for the 
assessment

Ciappolino et al. (2020)
Italy
DB-RCT, parallel

Adults, Bipolar disorder (BD)
Healthy controls (HC)
BD: 36 (12)
HC: 33 (12)
M/F
BD:13
HC:7

1.25 g/day
Algal DHA oil from 

Schizochytrium sp.

NR
Maize oil

12 weeks Plasma DHA
Cognitive function

Matsuoka et al. (2015), 
Noguchi et al. (2017)

Japan
DB-RCT, parallel

Adults
Post-traumatic injury (ICU)
39.6
M/F
53 (45)

1.47 g/day
DHA-rich fish oil

0.1
Rapeseed oil (47%), 

soybean oil (25%), 
olive oil (25%), fish 
oil (3%)

12 weeks DHA in RBC
Post-traumatic stress
Depression
QoL

Abbreviations: ADMA, asymmetric dimethylarginine; BD, bipolar disorder; bw, body weight; cART, combination antiretroviral therapy; DB-RCT, double-blind randomised controlled trial; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, 
fatty acid; HC, healthy controls; HIV, human immunodeficiency virus; ICU, intensive care unit; INSTIs, integrase strand transfer inhibitors; IQR, interquartile range; M/F; NF, novel food; NR, not reported; PBMC, peripheral blood mononuclear cells; PUFA, 
polyunsaturated fatty acid; QoL, quality of life; RBC, red blood cells; SAT, subcutaneous adipose tissue; TAF, tenofovir alafenamide; T2DM, type 2 diabetes mellitus; TG, triglyceride; WO, washout period.
aRange or mean (SD), unless otherwise noted.
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APPE N D IX C

Human intervention studies reporting on glucose homeostasis endpoints

T A B L E  C .1   Human intervention studies on the effect of supplemental DHA alone on measures of glucose homeostasis.

Reference country Study design Subjects (sex) Age (years)a
N per DHA arm 
(completers) DHA dose Comparator Duration Endpoints

Klingel et al. (2019)
Canada

DB-RCT, parallel Adults (M/F)
Healthy

18–30 30 3 g/day Olive oil
EPA

12 weeks Fasting glucose

Chang et al. (2021)
USA

DB-RCT, cross-over
WO: 10 weeks

Adults (M/F)
Low-grade chronic 

inflammation

50–75 24 (21) 3 g/day EPA
High-oleic 

sunflower oil 
(run-in)

10 weeks Fasting glucose

Hughbanks-
Wheaton 
et al. (2014)

USA

DB-RCT, parallel Adults and children (M)
X-linked retinitis 

pigmentosa

7–31 37 (22) 30 mg/kg bw/day, mean: 
1.740 g/day, range: 
0.6–3.6 g/day

Maize/soy oil 4 years Fasting glucose

Singhal et al. (2013)
UK

DB-RCT, parallel Adults (M/F)
Healthy

18–37 162 (136) 1.6 g/day Olive oil 16 weeks Fasting glucose
Fasting insulin

Neff et al. (2011)
USA

DB-RCT, parallel Adults (M/F) 
Overweight/obese

43 (11) 19 2 g/day Maize/soy oil 16 weeks Fasting glucose
Fasting insulin
HOMA-IR
HbA1c
AUC for glucose and insulin 

(OGTT)

Félix-Soriano 
et al. (2021)

Spain

DB-RCT, parallel Post-menopausal 
women

Overweight/obese

55–70 21 (15)
22 (16)

1.65 g/day
1.65 g/day + RT

Olive oil 16 weeks Fasting glucose
Fasting insulin
HOMA-IR
TyG
iAUC and AUC for glucose and 

(OGTT)

Kelley et al. (2012)
USA

DB-RCT, parallel Adult males
High TG

39–66 17 (14) 3 g/day Olive oil 90 days Fasting glucose
Fasting insulin
HOMA-IR
AUC for glucose and insulin 

(post-prandial)
Matsuda index

Abbreviations: AUC, area under the curve; bw, body weight; DB-RCT, double-blind randomised controlled trial; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; iAUC, incremental AUC; F, females; HbA1c, glycated haemoglobin; HOMA-IR, 
homeostatic model assessment of insulin resistance; M, males; OGTT, oral glucose tolerance test; RT, resistance training; TG, triglycerides; TyG, triglyceride/glucose index; UK, United Kingdom; USA, United States of America.
aRange or mean (SD).
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APPE N D IX D

Human intervention studies reporting on blood lipids.

