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  Abstract

Objective: To systematically review prospective cohort studies and quantify associations 
between polyunsaturated fatty acids (PUFA) and all-cause mortality, cardiovascular disease 
(CVD), breast cancer, mental health, inflammatory bowel disease and type 2 diabetes. 

Design: Systematic review and meta-analysis of prospective cohort studies.

Data Sources: MEDLINE (from 1946), EMBASE (from 1974), Cochrane Central Registry of Controlled 
Trials (from 1996), Evidence Based Medicine Reviews (from 1996) and CINAHL (from 1983) 
were searched through 19 December 2019. Reference lists of retrieved articles and previous 
systematic and narrative reviews were hand searched.

Eligibility criteria for selecting studies: Prospective cohort studies reporting associations 
between PUFA and all-cause mortality, CVD, breast cancer, mental health or type 2 diabetes were 
eligible. 

Data extraction and synthesis: Two reviewers independently abstracted design features, 
participant characteristics, exposures and outcomes, and assessed risk of bias. Multivariable 
risk ratios were pooled using inverse-variance random-effects models. Heterogeneity was 
assessed (Q statistic) and quantified (I2). Potential publication bias was assessed (funnel plots) 
and subgroup analyses were undertaken (meta-regression). 

Results: A total of 4015 potentially eligible articles were identified; after full-text review, 170 
primary reports of associations between PUFA and the health outcomes in prospective cohort 
studies (published between 1981 and 2020) provided 719 comparisons. In prospective cohort 
studies (considered the highest quality observational evidence available), higher intake of total 
and various subtypes of PUFA, compared with lower intake varied in terms of associations with 
chronic diseases. Higher intakes of total PUFA were associated with a 14% reduced risk of all-
cause mortality (16 studies with 960 538 participants), 9% reduced risk of fatal CVD (13 studies 
with 907 721 participants) and 27% reduced risk of sudden cardiac death (1 study with 91 981 
participants). Total omega-3 fatty acids were associated with a 6% reduced risk of fatal CVD 
(10 studies with 872 029 participants), 17% reduced risk of fatal coronary heart disease (CHD) 
(4 studies with 238 990 participants), 35% reduced risk of sudden cardiac death (2 studies 
with 149 953 participants), 57% reduced risk of myocardial infarction (1 study with 41 578 
participants), 15% reduced risk of fatal stroke (2 studies with 82 122 participants), and 21% 
reduced risk of cognitive decline in older age (1 study with 4809 participants). Higher intakes of 
long-chain omega-3 fatty acids were associated with a 9% reduced risk of all-cause mortality 
(15 studies with 1 033 235 participants), 12% reduced risk of fatal CVD (18 studies with 
1 070 906 participants), 20% reduced risk of fatal CHD (16 studies with 461 060 participants), 
59% reduced risk of fatal myocardial infarction (2 studies with 39 586 participants), 45% 
reduced risk of haemorrhagic stroke (4 studies with 94 687 participants) and 28% reduced risk 
of ulcerative colitis (1 study with 170 805 participants). Higher intakes of total n-6 fatty acids 
were associated with a 9% reduced all-cause mortality (9 studies with 768 475 participants) 
but a 31% increased risk of postmenopausal breast cancer (6 studies with 174 816 participants). 
Higher intakes of arachidonic acid were associated with a 5% increased risk of breast cancer 
(3 studies with 180 342 participants). Higher intakes of linoleic acid were associated with a 
16% reduced risk of all-cause mortality (9 studies with 706 400 participants), 17% reduced risk 
of fatal CVD (7 studies with 692 243 participants), 21% reduced risk of fatal CHD (13 studies 
with 306 050 participants), 32% reduced risk of sudden cardiac death (1 study with 91 181 
participants) and 14% reduced risk of total CHD (14 studies with 267 201 participants), but a 
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26% increased risk of depression (3 studies with 57 538 participants). Higher intakes of alpha-
linolenic acid were associated with a 7% reduced all-cause mortality (10 studies with 714 634 
participants), 9% reduced risk of fatal CVD (11 studies with 800 724 participants), 18% reduced 
risk of fatal CHD (9 studies with 252 010 participants), 46% reduced risk of sudden cardiac death 
(2 studies with 99 183 participants) and 15% reduced risk of fatal stroke (3 studies with 103 532 
participants). A higher polyunsaturated:saturated fat ratio was associated with an 18% increased 
risk of fatal CVD (3 studies with 65 598 participants) and 86% increased risk of postmenopausal 
breast cancer (1 study with 910 participants). A high omega-6:omega-3 ratio was associated with 
a 25% increased risk of cognitive decline and 45% increased risk of ulcerative colitis (1 study 
with 170 805 participants). A high omega-3:omega-6 ratio was associated with a 26% reduced 
risk of depression (3 studies with 57 538 participants), The confidence in the estimates for the 
association between PUFA and all outcomes using the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) approach ranged from very low to moderate.

Conclusions: On balance, higher intakes of PUFA are associated with reduced risks of all-cause 
and cardiovascular mortality, but the quality of the evidence is mostly very low. The benefits 
of n-3 fatty acids appear to be specific for CVDs, but few observational studies have directly 
observed or otherwise modelled the effects of replacing saturated or trans-unsaturated fats 
with PUFA on health outcomes. The interaction between different types of PUFA requires further 
research. 
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 1. Introduction

Bang (1, 2) first ascribed the low risk of coronary heart disease (CHD) in Greenland Inuit to 
the high omega-3 fatty acid content of their diets. This observation has spawned decades of 
scientific interest in the protective role and possible mechanism of action of fish fat, specifically 
polyunsaturated fatty acids (PUFA). This interest has spread to encompass plant sources of PUFA, 
including plant oils rich in omega-3 fatty acids, including flax (linseed) and rapeseed (canola) oils 
(3), and foods made from these oils (e.g. margarines) (4). 

The predominant omega-3 fats (also called Ω-3 or n-3 fats) from fish include eicosapentaenoic 
acid (EPA or 20:5), docosahexaenoic acid (DHA, 22:6) and docosapentaenoic acid (DPA, 22:5); 
these are the longer chain omega-3 fats. Alpha-linolenic acid (ALA or α-linolenic acid, 18:3) 
is the shorter chain omega-3 fat from plants and, more recently, from grass-fed meats. ALA is 
incompletely converted to longer chain omega-3 fatty acids in the human body. However, the 
efficiency of this conversion is still a matter of some debate; for example, the conversion may 
be affected by the time-course of studies or interactions with other dietary components (5, 6). 
Hence, the effectiveness of ALA conversion may differ from that of the longer chain omega-3 fats.

Proposed mechanisms for a protective role of omega-3 fats against cardiovascular diseases (CVDs) 
include lowering of blood pressure, altered lipid profile (notably, reduced serum triglyceride 
concentration), reduced thrombotic tendency, anti-inflammatory effects, antiarrhythmic 
effects (including reduction in heart rate), improved vascular endothelial function, increased 
plaque stability, increased paraoxonase levels and improved insulin sensitivity (7–10). Some 
observational studies and many controlled feeding studies reported that linoleic acid (LA), the 
predominant n-6 PUFA in the western diet – found primarily in vegetable oils (e.g. sunflower, 
safflower, soya and corn) and nuts (walnuts) – reduces established risk factors for CHD. Higher LA 
intake reduces low density lipoprotein (LDL) cholesterol (11, 12), promotes insulin sensitivity (11, 
12) and reduces risk of hypertension (13, 14). Substitution of dietary n-6 PUFA for saturated fatty 
acids (SFAs) has long been recommended to prevent CHD (15), but there have been concerns about 
higher LA consumption being harmful to heart health because of its potential proinflammatory 
and thrombogenic properties (16–18). In addition to their influence on heart health, PUFA may 
affect other health outcomes that have inflammatory components.

Studies have suggested that the consumption of specific dietary fats – particularly those low in 
omega-6 and high in trans-unsaturated fatty acids – increases the risk of type 2 diabetes, but 
the role of omega-3 fats remains unclear (19). Omega-3 fats (particularly long-chain omega-3 
fats from seafood sources) alter the expression of peroxisome proliferator–activator receptor 
genes, which are involved in signaling nutrition status (20); they also affect the production of 
inflammatory cytokines, which are associated with type 2 diabetes (21). These findings suggest 
that omega-3 fatty acids could lower the risk of type 2 diabetes.

The possible role of PUFA in protection from mental illness and depression has developed from 
the physiological role of PUFA and their presence in neuronal membrane dynamic structure 
and fluidity. Higher omega-3 PUFA concentrations lead to increased membrane fluidity, 
which increases serotonin transport (11). These fatty acids are involved in receptor function, 
neurotransmitter reuptake and signal transmission. Depression has been associated with over-
activity of the inflammatory response of the immune system, which increases the production 
of proinflammatory cytokines (22). Omega-3 fatty acids have been suggested as inhibitors of 
some of these cytokines, especially of tumour necrosis factor α (TNF-α) and interleukin-1-beta 
(IL-1β). Both IL-1β and TNF-α may reduce the availability of neurotransmitter precursors such as 
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tryptophan, or may alter the metabolism of neurotransmitters and neurotransmitter transporter 
mRNA, thus influencing hypothalamic–pituitary adrenocortical axis activity.

Dietary fats influence intestinal inflammation and regulate mucosal immunity, and thus may 
be involved in the development of inflammatory bowel diseases such as Crohn’s disease 
and ulcerative colitis. Dietary n-3 PUFA competitively inhibit formation of proinflammatory 
prostaglandins and leukotrienes through the arachidonic acid (ARA) pathway (12); they also 
inhibit vascular adhesion and migration, angiogenesis and adaptive immune responses through 
pathways mediated by peroxisome proliferator-activated receptor gamma (PPARγ) and nuclear 
factor κB (NFκB) (23). 

The hypothesis that a high-fat diet promotes the development of postmenopausal breast cancer 
was supported by international data that showed a strong correlation between fat intake and 
breast cancer rates (24) and a modest positive association with high-fat diet in case–control 
studies (25). However, total dietary fat intake is unrelated to the risk of breast cancer in cohort 
studies (26). Animal models (27) and recent observations in humans have provided evidence that 
a high intake of PUFA stimulates several stages in the development of mammary and colon cancer, 
from an increase in oxidative DNA damage, to effects on cell proliferation and free estrogen levels, 
to hormonal catabolism. In contrast, omega-3 fatty acids derived from fish oil seem to prevent 
cancer by influencing the activity of enzymes and proteins related to intracellular signaling and, 
ultimately, cell proliferation.

Dietary guidelines from various bodies generally recommend that 20–35% of energy should 
come from fat, with most coming from PUFA and monounsaturated fats (MUFA) (28–31). This 
review synthesizes prospective associations between PUFA and all-cause mortality, breast 
cancer, cognition and depression, type 2 diabetes, and cardiovascular morbidity and mortality 
risk; the review will inform the process of updating World Health Organization (WHO) guidance 
on PUFA intake. We assessed the confidence in the body of observational evidence using the 
Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach (32, 
33).



3

 2. Methods

This review was conducted in accordance with WHO’s guideline development process (34), which 
is based on the Cochrane Collaboration approach (35). Ethical approval was not required for this 
research.

 2.1 Data sources

Independent searches were conducted for relevant observational studies assessing the 
association between PUFA and health outcomes through 19 December 2019. This included 
searching MEDLINE (from 1946), EMBASE (from 1974), Cochrane Central Registry of Controlled 
Trials (from 1996), Evidence Based Medicine Reviews (from 1996) and CINAHL (from 1983). 
Reference lists of retrieved articles and previous systematic and narrative reviews (14, 15, 
36–39) were hand searched. No language restrictions were imposed. 

 2.2 Study selection

Studies were eligible if they were prospective cohort studies in humans that reported a measure 
of association (i.e. hazard ratios or incident rate ratios) between intakes of PUFA (total, n-3, 
long chain n-3, n-6, EPA, DHA, DPA, ARA, LA and aLA) or the polyunsaturated:saturated fat 
ratio (P:S), measured by self-report and all-cause mortality, CVD (including fatal and nonfatal 
composite cardiovascular events; fatal and nonfatal coronary events including myocardial 
infarction, ischaemic heart disease, atrial fibrillation and sudden cardiac death; and ischaemic 
or haemorrhagic strokes), breast cancer (premenopausal and postmenopausal), type 2 diabetes, 
depression, cognitive decline or inflammatory bowel disease (Crohn’s disease or ulcerative 
colitis), measured by self-report and/or confirmed by medical records or registry linkage. Studies 
were excluded if they were of cohorts in which more than 20% of the sample was aged under 
18 years, had a non-cardiometabolic disease (e.g. cancer) or were pregnant at baseline. We also 
excluded studies in which diet was assessed before adulthood, participants were asked to recall 
their diet before adulthood or dietary assessments were completed by proxies. One reviewer 
assessed titles and abstracts of all studies identified through electronic searches. Potentially 
eligible studies were reviewed independently by a second reviewer, with discrepancies resolved 
by discussion; where necessary, a senior author was consulted to reach consensus. 

 2.3 Data extraction

Pairs of authors independently extracted details of the study design, country of conduct, 
exposure and outcome assessment, participant characteristics and statistical analyses 
(including adjustment for confounders) from included studies using pretested instruments, 
with discrepancies resolved by discussion. Authors were contacted for additional data, where 
necessary. Plot Digitizer1 was used to extract numerical estimates from graphs.

 2.4 Study risk of bias 

The Newcastle-Ottawa Scale (NOS) (40) was used to assess the risk of bias of the included 
studies on the basis of selection of study groups, comparability of groups and ascertainment of 
exposure(s) or outcome(s). 

 

1 http://plotdigitizer.sourceforge.net



4 Polyunsaturated fatty acids intake and health outcomes

 2.5 GRADE approach

The GRADE approach was used to assess the confidence in the effect estimates derived from the 
body of evidence (quality of evidence) by outcome and to produce evidence profiles (32, 33). 
We have limited the presentations of results in the main text to the synthesis of prospective 
cohort studies because these are considered the highest level of evidence for observational 
studies, and thus were used for the GRADE assessments of confidence. Evidence summaries and 
GRADE assessments were discussed and reviewed by all investigators and reviewed with the 
WHO Nutrition Guidance Expert Advisory Group (NUGAG) Subgroup on Diet and Health as part 
of WHO’s guideline development process. Confidence in the estimate of each association was 
categorized into four levels, from very low (㊉◯◯◯) to high (㊉ ㊉ ㊉ ㊉). 

	 2.6	 Outcome	definitions

The included studies provided different degrees of granularity with respect to outcomes 
assessment. Given the different mechanisms by which PUFA are likely to operate, especially 
for CVD, we have provided estimates for the finest possible degree of outcome specificity. The 
outcome definitions used were as listed here. All-cause mortality: deaths from any cause during 
the follow-up period. Total CVD: fatal and non-fatal CVD or events that occur during the follow-
up period are grouped as a single outcome by the study authors; they include acute rheumatic 
fever, chronic rheumatic heart disease, hypertensive disease, ischaemic heart disease,1 
diseases of pulmonary circulation, cerebrovascular disease (subarachnoid haemorrhage and 
intracerebral haemorrhage), diseases of arteries, arterioles and capillaries and other diseases of 
the circulatory system. Fatal CVD: death from CVD during the follow-up period, including acute 
rheumatic fever, chronic rheumatic heart disease, hypertensive disease, ischaemic heart disease, 
diseases of pulmonary circulation, cerebrovascular disease (subarachnoid haemorrhage, 
intracerebral haemorrhage), diseases of arteries, arterioles and capillaries, and other diseases 
of the circulatory system. Fatal CHD: death from ischaemic heart disease, including myocardial 
infarction, angina pectoris or other forms of chronic ischaemic heart disease. Sudden cardiac 
death: sudden, unexpected death caused by loss of heart function (sudden cardiac arrest). 
Nonfatal myocardial infarction: a sudden and sometimes fatal occurrence of coronary thrombosis, 
typically resulting in the death of part of a heart muscle, but that does not result in death. 
Total CHD: nonfatal myocardial infarction, angina pectoris and fatal CHD. Total stroke: includes 
subarachnoid haemorrhage and intracerebral haemorrhage. Fatal stroke: includes death from 
any stroke. Ischemic stroke: thrombotic and embolic strokes. Atrial fibrillation: an abnormal 
heart rhythm characterized by rapid and irregular beating. Dementia: a set of symptoms that 
are caused by disorders affecting the brain, including memory loss and difficulties with thinking, 
problem solving or language, severe enough to reduce a person’s ability to perform everyday 
activities (also includes Alzheimer’s disease). Cognitive decline: operationalized as a change in 
cognitive status, or mild cognitive impairment, which is a slight but noticeable and measurable 
decline in cognitive abilities, including memory and thinking skills. Depression: major depressive 
disorder, characterized by a lengthy time (at least 2 weeks) during which a person feels sad or 
hopeless or lacks focus in life, on a daily or almost daily basis, for the most part of each day. 
Inflammatory bowel disease: ulcerative colitis or Crohn’s disease. Breast cancer: premenopausal 
or postmenopausal, or total (unspecified).

 2.7 Data synthesis and analysis
	 2.7.1	 Statistical	synthesis	of	effect	estimates	

The principal effect measures were the risk ratio (RR) between extreme levels of intake (highest vs 
lowest quantile). For each study, the following were calculated for each outcome: most-adjusted 
(i.e. the multivariable association measure with the highest number of covariates) estimates 

1 Bold indicates the most common outcomes.
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and corresponding 95% confidence intervals (CIs). Where at least two studies provided data, a 
DerSimonian and Laird random-effects meta-analysis was performed, which yields conservative 
CIs around RRs in the presence of heterogeneity (41). When three or fewer studies were combined, 
fixed-effect estimates were also considered. 

 2.7.2 Heterogeneity

Heterogeneity was detected using Cochran’s Q test (significant at P<0.10), and quantified using 
the I2 statistic (ranging from 0% to 100%) (42), and used to assess inconsistency as part of 
the GRADE assessment of evidence quality. If at least 10 studies were available (43, 44) and 
heterogeneity was substantial (I2>60% or PQ<0.10) (42), meta-regression was used to explore 
heterogeneity. 

 2.7.3 Dose–response

The dose–response relation was estimated by using generalized least squares trend estimation, 
according to the methods developed by Greenland and Longnecker (45), implemented in STATA 
(v. 13, College Station, TX) using the “glst” package written by Orsini (46, 47). These methods 
require knowledge of the distribution of events and number of participants or person-years and 
mean or median quantity of intake across categories of exposure. If the number of individuals in 
each category of intake was not provided, we estimated this by: 

 Person–time (quintile x)

 Total person–time 
x total participants

If total energy was not reported (necessary for % energy dose–response), it was assumed to be 
2200 kcal for studies that enrolled men only, 1800 kcal for studies that enrolled women only and 
2000 kcal for a mixed-sex population. If total energy or PUFA intake was not reported for each 
quantile, we assumed equal space between reported quantiles, and took the median of these 
values as the imputed energy for non-reported quantiles. If only mean and standard deviation of 
intake for the cohort was provided, we assumed that the log-transformed distribution of dose was 
normal and assumed cutpoints corresponding to the quantiles (e.g. 25, 50 and 75 for quartiles; 
and 20, 40, 60 and 80 for quintiles). 

The goodness-of-fit test was used to assess whether the linearity assumption was tenable. For 
this test, for P<0.05, the interpretation was that a straight line was not a good fit to the data and 
for P>0.05 the interpretation was that a straight line was an adequate fit. If the straight line was 
not a good fit (i.e. goodness-of-fit test P<0.05), we used a piecewise-polynomial approach, which 
assumes linear associations across certain ranges of doses (“segments”), the boundaries of which 
are called knots. To model the association between knots we applied restricted cubic splines 
to create three equally spaced knots across the distribution. Finally, we used the procedure 
described by Orsini et al. (46) to estimate the pooled RRs for increments of specific exposure 
values, scaled to desired units using the “lincom” command in STATA. Where these dose–response 
analyses yielded important findings, those findings are discussed in the relevant sections of the 
manuscript, and in the GRADE table footnote corresponding to the “Overall quality of evidence” 
(column 9) for each relevant analysis.

 2.7.4 Sensitivity

Three a priori sensitivity analyses were conducted: 1) removing each single study from the meta-
analyses, and recalculating the summary effect (the “leave-one-out” approach (48)); 2) removing 
studies with NOS scores of less than 7 and recalculating the pooled effect; and 3) removing risk 
estimates imputed due to incomplete reporting. A study was considered an influential outlier if 
its removal either pushed the significance level of the overall effect from less than 0.05 to 0.05 
or more (or vice versa) or altered the nominal effect size by at least 10%. Where these sensitivity 
analyses yielded important findings, the findings are discussed in the GRADE table footnotes 

2. Methods
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corresponding to the relevant analysis. If the findings are not mentioned, the sensitivity analyses 
did not influence the association measure.

 2.7.5 Publication bias

Where at least 10 studies were available (49), the possibility of publication bias was explored by 
inspecting funnel plots and conducting Egger’s and Begg’s tests (each significant at P<0.10). If 
publication bias was suspected, results are shown without imputation and with “missing” studies 
imputed using Duval and Tweedie’s trim-and-fill method (50). 

 2.7.6 Software

Primary summary analyses were carried out separately for each outcome using RevMan (version 
5.2; The Nordic Cochrane Center, the Cochrane Collaboration, and Copenhagen, Denmark). 
Meta-regression and sensitivity analyses were undertaken using STATA, version 12.1 (StataCorp, 
College Station, Texas, USA).