T A B L E  D .1   Human intervention studies on the effect of supplemental DHA alone on blood lipids.

Reference country Study design Subjects (sex) status Age (years)a
N per DHA arm 
(completers) Daily DHA dose comparator Duration

Endpoints  
(% change vs. comparator)b

Dittrich et al. (2015)
Germany

DB-RCT, parallel and 
crossover (WO: 
10 weeks)

Adults (M/F)
High TG

56 (12) 19(16) 1.6 g
Sunflower oil
Linseed oil
Echium oil

10 weeks Total-c
LDL-c
HDL-c
TG

Hughbanks-Wheaton 
et al. (2014)

DHAX trial
USA

DB-RCT, parallel Adults and children (M)
X-linked retinitis 

pigmentosa

7–31 41(29) 30 mg/kg bw/day, range: 0.6–3.6 
g/day, mean 1.740 g/day

Maize/soy oil

4 years Total-c
LDL-c
HDL-c
TG

So et al. (2022)
USA

DB-RCT, cross-over
(WO: 10 weeks)

Adults (M/F)
Low-grade chronic 

inflammation

50–75 24 (21) 3 g
EPA
High-oleic sunflower oil (run-in)

10 weeks Total-c
LDL-c
Apolipoprotein B
Non-HDL-c
HDL-c
TG

Singhal et al. (2013)
UK

DB-RCT, parallel Adults (M/F)
Healthy

18–37 162 (136) 1.6 g
Olive oil

16 weeks Total-c
LDL-c
HDL-c
TG ↓ (−33%)

Félix-Soriano et al. (2021)
Spain

DB-RCT, parallel Post-menopausal women
Overweight/obese

55–70 21 (15)
22 (16)

1.65 g
1.65 + RT
Olive oil

16 weeks Total-c
LDL-c
HDL-c
TG ↓ (−22% for the DHA group 

without RT vs. olive oil)c

MacIntyre et al. (2023), 
Klingel et al. (2019)

Canada

DB-RCT, parallel Adults (M/F)
Healthy

18–30 30 3 g
EPA
Olive oil

12 weeks Total-c
HDL-c
TG ↓ (−25% vs. olive oil)
Total-c: HDL-c ratio

Neff et al. (2011)
USA

DB-RCT, parallel Adults (M/F)
Overweight/
Obese

43 (11) 19 2 g
Maize/soy oil

16 weeks Total-c ↑ (+4.8%)
LDL-c
HDL-c
TG ↓ (−25.8%; significant only with 

NMR-based calculations)

Kelley et al. (2007), Kelley 
et al. (2008)

USA

DB-RCT, parallel Adults (M)
High TG

39–66 20(17) 3 g
Olive oil

90 days Total-c
LDL-c ↑ (+15.8%)
Apolipoprotein B
HDL-c
TG ↓ (−16.4%)
Total-c: HDL-c ratio

 18314732, 2026, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2026.9858 by C

ochrane G
reece, W

iley O
nline L

ibrary on [14/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  31 of 38UL FOR SUPPLEMENTAL DHA

Reference country Study design Subjects (sex) status Age (years)a
N per DHA arm 
(completers) Daily DHA dose comparator Duration

Endpoints  
(% change vs. comparator)b

Allaire et al. (2016), 
Allaire et al. (2018)

ComparED
Canada

DB-RCT, cross-over (WO: 
9 weeks)

Adults (M/F)
Abdominal obesity 

and low-grade 
inflammation

18–70 154 (123) 2.7 g
EPA
Maize oil

10 weeks DHA compared with maize oil
Total-c ↑ (+3.8%)
LDL-c ↑ (+6.9%)
Apolipoprotein B ↑ (+4.5%)
HDL-c ↑ (+7.6%)
TG ↓ (−13.3%)
Total: HDL-c ratio ↓ (−2.5%)
DHA compared with EPA
Total-c ↑ (+3.6%)
LDL-c ↑ (+3.2%)
Apolipoprotein B
HDL-c ↑ (% NR and cannot be 