 2.7.7 Role of the funding source

This review was commissioned and partially funded by WHO as an independent review conducted 
by researchers from McMaster University (Hamilton, Ontario, Canada). 
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 3. Results

	 3.1	 Literature	flow	

Our literature search identified 4015 potentially eligible articles. After duplicates were removed, 
3859 records remained for title and abstract screening. After this process, 576 full-text papers 
were considered for inclusion in this synthesis. A total of 421 papers were excluded: 155 because 
they did not measure an outcome of interest, 138 because they did not measure a dietary 
exposure of interest, 52 because of an inappropriate study design (e.g. case study or case–
control) or report format (i.e. abstract), 27 because the authors only reported blood measures of 
fatty acids, 14 because they were editorials or commentaries, nine because they were duplicate 
citations not initially caught by the de-duplication filter in EndNote, eight because we were 
unable to obtain the full text of the article (but 5 of these we are confident were abstracts that 
were later published as full-text articles and 3 were deemed “highly unlikely” to be eligible by 
duplicate reviewers), five because they were conducted in seriously ill populations (e.g. with 
cancer or chronic kidney disease), five because they were narrative or systematic reviews, four 
because they were duplicate publications from the same cohort study, three because they did not 
present a measure of association and one because it was an animal study (see Annex 1 for a full 
list of excluded studies). Hand-searching of a recent meta-analysis of LA and CHD (37) identified 
updated or previously unpublished data from five studies (Atherosclerosis Risk in Communities 
Study, Health Professionals’ Follow-up study, Finnish Mobile Health Clinics, Israeli Ischaemic 
Heart Disease Study and Nurses’ Health Study I; n=12 comparisons). Thus, in total, 170 primary 
studies were included in the synthesis (Fig. 1a). 

As shown in Table 1, 170 reports of prospective cohort studies of PUFA and health outcomes in 
the main analysis of primary prevention studies (published between 1981 and 2020) provided 
719 distinct associations between PUFA and at least one of the health outcomes of interest, with 
cohorts enrolled from:

¢¢ North America (n=60 studies, 248 data points: 1 study providing 2 data points from Canada; 
59 studies providing 246 data points from the United States of America [USA]);

¢¢ Europe (69 studies providing 245 data points: 16 studies providing 37 data points from the 
Netherlands; 13 studies providing 62 data points from Sweden; 8 studies providing 38 data 
points from Finland; 10 studies providing 41 data points from Denmark; 5 studies providing 13 
data points from the United Kingdom of Great Britain and Northern Ireland [United Kingdom]; 
3 studies providing 10 data points from various pooled European analyses; 6 studies providing 
27 data points from Spain; 3 studies providing 15 data points from France; 4 studies providing 
11 data points from Italy; and 1 study providing 1 data point from Germany);

¢¢ Asia (25 studies providing 171 data points: 12 studies providing 79 data points from Japan; 
3 studies providing 22 data points from Shanghai; 4 studies providing 18 data points from 
Singapore; and 7 studies providing 68 data points from the People’s Republic of China; 4 
studies providing 18 data points from Singapore; 1 study providing 5 data points from Iran; 1 
study providing 1 data point from Israel); and

¢¢ Australia (3 studies providing 24 data points).

There was one global study providing five data points. 

The distribution of background (i.e. average) PUFA intakes varied across studies and across types 
of PUFA. The background total PUFA intake ranged from 2.3% to 8.9% energy (median=5.9; 
mean=5.9) or 6.0 g to 18.3 g (median=12.6; mean=12.3). Long-chain n-3 PUFA intake ranged from 
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0.04% to 0.43% energy (median=0.17; mean=0.19) or 0 g to 1.02 g (median=0.286; mean=0.316). 
ALA intake ranged from 0.06% to 1.14% energy (median=0.5; mean=0.6) or 0.5 g/day to 2.0 g/day 
(median=1.2; mean=1.3). LA intake ranged from 1.5% to 7.8% energy (median=5.1; mean=45.1) 
or 1.3 g/day to 23.5 g/day (median=10.7; mean=11.2) (Table 15).

The focus of this review was on associations of dietary intakes of PUFA with the health outcomes 
of interest; thus, supplements were generally not included in the estimates of intake. Of the 
25 studies that reported the association between long-chain n-3 fatty acids and mortality or 
cardiovascular outcomes, 24 (96.0%) reported associations for total dietary long-chain n-3 
PUFA only, 14 (56.0%) also provided associations for fish and at least one outcome (data not 
extracted), one (4.0%) looked at supplemental long-chain n-3 PUFA separately from diet, one 
(4.0%) presented both dietary and supplemental long-chain n-3 PUFA and one (4.0%) measured 
serum long-chain n-3 PUFA.

All 14 studies that reported the association between total n-3 fatty acids and mortality or 
cardiovascular outcomes reported associations for total dietary n-3 PUFA only. Among these 
studies, four (28.6%) also provided associations for fish and at least one outcome (data not 
extracted). None of these 14 studies looked at supplemental n-3 PUFA separately from diet, and 
none presented both dietary and supplemental total n-3 PUFA.

An additional four studies of fish or PUFA in secondary prevention were also identified and 
summarized, as were four recent systematic reviews and meta-analyses of fish and CVD and type 
2 diabetes, and one of walnut consumption and type 2 diabetes.

 3.2 Study quality

Of the 170 publications assessed and included in the quantitative synthesis, the median NOS 
rating was 8 (range: 5–9; interquartile range [IQR]: 2). A total of 147 studies (86.5%) were rated 
7 or higher; 19 studies (11.2%) were rated 6 and four studies (2.4%) were rated 5. Overall, 89% 
of publications scored 4 out of a possible 4 points for unbiased selection of participants (i.e. they 
ensured that the outcome of interest was not present at baseline and used a validated measure of 
dietary exposure); 47% scored 2 out of a possible 2 points for ensuring comparability of exposed 
and unexposed groups with respect to important confounders; and 58% scored 3 out a possible 
3 points for rigorous outcome confirmation and adequate follow-up (>80%). Fifty-eight studies 
(34%) documented a measurement of trans-fatty acid (TFA) intake in the cohort (Fig. 1b, Table 2).

 3.3 Total PUFA and health outcomes
 3.3.1 All-cause mortality

Eleven prospective cohort studies (providing 16 comparisons, n=193 582 deaths) examined the 
association between total PUFA intake and all-cause mortality (51–60). For PUFA and all-cause 
mortality, the summary most-adjusted multivariable risk ratio (mvRR) comparing the highest 
intake of dietary PUFA with the lowest intake was 0.86 (95% CI: 0.81 to 0.92; P<0.00001; I2=82%; 
Phet<0.00001) (Fig. 2). There was no evidence of publication bias (Fig. 84a).

There was no evidence of effect modification by NOS score (P=0.36), the number of cases (P=0.63), 
measurement of TFA (P=0.90), follow-up time (P=0.53), sex distribution of the population 
(P=0.76), energy adjustment (P=0.95), blood pressure adjustment (P=0.39), age distribution of 
the population (P=0.15), smoking exposure history of the population (P=0.80) or method of diet 
assessment (P=0.15). There was evidence that the association was weaker in studies that did not 
adjust for dyslipidaemia than in those that did (mvRR=0.91 vs mvRR=0.79; P=0.047), and that the 
association differed by country of study (P=0.001) (Fig. 85x).

Assuming linearity, a 10 g increase in PUFA was associated with a 13% reduced risk of all-cause 
mortality (mvRR: 0.87; 95% CI: 0.79 to 0.95; P=0.003). Assuming linearity, a 5% increase in PUFA 
was associated with a 15% reduction in mortality (mvRR: 0.85; 95% CI: 0.79 to 0.91). There was 
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evidence of non-linearity, with a stabilizing of the risk reduction at about 5% beyond 6 g/day and 
a flattening of the slope from 2% to 6% (Fig. 95 and Fig. 96).

 3.3.2 Cardiovascular diseases

Total CVD

Four prospective cohort studies (5 comparisons; n=6270 events) provided estimates of the 
association between total PUFA and total CVD (57, 61–63). For total CVD, the summary most-
adjusted mvRR comparing the highest intake of dietary PUFA with the lowest was 1.02 (95% CI: 
0.88 to 1.18; P=0.81; I2=45%, Phet=0.12) (Section 1.4.1 in Fig. 2).

Fatal CVD

Nine studies (13 comparisons; n=53 728 events) provided estimates of the association between 
total PUFA and fatal CVD (51–54, 56, 57, 60, 62, 64). The summary most-adjusted mvRR comparing 
the highest intake of dietary PUFA with the lowest was 0.91 (95% CI: 0.83 to 1.01; P=0.06; I2=64%, 
Phet=0.0009) (Section 1.4.2 in Fig. 2). There was no evidence of publication bias (Fig. 84b). 
Assuming linearity, a 10 g increase in total PUFA was associated with a 9% reduced risk of CVD 
mortality (mvRR: 0.91; 95% CI: 0.88 to 0.95). The dose–response effect seemed to stabilize 
beyond 8 g/day. Assuming linearity, a 5% increase in energy from total PUFA was associated with 
a 14% reduced risk of CVD mortality (mvRR: 0.86; 95% CI: 0.77 to 0.96) (Fig. 97 and Fig. 98).

There was no evidence of effect modification by NOS score (P=0.52), the number of cases (P=0.88), 
measurement of TFA (P=0.33), follow-up time (P=0.78), sex distribution of the population 
(P=0.99), energy adjustment (P=0.79), blood pressure adjustment (P=0.39), age distribution of 
the population (P=0.91), smoking exposure history of the population (P=0.80) or method of diet 
assessment (P=0.11). There was evidence that the association was weaker in studies that did not 
adjust for dyslipidaemia than in those that did (mvRR=0.99 vs mvRR=0.75; P=0.019) (Figures 86m 
and 86n), and that the association differed by country of study (P=0.008) (Fig. 86x). 

Fatal CHD

Five studies (8 comparisons; n=1365 events) provided estimates of the association between total 
PUFA and fatal CHD (65–70). The summary most-adjusted mvRR comparing the highest intake of 
dietary PUFA with the lowest was 0.95 (95% CI: 0.84 to 1.07; P=0.39; I2=60%, Phet=0.02) (Section 
1.4.3 in Fig. 2). Assuming linearity, a 10 g increase in energy from total PUFA was associated with 
a 7% increased risk of CHD mortality (mvRR: 1.07; 95% CI: 0.95 to 1.21). Assuming linearity, a 5% 
increase in energy from total PUFA was associated with a 10% increased risk of CHD mortality 
(mvRR: 1.10; 95% CI: 0.96 to 1.26) (Fig. 102 and Fig. 103).

Sudden cardiac death

One study (1 comparison; n=385 events) provided an estimate of the association between total 
PUFA and sudden cardiac death (71). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.73 (95% CI: 0.53 to 1.01; P=0.06) (Section 1.4.4 in 
Fig. 3).

Fatal myocardial infarction

No prospective cohort studies were identified that provided an estimate of the association 
between total PUFA and fatal myocardial infarction.

Nonfatal myocardial infarction

Two studies (2 comparisons; n=680 events) provided estimates of the association between total 
PUFA and nonfatal myocardial infarction (69, 70). The summary most-adjusted mvRR comparing 
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the highest intake of dietary PUFA with the lowest was 1.10 (95% CI: 0.83 to 1.47; P=0.51; I2=0%, 
Phet=0.58) (Section 1.4.5 in Fig. 3).

Total CHD

Ten studies (17 comparisons; n=16 114 events) provided estimates of the association between 
total PUFA and total CHD (61, 67, 69, 72–78). The summary most-adjusted mvRR comparing the 
highest intake of dietary PUFA with the lowest was 0.99 (95% CI: 0.89 to 1.10; P=0.84; I2=67%, 
Phet<0.0001) (Section 1.4.6 in Fig. 3). The fixed-effect estimate was 0.95 (95% CI: 0.90 to 1.00; 
P=0.05). There was no evidence of a dose–response association between total PUFA and total CHD 
(mvRR: 0.98 95% CI: 0.81 to 1.19 per 10 g; or 0.98; 95% CI: 0.83 to 1.15 per 5% energy (Fig. 104 
and Fig. 105). Egger’s and Begg’s tests suggested no publication bias (P>0.22) (Fig. 84c). 

There was no evidence of effect modification by NOS score (P=0.19), sex distribution of 
the population (P=0.88), energy adjustment (P=0.21), blood pressure adjustment (P=0.21), 
dyslipidaemia adjustment (P=0.10) or the age distribution of the population (P=0.37). There was 
evidence that the association was associated with number of cases. Each 500-case increase in 
study size was associated with a 4% decrease in the estimate (mvRR: 0.96; 95% CI: 0.93, 0.98; 
P=0.003). These was also evidence that study effect size is associated with follow-up duration 
(P=0.002); studies of 20 or more years duration showed protection (mvRR=0.80; 95% CI: 0.73 
to 0.87), whereas shorter studies showed a possible increased risk (15 to <20 years=1.11 [1.00, 
1.25]; 10 to <15 years=1.06 [0.95, 1.19]; 5 to <10 years=1.14 [0.96, 1.36]). The effect was also 
stronger in studies that measured TFA (mvRR: 1.09 in studies that did not measure TFA; 0.84 in 
studies that did; P<0.0001), and in studies with a higher proportion of smokers (1.09 vs 1.00; 
P=0.096). There was also evidence that studies that used a food frequency questionnaire (FFQ) 
to measure diet showed a greater reduction in risk (0.88; 95% CI: 0.82 to 0.95), than those that 
used 24-hour recalls, diet histories or 7-day food records. The association differed by country of 
study (P=0.008) (Figs. 84a to 84n). 

Total stroke

Four studies (4 comparisons; n=4128 events) provided estimates of the association between 
total PUFA and total stroke (57, 79–81). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.98 (95% CI: 0.86 to 1,13; P=0.83; I2=17%, Phet=0.18) 
(Section 1.4.7 in Fig. 3).

Fatal stroke

One study (1 comparison; n=60 events) provided an estimate of the association between total 
PUFA and fatal stroke (82). The summary most-adjusted mvRR comparing the highest intake of 
dietary PUFA with the lowest was 0.68 (95% CI: 0.34 to 1.36; P=0.28) (Section 1.4.8 in Fig. 3)

Ischaemic stroke

Six studies (8 comparisons; n=3347 events) provided estimates of the association between total 
PUFA and ischaemic stroke (61, 75, 78, 80, 83, 84). The summary most-adjusted mvRR comparing 
the highest intake of dietary PUFA with the lowest was 0.97 (95% CI: 0.86 to 1.09; P=0.62; I2=0%, 
Phet=0.74) (Section 1.4.9 in Fig. 3).

Haemorrhagic stroke

Three studies (3 comparisons; n=1819 events) provided estimates of the association between 
total PUFA and haemorrhagic stroke (80, 81, 83). The summary most-adjusted mvRR comparing 
the highest intake of dietary PUFA with the lowest was 1.03 (95% CI: 0.89 to 1.20; P=0.69; I2=0%, 
Phet=0.60) (Section 1.4.10 in Fig. 3).
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Atrial fibrillation

Two studies (3 comparisons; n=6521 events) provided an estimate of the association between 
total PUFA and atrial fibrillation (85, 86). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.97 (95% CI: 0.84 to 1.11; P=0.64) (Section 1.4.11 in 
Fig. 3). The fixed-effect estimate was 0.96 (95% CI: 0.87 to 1.06; P=0.43). 

Myocardial infarction

One study (1 comparison; n=2143 events) provided an estimate of the association between total 
PUFA and myocardial infarction (57). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 1.12 (95% CI: 0.93 to 1.34; P=0.22) (Section 1.4.12 in 
Fig. 3).

 3.3.3 Type 2 diabetes

Nine studies (10 comparisons; n=9868 cases) provided estimates of the association between 
total PUFA and type 2 diabetes (87–95). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.91 (95% CI: 0.79 to 1.05; P=0.20; I2=73%, Phet= 
0.0001) (Fig. 4). There was no evidence of publication bias (Fig. 84d). There was no evidence 
of a linear dose–response association between total PUFA and type 2 diabetes (mvRR: 1.00; 
95% CI: 0.94 to 1.07 per 10 g), but there was a suggestion that about 0–4 g/day (≈0–2%E) were 
associated with decreased risk; but doses of more than 4 g/day to 12 g/day (about 2% to 7%E) 
were associated with increased risk (Fig. 107 and Fig. 108). There was no evidence that the 
association was modified by any of study size (i.e., number of cases), study risk of bias (i.e. NOS), 
measurement of TFA, sex distribution of participants and whether the study adjusted for energy, 
a measure of dyslipidaemia or hypertension, the age distribution of participants, smoking or 
country. All studies used an FFQ for diet assessment (Fig. 88).

 3.3.4 Dementia

One study (1 comparison; n=197 cases) provided an estimate of the association between total 
PUFA and dementia (96). The summary most-adjusted mvRR comparing the highest intake of 
dietary PUFA with the lowest was 1.05 (95% CI: 0.80 to 1.38; P=0.73) (Fig. 5).

 3.3.5 Cognitive decline

Two studies (2 comparisons; n=616 cases) provided an estimate of the association between 
total PUFA and cognitive decline (97, 98). The summary most-adjusted mvRR comparing the 
highest intake of dietary PUFA with the lowest was 0.87 (95% CI: 0.54 to 1.41; P=0.57; I2=60%, 
Phet<0.001) (Fig. 6a and Fig. 6b).

 3.3.6 Depression

Two studies (2 comparisons; n=1172 cases) provided an estimate of the association between 
total PUFA and depression (99, 100). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.93 (95% CI: 0.63 to 1.38; P=0.72; I2=79%; Phet=0.03) 
(Fig. 7a and Fig. 7b).

	 3.3.7	 Inflammatory	bowel	disease

Crohn’s disease

One study (1 comparison; n=269 cases) provided an estimate of the association between total 
PUFA and Crohn’s disease (101). The summary most-adjusted mvRR comparing the highest intake 
of dietary PUFA with the lowest was 0.95 (95% CI: 0.63 to 1.43; P=0.80) (Section 1.9.1 in Fig. 8).
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Ulcerative colitis

Two studies (2 comparisons; n=477 cases) provided an estimate of the association between total 
PUFA and ulcerative colitis (101, 102). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 1.18 (95% CI: 080 to 1.76; P=0.41; I2=33%, Phet=0.22) 
(Section 1.9.2 in Fig. 8).

 3.3.8 Breast cancer

Total breast cancer

Eight studies (8 comparisons; n=6418 cases) provided an estimate of the association between 
total PUFA and breast cancer, without distinguishing premenopausal from postmenopausal cases 
(103-110). The summary most-adjusted mvRR comparing the highest intake of dietary PUFA with 
the lowest was 0.96 (95% CI: 0.86 to 1.07; P=0.47; I2=11%, Phet=0.35) (Section 1.11.1 in Fig. 9).

Premenopausal breast cancer

Three studies (3 comparisons; n=1671 cases) provided an estimate of the association between 
total PUFA and premenopausal breast cancer (105, 108, 109). The summary most-adjusted mvRR 
comparing the highest intake of dietary PUFA with the lowest was 1.10 (95% CI: 0.92 to 1.32; 
P=0.29; I2=0%, Phet=0.40) (Section 1.11.2 in Fig. 9).

Postmenopausal breast cancer

Nine studies (9 comparisons; n=11 986 cases) provided an estimate of the association between 
total PUFA and postmenopausal breast cancer (108, 111–117). The summary mvRR comparing the 
highest intake of dietary PUFA with the lowest was 1.06 (95% CI: 0.89 to 1.26; P=0.53; I2=79%; 
Phet<0.00001) (Section 1.11.3 in Fig. 9).

 3.3.9 GRADE assessment of quality of evidence

For the 22 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between total PUFA and health outcomes was moderate for one outcome (4.5%) 
(mortality), and very low for 21 outcomes (95.5%). Two estimates (9.1%) are at serious risk of 
bias, five (22.7%) have serious inconsistency and 21 (95.5%) have serious imprecision (Table 3).

 3.4 Omega-3 PUFA and health outcomes
 3.4.1 All-cause mortality

Ten prospective cohort studies (11 comparisons; n=190 293 deaths) examined the association 
between total omega-3 PUFA intake and all-cause mortality (53, 54, 58–60, 118–120). The 
summary most-adjusted mvRR comparing the highest intake of dietary omega-3 PUFA with the 
lowest was 0.98 (95% CI: 0.93 to 1.03; P=0.36; I2=75%; Phet<0.0001) (Fig. 10). No publication 
bias was suspected (Fig. 84e). In meta-regression, there was no association between effect size 
estimate and study size (P=0.80), TFA measurement (P=0.90), duration of follow-up (P=0.84), 
sex distribution (P=0.60), adjustment for dyslipidaemia (0.64) or hypertension (P=0.52), age 
of participants (P=0.41), proportion of current or former smokers (P=0.83), or method of diet 
assessment (P=0.38). There was evidence of an association between effect size and study risk 
of bias (P=0.02), with lower quality studies showing more protective effects. Country of conduct 
also explained some heterogeneity (P=0.03 for difference in association by country), with studies 
in Australia and China showing harmful associations, and studies in Japan and the USA showing 
no association. We could not investigate the impact of adjustment for total energy because all 
studies adjusted for this factor (Fig. 89) (i.e. it is not appropriate to undertake meta-regression 
by this source of heterogeneity).
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 3.4.2 Cardiovascular diseases

Total CVD

One prospective cohort study (1 comparison; n=194 events) provided estimates of the association 
between total dietary omega-3 PUFA and total CVD. For total CVD, the summary most-adjusted 
mvRR comparing the highest intake of dietary PUFA with the lowest was 1.10 (95% CI: 0.83 to 
1.45; P=0.50) (Section 2.2.1 in Fig. 11).

Fatal CVD

Eight studies (10 comparisons; n=59 999 events) provided estimates of the association between 
total dietary omega-3 PUFA and fatal CVD (53, 54, 59, 60, 118, 119, 121, 122). The summary most-
adjusted mvRR comparing the highest total dietary omega-3 PUFA intake with the lowest was 
0.94 (95% CI: 0.88 to 1.01; P=0.09; I2=55%, Phet=0.09) (Section 2.2.2 in Fig. 11). No publication 
bias was suspected (Fig. 84f).