calculated)
TG ↓ (−7.1%)
Total-c: HDL-c ratio ↓ (% NR and 

cannot be calculated)d

Abbreviations: bw, body weight; c, cholesterol; DB, double-blind; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; F, female; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; M, male; NMR, nuclear 
magnetic resonance; NR, not reported; RCT, randomised controlled trial; RT, resistance training; T2DM, type 2 diabetes mellitus; TG, triglyceride; USA, United States of America; WO, washout.
aRange or mean (SD).
b% change versus comparator refers to the percentage of change in blood lipid levels in the DHA group compared to the control or EPA groups. Calculated as [(% change in comparator group) – (% change in DHA group)], where % change for each 
group = [(post-intervention mean – baseline mean)/baseline mean] × 100. Values are reported only for statistically significant differences, where sufficient data were available from the study results.
cAdjusted for changes in fat mass and baseline values.
dSignificant treatment x sex interaction (p = 0.0455) in the LDL-c response to EPA and DHA. DHA supplementation increased LDL-c more than did EPA in men (12.5% compared with 5.1%) but not in women (4.4% compared with 3.0%).

T A B L E  D .1   (Continued)
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APPE N D IX E

Human intervention studies reporting on markers of inflammation.

T A B L E  E .1   Human intervention studies on supplemental DHA alone and markers of systemic and/or vascular inflammation.

Reference country Study design Subjects (sex) age (years)a
N per DHA arm 
(completers)

Daily DHA dose 
comparator Duration Endpoints

Singhal et al. (2013)
UK

DB-RCT, parallel Adults (M/F)
Healthy
18–37

162 (136) 1.6 g
Olive oil

16 weeks Plasma: CRP

Naqvi et al. (2014)
USA

DB-RCT, parallel Adults (M/F)
Periodontitis
53 (8)

27 (24) 2 g
(+ 80 mg ASA all groups)
Maize/soy oil

3 months Serum: hs-CRP, IL-6, VCAM

Neff et al. (2011)
USA

DB-RCT, parallel Adults (M/F)
Overweight/
Obese
43 (11)

19 2 g
Maize/soy oil

16 weeks Plasma: IL-1ß, IL-6, IL-10, TNF-α, 
LPB, CRP

Ramos-Campo et al. (2020)
Spain

DB-RCT, cross-over
(WO: 4 weeks)

Adults (M)
Amateur endurance athletes
18–45

19 (19) 2.1 g
Olive oil

10 weeks Plasma: IL-1β, IL-6, IL-8 and 
TNF-α, CRP

Pellonperä et al. (2019)
Finland

DB-RCT, parallel Overweight and obese pregnant 
women (gw < 18 weeks; mean 
14 weeks)

30.4 (4.8)

110 (92)
110 (94)

1.9 g
1.9 g (+’probiotics’)
Medium-chain 

triglycerides
(+’probiotics’)

21 weeks
(early to late 

pregnancy; mean 
GA 14–35 weeks)

Serum: hs-CRP

So et al. (2021)
USA

DB-RCT, cross-over
(WO: 10 weeks)

Adults (M/F)
Low-grade chronic inflammation
50–75

24 (21) 3 g
EPA
High-oleic sunflower oil 

(run-in)

10 weeks Serum: hs-CRP, IL-6, TNF-α, 
MCP-1, IL-10

Allaire et al. (2016)
ComparED
Canada

DB-RCT, cross-over
(WO: 9 weeks)

Adults (M/F)
Abdominal obesity and low-

grade inflammation
18–70

154 (123) 2.7 g
Maize oil
EPA

10 weeks Plasma: CRP, IL-6, TNF-α, IL-18, 
adiponectin

Kelley et al. (2009)
USA

DB-RCT, parallel Adults (M)
High TG
39–66

20(17) 3 g
Olive oil

90 days Plasma/serum: CRP, MMP-2, 
SAA, NO, WBC

Plasma: IL-1ß, IL-2, IL-6, IL-8, 
IL-10, TNF-α

TNF-R1, TNF-R2, IL-6 soluble 
receptor, G-CSF, GM-CSF, 
ICAM-1, VCAM-1, E-Selectin

Dittrich et al. (2015)
Germany

DB-RCT, parallel and crossover 
(WO: 10 weeks)