Meta-regression found no association between effect size and study size (number of cases; 
P=0.59), study risk of bias (P=0.65), measurement of TFA (P=0.13), follow-up time (P=0.50), sex 
distribution (P=0.48), adjustment for dyslipidaemia (P=0.51), adjustment for blood pressure 
(P=0.66), age distribution of the population (P=0.86), proportion of smokers in the study (P=0.94), 
method of dietary assessment (P=0.94) or country of conduct (P=0.58). We could not investigate 
the impact of adjustment for total energy because all studies adjusted for this factor (Fig. 92) (i.e. 
it is not appropriate to undertake meta-regression by this source of heterogeneity).

Fatal CHD

Four studies (4 comparisons; n=4578 events) provided estimates of the association between 
total dietary omega-3 PUFA and fatal CHD (59, 118, 122, 123). The summary most-adjusted mvRR 
comparing the highest intake of dietary PUFA with the lowest was 0.83 (95% CI: 0.71 to 0.97; 
P=0.02; I2=20%, Phet=0.20) (Section 2.2.3 in Fig. 11). Assuming linearity, a 1 g increase in n-3 
PUFA was associated with a 23% reduced risk of CHD mortality (mvRR: 0.77, 95% CI: 0.67 to 
0.88). Assuming linearity, a 0.5% increase in n-3 PUFA was associated with a 21% reduced risk of 
CHD mortality (mvRR: 0.79, 95% CI: 0.71 to 0.89) (Fig. 109 and Fig. 110)

Sudden cardiac death

Two studies (2 comparisons; n=492 events) provided estimates of the association between total 
dietary omega-3 PUFA and sudden cardiac death (71, 118). The summary most-adjusted mvRR 
comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.65 (95% CI: 
0.47 to 0.90; P=0.009; I2=0%; Phet=0.97) (Section 2.2.4 in Fig. 11).

Fatal myocardial infarction

One study (1 comparison; n=329 events) provided an estimate of the association between total 
dietary omega-3 PUFA and fatal myocardial infarction (118). In this study, the summary most-
adjusted mvRR comparing the highest intake of total dietary omega-3 PUFA with the lowest was 
0.75 (95% CI: 0.47 to 1.19; P=0.22) (Section 2.2.5 in Fig. 11).

Nonfatal myocardial infarction

One study (1 comparison; n=1029 events) provided an estimate of the association between total 
dietary omega-3 PUFA and nonfatal myocardial infarction (123). The summary most-adjusted 
mvRR comparing the highest intake of dietary PUFA with the lowest was 0.73 (95% CI: 0.57 
to 0.93; P=0.01) (Section 2.2.6 in Fig. 11). Assuming linearity, a 1 g increase in n-3 PUFA was 
associated with an 52% decrease in nonfatal myocardial infarction (mvRR: 0.48; 95% CI: 0.28 to 
0.81) (Fig. 111 and Fig. 112).
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Total CHD

Four studies (7 comparisons; n=4 257 events) provided estimates of the association between 
total dietary omega-3 PUFA and total CHD (75, 123–125). The summary most-adjusted mvRR 
comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.93 (95% CI: 
0.77 to 1.12; P=0.44; I2=65%, Phet=0.009) (Section 2.2.7 in Fig. 11).

Total myocardial infarction

No studies were identified that provided an estimate of the association between total dietary 
omega-3 PUFA and total myocardial infarction.

Total stroke

Two studies (2 comparisons; n=815 events) provided estimates of the association between total 
dietary omega-3 PUFA and total stroke (79, 126). The summary most-adjusted mvRR comparing 
the highest intake of dietary PUFA with the lowest was 0.85 (95% CI: 0.49 to 1.46; P=0.55; 
I2=38%, Phet=0.20) (Section 2.2.9 in Fig. 11).

Fatal stroke

Two studies (2 comparisons; n=1619 events) provided an estimate of the association between 
total dietary omega-3 PUFA and fatal stroke (72). In this study, the summary most-adjusted mvRR 
comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.80 (95% 
CI: 0.66 to 0.98; P=0.03; I2=0%, Phet=0.58) (Section 2.2.10 in Fig. 11). Assuming linearity, a 1 g 
increase in n-3 PUFA was associated with an 25% decrease in risk of fatal stroke (mvRR: 0.75; 
95% CI: 0.55 to 1.01). Assuming linearity, a 0.5% increase in n-3 PUFA was associated with a 24% 
decrease in risk of fatal stroke (mvRR: 0.76; 95% CI: 0.59 to 0.97) (Fig. 113 and Fig. 114).

Fatal ischaemic stroke 

One study (1 comparison; n=319 events) provided an estimate of the association between total 
dietary omega-3 PUFA and fatal ischaemic stroke (72). In this study, the summary most-adjusted 
mvRR comparing the highest intake of total dietary omega-3 PUFA with the lowest was 1.17 (95% 
CI: 0.71 to 1.92; P=0.54) (Section 2.2.11 in Fig. 11).

Ischaemic stroke

Two studies (3 comparisons; n=1 058 events) provided estimates of the association between 
total dietary omega-3 PUFA and ischaemic stroke (75, 126). The summary most-adjusted mvRR 
comparing the highest intake of dietary PUFA with the lowest was 0.92 (95% CI: 0.73 to 1.15; 
P=0.45; I2=19%, Phet=0.29) (Section 2.2.12 in Fig. 11).

Haemorrhagic stroke

One study (1 comparison; n=181 events) provided an estimate of the association between total 
dietary omega-3 PUFA and haemorrhagic stroke (127). In this study, the summary most-adjusted 
mvRR comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.76 (95% 
CI: 0.43 to 1.36; P=0.35) (Section 2.2.13 in Fig. 11).

Thrombotic infarction

One study (1 comparison; n=264 events) provided an estimate of the association between total 
dietary omega-3 PUFA and thrombotic infarction (127). In this study, the summary most-adjusted 
mvRR comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.67 (95% 
CI: 0.42 to 1.07; P=0.09) (Section 2.2.14 in Fig. 11).
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Atrial fibrillation

Two studies (3 comparisons; n=6 521 events) provided an estimate of the association between 
total dietary omega-3 PUFA and atrial fibrillation (85, 86). The summary most-adjusted mvRR 
comparing the highest intake of total dietary omega-3 PUFA with the lowest was 0.98 (95% CI: 
0.90 to 1.06; P=0.58; I2=44%; Phet=0.17) (Section 2.2.15 in Fig. 11).

 3.4.3 Type 2 diabetes

Six studies (6 comparisons; n=7 073 events) provided estimates of the association between total 
dietary omega-3 PUFA and type 2 diabetes (87, 89, 93, 95, 128, 129). The summary most-adjusted 
mvRR comparing the highest intake of dietary PUFA with the lowest was 0.99 (95% CI: 0.78 to 
1.26; P=0.95; I2=83%, Phet<0.0001) (Fig. 12).

 3.4.4 Dementia

Three studies (3 comparisons; n=379 events) provided estimates of the association between 
total dietary omega-3 PUFA and new-onset dementia (96, 130, 131). The summary most-adjusted 
random-effects mvRR comparing the highest intake of dietary omega-3 PUFA with the lowest 
was 0.86 (95% CI: 0.54 to 1.39; P=0.54; I2=44%, Phet=0.17) (Fig.	13a	for	random-effects; 13b for 
fixed-effect).

 3.4.5 Cognitive decline

One study (1 comparison; n=598 events) provided estimates of the association between total 
dietary omega-3 PUFA and cognitive decline (98). The summary most-adjusted mvRR comparing 
the highest intake of dietary omega-3 PUFA with the lowest was 0.79 (95% CI: 0.63 to 0.99; 
P=0.04) (Fig. 14) Assuming linearity, a 1 g increase in n-3 PUFA was associated with a 28% 
decrease in risk of cognitive decline (mvRR: 0.72; 95% CI: 0.53 to 0.98). Assuming linearity, a 
0.5% increase in energy from n-3 PUFA was associated with a 29% decrease in risk of cognitive 
decline (mvRR: 0.71; 95% CI: 0.51 to 0.98) (Fig. 115 and Fig. 116).

 3.4.6 Depression

Three studies (3 comparisons; n=1016 events) provided estimates of the association between 
total dietary omega-3 PUFA and “mental disorders” (defined as physician-diagnosed depression, 
anxiety or stress), or use of antidepressant medications or tranquillizers – this was similar to the 
way in which other studies defined depression. The summary most-adjusted mvRR comparing the 
highest intake of dietary omega-3 PUFA with the lowest was 0.87 (95% CI: 0.71 to 1.06; P=0.17; 
I2=16%; Phet=0.31) (Fig. 15a). The fixed-effect estimate was 0.87 (95% CI: 0.73 to 1.04; P=0.12; 
I2=16%; Phet=0.31) (Fig. 15b). Assuming linearity, a 1 g increase in n-3 PUFA was associated with 
an 28% decrease in risk of depression (mvRR: 0.72; 95% CI: 0.53 to 0.98). Assuming linearity, a 
0.5% increase in energy from n-3 PUFA was associated with an 29% decrease in risk of depression 
(mvRR: 0.71; 95% CI: 0.52 to 0.98) (Fig. 117 and Fig. 118).

	 3.4.7	 Inflammatory	bowel	disease

Crohn’s disease

No prospective cohort studies were identified that provided an estimate of the association 
between dietary omega-3 PUFA and Crohn’s disease.

Ulcerative colitis

Two studies (2 comparisons; n=360 cases) provided an estimate of the association between 
dietary omega-3 PUFA and ulcerative colitis (101, 132). The summary most-adjusted mvRR 
comparing the highest intake of dietary omega-3 PUFA with the lowest was 0.67 (95% CI: 0.27 to 
1.65; P=0.38; I2=47%, Phet=0.17) (Fig. 16).
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 3.4.8 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=988 cases) provided an estimate of the association between 
dietary omega-3 PUFA and breast cancer, without distinguishing premenopausal from 
postmenopausal cases (106, 107, 110). The summary most-adjusted mvRR comparing the highest 
intake of dietary PUFA with the lowest was 0.88 (95% CI: 0.72 to 1.08; P=0.22; I2=0%, Phet=0.58) 
(Section 2.8.1 in Fig. 17a; fixed-effect	models presented in Fig. 17b).

Premenopausal breast cancer

No prospective cohort studies were identified that reported the association between total 
dietary omega-3 PUFA and premenopausal breast cancer. 

Postmenopausal breast cancer

Three studies (3 comparisons; n=783 cases) provided an estimate of the association between 
total dietary omega-3 PUFA and postmenopausal breast cancer (107, 113, 117). The summary 
mvRR comparing the highest intake of dietary PUFA with the lowest was 1.13 (95% CI: 0.69 to 
1.86; P=0.63; I2=65%; Phet=0.06) (Section 2.8.3 in Fig. 17a; fixed-effect	models presented in Fig. 
17b)).

 3.4.9 GRADE assessment of quality of evidence

For the 22 outcomes assessed, the GRADE assessment of the confidence in the estimates 
of association between total omega-3 PUFA and health outcomes were moderate for three 
outcomes (4.5%) (fatal CHD, fatal stroke and cognitive decline); low for two outcomes (9.1%) 
(sudden cardiac death and nonfatal myocardial infarction) and very low for 17 outcomes (77.3%). 
Four estimates (18.2%) were at serious risk of bias, six (27.3%) had serious inconsistency and 16 
(72.7%) had serious imprecision (Table 4).

 3.5 Long-chain omega-3 PUFA and health outcomes
 3.5.1 All-cause mortality

Eleven prospective cohort studies (15 comparisons; n=155 616 deaths) examined the association 
between long-chain omega-3 PUFA intake and all-cause mortality (52, 54, 133–137). The summary 
most-adjusted mvRR comparing the highest intake of dietary long-chain omega-3 PUFA with the 
lowest was 0.91 (95% CI: 0.87 to 0.95; P<0.00001; I2=62%; Phet=0.0008) (Fig. 18). No subgroup 
analyses or publication bias tests were performed (<10 studies). No study was an influential 
outlier.

Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA was associated with an 9% reduced 
risk of all-cause mortality (mvRR: 0.91, 95% CI: 0.88 to 0.93). Assuming linearity, a 0.1% increase 
in long-chain n-3 PUFA was associated with an 4% reduced risk of all-cause mortality (mvRR: 
0.96, 95% CI: 0.95 to 0.97). The goodness-of-fit test revealed departure from linearity, with 
a decrease in risk from 0 g/day to 0.25 g/day (≈0.1% energy) then no further benefit through 
a range of 0.25 to 1.25 g/day (~0.1% to 0.42% energy) (Fig. 119 and Fig. 120). There was no 
evidence of publication bias (Fig. 84g).

Meta-regression found no association between effect size and study size (number of cases; 
P=0.86), study risk of bias (P=0.26), measurement of trans-fats (P=0.34), follow-up time (P=0.23), 
sex distribution (P=0.93), adjustment for total energy (P=0.46), adjustment for dyslipidaemia 
(P=0.49), adjustment for blood pressure (P=0.43), the age distribution of the population (P=0.96) 
or the distribution of smokers (P=0.68). There was evidence of heterogeneity by method of 
dietary assessment (P=0.02), with the one study that measured diet with 7-day food records 
showing a lower mvRR (0.74) than those who used FFQ (0.91) or 24-hour recalls (0.93), and country 
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(P<0.0001), with the studies in China showing lower estimates (0.78) than other countries (0.84–
1.03) (Fig. 91).

 3.5.2 Cardiovascular diseases

Total CVD

Four prospective cohort studies (4 comparisons; n=6682 events) provided estimates of the 
association between long-chain omega-3 PUFA intake and total CVD events (138–140). The 
summary most-adjusted mvRR comparing the highest intake of dietary long-chain omega-3 
PUFA with the lowest was 0.94 (95% CI: 0.75 to 1.18; P=0.60; I2=73%; Phet=0.01; random-effects) 
(Section 3.2.1 in Fig. 19). The fixed-effect estimate is 0.99 (0.89, 1.10).

Fatal CVD

Fourteen studies (18 comparisons; n=49 704 events) provided estimates of the association 
between long-chain omega-3 PUFA intake and fatal CVD (52, 54, 59, 60, 122, 133, 134, 136–
138, 141–144). The summary most-adjusted mvRR comparing the highest intake of total long-
chain dietary omega-3 PUFA with the lowest was 0.88 (95% CI: 0.82 to 0.95; P=0.001; I2=67%, 
Phet<0.0001) (Section 3.2.2 in Fig. 19). Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA 
was associated with a 10% reduced risk of CVD mortality (mvRR: 0.90; 95% CI: 0.86 to 0.94). 
Assuming linearity, a 0.1% increase in long-chain n-3 PUFA was associated with a 4% reduced 
risk of CVD mortality (mvRR: 0.96; 95% CI: 0.94 to 0.97). However, both associations were non-
linear, and there appeared to be a decrease in risk from 0 g/day to 0.25 g/day (0–0.11% E) but 
a gradual increase in risk from this point through 1.4 g/day (0.5%E) (Fig. 121 and Fig. 122). No 
publication bias was suspected (Fig. 84h). 

Meta-regression found no association between effect size and study size (number of cases; 
P=0.71), study risk of bias (P=0.43), follow-up time (P=0.12), sex distribution (P=0.96), adjustment 
for total energy (P=0.95), adjustment for dyslipidaemia (P=0.75), adjustment for blood pressure 
(P=0.62), the age distribution of the population (P=0.94), the distribution of smokers (P=0.96), the 
method of dietary assessment (P=0.22) or country (P=0.60). There was evidence of heterogeneity 
by whether a study measured TFA (P=0.004), with studies that did not measure TFA finding an 
mvRR=0.84 and those that did measure TFA an mvRR=1.04 (Fig. 92).

Fatal CHD

Fourteen studies (16 comparisons; n=7525 events) provided estimates of the association between 
total long-chain dietary omega-3 PUFA and fatal CHD (59, 67, 122, 127, 133, 134, 136, 137, 
141, 144–148). The summary most-adjusted mvRR comparing the highest intake of total long-
chain dietary omega-3 PUFA with the lowest was 0.80 (95% CI: 0.69 to 0.92; P=0.002; I2=53%, 
Phet=0.006) (Section 3.2.2 in Fig. 19). Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA 
was associated with a 14% reduced risk of CHD mortality (mvRR: 0.86; 95% CI: 0.78 to 0.95). 
Assuming linearity, a 0.5% increase in long-chain n-3 PUFA was associated with a 26% reduced 
risk of CHD mortality (mvRR: 0.74; 95% CI: 0.60 to 0.90). Although the goodness-of-fit test was 
consistent with departure from linearity, there was no clear threshold of benefit (Fig. 122 and 
Fig. 123). No publication bias was suspected (Fig. 84i).

Meta-regression found no association between effect size and study size (number of cases; 
P=0.38), study risk of bias (P=0.57), measurement of TFA (P=0.63), follow-up time (P=0.55), sex 
distribution (P=0.80), adjustment for total energy (P=0.18), adjustment for dyslipidaemia (P=0.55), 
adjustment for blood pressure (P=0.41), age distribution of the population (P=0.91), distribution 
of smokers (P=0.77) or country of conduct (P=0.60). There was evidence of heterogeneity by 
the method of dietary assessment (P=0.04), with studies that used 24-hour recalls finding lower 
estimates (0.64) than those that used FFQ (0.77) and those that used diet histories (0.92); and by 
country of conduct (P=0.009), with the one study conducted in Finland finding an mvRR of 1.30, 
whereas all others were less than 0.96 (Fig. 92).
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Sudden cardiac death

Five studies (5 comparisons; n=614 events) provided estimates of the association between 
total long-chain dietary omega-3 PUFA and sudden cardiac death (71, 127, 144, 145, 149). The 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 0.57 (95% CI: 0.34 to 0.93; P=0.02; I2=41%; Phet=0.15) (Section 3.2.4 
in Fig. 19). The fixed-effect estimate was 0.61 (0.45, 0.83). Assuming linearity, a 0.5 g increase in 
energy from long-chain n-3 PUFA was associated with an 18% decrease in risk of sudden cardiac 
death (mvRR: 0.82; 95% CI: 0.64 to 1.05). Assuming linearity, a 0.1% increase in energy from 
long-chain n-3 PUFA was associated with a 13% decrease in risk of sudden cardiac death (mvRR: 
0.87; 95% CI: 0.77 to 0.99) (Fig. 124 and Fig. 125).

Fatal myocardial infarction

Two studies (2 comparisons; n=177 events) provided an estimate of the association between 
total long-chain dietary omega-3 PUFA and fatal myocardial infarction (150). The summary most-
adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with the 
lowest was 0.41 (95% CI: 0.25 to 0.65; P=0.0002; I2=0%; Phet=0.80) (Section 3.2.5 in Fig. 19). 
Assuming linearity, a 0.5 g increase in energy from long-chain n-3 PUFA was associated with an 
85% decrease in risk of fatal myocardial infarction (mvRR: 0.15; 95% CI: 0.05 to 0.41). Assuming 
linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 61% decrease 
in risk of fatal myocardial infarction (mvRR: 0.39; 95% CI: 0.24 to 0.64) (Fig. 126 and Fig. 127).

Fatal arrhythmia

One study (1 comparison, 148 events) provided an estimate of the association between total 
long-chain dietary omega-3 PUFA and fatal arrhythmia. In this study, the most-adjusted mvRR 
comparing the highest intake of total dietary long-chain omega-3 PUFA with the lowest was 0.45 
(95% CI: 0.25 to 0.81; P=0.008) (Section 3.2.6 in Fig. 19). Assuming linearity, a 0.5 g increase in 
energy from long-chain n-3 PUFA was associated with an 85% decrease in risk of fatal arrythmia 
(mvRR: 0.15; 95% CI: 0.06 to 0.41). Assuming linearity, a 0.1% increase in energy from long-chain 
n-3 PUFA was associated with a 61% decrease in risk of fatal arrythmia (mvRR: 0.39; 95% CI: 0.24 
to 0.64) (Fig. 128 and Fig. 129).

Total haemorrhagic stroke

Three studies (4 comparisons; n=754 events) provided an estimate of the association between 
total dietary long-chain omega-3 PUFA and total haemorrhagic stroke (81, 151, 152). In this 
study, the summary most-adjusted mvRR comparing the highest intake of total dietary long-
chain omega-3 PUFA with the lowest was 0.55 (95% CI: 0.39 to 0.77; P=0.0007; I2=0%, Phet=0.52) 
(Section 3.2.7 in Fig. 19).

Total CHD

Four studies (6 comparisons; n=3149 events) provided estimates of the association between total 
dietary long-chain omega-3 PUFA and total CHD (67, 75, 127, 153). The summary most-adjusted 
mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with the lowest 
was 0.88 (95% CI: 0.71 to 1.10; P=0.26; I2=65%, Phet=0.01; random-effects) (Section 3.2.8 in 
Fig. 19). The fixed-effect estimate was 0.98 (0.88, 1.10).

Total myocardial infarction

Four studies (5 comparisons; n=4275 events) provided an estimate of the association between 
total dietary long-chain omega-3 PUFA and total myocardial infarction (127, 138, 143, 154). The 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 0.91 (95% CI: 0.76 to 1.08; P=0.28; I2=53%, Phet=0.07; random-effects) 
(Section 3.2.9 in Fig. 19). The fixed-effect estimate was 0.92 (0.83, 1.02).
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Total stroke

Four studies (5 comparisons; n=2963 events) provided estimates of the association between 
total dietary long-chain omega-3 PUFA and total stroke (81, 138, 143, 151). The summary most-
adjusted mvRR comparing the highest intake of total dietary long-chain ω-3 PUFA with the lowest 
was 0.92 (95% CI: 0.79 to 1.08; P=0.31; I2=30%, Phet=0.22) (Section 3.2.10 in Fig. 19).