Adults (M/F)
High TG
56 (12)

19(16) 1.6 g
Sunflower oil
Linseed oil
Echium oil

10 weeks Plasma: hs-CRP
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Reference country Study design Subjects (sex) age (years)a
N per DHA arm 
(completers)

Daily DHA dose 
comparator Duration Endpoints

Valentine et al. (2021)
USA

DB-RCT, parallel Pregnant women
30 (5.6)

524 (437)
576 (465)

0.2 g
1 g
(superiority trial)

12–20 weeks 
pregnancy until 
delivery

Serum: sRAGE, IL-1ß, IL-6, TNF-
α, INFγ

Abbreviations: ASA, aspirin; ComparED, The Comparing EPA to DHA Study; CRP, c-reactive protein; DB, double blind; DHA, docosahexaenoic acid; GA, gestational age; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte monocyte-
colony stimulating factor; hs-CRP, high-sensitive C-reactive protein; ICAM-1, intercellular adhesion molecule-1; IL, interleukin; INFγ, Interferon gamma; LPB, Lipopolysaccharide Binding Protein; MCP-1, monocyte chemoattractant protein-1; M/F, males/
females; MMP-2, matrix metalloproteinase-2; NO, nitric oxide; OL, open label; RCT, randomised controlled trial; SAA, serum amyloid A; sRAGE, soluble Receptor for Advanced Glycation End Products; TG, triglycerides; TNF-α, tumour necrosis factor-
alpha; TNFR, tumour necrosis factor receptor; VEGF, vascular endothelial growth factor; VCAM, soluble vascular cell adhesion molecule; WBC, white blood cells, WO, washout.
aRange or mean (SD), unless otherwise noted.
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APPE N D IX F

Human intervention studies reporting on safety, tolerability and/or adverse effects/events

T A B L E  F.1   Human intervention studies on supplemental DHA alone and safety, tolerability and/or adverse effects/events.

Reference study design country
Population Agea (years) 
and sex

N per DHA arm 
(completers) DHA dose/duration

DHA source/
comparator

Safety endpoints and adverse 
events (AE) Results

McNamara et al. (2010)
Supplemental material
DB-RCT, parallel
USA

Children
Healthy
8–10
Males

12 (10)
14 (13)

0.4 g/day
1.2 g/day
8 weeks

Algal DHA oil 
TG from 
Crypthecodinium 
Cohnii

Maize oil

Physical examination including 
vital signsb (baseline and 
8 weeks)

Clinical biochemistryc

(baseline and 8 weeks)
Structured side effect interview 

using the Side Effects Form 
for Children and Adolescents 
(baseline, 4 and 8 weeks)

No significant changes in any 
group

No significant changes in any 
group

Mild, no between-group 
differences

Milte et al. (2015)
DB-RCT, cross-over (no WO)
Australia

Children
ADHD
7–12
M/F

90 (54) 1.032 g/day
4 months

DHA-rich fish oil
Safflower oil
EPA-rich fish oil

AE (parents were contacted via 
phone or email at least 3 times (at 
4, 10 and 15 weeks) to report AE – 
assessment methods NR)

DHA: one case each of unpleasant 
taste, GI symptoms, nosebleed, 
skin rash and yellow teeth.

EPA: one case of itchy skin and two 
of bad breath and GI symptoms.

Safflower oil: one case of bad 
breath and one of GI symptoms.

Singhal et al. (2013)
DB-RCT, parallel
UK

Adults
Healthy
18–37
M/F

162 (136) 1.6 g/day
16 weeks

Algal DHA oil from 
Schizochytrium 
sp.

Olive oil

Serious AE (weekly phone calls- 
methods NR)

Adverse effects
(monthly phone calls, recorded for 

the previous 7 days - methods NR)

None
GI symptoms, comparable between 

groups

González-Ravina et al. (2018)
DB-RCT, parallel
Spain

Adults
≥ 1-year history of 

infertility
18–50
Males

15
15
15

0.5 g/day
1 g/day
2 g/day
12 weeks

Concentrated 
DHA-TG from 
fish oil

Primrose oil

Adverse effects
(assessment methods and times NR)