Fatal stroke

Six studies (7 comparisons; n=2760 events) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and fatal stroke (59, 122, 137, 141, 144, 150). In this study, the 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 0.90 (95% CI: 0.79 to 1.03; P=0.12; I2=0%, Phet=0.75) (Section 3.2.11 in 
Fig. 19).

Fatal ischaemic stroke

One study (1 comparison; n=404 events) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and fatal ischaemic stroke (134). In this study, the summary 
most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA 
with the lowest was 0.53 (95% CI: 0.34 to 0.82; P=0.005) (Section 3.2.12 in Fig. 19). Assuming 
linearity, a 0.5 g increase in energy from long-chain n-3 PUFA was associated with a 63% decrease 
in risk of fatal ischaemic stroke (mvRR: 0.37; 95% CI: 0.14 to 0.99) (Fig. 130).

Ischaemic stroke

Four studies (6 comparisons; n=3992 events) provided estimates of the association between 
total dietary long-chain omega-3 PUFA and ischaemic stroke (75, 143, 151, 152). The summary 
most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with 
the lowest was 1.06 (95% CI: 0.92 to 1.22; P=0.40; I2=0%, Phet=0.66) (Section 3.2.13 in Fig. 19).

Fatal haemorrhagic stroke

One study (1 comparison; n=460 events) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and fatal haemorrhagic stroke (134). In this study, the summary 
most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with 
the lowest was 0.88 (95% CI: 0.63 to 1.22; P=0.44) (Section 3.2.14 in Fig. 19).

Nonfatal myocardial infarction

Three studies (3 comparisons; n=694 events) provided an estimate of the association between 
total dietary long-chain omega-3 PUFA and nonfatal myocardial infarction (138, 146, 148). The 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 0.99 (95% CI: 0.80 to 1.23; P=0.96; I2=0%; Phet=0.67) (Section 3.2.15 
in Fig. 19).

Atrial fibrillation

Six studies (6 comparisons; n=9073 events) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and atrial fibrillation (155–160). The summary most-adjusted 
mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with the lowest 
was 1.03 (95% CI: 0.89 to 1.19; P=0.68; I2=64%, Phet=0.02; random-effects) (Section 3.2.16 in 
Fig. 19). The fixed-effect estimate was 1.03 (0.96, 1.10).
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Heart failure

Two studies (3 comparisons; n=3669 events) provided an estimate of the association between 
total dietary long-chain omega-3 PUFA and incident heart failure (161, 162). In these studies, the 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 0.81 (95% CI: 0.69 to 0.94; P=0.005; I2=0%; Phet=0.48) (Section 3.2.17 
in Fig. 19). Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA was associated with an 
18% decrease in risk of heart failure (mvRR: 0.82; 95% CI: 0.72 to 0.93). Assuming linearity, a 
0.1% increase in energy from long-chain n-3 PUFA was associated with a 10% decrease in risk of 
heart failure (mvRR: 0.90; 95% CI: 0.85 to 0.96) (Fig. 131 and Fig. 132).

 3.5.3 Type 2 diabetes 

Eleven studies (16 comparisons; n=22 451 events) provided estimates of the association between 
total dietary long-chain omega-3 PUFA and type 2 diabetes (87, 88, 128, 129, 163–169). The 
summary most-adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 
PUFA with the lowest was 1.10 (95% CI: 0.99 to 1.23; P=0.07; I2=77%, Phet=0.00001) (Fig. 20) 
Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA was associated with a 17% increased 
risk of type 2 diabetes (mvRR: 1.17, 95% CI: 1.10 to 1.24). Assuming linearity, a 0.1% increase 
in energy from long-chain n-3 PUFA was associated with a 7% increased risk of type 2 diabetes 
(mvRR: 1.07, 95% CI: 1.05 to 1.10) (Fig. 133 and Fig. 134). No publication bias was suspected 
(Fig. 84j).

Meta-regression found no association between effect size and study size (number of cases; 
P=0.66), study risk of bias (P=0.78), measurement of TFA (P=0.18), follow-up time (P=0.16), 
sex distribution (P=0.76), adjustment for total energy (P=0.26), adjustment for dyslipidaemia 
(P=0.67), adjustment for blood pressure (P=0.35), age distribution of the population (P=0.17), 
distribution of smokers (P=0.65) or country (P=0.60). There was evidence of heterogeneity 
by the method of dietary assessment (P=0.04), with studies that used 24-hour recalls finding 
higher estimates (pooled mvRR: 1.65) than those that used FFQ (1.08) and those that used 4-day 
food records (0.85); and by country of conduct (P=0.001), with the studies conducted in the USA 
finding an mvRR of 1.24, while all others found an mvRR of 0.9–1.1 (Fig. 94).

 3.5.4 Dementia

No prospective cohort studies were identified that assessed the association between total 
dietary long-chain omega-3 PUFA and dementia.

 3.5.5 Cognitive decline

Three studies (3 comparisons; n=979 events) provided estimates of the association between 
total dietary long-chain omega-3 PUFA and cognitive decline (98, 170, 171). The summary most-
adjusted mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with the 
lowest was 0.83 (95% CI: 0.65 to 1.05; P=0.12; I2=52%, Phet=0.13; random-effects) (Fig. 21) The 
fixed-effect estimate was 0.86 (95% CI: 0.74 to 0.99; P=0.04; Fig. 21b). Assuming linearity, a 0.5 g 
increase in long-chain n-3 PUFA was associated with a 23% decrease in risk of cognitive decline 
(mvRR: 0.77; 95% CI: 0.61 to 0.97). Assuming linearity, a 0.1% increase in energy from long-chain 
n-3 PUFA was associated with an 11% decrease in risk of cognitive decline (mvRR: 0.89; 95% CI: 
0.81 to 0.99) (Fig. 135 and Fig. 136).

 3.5.6 Depression

Three studies (4 comparisons; n=3662 events) provided estimates of the association between 
total dietary long-chain omega-3 PUFA and depression (172–174). The summary most-adjusted 
mvRR comparing the highest intake of total dietary long-chain omega-3 PUFA with the lowest 
was 0.92 (95% CI: 0.82 to 1.04; P=0.19; I2=0%, Phet=0.62) (Fig. 22). 
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 3.5.7 Suicide

One study (2 comparisons; n=298 events) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and suicide (175). The summary most-adjusted mvRR comparing 
the highest intake of total dietary long-chain omega-3 PUFA with the lowest was 1.02 (95% CI: 
0.69 to 1.50; P=0.94; I2=0%, Phet=0.69) (Fig. 23).

	 3.5.8	 Inflammatory	bowel	disease

Crohn’s disease

Two prospective cohort studies (2 comparisons; n=342 events) were identified that provided an 
estimate of the association between total dietary long-chain omega-3 PUFA and Crohn’s disease 
(101, 176). The summary most-adjusted mvRR comparing the highest intake of total dietary long-
chain omega-3 PUFA with the lowest was 0.85 (95% CI: 0.59 to 1.23; P=0.38; I2=0%, Phet=0.71) 
(Section 3.7.1 in Fig. 24).

Ulcerative colitis

One study (1 comparison; n=338 cases) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and ulcerative colitis (101). In this study, the most-adjusted 
mvRR comparing the highest intake of dietary long-chain omega-3 PUFA with the lowest was 0.72 
(95% CI: 0.52 to 1.00; P=0.05) (Section 3.7.2 in Fig. 24a and fixed-effect	estimate in Fig 24b). 
Assuming linearity, a 0.5 g increase in long-chain n-3 PUFA was associated with a 29% decrease 
in risk of ulcerative colitis (mvRR: 0.71; 95% CI: 0.48 to 1.07). Assuming linearity, a 0.1% increase 
in long-chain n-3 PUFA was associated with a 13% decrease in risk of ulcerative colitis (mvRR: 
0.87; 95% CI: 0.72 to 1.03) (Fig. 137 and Fig. 138).

 3.5.9 Breast cancer

Total breast cancer

Six studies (6 comparisons; n=5158 cases) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and breast cancer, without distinguishing premenopausal from 
postmenopausal cases (105–107, 136, 137, 177). The summary most-adjusted mvRR comparing 
the highest intake of total dietary long-chain omega-3 PUFA with the lowest was 0.82 (95% CI: 
0.66 to 1.02; P=0.08; I2=77%, Phet=0.0005; random-effects) (Section 3.8.1 in Fig. 25). The fixed-
effect estimate was 1.05 (95% CI: 1.00 to 1.09; P=0.04), with the study by Holmes et al. (105) 
increasing in weight from 28.7% to 89.0%. Assuming linearity, a 0.5 g increase in long-chain 
n-3 PUFA was associated with a 6% decrease in risk of breast cancer (mvRR: 0.94; 95% CI: 0.86 
to 1.04). Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated 
with a 2% decrease in risk of breast cancer (mvRR: 0.98; 95% CI: 0.95 to 1.01). However, there 
appeared to be an inflection point, whereby the risk increased (from about 0 through 0.20 g/day, 
or about 0.12% energy), then began to fall (Fig. 139 and Fig. 140).

Premenopausal breast cancer

Two prospective cohort studies (2 comparisons; n=1498 events) were identified that reported the 
association between total dietary long-chain omega-3 PUFA and premenopausal breast cancer 
(105, 178). The summary most-adjusted mvRR comparing the highest intake of total dietary long-
chain omega-3 PUFA with the lowest was 1.09 (95% CI: 0.96 to 1.23; P=0.17; I2=0%, Phet=0.76) 
(Section 3.8.2 in Fig. 25).

Postmenopausal breast cancer

Two studies (2 comparisons; n=1989 cases) provided an estimate of the association between total 
dietary long-chain omega-3 PUFA and postmenopausal breast cancer (105, 107). The summary 
mvRR comparing the highest intake of dietary PUFA with the lowest was 0.82 (95% CI: 0.40 to 
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1.66; P=0.58; I2=77%; Phet=0.04) (Section 3.8.3 in Fig. 25). The fixed-effect estimate was 1.08 
(95% CI: 1.01 to 1.16; P=0.02), with the study by Holmes et al. (105) showing an increase in 
weight from 61.5% to 99.0%.

 3.5.10 GRADE assessment of quality of evidence 

For the 24 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between total dietary long-chain omega-3 PUFA and health outcomes was moderate 
for five outcomes (20.8%) (mortality, fatal CHD, sudden cardiac death, fatal myocardial infarction 
and heart failure), low for two outcomes (8.3%) (haemorrhagic stroke and fatal arrythmia) and 
very low for 17 outcomes (70.8%). One estimate (4.2%) is at serious risk of bias, six have serious 
inconsistency (20.8%) and 18 have serious imprecision (75.0%) (Table 5).

 3.6 EPA (20:5 omega-3) and health outcomes
 3.6.1 All-cause mortality

Two studies (2 comparison; n=6258 deaths) examined the association between EPA intake and 
all-cause mortality (120, 134). The summary most-adjusted mvRR comparing the highest intake 
of EPA with the lowest was 0.82 (95% CI: 0.70 to 0.96; P=0.02; I2=31%; Phet=0.23) (Fig. 26). 
Assuming linearity, a 0.5 g increase in EPA was associated with a 27% decrease in risk of mortality 
(mvRR: 0.73; 95% CI: 0.53 to 1.01). Assuming linearity, a 0.1% increase in energy from EPA was 
associated with a 12% decrease in risk of mortality (mvRR: 0.88; 95% CI: 0.77, 1.01) (Fig. 141 
and Fig. 142).

 3.6.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association between EPA and 
total CVD.

Fatal CVD

One study (1 comparison; n=1789 events) examined the association between EPA intake and 
fatal CVD (134). The summary most-adjusted mvRR comparing the highest intake of EPA with the 
lowest was 0.75 (95% CI: 0.63 to 0.90; P=0.002) (Section 4.2.1 in Fig. 27). Assuming linearity, a 
0.5 g increase in EPA was associated with a 27% decrease in risk of CVD mortality (mvRR: 0.73; 
95% CI: 0.53 to 1.01). Assuming linearity, a 0.1% increase in energy from EPA was associated 
with a 12% decrease in risk of CVD mortality (mvRR: 0.88; 95% CI: 0.77, 1.01) .

Fatal CHD

One study (1 comparison; n=476 events) examined the association between EPA intake and CHD 
mortality (134). The summary most-adjusted mvRR comparing the highest intake of EPA with the 
lowest was 0.84 (95% CI: 0.60 to 1.17; P=0.30) (Section 4.2.2 in Fig. 27).

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between EPA and 
fatal myocardial infarction.

Total CHD

Two studies (4 comparisons; n=1733 events) examined the association between EPA intake and 
total CHD (124, 125). The summary most-adjusted mvRR comparing the highest intake of EPA with 
the lowest was 0.94 (95% CI: 0.78 to 1.14; P=0.56; I2=26%; Phet=0.26) (Section 4.2.4 in Fig. 27). 
The summary fixed-effect estimate was 0.94 (95% CI: 0.81 to 1.11; P=0.48).
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Fatal stroke

No prospective cohort studies were identified that assessed the association between EPA and 
fatal stroke (without distinguishing type of stroke).

Fatal haemorrhagic stroke

One study (1 comparison; n=460 events) examined the association between EPA intake and fatal 
haemorrhagic stroke (134). The summary most-adjusted mvRR comparing the highest intake of 
EPA with the lowest was 0.81 (95% CI: 0.58 to 1.13; P=0.21) (Section 4.2.6 in Fig. 27).

Fatal ischaemic stroke

One study (1 comparison; n=404 events) examined the association between EPA intake and fatal 
ischaemic stroke (134). The summary most-adjusted mvRR comparing the highest intake of EPA 
with the lowest was 0.56 (95% CI: 0.36 to 0.87; P=0.009) (Section 4.2.7 in Fig. 27). Assuming 
linearity, a 0.5 g increase in EPA was associated with a 98% decrease in risk of mortality (mvRR: 
0.02; 95% CI: 0.0006 to 0.46). Assuming linearity, a 0.1% increase in energy from EPA was 
associated with an 83% decrease in risk of fatal ischaemic stroke (mvRR: 0.17; 95% CI: 0.04 to 
0.74) (Fig. 143 and Fig. 144).

Total myocardial infarction

One study (2 comparisons; n=3028 events) examined the association between EPA intake and 
total myocardial infarction (154). The summary most-adjusted mvRR comparing the highest intake 
of EPA with the lowest was 0.91 (95% CI: 0.80 to 1.02; P=0.12; I2=0%; Phet=0.69) (Section 4.2.8 
in Fig. 27). Assuming linearity, a 0.5 g increase in EPA was associated with a 98% decrease in risk 
of mortality (mvRR: 0.02; 95% CI: 0.0006, 0.46). Assuming linearity, a 0.1% increase in energy 
from EPA was associated with an 83% decrease in risk of mortality (mvRR: 0.17; 95% CI: 0.04, 
0.74) (Fig. 145 and Fig. 146).

Total stroke

No prospective cohort studies were identified that assessed the association between EPA and 
total stroke.

Sudden cardiac death

No prospective cohort studies were identified that assessed the association between EPA and 
sudden cardiac death.

Atrial fibrillation

Three studies (3 comparisons; n=3285 events) examined the association between EPA intake and 
atrial fibrillation (85, 157, 159). The summary most-adjusted mvRR comparing the highest intake 
of EPA with the lowest was 0.94 (95% CI: 0.82 to 1.07; P=0.33; I2=0%; Phet=0.72) (Section 4.2.11 
in Fig. 27). 

 3.6.3 Type 2 diabetes

Four studies (4 comparisons; n=3093 events) examined the association between EPA intake and 
development of type 2 diabetes (87, 89, 165, 169). The summary most-adjusted mvRR comparing 
the highest intake of EPA with the lowest was 1.02 (95% CI: 0.72 to 1.45; P=0.90; I2=75%; 
Phet=0.007; random-effects) (Fig. 28). The fixed-effect estimate was 1.26 (1.12, 1.42). 
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 3.6.4 Dementia

One study (1 comparison; n=131 events) examined the association between EPA intake and 
dementia (134). The summary most-adjusted mvRR comparing the highest intake of EPA with the 
lowest was 0.90 (95% CI: 0.38 to 2.16; P=0.82) (Fig. 29).

 3.6.5 Cognitive decline

One study (1 comparison; n=152 events) examined the association between EPA intake and risk 
of cognitive decline (171). The summary most-adjusted mvRR comparing the highest intake of 
EPA with the lowest was 0.92 (95% CI: 0.77 to 1.10; P=0.36) (Fig. 34).

 3.6.6 Suicide

One study (2 comparisons; n=298 events) provided an estimate of the association between EPA 
and suicide (175). The summary most-adjusted mvRR comparing the highest intake of EPA with 
the lowest was 1.11 (95% CI: 0.74 to 1.65; P=0.62; I2=0%, Phet=0.43) (random	effects, Fig. 30a 
and fixed-effect, Fig. 30b).

 3.6.7 Depression

Three studies (4 comparisons; n=1354 events) provided an estimate of the association between 
EPA and depression (100, 172, 174). The summary most-adjusted mvRR comparing the highest 
intake of EPA with the lowest was 0.77 (95% CI: 0.66 to 0.91; P=0.002; I2=0%, Phet=0.87) 
(Fig. 31). Assuming linearity, a 0.5 g increase in EPA was associated with a 30% decrease in 
risk of depression (mvRR: 0.70; 95% CI: 0.56, 0.88). The median EPA in the studied population 
was 0.15 g/day. Assuming linearity, a 0.1% increase in energy EPA was associated with a 16% 
decrease in risk of depression (mvRR: 0.84; 95% CI: 0.75, 0.94). The median EPA in the studied 
population was 0.04% energy (Fig. 147 and Fig. 148).

	 3.6.8	 Inflammatory	bowel	disease

Crohn’s disease

One study (1 comparison; n=73 cases) assessed the association between EPA and Crohn’s 
disease (176). This study reported a multivariable RR of 8.56 (95% CI: 0.88 to 83.07; P=0.06) 
(Section 4.7.1 in Fig. 32).

Ulcerative colitis

One study (1 comparison; n=126 cases) assessed the association between EPA and ulcerative 
colitis (179). This study reported a multivariable RR of 2.58 (95% CI: 0.66 to 10.07; P=0.17) 
(Section 4.7.2 in Fig. 32).

 3.6.9 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=3414 events) assessed the association between EPA and breast 
cancer (without specifying premenopausal or postmenopausal) (105, 110, 180). The summary 
most-adjusted mvRR comparing the highest intake of EPA with the lowest was 0.89 (95% CI: 0.69 
to 1.15; P=0.38; I2=83%, Phet=0.003) (Section 4.8.1 in Fig. 33). The fixed-effect estimate was 1.05 
(95% CI: 1.01 to 1.09; P=0.01) with Holmes et al. (105) accounting for 97.9% of the weight (from 
41.1% in the RE-model). Assuming linearity, a 0.5 g increase in energy EPA was associated with a 
25% increase in risk of breast cancer (mvRR: 1.25; 95% CI: 0.95, 1.66). Assuming linearity, a 0.1% 
increase in energy from EPA was associated with a 9% increase in risk of breast cancer (mvRR: 
1.09; 95% CI: 0.98, 1,20) (Fig. 149 and Fig. 150).
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Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between EPA and 
premenopausal breast cancer.

Postmenopausal breast cancer

One nested case–control study (1 comparison; n=941 events) and one prospective cohort study 
(1 comparison; n=470 events), with a total of 1411 events, assessed the association between EPA 
and postmenopausal breast cancer (114, 117). The summary most-adjusted mvRR comparing the 
highest intake of EPA with the lowest was 0.74 (95% CI: 0.42 to 1.30; P=0.30; I2=82%; Phet=0.02) 
(Section 4.8.3 in Fig. 33). The summary most-adjusted fixed-effect mvRR was 0.76 (0.60, 0.97). 
Using the fixed-effect model and assuming linearity, a 0.5 g increase in EPA was associated with a 
61% decrease in risk of postmenopausal breast cancer (mvRR: 0.39; 95% CI: 0.21, 0.74). Assuming 
linearity, a 0.1% increase in EPA was associated with a 32% decrease in risk of postmenopausal 
breast cancer (mvRR: 0.68; 95% CI: 0.52, 0.89). The horizontal line represents an RR of 1.0. The 
median EPA in the studied population was 0.025% energy (Fig. 151 and Fig. 152).

 3.6.10 GRADE assessment of quality of evidence

For the 16 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between total dietary EPA and health outcomes was moderate for five outcomes 
(31.3%) (mortality, depression, heart failure, fatal ischaemic stroke and postmenopausal breast 
cancer), low for one outcome (6.3%) (fatal CVD) and very low for 10 outcomes (62.5%). One 
estimate is at serious risk of bias, two have serious inconsistency and 11 have serious imprecision 
(Table 6).

 3.7 DHA (22–6 omega-3) and health outcomes
 3.7.1 All-cause mortality

Two studies (2 comparisons; n=6258 deaths) assessed the association between DHA and all-
cause mortality (120, 134). The most-adjusted mvRR comparing the highest intake of DHA with 
the lowest was 0.82 (95% CI: 0.69 to 0.96; P=0.01; I2=33%; Phet=0.22) (Fig. 35a). The fixed-effect 
estimate was 0.79 (0.72 to 0.87; P<0.00001) (Fig. 35b). Assuming linearity, a 0.5 g increase in 
DHA was associated with a 21% decrease in risk of all-cause mortality (mvRR: 0.79; 95% CI: 0.65, 
0.96). Assuming linearity, a 0.1% increase in DHA was associated with a 10% decrease in risk of 
all-cause mortality (mvRR: 0.90; 95% CI: 0.83, 0.98) (Fig. 153 and Fig. 154).

 3.7.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association between DHA and 
total CVD.

Fatal CVD

One study (1 comparison; n=1789 deaths) assessed the association between DHA and fatal 
CVD (134). In this study, the most-adjusted mvRR comparing the highest intake of DHA with the 
lowest was 0.76 (95% CI: 0.64 to 0.91; P=0.003) (Section 5.2.1 in Fig. 36). Assuming linearity, a 
0.5 g/day increase in DHA was associated with a 39% decrease in risk of fatal CVD (mvRR: 0.61; 
95% CI: 0.34, 1.07). Assuming linearity, a 0.1% increase in energy from DHA was associated with 
a 21% decrease in risk of fatal CVD (mvRR: 0.79; 95% CI: 0.61, 1.02) (Fig. 155 and Fig. 156).
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Fatal CHD

One study (1 comparison; n=476 deaths) assessed the association between DHA and fatal 
CHD (134). In this study, the most-adjusted mvRR comparing the highest intake of DHA with the 
lowest was 0.79 (95% CI: 0.57 to 1.09; P=0.15) (Section 5.2.2 in Fig. 36).

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between DHA and 
fatal myocardial infarction.

Sudden cardiac death

No prospective cohort studies were identified that assessed the association between DHA and 
sudden cardiac death.

Total CHD

Two studies (4 comparison; n=1733 events) assessed the association between DHA and total 
CHD (124, 125). The summary most-adjusted mvRR comparing the highest intake of DHA with the 
lowest was 0.93 (95% CI: 0.79 to 1.10; P=0.38; I2=0%; Phet=0.45) (Section 5.2.5 in Fig. 36). 

Total myocardial infarction 

One study (2 comparisons, 3028 events) assessed the association between DHA and total 
myocardial infarction. The summary most-adjusted mvRR comparing the highest intake of DHA 
with the lowest was 0.88 (95% CI: 0.78 to 1.01; P=0.06; I2=0%; Phet=0.69) (154). Assuming 
linearity, a 0.5 g/day increase in DHA was associated with a 5% decrease in risk of total myocardial 
infarction (mvRR: 0.95; 95% CI: 0.86, 1.04). Assuming linearity, a 0.1% increase in energy from 
DHA was associated with a 3% decrease in risk of total myocardial infarction (mvRR: 0.97; 95% 
CI: 0.91, 1.02) (Fig. 157 and Fig. 158).

Atrial fibrillation

Three studies (3 comparisons, n=3285 events) assessed the association between DHA and atrial 
fibrillation (85, 157, 159). The summary most-adjusted mvRR comparing the highest intake of 
DHA with the lowest was 0.84 (95% CI: 0.63 to 1.13; P=0.25; I2=62%; Phet=0.07) (Section 5.2.7 in 
Fig. 36). The summary fixed-effect estimate was 0.89 (95% CI: 0.79 to 1.02; P=0.09).

Fatal stroke

No prospective cohort studies were identified that assessed the association between DHA and 
fatal stroke (total).

Fatal haemorrhagic stroke

One study (1 comparison; n=460 events) assessed the association between DHA and fatal 
haemorrhagic stroke (134). In this study, the most-adjusted mvRR comparing the highest intake 
of DHA with the lowest was 0.95 (95% CI: 0.50 to 1.81; P=0.88) (Section 5.2.9 in Fig. 35).

Fatal ischaemic stroke

One study (1 comparison; n=404 events) assessed the association between DHA and fatal 
ischaemic stroke (134). In this study, the most-adjusted mvRR comparing the highest intake of DHA 
with the lowest was 0.55 (95% CI: 0.36 to 0.84; P=0.005) (Section 5.2.10 in Fig. 35). Assuming 
linearity, a 0.5 g increase in energy from DHA was associated with a 74% decrease in risk of fatal 
ischaemic stroke (mvRR: 0.26; 95% CI: 0.07, 0.98). Assuming linearity, a 0.1% increase in energy 
from DHA was associated with a 44% decrease in risk of fatal ischaemic stroke (mvRR: 0.56; 95% 
CI: 0.31, 1.007) (Fig. 159 and Fig. 160).
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Total stroke

No prospective cohort studies were identified that assessed the association between DHA and 
total stroke. 

 3.7.3 Type 2 diabetes

Four studies (4 comparisons; n=3093 events) examined the association between DHA intake and 
development of type 2 diabetes (87, 89, 165, 169). The summary most-adjusted mvRR comparing 
the highest intake of DHA with the lowest was 1.01 (95% CI: 0.66 to 1.54; P=0.97; I2=83%; 
Phet=0.0005; random-effects) (Fig. 37). 

 3.7.4 Dementia

Three studies (3 comparisons; n=272 events) examined the association between DHA and 
dementia (131, 181, 182), two of which measured serum (182) or plasma (181) DHA. The summary 
most-adjusted mvRR comparing the highest level of DHA with the lowest was 0.42 (95% CI: 0.25 
to 0.70; P=0.0009; I2=0%; Phet=0.46) (random-effects in Fig. 38a and fixed	effect in Fig 38b). 
Assuming linearity, a 0.5 g increase in energy from DHA was associated with a 99% decrease in 
risk of dementia (mvRR: 0.00003; 95% CI: 1.5 x 10–7 to 0.07). Assuming linearity, a 0.5 g increase 
in energy from DHA was associated with a 99% decrease in risk of dementia (mvRR: 0.012; 95% 
CI: 0.0014 to 0.12) (Fig. 161 and Fig. 162).

 3.7.5 Suicide

One study (2 comparisons; n=298 events) provided an estimate of the association between DHA 
and suicide (175). The summary most-adjusted mvRR comparing the highest intake of DHA with 
the lowest was 1.09 (95% CI: 0.74 to 1.60; P=0.67; I2=0%, Phet=0.67) (Fig. 39).

 3.7.6 Depression

Three studies (4 comparisons; n=1354 events) provided an estimate of the association between 
DHA and depression (172). The summary most-adjusted mvRR comparing the highest intake 
of DHA with the lowest was 0.79 (95% CI: 0.67 to 0.94; P=0.006; I2=0%, Phet=0.88) (Fig. 40). 
Assuming linearity, a 0.5 g increase in DHA was associated with a 17% decrease in risk of 
depression (mvRR: 0.83; 95% CI: 0.71, 0.96). Assuming linearity, a 0.1% increase in energy from 
DHA was associated with a 9% decrease in risk of depression (mvRR: 0.91; 95% CI: 0.85 to 0.98) 
(Fig. 163 and Fig. 164).

	 3.7.7	 Inflammatory	bowel	disease

Crohn’s disease

One study (1 comparison; n=73 cases) assessed the association between DHA and Crohn’s disease 
(176). This study reported a multivariable RR of 0.06 (95% CI: 0.01 to 0.51; P=0.01) (Section 5.7.1 
in Fig. 41).

Ulcerative colitis

One study (1 comparison; n=126 cases) assessed the association between DHA and ulcerative 
colitis (179). This study reported a multivariable RR of 0.23 (95% CI: 0.06 to 0.92; P=0.04) 
(Section 5.7.2 in Fig. 41).

 3.7.8 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=3414 events) assessed the association between DHA and 
breast cancer (without specifying premenopausal or postmenopausal cases) (105, 110, 180). The 
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summary most-adjusted mvRR comparing the highest intake of DHA with the lowest was 0.93 
(95% CI: 0.72 to 1.20; P=0.56; I2=82%, Phet=0.004; random-effects) (Section 5.8.1 in Fig. 42). 
The fixed-effect estimate was 1.04 (95% CI: 1.01 to 1.06; P=0.004) with Holmes et al. (105) 
accounting for 98.3% of the weight (from 41.5% in the RE-model). Assuming linearity, a 0.5 g 
increase in energy from DHA was associated with a 14% increase in risk of breast cancer (mvRR: 
1.14; 95% CI: 0.93 to 1.40). However, the result for the goodness-of-fit test was a P value of 
0.0075. Using a spline approach, it appears that the risk increases from 0 g/day to 0.05 g/day, 
then decreases from 0.05 g/day through 0.25 g/day (0.05–0.15% energy) (Fig. 165 and Fig. 166).

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between DHA and 
premenopausal breast cancer.

Postmenopausal breast cancer

One nested case–control study (1 comparison; n=941 events) and one prospective cohort study 
(1 comparison; n=470 events) assessed the association between DHA and postmenopausal breast 
cancer (114, 117). The summary most-adjusted random-effects mvRR comparing the highest 
intake of DHA with the lowest was 0.73 (95% CI: 0.39 to 1.36; P=0.32; I2=86%; Phet=0.008) 
(Section 5.8.3 in Fig. 42). The summary most-adjusted fixed-effect mvRR was 0.74 (0.59, 0.94). 
Using the fixed-effect model, assuming linearity, a 0.5 g increase in energy from DHA was 
associated with a 50% reduced risk of postmenopausal breast cancer (mvRR: 0.50; 95% CI: 0.31 
to 0.81). Assuming linearity, a 0.1% increase in energy from DHA was associated with a 24% 
reduced risk of postmenopausal breast cancer (mvRR: 0.76; 95% CI: 0.62 to 0.92) (Fig. 167 and 
Fig. 168).

 3.7.9 GRADE assessment of quality of evidence

For the 16 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between DHA and health outcomes was moderate for four outcomes (all-cause 
mortality, dementia, depression, and fatal ischaemic stroke) (20.0%), low for two outcomes (fatal 
CVD and postmenopausal breast cancer) (12.5%) and very low for 10 outcomes (62.5%). One 
estimate is at serious risk of bias, four have serious inconsistency and 11 have serious imprecision 
(Table 7).

 3.8 DPA (22:5 omega-3) and health outcomes
 3.8.1 All-cause mortality

No prospective cohort studies were identified that assessed the association between DPA and 
all-cause mortality. 

 3.8.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association between DPA and 
total CVD.

Fatal CVD

No prospective cohort studies were identified that assessed the association between DPA and 
fatal CVD.

Fatal CHD

No prospective cohort studies were identified that assessed the association between DPA and 
fatal CHD.
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Sudden cardiac death

No prospective cohort studies were identified that assessed the association between DPA and 
sudden cardiac death.

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between DPA and 
fatal myocardial infarction.

Nonfatal myocardial infarction

No prospective cohort studies were identified that assessed the association between DPA and 
nonfatal myocardial infarction.

Fatal arrhythmia

No prospective cohort studies were identified that assessed the association between DPA and 
fatal arrythmia.

Total CHD 

Two studies (2 comparisons; n=1 124 events) provided estimates of the association between DPA 
and total CHD (124). The summary most-adjusted mvRR comparing the highest intake of dietary 
DPA with the lowest was 0.91 (95% CI: 0.72 to 1.15; P=0.43; I2=0%, Phet=0.74) (Section 6.1.4 in 
Fig. 42c).

Total myocardial infarction 

One study (2 comparisons; n=3028 events) provided estimates of the association between DPA 
and total myocardial infarction (154). The summary most-adjusted mvRR comparing the highest 
intake of dietary DPA with the lowest was 0.89 (95% CI: 0.78 to 1.03; P=0.11; I2=0%, Phet=0.55) 
(Section 6.1.5 in Fig. 42c).

Atrial fibrillation

One study (1 comparison; n=240 events) provided estimates of the association between DPA and 
atrial fibrillation (157). In this study, the most-adjusted mvRR comparing the highest intake of 
dietary DPA with the lowest was 0.95 (95% CI: 0.65 to 1.39; P=0.79). 

 3.8.3 Type 2 diabetes

One study (1 comparison; n=213 events) provided estimates of the association between DPA 
and type 2 diabetes (169). In this study, the most-adjusted mvRR comparing the highest intake of 
dietary DPA with the lowest was 1.08 (95% CI: 0.74 to 1.57; P=0.69) (Fig. 42d).

 3.8.4 Depression

One study (1 comparison; n=95 events) provided estimates of the association between DPA and 
depression (174). In this study, the most-adjusted mvRR comparing the highest intake of dietary 
DPA with the lowest was 0.85 (95% CI: 0.49 to 1.47; P=0.96) (Fig. 42e).

 3.8.5 Cognitive decline

One study (1 comparison; n=154 events) provided estimates of the association between DPA and 
cognitive decline (174). In this study, the most-adjusted mvRR comparing the highest intake of 
dietary DPA with the lowest was 0.94 (95% CI: 0.77 to 1.15; P=0.55) (Fig. 42f).
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 3.8.6 Breast cancer
All breast cancer

One study (1 comparison; n=545 events) provided estimates of the association between DPA and 
all breast cancer (without specifying premenopausal or postmenopausal) (110). In this study, the 
most-adjusted mvRR comparing the highest intake of dietary DPA with the lowest was 1.01 (95% 
CI: 0.77 to 1.33; P=0.94) (Section 6.8.1 in Fig. 42g).

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between DPA and 
premenopausal breast cancer.

Postmenopausal breast cancer

One study (1 comparison; n=470 events) provided estimates of the association between DPA and 
postmenopausal breast cancer (117). In this study, the most-adjusted mvRR comparing the highest 
intake of dietary DPA with the lowest was 0.57 (95% CI: 0.40 to 0.82; P=0.002) (Section 6.8.3 
in Fig. 42g). Assuming linearity, a 0.05 g increase in DPA was associated with a 36% reduced 
risk of postmenopausal breast cancer (mvRR: 0.64; 95% CI: 0.49 to 0.85). The horizontal line 
represents a RR of 1.0. The median intake of DPA in the studied population was 0.025 g/day. 
Assuming linearity, a 0.02% increase in energy from DPA was associated with a 31% reduced 
risk of postmenopausal breast cancer (mvRR: 0.69; 95% CI: 0.55 to 0.87) (Fig. 169 and Fig. 170).

 3.8.7 GRADE assessment of quality of evidence

For the eight outcomes assessed (100.0%), the GRADE assessment of the confidence in the 
estimates of association between DPA and health outcomes was moderate for one outcome 
(12.5%) (postmenopausal breast cancer), and very low for seven outcomes (87.5%). Seven 
estimates have serious imprecision (Table 8).

 3.9 ALA (18:3 omega-3) and health outcomes
 3.9.1 All-cause mortality

Eight studies (10 comparisons; n=171 232 deaths) examined the association between ALA intake 
and all-cause mortality (54, 56, 59, 60, 133, 144, 183, 184). The summary most-adjusted mvRR 
comparing the highest intake of ALA with the lowest was 0.93 (95% CI: 0.86 to 1.01; P=0.10; 
I2=80%; Phet<0.00001) (Fig. 43). No publication bias is suspected (Fig. 84k) and the linear 
dose–response does not support the extreme-ends comparison. Assuming linearity, a 0.5 g/day 
increase in ALA was associated with a 1% increased risk of all-cause mortality (mvRR: 1.01; 95% 
CI: 0.99 to 1.03). Assuming linearity, a 0.2% increase in energy from ALA was associated with a 
2% increased risk of all-cause mortality (mvRR: 1.02; 95% CI: 1.00 to 1.03). The non-linear spline 
model yielded estimates that were visually similar to those from the linear model (Fig. 171 and 
Fig. 172).

Meta-regression indicated that the estimate was not associated with study size (number of cases) 
(P=0.27), measurement of TFA (P=0.12), sex distribution of participants (P=0.88), adjustment for 
energy (P=0.11), adjustment for dyslipidaemia (P=0.61), adjustment for blood pressure (P=0.14), 
or smoking history (P=0.80). There was an association between-study risk of bias and effect 
size (P=0.069); lower quality studies showed larger associations (mvRR=0.68 for NOS=6 and 
0.66 for NOS=7) than the highest quality studies (0.94 for NOS=8 and 0.93 for NOS=9). There 
was an association (P=0.098) between length of follow-up and effect size. Shorter studies (<5 
years) showed larger effects (mvRR=0.77) then studies of 10 to less than 15 years (0.96), 15–20 
years (1.06) or more than 20 years (0.99). There was an association (P=0.072) between age of 
people in the sample and effect size. The effect estimates were larger in samples of people 
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aged over 65 years (mvRR=0.73) than in those aged under 65 years (mvRR=1.01). There was an 
association between dietary assessment method and effect size (P=0.006), with the study that 
used 7-day food records showing a positive association with mortality (mvRR=1.23), the studies 
that used 24-hour recalls a protective association (mvRR=0.82), and those that used FFQs had an 
mvRR=0.93. There was significant between-country heterogeneity in effect size (P-het=0.003). 
The one study conducted in China found an increased risk (mvRR=1.23), whereas studies in all 
other countries showed decreased risk (Fig. 95).

 3.9.2 Cardiovascular diseases 

Total CVD

One prospective cohort study (n=1941 events) assessed the association between ALA and total 
CVD (143). The most-adjusted mvRR comparing the highest intake of dietary ALA with the lowest 
was 0.95 (95% CI: 0.82 to 1.11; P=0.51).

Fatal CVD start here for meta-reg, dose-response

Ten studies (11 comparisons; n=54 162 events) provided estimates of the association between 
ALA and fatal CVD (54, 56, 59, 60, 133, 144, 155, 183). The summary most-adjusted mvRR 
comparing the highest intake of dietary ALA with the lowest was 0.91 (95% CI: 0.83 to 0.99; 
P=0.04; I2=58%; Phet=0.008) (Section 7.2.2 in Fig. 44). No publication bias is suspected (Fig. 8kl). 
Assuming linearity, a 0.5 g/day increase in ALA was associated with a 4% decreased risk of fatal 
CVD (mvRR: 0.96, 95% CI: 0.94 to 0.98). Assuming linearity, a 0.5% increase in energy from 
ALA was associated with an 8% decreased risk of fatal CVD (mvRR: 0.92, 95% CI: 0.89 to 0.96) 
(Fig. 173 and Fig. 174).

In meta-regression, there was no association between effect size and study quality (P=0.79), 
follow-up time (P=0.81), sex distribution (P=0.98), energy adjustment (P=0.38), dyslipidaemia 
adjustment (P=0.11), blood pressure adjustment (P=0.11), age distribution of the sample (P=0.36), 
distribution of smokers (P=0.12), or country of conduct (P=0.35).

The effect size was associated with study size (number of cases; P=0.053), with smaller studies 
(<500 cases) showing slightly stronger effects (mvRR=0.84) than larger studies (mvRR=0.92) 
(Fig. 96). The effect size differed (P=0.028) between studies that measured TFA (mvRR=0.98) and 
those that did not (mvRR=0.82) (Fig. 96). The effect size differed (P=0.003) by method of diet 
assessment, with nominally larger risk redcutions in those studies measuring diet by 24-hour 
recalls (mvRR = 0.80) or 4-day diet record (mvRR = 0.63) than in those studies measuring diet by 
FFQ (mvRR = 0.93).

Fatal CHD

Nine studies (9 comparisons; n=5276 events) provided estimates of the association between 
ALA and fatal CHD (60, 67, 122, 133, 144, 183, 185–187). The summary most-adjusted mvRR 
comparing the highest intake of ALA with the lowest was 0.82 (95% CI: 0.74 to 0.91; P=0.0002; 
I2=0%; Phet=0.44) (Section 7.2.3 in Fig. 44). Assuming linearity, a 0.5 g/day increase in ALA was 
associated with an 8% decreased risk of CHD mortality (mvRR: 0.92, 95% CI: 0.87 to 0.97). 
Assuming linearity, a 0.5% increase in ALA was associated with a 17% decreased risk of fatal 
CHD (mvRR: 0.83, 95% CI: 0.73 to 0.93) (Fig. 175 and Fig. 176)

Fatal myocardial infarction

One prospective cohort study (n=417 events) assessed the association between ALA and fatal 
myocardial infarction (188). The most-adjusted mvRR comparing the highest intake of dietary 
ALA with the lowest was 0.71 (95% CI: 0.47 to 1.08; P=0.11).
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Sudden cardiac death

Two studies (2 comparisons; n=417 events) provided an estimate of the association between ALA 
and sudden cardiac death (71, 144). The summary most-adjusted mvRR comparing the highest 
intake of dietary ALA with the lowest was 0.54 (95% CI: 0.37 to 0.81; P=0.003; I2=0%; Phet=0.45) 
(Section 7.2.5 and Fig. 44). Assuming linearity, a 0.5 g increase in ALA was associated with a 27% 
reduced risk of sudden cardiac death (mvRR: 0.73; 95% CI: 0.61 to 0.88). Assuming linearity, a 
0.2% increase in energy from ALA was associated with a 20% reduced risk of sudden cardiac 
death (mvRR: 0.80; 95% CI: 0.70 to 0.91) (Fig. 177 and Fig. 178).

Total CHD 

Six studies (7 comparisons; n=3360 events) provided estimates of the association between ALA 
and total CHD (67, 153, 183, 185, 187, 189). The summary most-adjusted mvRR comparing the 
highest intake of dietary ALA with the lowest was 0.93 (95% CI: 0.83 to 1.04; P=0.21; I2=0%, 
Phet=0.52) (Section 7.2.6 in Fig. 44). There was no evidence of a dose–response association 
between ALA and risk of CHD (mvRR: 0.99, 95% CI: 0.96 to 1.03 per 0.5 g and mvRR: 0.99, 95% CI: 
0.95 to 1.03 per 0.2%) (Fig. 179 and Fig. 180).

Nonfatal myocardial infarction

One study (1 comparison; n=597 events) assessed the association between ALA and nonfatal 
myocardial infarction (186). The mvRR comparing the highest intake of dietary ALA with the 
lowest was 0.85 (95% CI: 0.61 to 1.19; P=0.34) (Section 7.2.7 in Fig. 44).

Fatal stroke

Three studies (3 comparisons; n=1644 events) assessed the association between dietary ALA 
and fatal stroke (59, 122, 144). The summary most-adjusted mvRR comparing the highest 
intake of dietary ALA with the lowest was 0.85 (95% CI: 0.72 to 1.01; P=0.07; I2=0%, Phet=0.49) 
(Section 7.2.8 in Fig. 44).