None reported

Metherel et al. (2019)
Klingel et al. (2019)
DB-RCT, parallel
Canada

Adults
Healthy
18–30
M/F

30 3 g/day
12 weeks

DHA-oil from 
fish and algal 
sources, TG

Olive oil
EPA

Adverse effects
(assessment methods and times NR)

None reported associated with the 
intervention – no more details 
given

Stonehouse et al. (2013)
DB-RCT, parallel
New Zealand

Adults
Healthy
18–45
M/F

115 (85) 1.16 g/day
24 weeks

DHA-rich fish oil + 
primrose oil

High-oleic 
sunflower oil

Side effects (assessment methods 
and times NR)

Burping and unpleasant breath 
were significantly more 
common in the DHA group 
(49% compared with 22% 
and 39% compared with 18%, 
respectively)

The effects were rated as minor (1 
and 2 on a scale from 1 to 10).
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Reference study design country
Population Agea (years) 
and sex

N per DHA arm 
(completers) DHA dose/duration

DHA source/
comparator

Safety endpoints and adverse 
events (AE) Results

Arellanes et al. (2020)
Supplemental material
DB-RCT, parallel
USA

Older adults
Mild cognitive 

impairment
58–90
M/F

15 2.152 g/day
24 weeks

Algal-DHA oil
Maize/soy oil

AE (assessment methods and times 
NR)

Most AE were minor (mostly GI 
symptoms) and did not differ 
by study arm

Mozaffari-Khosravi et al. (2013)
DB-RCT, parallel
Iran

Adults
Mild–moderate 

depression
34 (13)
M/F

27 (20) 1 g/day
12 weeks

Algal-DHA oil 
concentrate

Coconut oil
EPA oil

AE
(assessment at 6 and 12 weeks - 

method NR)

A total of 17 (27.4%) patients 
reported mild and self-limited 
AE, including GI symptoms, 
headache and dizziness. No 
difference among study groups.

Quinn et al. (2010)
DB-RCT, parallel
USA

Adults,
Chronic inflammation
76 (9.3)
M/F

238 (171) 2 g/day
1.5 years

Algal-DHA oil
Maize/soy oil

AE
(assessment every 3 months - method 

NR)

No between-group difference 
in the % of individuals with 
at least one AE, a serious AE, 
hospitalisation, or death. 
Thrombotic events occurred 
at a rate higher than expected, 
but no difference between 
groups.

Three cases of subtherapeutic 
INR in the DHA group and one 
case of increased INR in the 
control oil group in patients on 
warfarin.

Naqvi et al. (2014)
DB-RCT, parallel
USA

Adults Periodontitis
53 (8)
M/F

27 (24) 2 g/day (+ ASA all 
groups)

3 months

Algal DHA oil from 
Crypthecodinium 
Cohnii

Maize/soy oil

AE (phone calls every 1–2 weeks – 
method NR)

A total of 15 subjects (7 in DHA 
group and 8 in control group) 
experienced AE, none of which 
were serious - no more details 
given.

Neff et al. (2011)
DB-RCT, parallel
USA

Adults Overweight/
obese 43 (11)

M/F

19 2 g/day
4.5 months

Algal DHA oil from 
Crypthecodinium 
Cohnii

Maize/soy oil

Side effects
(assessment methods and times NR)

DHA supplementation was well 
tolerated,

without significant side effects – 
no more details given.

Allaire et al. (2016)
Supplemental material
DB-RCT, cross-over
(WO: 9 weeks)
ComparED
Canada

Adults
Abdominal obesity and
low-grade inflammation
18–70
M/F

154 (123) 2.7 g/day
10 weeks

Fish oil re-esterified 
TG

Maize oil
EPA

Side effects
(assessment methods and times NR)

No difference in the frequency 
of self-reported side effects 
between groups. These include 
mostly GI symptoms, headache, 
tiredness, joints pain, loss of 
balance and fast heartbeat.

T A B L E  F.1   (Continued)

(Continues)
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Reference study design country
Population Agea (years) 
and sex

N per DHA arm 
(completers) DHA dose/duration

DHA source/
comparator

Safety endpoints and adverse 
events (AE) Results

Oliver et al. (2016)
DB-RCT, parallel
USA

Male adults
American football 

players
Age NR

30 (21)
37 (19)
36 (22)

2 g/day
4 g/day
6 g/day
27 weeks

Algal DHA oil from 
Schizochytrium 
sp.