Total stroke

Four studies (4 comparisons; n=3246 events) provided estimates of the association between 
ALA and total stroke (81, 143, 183, 189). The summary most-adjusted mvRR comparing the 
highest category of dietary ALA with the lowest was 0.97 (95% CI: 0.79 to 1.18; P=0.74; I2=56%; 
Phet=0.08) (Section 7.2.9 in Fig. 44). 

Ischaemic stroke

Four studies (4 comparisons; n=3088 events) provided estimates of the association between 
ALA and ischaemic stroke (143, 183, 189, 190). The summary most-adjusted mvRR comparing the 
highest intake of ALA with the lowest was 0.88 (95% CI: 0.77 to 1.02; P=0.09; I2=0%; Phet=0.49) 
(Section 7.2.10 in Fig. 44).

Haemorrhagic stroke

Two studies (2 comparisons; n=289 cases) assessed the association between ALA and haemorrhagic 
stroke (183). The summary most-adjusted mvRR comparing the highest intake of ALA with the 
lowest was 1.10 (95% CI: 0.45 to 2.67; P=0.84; I2=66%; Phet=0.09) (Section 7.2.11 in Fig. 44).

Atrial fibrillation

One study (1 comparison; n=1441 events) assessed the association between dietary ALA and 
atrial fibrillation (85). In this study, the most-adjusted multivariable RR was 0.77 (95% CI: 0.67 to 
1.04; P=0.09) (Section 7.2.12 in Fig. 44).
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Fatal arrhythmia

One study (1 comparison; n=135 cases) assessed the association between serum ALA and fatal 
arrhythmia (183). In this study, the most-adjusted multivariable RR was 0.68 (95% CI: 0.38 to 
1.22; P=0.20) (Section 7.2.13 in Fig. 44).

Total myocardial infarction 

Two studies (3 comparisons; n=3723 events) provided estimates of the association between ALA 
and total myocardial infarction (143, 188). The summary most-adjusted mvRR comparing the 
highest intake of dietary ALA with the lowest was 0.96 (95% CI: 0.84 to 1.09; P=0.50; I2=0%, 
Phet=0.48) (Section 7.2.14 in Fig. 44). 

 3.9.3 Type 2 diabetes

Four studies (4 comparisons; n=2919 events) assessed the association between ALA and type 2 
diabetes (87, 95, 128, 169). In these studies, the summary multivariable RR comparing the highest 
ALA consumers with the lowest was 1.13 (95% CI: 0.69 to 1.86; P=0.62; I2=86%; Phet<0.0001) 
(Fig. 45).

 3.9.4 Dementia

One study (1 comparison; n=131 cases) assessed the association between ALA and dementia 
(131). In this study, the multivariable RR comparing the highest ALA consumers with the lowest 
was 0.70 (95% CI: 0.30 to 1.62; P=0.40) (Fig. 46).

 3.9.5 Cognitive decline

Two studies (2 comparisons; n=749 cases) assessed the association between ALA and cognitive 
decline (98, 171). In these studies, the summary multivariable RR comparing the highest ALA 
consumers with the lowest was 0.91 (95% CI: 0.78 to 1.05; P=0.18; I2=0%; Phet=0.94) (random 
effects in Fig. 47a and fixed	effect in Fig. 47b).

 3.9.6 Depression

Three studies (3 comparison; n=3433 cases) assessed the association between ALA and depression 
(100, 173, 174). In this study, the multivariable RR comparing the highest ALA consumers with the 
lowest was 0.97 (95% CI: 0.74 to 1.29; P=0.85; I2=80%; Phet=0.006) (Fig. 48a). The fixed-effect 
estimate was 0.99 (0.90 to 1.10; P=0.88) (Fig. 48b).

3.9.7	Inflammatory	bowel	disease

Crohn’s disease

One prospective study (1 comparison; n=73 cases) assessed the association between ALA and the 
development of Crohn’s disease (176). In this study, the multivariable RR comparing the highest 
ALA consumers with the lowest was 0.40 (95% CI: 0.07 to 2.19; P=0.29) (Section 7.7.1 in Fig. 49).

Ulcerative colitis

One prospective study (1 comparison; n=126 cases) assessed the association between ALA and 
the development of ulcerative colitis (179). In this study, the multivariable RR comparing the 
highest ALA consumers with the lowest was 1.28 (95% CI: 0.46 to 3.57; P=0.64) (Section 7.7.2 in 
Fig. 49).
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 3.9.8 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=3581 events) assessed the association between ALA and breast 
cancer (without specifying premenopausal or postmenopausal cases) (105, 177, 180). The 
summary most-adjusted mvRR comparing the highest intake of ALA with the lowest was 0.91 
(95% CI: 0.74 to 1.13; P=0.40; I2=16%, Phet=0.30) (Section 7.8.1 in Fig. 50). 

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between ALA and 
premenopausal breast cancer.

Postmenopausal breast cancer

One prospective cohort study (3 estimates; n=470 cases) (117). The summary most-adjusted 
mvRR comparing the highest intake of ALA with the lowest was 1.07 (95% CI: 0.74 to 1.55; P=0.71; 
I2=59%, Phet=0.09) (Section 7.8.3 in Fig. 50).

 3.9.9 GRADE assessment of quality of evidence

For the 23 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between ALA and health outcomes was moderate for three outcomes (fatal CVD, 
fatal CHD and sudden cardiac death) (13.0%), low for no outcomes (0.0%) and very low for 20 
outcomes (87.0%). Four estimates are at serious risk of bias, six have serious inconsistency and 
20 have serious imprecision (Table 9).

 3.10 Omega-6 PUFA and health outcomes
 3.10.1 All-cause mortality

Six studies (9 comparisons; n=182 318 deaths) examined the association between dietary total 
omega-6 PUFA and all-cause mortality. In these studies, the summary most-adjusted mvRR 
comparing the highest intake of total omega-6 PUFA with the lowest was 0.91 (95% CI: 0.85 
to 0.97; P=0.003; I2=72%, Phet=0.0003) (Fig. 51). Assuming linearity, a 5 g/day increase in total 
n-6 was associated with a 5% decreased risk of all-cause mortality (mvRR: 0.95, 95% CI: 0.90 to 
1.001). Assuming linearity, a 5% increase in energy from total n-6 was associated with a 12% 
decreased risk of all-cause mortality (mvRR: 0.88, 95% CI: 0.81 to 0.96). (Fig. 181 and Fig. 182). 
Wang et al. (54), using direct modelling, reported that a 2% increase in energy from total n-6 was 
associated with a 10% decreased risk of all-cause mortality (mvRR: 0.90; 95% CI: 0.88 to 0.93) 

 3.10.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association between total n-6 
and total CVD.

Fatal CVD

Five studies (7 comparisons; n=53 082 events) assessed the association between dietary total 
omega-6 PUFA and fatal CVD (53, 54, 59, 119). In these studies, the summary most-adjusted mvRR 
comparing the highest intake of total omega-6 PUFA with the lowest was 0.91 (95% CI: 0.83 to 
1.00; P=0.06; I2=60%, Phet=0.02) (Section 9.2.1 in Fig. 52). Assuming linearity, a 5 g increase in 
n-6 fatty acids was associated with a 6% reduced risk of cardiovascular mortality (mvRR: 0.94; 
95% CI: 0.92 to 0.97). Assuming linearity, a 2% increase in energy from n-6 fatty acids was 
associated with a 6% reduced risk of cardiovascular mortality (mvRR: 0.94; 95% CI: 0.89 to 0.99) 
(Fig. 183 and Fig. 184).
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Fatal CHD

One prospective study (1 comparison; n=978 cases) assessed the association between total 
omega-6 PUFA and fatal CHD (59). In this study, the multivariable RR comparing the highest ALA 
consumers with the lowest was 0.93 (95% CI: 0.56 to 1.55; P=0.78) (Section 9.2.2 in Fig. 52).

Total CHD 

One study (2 comparisons; n=1021 events) provided an estimate of the association between total 
dietary omega-6 and total CHD (75). The summary most-adjusted mvRR comparing the highest 
intake of dietary total omega-6 with the lowest was 1.10 (95% CI: 0.91 to 1.33; P=0.34; I2=0%, 
Phet=0.59) (Section 9.2.3 in Fig. 52).

Fatal stroke

One prospective study (1 comparison; n=321 cases) assessed the association between total 
omega-6 PUFA and fatal stroke (59). In this study, the multivariable RR comparing the highest 
ALA consumers with the lowest was 0.71 (95% CI: 0.33 to 1.54; P=0.39) (Section 9.2.4 in Fig. 52).

Total stroke

Two studies (2 comparisons; n=1821 events) provided an estimate of the association between 
total dietary omega-6 and total stroke (79, 81). The summary most-adjusted mvRR comparing 
the highest category of total dietary omega-6 with the lowest was 1.05 (95% CI: 0.90 to 1.22; 
P=0.55; I2=0%; Phet=0.48) (Section 9.2.5 in Fig. 52).

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between total 
dietary omega-6 and fatal myocardial infarction.

Ischaemic stroke

One study (2 comparisons; n=755 events) provided estimates of the association between total 
dietary omega-6 and ischaemic stroke (75). The summary most-adjusted mvRR comparing the 
highest intake of total dietary omega-6 with the lowest was 0.98 (95% CI: 0.69 to 1.39; P=0.89; 
I2=56%; Phet=0.13) (Section 9.2.6 in Fig. 52). The fixed-effect estimate was 0.99 (95% CI: 0.78 to 
1.24; P=0.90).

Haemorrhagic stroke

One prospective study (1 comparison; n=233 cases) assessed the association between total 
omega-6 PUFA and haemorrhagic stroke (81). In this study, the multivariable RR comparing the 
highest ALA consumers with the lowest was 0.88 (95% CI: 0.58 to 1.34; P=0.55) (Section 9.2.7 
in Fig. 52).

Atrial fibrillation

Two studies (3 comparisons; n=6521 events) assessed the association between total dietary 
omega-6 and atrial fibrillation (85, 86). In this study, the most-adjusted multivariable RR 
comparing the highest intake of total dietary omega-6 with the lowest was 0.98 (95% CI: 0.83 to 
1.17; P=0.85; I2=53%; Phet=0.12) (Section 9.2.8 in Fig. 52).

Sudden cardiac death

One study (1 comparison; n=385 events) provided an estimate of the association between total 
dietary omega-6 and sudden cardiac death (71). The summary most-adjusted mvRR comparing 
the highest intake of dietary total omega-6 with the lowest was 0.79 (95% CI: 0.57 to 1.10; 
P=0.17) (Section 9.2.9 in Fig. 52).
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Nonfatal myocardial infarction

No prospective cohort studies were identified that provided an estimate of the association 
between total dietary omega-6 and nonfatal myocardial infarction.

Fatal arrhythmia

No prospective cohort studies were identified that provided an estimate of the association 
between total dietary omega-6 and fatal arrhythmia.

 3.10.3 Type 2 diabetes

Six studies (8 comparisons; n=25 372 cases) assessed the association between total dietary 
omega-6 and type 2 diabetes (87, 93, 128, 129, 191, 192). The pooled most-adjusted multivariable 
RR was 0.93 (95% CI: 0.85 to 1.02; P=0.12; I2=66%; Phet=0.004) (Fig. 53a). 

 3.10.4 Dementia

One study (1 comparison; n=197 cases) assessed the association between total dietary omega-6 
and dementia (96). In this study, the most-adjusted multivariable RR comparing the highest 
intake of total dietary omega-6 with the lowest was 1.03 (95% CI: 0.78 to 1.37; P=0.84) (Fig 53b).

 3.10.5 Depression

Three studies (4 comparisons; n=1350 cases) assessed the association between total dietary 
omega-6 and depression (100, 174, 193). The pooled most-adjusted multivariable RR was 1.28 
(95% CI: 0.93 to 1.75; P=0.13; I2=63%; Phet=0.05) (Fig. 54a). 

 3.10.6 Cognitive decline

One study (1 comparison; n=598 cases) assessed the association between total dietary omega-6 
and cognitive decline (98). The multivariable RR in this study was 1.03 (95% CI: 0.83 to 1.28; 
P=0.79) (Fig. 54b).

	 3.10.7	 Inflammatory	bowel	disease

Crohn’s disease

No prospective cohort studies were identified that provided an estimate of the association 
between total dietary omega-6 and Crohn’s disease.

Ulcerative colitis

One study (1 comparison; n=338 cases) assessed the association between total dietary omega-6 
and ulcerative colitis (101). In this study, the most-adjusted RR comparing the highest intakes of 
total dietary omega-6 with the lowest was 1.08 (95% CI: 0.77 to 1.52; P=0.66) (Section 9.7.2 in 
Fig. 55).

 3.10.8 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=988 cases) assessed the association between total dietary 
omega-6 and breast cancer (without delineating premenopausal from postmenopausal) (106, 
107, 110). In these studies, the pooled multivariable RR for higher intakes of total dietary 
omega-6 compared with lower intakes was 1.04 (95% CI: 0.83 to 1.30; P=0.74; I2=6%; Phet=0.35) 
(Section 9.8.1 in Fig. 56). Assuming linearity, a 5 g/day increase in total n-6 was not associated 
with risk of breast cancer (mvRR: 1.00; 95% CI: 0.90 to 1.11). Assuming linearity, a 2% increase 
in energy from total n-6 was not associated with risk of breast cancer (mvRR: 1.00, 95% CI: 0.92 
to 1.09) (Fig. 185 and Fig. 186).
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Premenopausal breast cancer

No prospective cohort studies were identified that provided an estimate of the association 
between total dietary omega-6 and premenopausal breast cancer.

Postmenopausal breast cancer

Six studies (6 comparisons; n=6746 cases) assessed the association between total dietary 
omega-6 and postmenopausal breast cancer (107, 113, 116, 194, 195). In these studies, the 
pooled multivariable RR for higher intakes of total dietary omega-6 compared with lower 
intakes was 1.31 (95% CI: 1.03 to 1.68; P=0.03; I2=82%; Phet<0.0001) (Section 9.8.3 in Fig. 56). 
Assuming linearity, a 5 g increase in energy from total n-6 was associated with a 2% increased 
risk of postmenopausal breast cancer (mvRR: 1.02; 95% CI: 0.99 to 1.05). Assuming linearity, a 
2% increase in energy from total n-6 was associated with a 3% increased risk of postmenopausal 
breast cancer (mvRR: 1.03; 95% CI: 1.00 to 1.05). However, the lack of fit test was significant 
(P=0.0067). Visual inspection of the spline curve suggested an increased risk from 0 g/day to 6 g/
day (0–3% energy), then a fall from 6 g/day to 16 g/day (»3–6% energy). All points on the curve 
were consistent with increased risk (Fig. 186 and Fig. 187).

 3.10.9 GRADE assessment of quality of evidence

For the 18 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between total dietary omega-6 and health outcomes was moderate for one outcome 
(5.6%) (all-cause mortality), low for one outcome (5.6%) (fatal CVD) and very low for 16 outcomes 
(88.9%). One estimate is at serious risk of bias, none have serious inconsistency and 14 have 
serious imprecision (Table 10).

 3.11 LA (18:2 omega-6) and health outcomes
 3.11.1 All-cause mortality 

Seven studies (9 comparisons; n=169 509 total deaths) assessed the association between LA and 
all-cause mortality (54, 56, 59, 64, 133, 184, 196) In these studies, the pooled multivariable RR 
for higher intakes of LA compared with lower intakes was 0.84 (95% CI: 0.79 to 0.90; P<0.00001; 
I2=58%; Phet=0.02) (Fig. 57). Assuming linearity, a 5 g increase in LA was associated with an 8% 
decreased risk of all-cause mortality (mvRR: 0.92; 95% CI: 0.56 to 1.50). Assuming linearity, a 2% 
increase in LA was associated with a 6% decreased risk of all-cause mortality (mvRR: 0.94; 95% 
CI: 0.77 to 1.14). The association was non-linear, with an apparent plateau after 2% energy, after 
which the mvRR was about 0.90. (Fig. 189 and Fig. 190). Wang et al. (54), using direct modelling, 
reported that a 2% increase in energy from LA was associated with a 12% decreased risk of all-
cause mortality (mvRR: 0.88; 95% CI: 0.86 to 0.91) 

 3.11.2 Cardiovascular diseases

Total CVDs

No prospective cohort studies were identified that provided an estimate of the association 
between dietary LA and total CVD.

Fatal CVD 

Six studies (7 comparisons; n=48 348 events) assessed the association between dietary LA and 
fatal CVD. In these studies, the summary mvRR for higher intakes of LA compared with lower 
intakes was 0.83 (95% CI: 0.73 to 0.93; P=0.002; I2=55%; Phet=0.04) (Section 8.2.1 in Fig. 58) (54, 
59, 64, 133, 196). Assuming linearity, a 5 g increase in LA was associated with a 7% decreased 
risk of CVD mortality (mvRR: 0.93; 95% CI: 0.90 to 0.95). Assuming linearity, a 2% increase in LA 
was associated with a 6% decreased risk of CVD mortality (mvRR: 0.94; 95% CI: 0.93 to 0.94). The 
association departed from linearity, and it appeared that the maximal reduction was at 4 g/day 
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(or 2% of energy) and that the risk reduction was stable (Fig. 191 and Fig. 192) Wang et al. (54), 
using direct modelling, reported that a 2% increase in energy from LA was associated with a 15% 
decreased risk of all-cause mortality (mvRR: 0.85; 95% CI: 0.80 to 0.90) 

Fatal CHD

Twelve studies (13 comparisons; n=7125 events) assessed the association between LA and fatal 
CHD. Of the 13 reported estimates of association, all but two (59, 133) were obtained from a 
recent meta-analysis by Farvid et al. (37), which included longer follow-up of each of the cohorts: 
five primary publications were updated (67, 75, 133, 185, 197) and six estimates were published 
as part of the Pooling Project of Cohort Studies on Diet and Coronary Disease (the projects pooled 
were the Israeli Ischaemic Heart Disease, Finnish Mobile Health Clinic, Västerbotten Intervention 
Program, Iowa Women’s Health Study, Women’s Health Study and Atherosclerosis Risk in 
Communities) (198). In the present update, the summary mvRR for higher intakes of LA compared 
with lower intakes was 0.80 (95% CI: 0.72 to 0.90; P<0.0001; I2=0%; Phet=0.47) (Section 8.2.2 in 
Fig. 58). 

Although no publication bias was suspected (Egger’s test: P=0.302; Begg’s test: P=0.583; 
Fig. 84m), these tests can be underpowered. The trim-and-fill identified two “missed” studies. 
The “filled” RR was 0.79 (95% CI: 0.70 to 0.88).

Using published data from Farvid et al. (37) with the additional studies in the present update, 
assuming linearity, a 5 g increase in LA was associated with an 8% reduced risk of ischaemic 
heart disease mortality (mvRR: 0.92; 95% CI: 0.86 to 0.98). Assuming linearity, a 2% increase 
in energy from LA was associated with an 8% reduced risk of ischaemic heart disease mortality 
(mvRR: 0.92; 95% CI: 0.86 to 0.98). There was no evidence of a departure from linearity in either 
model (Fig. 193 and Fig. 194).

The meta-regression found that the estimate was not associated with study size (number of cases; 
P=0.53), study risk of bias (P=0.14), TFA measurement (P=0.31), duration of follow-up (P=0.59), 
sex distribution (P=0.99), adjustment for total energy (P=0.21), adjustment for dyslipidaemia 
(P=0.19), adjustment for blood pressure (P=0.50), the age distribution of participants (P=0.86), 
smoking history of participants (P=0.33), method of diet assessment (P=0.49) or country of 
conduct (P=0.50) (Fig. 97).

Sudden cardiac death

One study (1 comparison; n=385 events) provided an estimate of the association between LA and 
sudden cardiac death (71). In this study, the most-adjusted mvRR comparing the highest intake of 
dietary total LA with the lowest was 0.68 (95% CI: 0.49 to 0.95; P=0.02) (Section 8.2.3 in Fig. 58). 
Assuming linearity, a 5 g/day increase in LA was associated with a 17% reduced risk of sudden 
cardiac death (mvRR: 0.83; 95% CI: 0.71 to 0.97). Assuming linearity, a 2% increase in energy 
from LA was associated with a 12% reduced risk of sudden cardiac death (mvRR: 0.88; 95% CI: 
0.78 to 0.98) (Fig. 195 and Fig. 196).

Fatal myocardial infarction

No prospective cohort studies were identified that provided an estimate of the association 
between dietary LA and fatal myocardial infarction.

Total CHD

Ten studies (14 comparisons; n=12 501 events) assessed the association between LA and total 
CHD. Of the 14 reported estimates of association, three were obtained from primary publications 
(153, 189), and 11 were obtained from a recent meta-analysis by Farvid et al. (37), which included 
longer follow-up of each of the cohorts: five primary publications were updated (67, 75, 133, 185, 
197) and six estimates were published as part of the Pooling Project of Cohort Studies on Diet and 
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Coronary Disease (the pooled projects were the Israeli Ischaemic Heart Disease, Finnish Mobile 
Health Clinic, Västerbotten Intervention Program, Iowa Womens’ Health Study, Women’s’ Health 
Study and Atherosclerosis Risk in Communities) (198). In these studies, the summary mvRR for 
higher intakes of LA compared with lower intakes was 0.86 (95% CI: 0.76 to 0.97; P=0.02; I2=35%; 
Phet=0.09) (Section 8.2.5 in Fig. 58). No publication bias was suspected (Fig. 84n). 

Using published data from Farvid et al. (37) with the additional studies in the present update, 
assuming linearity, a 5 g increase in LA was associated with a 7% reduced risk of CHD (mvRR: 
0.93; 95% CI: 0.89 to 0.97). Assuming linearity, a 2% increase in energy from LA was associated 
with an 4% reduced risk of total CHD (mvRR: 0.96; 95% CI: 0.94 to 0.98). There was no evidence 
of a departure from linearity in either model (Fig. 197 and Fig. 198).