Maize oil

Side effects
(assessment methods and times NR)

Side effects of supplemental DHA 
included initial GI distress 
(n = 4), poor palatability (n = 1) 
and smell (n = 1). These were 
only reported once over the 
duration of the study. In which 
DHA group they occurred is NR.

Hughbanks-Wheaton et al. (2014)
DB-RCT, parallel
DHAX trial
USA

Male adults and children
X-linked retinitis 

pigmentosa
7–31

41 (29) 30 mg/kg bw/day, 
range: 0.6–3.6 g/
day, mean 1.740 
g/day

4 years

Algal-DHA oil 
TG from 
Crypthecodinium 
Cohnii

Maize/soy oil

The use of DHA in this trial with 
minors was conducted under 
an Investigational New Drug 
approval from the US FDA.

Blood chemistryd results were 
monitored annually for 
treatment-emergent AE (TEAE) 
according to the Division of 
AIDS criteria.

Participants self-reported health-
related issues and TEAEs at 
annual visits and in quarterly 
diaries.

Serious AE requiring hospitalisation 
were to be reported 
immediately to study 
investigators

Twenty TEAEs were identified by 
blood chemistry (7 DHA, 13 
placebo; no between-group 
difference in any of them). 
Nineteen TEAEs were self-
reported (13 DHA, 6 control). 
Two self-reported TEAEs in 
controls and one in DHA 
were considered related 
to intervention. The latter 
experienced GI symptoms 
sporadically for 2 years (three 
AE reports) including diarrhoea, 
flatulence and eructation. 
No serious TEAEs requiring 
hospitalisation were reported.

MacDonald and Sieving (2018)
DB-RCT, cross-over (ABAB, no WO)
USA

Adults, Stargardt macular 
dystrophy

26–63
M/F

11 (10) 2 g/day
3 + 3 months

Algal-DHA oil 
Crypthecodinium 
Cohnii

Maize/soy oil

AE
(monitored monthly via phone calls 

or at study visits- methods NR)

Eight AE were reported by four 
participants, all considered 
not to be related to the 
intervention. There was one 
case of heavy menstrual 
bleeding and cramping and one 
case of heavy vaginal bleeding 
requiring hysterectomy. AE 
are reported by study arm 
(sequence allocation) and not 
by study oils.

Lee et al. (2010)
DB-RCT, cross-over (ABAB, no WO)
Canada

Adult males, Best 
disease (macular 
degeneration) 23–64

Males

8 20 mg/kg bw/day
1.4 g/day assuming 70 

kg bw
2 + 4 months

Algal-DHA oil 
Crypthecodinium 
Cohnii

Maize oil

AE
(assessment methods and times NR)

Only mentioned that plasma 
DHA levels increased without 
adverse effect – no other 
details given.

T A B L E  F.1   (Continued)
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Reference study design country
Population Agea (years) 
and sex

N per DHA arm 
(completers) DHA dose/duration

DHA source/
comparator

Safety endpoints and adverse 
events (AE) Results

Marc et al. (2020)
Angoa et al. (2022)
Fougère et al. (2023)
Rais et al. (2025)
MOBIDIck trial
DB-RCT, parallel
Canada

Women delivering 
< 29 weeks of 
gestation

31 (5.3)
Females

232 (187) 1.2 g/day
8–13 weeks

Algal-DHA oil 
Schizochytrium 
sp.

Maize/soy oil

AE
Women: recorded from recruitment 

up to 40 weeks postmenstrual 
age (assessment methods and 
times NR)

Neonates: documented in the 
neonatal case report form and 
reviewed for safety

No neonatal AE or serious AE were 
reported to be related to the 
intervention by investigators.

A total of 138 AE and 19 serious 
AE were reported in 87 (18.9%) 
and 18 (3.9%) of 461 mothers, 
respectively.

Headache (6.9% in the DHA group 
vs. 6.1% in the control group) 
and GI disorders (6.9% vs. 5.7%, 
respectively) were the most 
frequently reported AE.