Meta-regression (Fig. 98) found that the association estimate was not associated with study size 
(number of cases; P=0.71), study risk of bias (P=0.42), follow-up time (P=0.87), sex distribution 
(P=0.66), adjustment for blood pressure (P=0.39), age distribution (P=0.75), smoking status 
distribution (P=0.75), method of diet assessment (P=0.91) or country of conduct (P=0.16).

Whether or not a study measured TFA impacted the estimates (P=0.055) – studies that did 
adjust for TFA found a 20% reduced risk (mvRR=0.80) of fatal CHD with high consumption of LA, 
whereas those that did not adjust found a 3% reduced risk (mvRR=0.97). There was evidence of 
modification by adjustment for dyslipidemia (P=0.066). Studies that did adjust for dyslipidaemia 
found a greater risk reduction (mvRR=0.78) than those that did not (mvRR=0.96). All studies 
adjusted for total energy; thus, it is not appropriate to undertake meta-regression by this source 
of heterogeneity. 

Fatal stroke

One prospective cohort study (1 comparison; n=321 cases) assessed the association between LA 
and fatal stroke (59). In this study, the most-adjusted RR comparing highest intakes of LA with the 
lowest was 0.74 (95% CI: 0.35 to 1.58; P=0.44) (Section 8.2.6 in Fig. 55).

Total stroke

No prospective cohort studies were identified that provided an estimate of the association 
between dietary LA and total stroke.  

Atrial fibrillation

One study (2 estimates; n=7041 cases) assessed the association between LA and atrial fibrillation. 
In this study, the most-adjusted RR comparing highest intakes of LA with the lowest was 0.88 
(95% CI: 0.78 to 1.00; P=0.05; I2=0%; Phet=0.50) (Section 8.2.8 in Fig. 58).

Nonfatal myocardial infarction

No prospective cohort studies were identified that provided an estimate of the association 
between dietary LA and nonfatal myocardial infarction.

 3.11.3 Type 2 diabetes

Four studies (7 comparisons; n=19 050 cases) provided an estimate of the association between 
dietary LA and type 2 diabetes (94, 95, 191, 192). The pooled most-adjusted mvRR comparing the 
highest intake of total dietary LA with the lowest was 0.90 (95% CI: 0.80 to 1.00; P=0.05; I2=44%; 
Phet=0.10) (Fig. 59a). Assuming linearity, a 5 g increase in LA was associated with a 5% reduced 
risk of type 2 diabetes (mvRR: 0.95; 95% CI: 0.91 to 0.99). Assuming linearity, a 2% increase in 
energy from LA was associated with a 3% reduced risk of type 2 diabetes (mvRR: 0.97; 95% CI: 
0.94 to 0.99) (Fig. 199 and Fig. 200).
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 3.11.4 Depression

Three studies (3 comparisons; n=3433 cases) assessed the association between dietary LA and 
depression (100, 173, 174). The pooled mvRR comparing the highest intake of total dietary LA 
with the lowest was 1.26 (95% CI: 1.09 to 1.46; P=0.002; I2=0%; Phet=0.69) (Fig. 59b and fixed 
effect model in Fig. 59c). Assuming linearity, a 5 g increase in energy from LA was associated 
with a 14% higher risk of depression (mvRR: 1.14; 95% CI: 0.94 to 1.38). Assuming linearity, a 
2% increase in energy from LA was associated with a 19% higher risk of depression (mvRR: 1.19; 
95% CI: 0.79 to 1.80) (Fig. 201 and Fig. 202).

 3.11.5 Dementia

One study (2 comparisons; n=109 cases) assessed the association between dietary LA and 
dementia (130, 199). The pooled most-adjusted mvRR comparing the highest intake of total 
dietary LA with the lowest was 0.77 (95% CI: 0.45 to 1.34; P=0.36; I2=11%; Phet=0.29) (Fig. 60).

	 3.11.6	 Inflammatory	bowel	disease

Crohn’s disease

Two studies (2 comparisons; n=342 cases) assessed the association between dietary LA and 
Crohn’s disease (101, 176). The pooled most-adjusted mvRR comparing the highest intake of 
total dietary LA with the lowest was 1.23 (95% CI: 0.66 to 2.29; P=0.52; I2=26%; Phet=0.25) 
(Section 8.6.1 in Fig. 61a). The fixed-effect estimate was 1.13 (95% CI: 0.77 to 1.65).

Ulcerative colitis

Two studies (2 comparisons; n=464 cases) assessed the association between dietary LA and 
ulcerative colitis (101, 179). The pooled most-adjusted mvRR comparing the highest intake of 
total dietary LA with the lowest was 1.41 (95% CI: 0.66 to 3.01; P=0.38; I2=66%; Phet=0.09) 
(Section 8.6.2 in Fig. 61a). The fixed-effect estimate was 1.17 (95% CI: 0.85 to 1.62; Fig. 61b). 

 3.11.7 Breast cancer

Total breast cancer

Five studies (5 comparisons; n=6227 cases) assessed the association between total dietary LA and 
breast cancer (without clearly distinguishing premenopausal from postmenopausal) (105, 116, 
177, 180, 200). In these studies, the pooled mvRR for higher intakes of total dietary LA compared 
with lower intakes was 0.95 (95% CI: 0.92 to 0.98; P=0.002; I2=0%; Phet=0.48) (Section 8.7.1 in 
Fig. 62). Assuming linearity, a 5 g increase in LA was associated with a 3% lower risk of breast 
cancer (mvRR: 0.97; 95% CI: 0.93 to 1.02). Assuming linearity, a 2% increase in LA was associated 
with a 2% lower risk of breast cancer (mvRR: 0.98; 95% CI: 0.96 to 1.01) (Fig. 203 and Fig. 204).

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between dietary LA 
and premenopausal breast cancer.

Postmenopausal breast cancer

Four studies (4 comparisons; n=6367 cases) assessed the association between LA and 
postmenopausal breast cancer (114, 117, 195, 201). In these studies, the pooled multivariable RR 
for higher intakes of total dietary LA compared with lower intakes was 1.02 (95% CI: 0.93 to 1.11; 
P=0.69; I2=0%; Phet=0.43) (Section 8.7.3 in Fig. 62).
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 3.11.8 GRADE assessment of quality of evidence 

For the 15 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between LA and health outcomes was moderate for seven outcomes (all-cause 
mortality, fatal CVD, fatal CHD, total CHD, type 2 diabetes, depression and all breast cancer) 
(46.7%), low for two outcomes (sudden cardiac death and total stroke) (13.3%) and very low for 
six outcomes (40.0%). One estimate is at serious risk of bias, one has serious inconsistency and 
six have serious imprecision (Table 11).

 3.12 ARA (20:4 omega-6) and health outcomes
 3.12.1 All-cause mortality

Four studies (6 comparisons; n=168 896 total deaths) assessed the association between ARA and 
all-cause mortality (54, 59, 60, 120). In these studies, the pooled mvRR for higher lower intakes of 
ARA compared with lower intakes was 0.93 (95% CI: 0.82 to 1.05; P=0.26; I2=93%; Phet<0.00001) 
(Fig. 62). Removal of Zhuang’s NIH-AARP Diet and Health study (59) – a collaboration between 
the National Institutes of Health (NIH) and the AARP (formerly known as the American Association 
of Retired Persons) – yielded an mvRR of 0.90 (0.86, 0.94), with no heterogeneity. 

Assuming linearity, a 0.1 g increase in ARA was not associated with risk of all-cause mortality 
(mvRR: 1.002; 95% CI: 0.98 to 1.03). Assuming linearity, a 0.3% increase in energy from ARA 
was not associated with increased risk of all-cause mortality (mvRR: 1.01; 95% CI: 0.87 to 1.18). 
However, excluding the Zhuang study (leaving 2 estimates), assuming linearity, a 0.1 g increase 
in ARA was associated with a 9% decreased risk of all-cause mortality (mvRR: 0.91; 95% CI: 0.88 
to 0.95). Assuming linearity, a 0.3% increase in energy from ARA was associated with a 40% 
decreased risk of all-cause mortality (mvRR: 0.60; 95% CI: 0.48 to 0.74). Wang et al. (54), using 
direct modelling, reported that a 0.3% increase in energy from LA was associated with a 42% 
decreased risk of all-cause mortality (mvRR: 0.58; 95% CI: 0.47 to 0.73) (Fig. 205 and Fig. 206).

 3.12.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association between dietary 
total ARA and total CVD.

Fatal CVD

Three studies (4 comparisons; n=47 924 cases) assessed the association between dietary total 
ARA and fatal CVD (54, 59, 60). In these studies, the summary most-adjusted mvRR was 1.01 (95% 
CI: 0.91 to 1.13; P=0.83; I2=67%; Phet=0.03) (Section 10.2.1 in Fig. 64).

Fatal CHD

One study (1 comparison; n=978 events) provided an estimate of the association between ARA 
and fatal CHD (60). The summary most-adjusted mvRR comparing the highest intake of dietary 
ARA with the lowest was 0.80 (95% CI: 0.58 to 1.11; P=0.18) (Section 10.2.2 in Fig. 64).

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between ARA and 
fatal myocardial infarction.

Fatal stroke

One study (1 comparison; n=321 events) provided an estimate of the association between ARA 
and fatal stroke (60). The summary most-adjusted mvRR comparing the highest intake of dietary 
ARA with the lowest was 0.87 (95% CI: 0.47 to 1.61; P=0.66) (Section 10.2.4 in Fig. 64).
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Sudden cardiac death

One study (1 comparison; n=385 events) provided an estimate of the association between ARA 
and sudden cardiac death (71). The summary most-adjusted mvRR comparing the highest intake 
of dietary ARA with the lowest was 0.88 (95% CI: 0.63 to 1.23; P=0.45) (Section 10.2.5 in Fig. 64).

Total CHD

No prospective cohort studies were identified that provided an estimate of the association 
between dietary ARA and total CHD.

Total stroke

No prospective cohort studies were identified that provided an estimate of the association 
between dietary ARA and total stroke.

Atrial fibrillation

No prospective cohort studies were identified that provided an estimate of the association 
between dietary ARA and atrial fibrillation.

 3.12.3 Type 2 diabetes

One study (1 comparison; n=199 cases) assessed the association between dietary ARA and type 
2 diabetes (89). In this one study, the most-adjusted RR, comparing the highest ARA consumers 
with the lowest was 0.87 (95% CI: 0.49 to 1.54; P=0.63) (Fig. 65).

 3.12.4 Depression

Three studies (3 comparisons; n=3433 cases) assessed the association between dietary ARA and 
depression (100, 173, 174). In these studies, the summary most-adjusted mvRR was 1.03 (95% CI: 
0.90 to 1.18; P=0.64; I2=0%; Phet=0.48) (Fig. 66).

	 3.12.5	 Inflammatory	bowel	disease

Crohn’s disease

One study (1 comparison; n=269 cases) assessed the association between dietary ARA and Crohn’s 
disease (101). The pooled most-adjusted mvRR comparing the highest intake of total dietary ARA 
with the lowest was 0.80 (95% CI: 0.55 to 1.17; P=0.25) (Section 10.5.1 in Fig. 67). 

Ulcerative colitis

One study (1 comparison; n=338 cases) assessed the association between dietary ARA and 
ulcerative colitis (101). The pooled most-adjusted mvRR comparing the highest intake of total 
dietary LA with the lowest was 0.90 (95% CI: 0.64 to 1.26; P=0.54) (Section 10.5.2 in Fig. 67). 

 3.12.6 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=3581 cases) assessed the association between total dietary ARA 
and breast cancer (without clearly distinguishing premenopausal from postmenopausal) (105, 
177, 180). In these studies, the pooled mvRR for higher intakes of total dietary ARA compared 
with lower intakes was 1.05 (95% CI: 1.00 to 1.10; P=0.05; I2=0%; Phet=0.86) (Section 10.7.1 in 
Fig. 68).
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Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between dietary 
ARA and premenopausal breast cancer.

Postmenopausal breast cancer

Two studies (2 comparisons; n=1411 cases) assessed the association between dietary ARA and 
postmenopausal breast cancer (114, 117). In these studies, the pooled mvRR for higher intakes of 
total dietary ARA compared with lower intakes was 0.87 (95% CI: 0.65 to 1.15; P=0.32; I2=36%; 
Phet=0.21) (Section 10.7.3 in Fig. 68).

 3.12.7 GRADE assessment of quality of evidence 

For the 11 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between ARA and health outcomes was moderate for one outcome (depression) (9.1%) 
and very low for the remaining 10 outcomes (90.9%). One estimate has serious inconsistency and 
10 have serious imprecision (Table 12).

 3.13 P:S and health outcomes
 3.13.1 All-cause mortality

Four studies (5 comparisons; n=12 468 deaths) assessed the association between the P:S and all-
cause mortality (53, 64, 184, 202). In these studies, the summary mvRR for higher P:S compared 
with lower P:S was 1.02 (95% CI: 0.94 to 1.11; P=0.64; I2=46%; Phet=0.12) (Fig. 69).

 3.13.2 Cardiovascular diseases

Total CVD

One study (2 comparisons; n=908 events) assessed the association between P:S and total 
cardiovascular disease, which combined acute coronary events and stroke (61). The summary 
most-adjusted mvRR comparing the highest P:S with the lowest was 0.88 (95% CI: 0.72 to 1.06; 
P=0.18) (Section 11.2.1 in Fig. 70).

Fatal CVD

Two studies (3 comparisons; n=3533 cases) assessed the association between dietary P:S and 
fatal CVD (53, 202). In these studies, the summary most-adjusted mvRR was 1.19 (95% CI: 0.99 
to 1.42; P=0.06; I2=66%; Phet=0.05; random-effects) (Section 11.2.2 in Fig. 70). The fixed-effect 
estimate was 1.18 (95% CI: 1.07 to 1.31; P=0.001; forest plot not shown). Assuming linearity, a 
0.25 increase in P:S ratio was associated with a 5% increased risk of CVD mortality (mvRR: 1.05; 
95% CI: 1.02to 1.07) (Fig. 207).

Fatal myocardial infarction

No prospective cohort studies were identified that assessed the association between dietary P:S 
and fatal myocardial infarction.

Total CHD

One study (1 comparison; n=1766 events) provided an estimate of the association between P:S 
and total CHD (197). The summary most-adjusted mvRR comparing the highest P:S with the lowest 
was 0.87 (95% CI: 0.72 to 1.05; P=0.15) (Section 11.2.3 in Fig. 70).

Fatal myocardial infarction

No prospective cohort studies were identified that provided an estimate of the association 
between P:S and fatal myocardial infarction.
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Total stroke

One study (1 comparison; n=141 cases) assessed the association between dietary P:S and total 
stroke (79). In this study, the RR of higher P:S compared with lower P:S was 1.36 (95% CI: 0.70 to 
2.66) (Section 11.2.4 in Fig. 70).

Haemorrhagic stroke

No prospective cohort studies were identified that provided an estimate of the association 
between P:S and haemorrhagic stroke.

Ischaemic stroke

One study (2 comparisons; n=648 events) assessed the association between dietary P:S and 
ischaemic stroke (61). The summary most-adjusted mvRR comparing the highest P:S with the 
lowest was 1.06 (95% CI: 0.85 to 1.32; P=0.62; I2=0%; Phet=0.48) (Section 11.2.6 in Fig. 70).

 3.13.3 Type 2 diabetes

One study (1 comparison; n=414 cases) assessed the association between dietary P:S and type 2 
diabetes (203). In this one study, the most-adjusted RR, comparing the highest P:S with the lowest 
was 0.91 (95% CI: 0.81 to 1.03; P=0.12) (Fig. 71).

 3.13.4 Breast cancer

Total breast cancer

One study (1 comparison; n=54 cases) assessed the association between dietary P:S and breast 
cancer (without delineating premenopausal from postmenopausal) (103). In this study, the pooled 
mvRR for higher P:S compared with lower was 1.50 (95% CI: 0.77 to 2.93; P=0.23) (Section 11.4.1 
in Fig. 72).

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association between P:S and 
premenopausal breast cancer.

Postmenopausal breast cancer

One study (1 comparison; n=237 cases) assessed the association between P:S and postmenopausal 
breast cancer (114). In this study, the mvRR for higher P:S compared with lower was 1.86 (95% 
CI: 1.13 to 3.07; P=0.01) (Section 11.4.3 in Fig. 72). Assuming linearity, a 0.25-unit increase in 
P:S was associated with a 71% increased risk of breast cancer (mvRR: 1.71; 95% CI: 1.23 to 2.37) 
(Fig. 208).

 3.13.5 GRADE assessment of quality of evidence

For the nine outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between the P:S ratio and health outcomes was very low for all associations (100%). 
Two estimates are at serious risk of bias, two have serious inconsistency and nine have serious 
imprecision (Table 13).

 3.14 Omega-6:omega-3 ratio and health outcomes
 3.14.1 All-cause mortality

Four studies (6 comparisons; n=78 332 deaths) assessed the association of the omega-6:omega-3 
ratio with all-cause mortality (54, 59, 60, 133). In these studies, the pooled mvRR comparing the 
highest omega-6:omega-3 ratio with the lowest was 0.99 (95% CI: 0.96 to 1.01; P=0.41; I2=0%; 
Phet=0.46) (Fig. 73).
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 3.14.2 Cardiovascular diseases

Total CVD

No prospective cohort studies were identified that assessed the association of the omega-
6:omega-3 ratio with total CVD.

Fatal CVD

Three studies (4 comparisons; n=9449 events) assessed the association of the omega-6:omega-3 
ratio with fatal CVD (54, 59, 133). In these studies, the pooled mvRR was 0.94 (95% CI: 0.87 to 
1.02; P=0.15; I2=12%; Phet=0.33; random-effects). The fixed-effect estimate was 0.94 (95% CI: 
0.86 to 1.01; P=0.10) (Section 12.2.1 in Fig. 74).

Fatal CHD

Two studies (2 comparisons; n=1153 events) assessed the association of the omega-6:omega-3 
ratio with fatal CHD (59, 133). In this study, the mvRR was 1.02 (95% CI: 0.80 to 1.29; P=0.89; 
I2=0%; Phet=0.69) (Section 12.2.2 in Fig. 74).

Fatal stroke

One study (1 comparison; n=321 events) assessed the association of the omega-6:omega-3 ratio 
with fatal stroke. In this study, the mvRR was 0.90 (95% CI: 0.63 to 1.28; P=0.56) (Section 12.2.3 
in Fig. 74).

 3.14.3 Type 2 diabetes

Six studies (6 comparisons; n=4766 events) assessed the association of the omega-6:omega-3 
ratio with type 2 diabetes (87, 89, 95, 165, 167, 204). In these studies, the pooled mvRR was 1.02 
(95% CI: 0.90 to 1.16; P=0.74; I2=24%; Phet=0.26) (Fig. 75).

 3.14.4 Depression (omega-3:omega-6)

For this exposure, we report the ratio of n-3 to n-6 fatty acids, because this was the measure 
reported in the studies. Three studies (3 comparisons; n=3433 cases) assessed the association of 
the omega-3:omega-6 ratio with depression (100, 173, 174). In this study, the mvRR was 0.74 (95% 
CI: 0.65 to 0.86; P<0.00001; I2=0%; Phet=0.88) (Fig. 76). Assuming linearity, a 0.1-unit increase in 
the omega-3:omega-6 ratio was associated with a 21% lower risk of depression (mvRR: 0.79; 
95% CI: 0.71 to 0.89) (Fig. 209).

 3.14.5 Cognitive decline

One study (1 comparison; n=598 events) assessed the association of the omega-6:omega-3 
ratio with cognitive decline (98). In this study, the mvRR was 1.25 (95% CI: 1.01 to 1.55; P=0.04) 
(Fig. 77).

 3.14.6 Suicide

One study (2 comparisons; n=298 events) assessed the association of the omega-6:omega-3 ratio 
with suicide (175). In this study, the mvRR was 1.05 (95% CI: 0.63 to 1.74; P = 0.86; I2=27%; Phet 
= 0.24) (Fig. 78a). The fixed-effect estimate was 1.01 (95% CI: 0.67 to 1.62; P = 0.96; I2=27%; Phet 
= 0.24) (Fig. 78b).
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	 3.14.7	 Inflammatory	bowel	disease

Crohn’s disease

One study (1 comparison; n=269 cases) assessed the association between the omega-6:omega-3 
ratio and Crohn’s disease (101). The pooled most-adjusted mvRR comparing the highest omega-
6:omega-3 ratio with the lowest was 1.18 (95% CI: 0.76 to 1.81; P=0.46) (Section 12.7.1 in 
Fig. 79). 

Ulcerative colitis

One study (1 comparison; n=338 cases) assessed the association between the omega-6:omega-3 
ratio and ulcerative colitis (101). The most-adjusted mvRR comparing the highest omega-
6:omega-3 ratio with the lowest was 1.45 (95% CI: 1.02 to 2.05; P=0.04) (Section 12.7.2 in 
Fig. 79). 

 3.14.8 Breast cancer

Total breast cancer

Three studies (3 comparisons; n=1613 events) assessed the association of the omega-6:omgea-3 
ratio with breast cancer (without differentiating premenopausal from postmenopausal onset) 
(107, 177, 180). The pooled mvRR was 1.13 (95% CI: 0.95 to 1.35; P=0.18; I2=0%; Phet=0.61). 

Premenopausal breast cancer

No prospective cohort studies were identified that assessed the association of the omega-
6:omega-3 ratio with premenopausal breast cancer.

Postmenopausal breast cancer

Two studies (2 comparisons; n=707 events) assessed the association of the omega-6:omega-3 
ratio with postmenopausal breast cancer (113, 117). The pooled mvRR was 1.48 (95% CI: 1.13 to 
1.94; P=0.004; I2=0%; Phet=0.92). 