Pellonperä et al. (2019)
DB-RCT, parallel
Finland

Overweight and obese 
pregnant women 
(gw < 18 weeks; mean 
14 weeks)

30.4 (4.8)

110 (96)
110 (90)

1.9 g/day
1.9 g/day
(+’probiotics’)
14 weeks gestation 

(mean) until 
6 months 
postpartum

Fish oil
Medium-chain 

triglycerides
(+’probiotics’)

Adverse effects
Women: self-reported in weekly 

diaries

28% of women reported mild AEs 
(mainly GI symptoms, some 
headaches) with no significant 
differences between groups 
and no serious adverse events.

Sousa et al. (2023)
DB-RCT, parallel
Brasil

Low-risk pregnant 
women

20–40

30 (20) 1.44 g/day
22–24 weeks 

pregnancy until 
delivery

DHA-rich fish oil
Olive oil

Side effects (assessment methods 
and times NR)

Only one woman reported 
intolerance to supplementation 
(control oil), presenting nausea 
and vomiting.

Carlson et al. (2021)
Valentine et al. (2021)
DB-RCT, parallel
USA

Pregnant women
30 (5.6)

524 (492)
576 (540)

0.2 g/day
1 g/day
12–20 weeks 

pregnancy until 
delivery

Algal-DHA oil
Schizochytrium sp.
0.2 g/day DHA 

(superiority trial)

The US FDA required DHA to be 
studied as an Investigational 
New Drug.

Serious AE (death, life-threatening 
event, hospital admission, 
persistent or significant 
disability/incapacity or 
congenital anomaly/birth 
defect) and AE (clinical signs 
and symptoms possibly 
related to DHA safety). Data 
safety monitoring committee 
assessed AE yearly.

Participants assigned to the 
higher DHA dose had fewer 
maternal AE and serious AE 
related to premature rupture of 
membranes, pyelonephritis and 
chorioamnionitis; and fewer AE 
of weight loss, preterm birth 
and preterm contractions. 
Infants of mothers assigned 
to the higher DHA dose had 
fewer AE and serious AE related 
to feeding, genitourinary and 
neurological symptoms and 
fewer AE of preterm birth and 
musculoskeletal problems. 
The low dose did not favour 
a reduction in any type of 
maternal or infant serious AE 
but it did favour fewer skin AE.
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Reference study design country
Population Agea (years) 
and sex

N per DHA arm 
(completers) DHA dose/duration

DHA source/
comparator

Safety endpoints and adverse 
events (AE) Results

Hashimoto (2012)
DB-RCT, parallel Japan

Older adults
Mild dementia
72 (7.6)
M/F

57 1.72 g/day
1 year +1 year all on 

DHA

DHA-enriched fish 
oil

Olive oil +48 mg 
DHA and 12 mg 
EPA

Side effects (assessment methods 
and times NR)

‘Notably, DHA/ EPA 
supplementation did not 
produce any side effects such 
as allergic response, excessive 
sweating, urination, palpitation 
and gastrointestinal irritation 
as well’ – no other information 
provided

Abbreviations: ABAB, Study design with alternating baseline (A) and intervention (B) phases; AE, adverse events; ADHD, attention-deficit/hyperactivity disorder; AIDS, acquired immunodeficiency syndrome; ASA, acetylsalicylic acid; bw, body 
weight; DB-RCT, double-blind randomised controlled trial; DHA, docosahexaenoic acid; DHAX trial, docosahexaenoic acid in X-linked retinitis pigmentosa trial; EPA, eicosapentaenoic acid; FDA, Food and Drug Administration; GI, gastrointestinal; 
INR, international normalised ratio; M/F, males/females; MOBIDIck trial, maternal omega-3 supplementation to reduce bronchopulmonary dysplasia in very preterm infants trial; NR, not reported; OL-RCT, open-label randomised controlled trial; RCT, 
randomised controlled trial; TEAE, treatment-emergent adverse event; TG, triglyceride; WO, washout.
aRange or mean (SD), unless otherwise noted.
bIncludes blood pressure, pulse, weight, height and temperature.
cIncludes renal/electrolyte profile, complete blood count, liver function tests and glucose ‘random’.
dIncludes blood lipids, whole blood platelet aggregation, fasting glucose, renal/electrolyte profile, liver function tests, plasma proteins, plasma vitamins A and E.

T A B L E  F.1   (Continued)

The EFSA Journal is a publication of the European Food Safety  
Authority, a European agency funded by the European Union
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