 3.14.9 GRADE assessment of quality of evidence

For the 12 outcomes assessed, the GRADE assessment of the confidence in the estimates of 
association between the omega-6:omega-3 ratio and health outcomes was moderate for one 
outcome (depression) (8.3%), low for three outcomes (all-cause mortality, cognitive decline and 
ulcerative colitis) (25.0%) and very low for eight outcomes (66.7%). One estimate is at serious 
risk of bias, none have serious inconsistency and seven have serious imprecision (Table 14).

 3.15 Replacement of SFA by PUFA

We identified five cohort studies or pooling studies of cohort studies (23, 37, 54, 90, 198) that 
directly modelled the effect on health outcomes of replacing SFA with PUFA. Only one of these 
studies (other than the Farvid meta-analysis) (54) distinguished between omega-3 and omega-6 
fatty acids as the replacement choice. 

 3.15.1 Pooling Project 

The Pooling Project of Cohort Studies on Diet and Coronary Disease (198) had 4–10 years of 
follow-up, with 5249 coronary events and 2155 coronary deaths among 344 696 persons. In this 
project, replacement of 5% of energy intake from SFAs with PUFA was inversely associated with 
risk of coronary events (hazard ratio: 0.87; 95% CI: 0.77, 0.97) and coronary deaths (hazard ratio: 
0.74; 95% CI: 0.61, 0.89).
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 3.15.2 Farvid et al. (2014)

In a large, high-quality systematic review and dose–response meta-analysis of 13 published and 
unpublished cohort studies with 310 602 participants (37), replacement of 5% of energy from 
SFA with LA (an omega-6 PUFA) was associated with a 9% lower risk of CHD events (RR: 0.91; 95% 
CI: 0.87 to 0.96) and a 13% lower risk of CHD deaths (RR: 0.87; 95% CI: 0.82 to 0.94). 

 3.15.3 Wang et al. (2016)

In a 2016 pooled analysis of the NHS and HPFS cohorts (USA; n=126 233 men and women 
consuming about 12%E saturated fat and 6%E PUFA) that superseded the Pooling Project and the 
Farvid et al. (37) meta-analysis, Wang et al. (54) found that substitution of 5% of energy from SFA 
with PUFA was associated with a 27% reduced risk of all-cause mortality (mvRR: 0.73; 95% CI: 
0.70 to 0.77), a 28% reduced risk of cardiovascular mortality (mvRR: 0.72; 95% CI: 0.65 to 0.80), 
a 14% reduced risk of cancer mortality (mvRR: 0.86; 95% CI: 0.79 to 0.84) and a 21% decreased 
risk of neurodegenerative disease mortality (mvRR: 0.79; 95% CI: 0.66 to 0.94). 

Replacement of 2% of energy from SFA with omega-6 PUFA was associated with a 7% reduced risk 
of all-cause mortality (mvRR: 0.93; 95% CI: 0.91 to 0.96), an 11% decreased risk of cardiovascular 
mortality (mvRR: 0.89; 95% CI: 0.85 to 0.94), a 4% reduced risk of cancer mortality (mvRR: 0.96; 
95% CI: 0.92 to 1.00) and a (nonsignificant) 7% increased risk of neurodegenerative disease 
mortality (mvRR: 1.07; 95% CI: 0.98 to 1.16). 

Replacement of 0.3% of energy from SFA with omega-3 PUFA was associated with a 5% reduced 
risk of all-cause mortality (mvRR: 0.95; 95% CI: 0.93 to 0.96), a (nonsignificant) 1% increased 
risk of cardiovascular mortality (mvRR: 1.01; 95% CI: 0.97 to 1.05), a (nonsignificant) 2% 
reduced risk of cancer mortality (mvRR: 0.98; 95% CI: 0.95 to 1.01) and an 18% decreased risk of 
neurodegenerative disease mortality (mvRR: 0.82; 95% CI: 0.76 to 0.88). 

 3.15.4 Salmerón et al. (2001)

The Nurses’ Health Study (90) enrolled 82 204 women aged 34–59 years free from diabetes in 
1980. In that study, replacing 5% of energy from SFAs with PUFA was associated with a 35% 
lower risk (mvRR: 0.65; 95% CI: 0.54 to 0.78) of type 2 diabetes over 14 years of follow-up (2504 
incident cases). 

 3.15.5 Praagman et al. (2016)

In the European Prospective Investigation into Cancer and Nutrition-Netherlands cohort (1587 
cases in 35 193 participants over 12 years of follow-up), replacement of 5% of energy from 
saturated fat with polyunsaturated fat was associated with a 33% increased risk of ischaemic 
heart disease (mvRR: 1.33; 95% CI: 1.11 to 1.60) (23, 77). The authors acknowledge the small 
range of SFA intake (IQR: 13.2–16.6% of energy) at a high mean intake level (15.0% of energy) 
and small range of PUFA intake (IQR: 5.6–7.9% of energy), may have limited the robustness of the 
substitution models. Furthermore, certain PUFA food sources consumed in this study population 
also contained TFA; for example, the most important PUFA source, margarines (17%), also 
provided 9% of the TFA intake.

 3.15.6 Zhuang et al. (2019)

In the NIH-AARP study (129 328 deaths over 16 years) (59), replacement of 5% of energy from 
saturated fat with total, omega-3 or omega-6 PUFA reduces mortality from several causes 
(adapted from Fig. 2 of Zhuang et al 2019 (60)):
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Replace 5% of SFA with

Outcome Total PUFA Omega-3 PUFA Omega-6 PUFA

Total mortality 0.82 (0.81 to 0.84) 0.99 (0.98 to 1.01) 0.92 (0.91 to 0.93)

CVD mortality 0.85 (0.82 to 0.88) 0.98 (0.96 to 1.01) 0.94 (0.92 to 0.96)

Cancer mortality 0.82 (0.79 to 0.85) 1.00 (0.98 to 1.02) 0.92 (0.90 to 0.93)

Respiratory disease mortality 0.77 (0.72 to 0.82) 0.98 (0.94 to 1.02) 0.89 (0.86 to 0.92)

Alzheimer’s disease mortality 0.91 (0.78 to 1.06) 0.88 (0.79 to 0.98) 0.99 (0.91 to 1.08)

Diabetes mortality 0.88 (0.78 to 0.98) 1.07 (1.00 to 1.15) 0.9 (0.86 to 0.97)

	 3.16	 Meta-analyses	of	fish,	walnuts	and	health	outcomes
 3.16.1 Fish and stroke 

Xun et al. (205) meta-analysed 16 studies (19 cohorts), including 402 127 individuals (10 568 
incident cases) with an average 12.8 years of follow-up. Compared with those who never 
consumed fish or ate fish less than once a month, the pooled adjusted hazard ratios of total stroke 
risk were 0.97 (95% CI: 0.87 to 1.08) for those who consumed fish one to three times a month, 
0.86 (0.80 to 0.93) for those who consumed fish once a week, 0.91 (0.85 to 0.98) for those who 
consumed fish two to four times a week and 0.87 (0.79 to 0.96) for those who consumed fish about 
5 times a week (Plinear trend)=0.09; Pnon-linear trend=0.02). Study location was a modifier. An inverse 
association between fish intake and stroke incidence was found only in studies conducted in 
North America. The modest inverse associations were more pronounced with ischaemic stroke; 
they were attenuated with haemorrhagic stroke.

 3.16.2 Fish and type 2 diabetes 

Xun et al. (205) meta-analysed nine eligible studies (12 independent cohorts), including 438 214 
individuals, with an average 11.4-year follow-up. Compared with those who never consumed 
fish or ate fish less than once per month, the pooled RR of incident diabetes was 0.99 (95% 
CI 0.85 to 1.16) for individuals who ate fish five or more times per week (Ptrend=0.80). Similar 
results were found for long-chain omega-3 PUFA intake. Study location was an effect modifier. An 
inverse association between fish intake and diabetes incidence was found by combining studies 
conducted in eastern but not western countries.

 3.16.3 Walnuts and type 2 diabetes 

Pan et al. (206) prospectively followed 58 063 women aged 52–77 years in NHS (1998–2008) 
and 79 893 women aged 35–52 years in NHS II (1999–2009) without diabetes, CVD or cancer 
at baseline. The authors measured dietary intakes every 4 years using a validated FFQ; they 
documented 5930 incidents of type 2 diabetes cases during 10 years of follow-up. In the 
multivariable-adjusted Cox proportional hazards model without body mass index (BMI), 
consumption of walnuts (a source of ALA and LA) (was associated with a lower risk of type 2 
diabetes, and the hazard ratios (95% CIs) for participants consuming one to three servings per 
month (where 1 serving=28 g) were 0.93 (0.88 to 0.99), for those consuming one serving per 
week, 0.81 (0.70 to 0.94) for those consuming two or more servings per week and 0.67 (0.54 to 
0.82) for those who never or rarely consumed walnuts (Ptrend<0.001).

 3.16.4 Fish and CHD mortality 

He at al. (18) meta-analysed 11 studies (13 cohorts), including 222 364 individuals with an 
average 11.8 years of follow-up. Compared with those who never consumed fish or ate fish less 
than once per month, individuals with a higher intake of fish had lower CHD mortality. The pooled 
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multivariate RRs for CHD mortality were 0.89 (95% CI: 0.79 to 1.01) for fish intake one to three 
times per month, 0.85 (95% CI: 0.76 to 0.96) for fish intake once per week, 0.77 (95% CI: 0.66 to 
0.89) for fish intake two to four times per week and 0.62 (95% CI: 0.46 to 0.82) for fish intake five 
or more times per week. Each 20 g/day increase in fish intake was related to a 7% lower risk of 
CHD mortality (Ptrend=0.03).

	 3.16.5	 Prospective	cohort	studies	of	PUFA	and	fish	in	secondary	prevention

Total PUFA

In the EUROASPIRE (European Action on Secondary Prevention through Intervention to Reduce 
Events) prospective cohort study (207), Erkkilä et al. measured dietary intakes via food records 
and the fatty acid composition of serum cholesteryl esters (CEs) in 285 men and 130 women 
with coronary artery disease (CAD) (mean age: 61 years; range: 33–74 years). Participants were 
followed up for 5 years. During the follow-up, 36 patients died, 21 had myocardial infarctions 
and 12 had strokes. The RR of death (n=34) for a 1 standard deviation (SD) (1.7%) increase in 
PUFA was 0.92 (95% CI: 0.64 to 1.31), for CAD death (n=16) it was 0.92 (95% CI: 0.55 to 1.54), for 
CAD death or myocardial infarction (n=34) it was 1.08 (95% CI: 0.78 to 1.51) and for CVD death, 
acute myocardial infarction or stroke it was 1.08 (95% CI: 0.82 to 1.42). Consumption of fish was 
protective against all-cause mortality (mvRR: 0.37; 95% CI: 0.14 to 0.99) and CVD death (mvRR: 
0.45; 95% CI: 0.19 to 1.08), but not for CAD death (mvRR: 0.49; 95% CI: 0.17 to 1.41) (Fig. 78). 

Fish

Two prospective cohort studies (3 comparisons; Fig. 81) (207, 208) assessed the association 
between high intakes of fish in secondary prevention of CHD death in patients with established 
CHD. The pooled estimate from these three studies (92 events) was 0.49 (95% CI: 0.29 to 0.81; 
P=0.005; I2=0%; Phet=0.76).

Long-chain omega-3 fatty acids

Two prospective cohort studies (209, 210) assessed the impact of long-chain omega-3 fatty acids 
in secondary prevention. In the first study, Benedetto et al. followed 2100 patients undergoing 
coronary artery bypass grafting in a tertiary care hospital (209). At discharge, the decision to 
prescribe n-3 PUFA therapy (900 mg EPA+DHA) was at the discretion of the referring cardiologist. 
The treatment reduced all-cause mortality by 44% (mvRR: 0.56; 95% CI: 0.31 to 1.00). Greene et 
al. performed a retrospective observational cohort study including patients from five Italian local 
health units who were discharged from the hospital with a primary diagnosis of acute myocardial 
infarction (210). Of the 11 269 patients enrolled, 2425 patients (21.5%) were prescribed omega-3 
PUFA during follow-up. After adjusting for patient characteristics and concurrent therapies, 
omega-3 PUFA treatment was associated with reduced all-cause mortality (mvHR: 0.75, 95% 
CI 0.59 to 0.97) and recurrent acute myocardial infarction (mvHR: 0.65; 95% CI: 0.49 to 0.87) 
through 12-month follow-up. The pooled estimate of these two studies for all-cause mortality 
(n=1339 events) was 0.72 (95% CI: 0.57 to 0.91; I2=0%, P=0.005).
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 4. Discussion

This systematic review and meta-analysis of prospective cohort studies of PUFA and health 
outcome in adults found that data for health outcomes other than CVD and diabetes have not 
been well studied. The confidence rating for all the reviewed associations ranged from very 
low (77.0%; n=151 assessments) to low (6.1%; n=12 assessments) to moderate (16.8%; n=33 
assessments) (Fig. 82). The methodological quality of the included cohort studies was generally 
high, with more than 85% of included studies rating 7 out of 9 or higher on the NOS (Fig. 1b). 

The most common reason for downgrading the confidence in the body of evidence for associations 
was imprecision, because the CIs for most summary estimates were wide and could not exclude 
a null association. This was not always simply attributable to low sample size, because many 
associations with more than 500 events were imprecise and included an RR of 1.0. It is likely that 
differences in results across studies are due in no small part to differences in comprehensiveness 
of dietary assessment methods, although our meta-regression was probably underpowered 
to detect this. For example, some studies measured diet with a single 24-hour recall, whereas 
others used multiple, updated semiquantitative food frequency questionnaires validated against 
biomarkers and other dietary instruments. When assumed effect sizes are small, as they typically 
are for dietary associations (RR usually from 0.7 to 1.3), power to detect these in the presence of 
measurement error is typically low.

Inconsistency across studies was present in most analyses. Explanations of inconsistency were 
not easy to find, but univariate meta-regression approaches identified study size, study quality 
(for total PUFA and all-cause mortality; and LA and total and fatal CHD), duration of follow-up (for 
total PUFA and all-cause mortality), measurement and appropriate adjustment of TFA (total PUFA 
and all-cause mortality; and long-chain omega-3 and fatal CVD and type 2 diabetes), measurement 
for causal intermediates (e.g. dyslipidaemia for long-chain PUFA and fatal CVD; and hypertension 
for long-chain omega-3 PUFA and type 2 diabetes), and method of dietary assessment (for total 
PUFA and all-cause mortality), dose range (for long-chain omega-3 PUFA and fatal CVD and type 
2 diabetes), per cent of smokers in the study (for long-chain omega-3 and fatal CVD), and country 
of conduct (for long-chain omega-3 and type 2 diabetes) were common predictors that could 
explain 38–91% of the between-study variance across outcomes. Heterogeneity across studies 
for long-chain omega-3 PUFA and fatal CHD was not explained by any study-level attributes.

In cohort studies that have directly modelled substitution effects, replacement of SFA by PUFA 
(with a corresponding increase in P:S ratio) conferred the greatest reduction in CVD risk (198, 
211); although these studies did not distinguish between omega-3 and omega-6 fatty acids as 
the replacement choice. Several intervention studies that have replaced SFA with PUFA achieved 
relatively high P:S ratios (>1.0 to about 2.5) through replacement of SFA with predominantly 
soybean (omega-6 LA) and marine oils (n-3 EPA and DHA from sardines) (212–214). At these 
levels, significant CHD benefits were seen, consistent with the finding that favourable effects of 
diets with reduced SFA on cardiovascular risk may depend on a significant reciprocal increase in 
PFA (215). In a meta-analysis of cohort studies, replacement of 5% of energy from SFA with LA 
(omega-6 PUFA), was associated with a 9% lower risk of CHD events (RR: 0.91; 95% CI: 0.87 to 
0.96 in 13 studies with 310 602 participants) and a 13% lower risk of CHD deaths (RR: 0.87; 95% 
CI: 0.82 to 0.94) (37). A re-analysis of the Sydney Diet Heart Study and updated meta-analysis 
found no benefit, and possible harm, associated with replacement of SFA by LA (HR for CHD death: 
1.33; 95% CI: 0.99 to 1.79 and HR for CVD: 1.27; 95% CI: 0.98 to 1.65) in secondary prevention 
trials (18). However, the re-analysis could not remove intractable methodological problems with 
this study, particularly the non-continuous stay of participants in hospital, which may bias the 
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effect estimate towards the null, and the delay in blood sampling of readmitted participants, 
which may exaggerate the extent of cholesterol-lowering in the intervention group.

On balance, we found that higher intakes of PUFA are either protective or neutral, with respect 
to all-cause mortality and CVDs, consistent with previous meta-analyses. We note some trends 
for higher omega-3 PUFA to be associated with increased risk of type 2 diabetes, and for higher 
omega-6 PUFA to be associated with depression and some types of breast cancer. The reasons for 
these findings are unclear. ARA, a derivative of the omega-6 LA, may induce proinflammatory and 
prothrombotic effects when present in excess, which may promote adverse physiologic changes 
(216, 217). However, in our meta-analysis we found no adverse association of ARA with breast 
cancers. 

The influence of omega-6 fatty acids on depressive symptoms is poorly understood. However, 
studies examining tissue fatty acid composition have demonstrated that dietary omega-6 PUFA 
affect brain lipid content. Dietary omega-6 deficiency decreased omega-6 PUFA levels in the 
brain membranes of piglets, and this decrease was associated with reduced concentrations of 
both dopamine and serotonin (218). Excessive serum levels of ARA and its cascade were first 
implicated in the pathogenesis of affective disorders in 1989 (219), and the net overlapping 
effects of at least three mood stabilizers are decreased turnover of ARA, and decreased brain 
cyclo-oxygenase-2 and prostaglandin E(2) (220).

LA may interact with ALA to produce effects on mood. For example, in a more detailed analysis 
of LA and depression in the Lucas study (173), the impact of high LA was seen only in those 
women who also consumed high levels of ALA. Therefore, LA might not have a direct detrimental 
effect on depression, but rather through a potential biological interaction with ALA. However, an 
adverse effect of LA intake on risk of depression in susceptible individuals cannot be excluded. A 
high dietary omega-6:omega-3 ratio associated with increased risk of depression has been often 
reported (221), but most reports only reflect the results derived from the inverse associations of 
long-chain omega-3 PUFA with the risk of depression. Wolfe and colleagues observed a positive 
association between dietary omega-6 PUFA intake (and corresponding blood levels) and risk of 
severe depression (193). Furthermore, data from a cross-sectional study in pregnant Brazilian 
women found that high serum levels of omega-6 PUFA were associated with a greater likelihood 
of depression (222).

This review has several strengths. First, the confidence in the estimates was assessed using 
GRADE, to facilitate guideline development. Second, studies were identified via a systematic 
search of the literature, augmented with manual searches of reference lists of published papers 
and systematic reviews. Third, the quantitative synthesis was focused on studies measuring 
comparable outcomes using similar designs, reducing methodological heterogeneity. Fourth, our 
data are largely consistent with randomized trials of duration 6 months to 5 years, which, under 
more tightly controlled conditions, show about a 20% reduced risk of CHD in those assigned to 
diets high in fish or supplemented with fish oil or PUFA (38).

This review has important limitations related to evidence synthesis and quality. First, meta-
analytic techniques depend on the availability of effect estimates that are conceptually similar 
and can be combined across studies. If such estimates are not available, the ability to pool all 
available and relevant data in a meaningful way is compromised, and the pooled estimate of 
effect may be suboptimal. Second, observational studies cannot provide causal evidence of 
an effect of PUFA on the development of health outcomes addressed, they can only describe 
associations. Third, measurement error is often serious in epidemiologic studies of diet and 
disease, which may bias such associations towards the null. Fourth, methodological limitations of 
original studies cannot be overcome with meta-analytic techniques. The risk-of-bias assessments 
(Newcastle-Ottawa Scale evaluations) of the included studies appear in Table 2 and in the 
footnotes to the GRADE tables. These include unrepresentative cohorts or a vaguely defined 
cohort sampling frame; misclassification of exposure due to inaccurate measurement tools 
(selection and exposure measurement biases); failure to account for major confounders such as 

4. Discussion
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age, socioeconomic status, smoking, total energy, or family history (non-comparability biases); 
lack of validated outcome measures; or insufficient study duration to observe a high number of 
events (outcome assessment biases). Finally, random error or the inability to distinguish PUFA 
from TFA may attenuate the observed associations with health outcomes, suggesting that the 
true effect of consuming these nutrients may be larger than reported. This error may arise from 
several sources, including residual confounding, recall bias and exposure misclassification. The 
reviewed studies typically relied on FFQs, 24-hour recalls or 7-day food records, each of which 
have serious limitations in their ability to accurately capture long-term dietary fat intake. 

On balance, higher intakes of PUFA are associated with reduced risks of all-cause and 
cardiovascular mortality, but the quality of the evidence is mostly very low. The benefits of 
dietary omega-3 fatty acids, largely from fish and seafood in these cohorts, appear to be specific 
for CVDs, but few observational studies have directly observed or otherwise modeled the effects 
on health outcomes of replacing SFA or TFA with PUFA. The interactions between different types 
of PUFA require further research.
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Table 2. Summary of newcastle-Ottawa Scale ratings of included prospective cohort studies

REFEREnCE 

ASSESSMEnT ITEM GROUP

COMMEnTS 

SELECTIOn OF 
STUDy GROUPS 
(MAx. SCORE 4)

COMPARABILITy 
OF STUDy 
GROUPS  

(MAx. SCORE 2)

OUTCOME OF 
InTEREST  

(MAx. SCORE 3)
TOTAL  

(MAx. SCORE 9)

Akbaraly et al. 2011 
(57)

4 2 2 8 Whitehall II Study; registry deaths only

Albert et al. 2002 
(1)

4 1 3 8 Blood levels; Physicians’ Health Study; no 
adjustment for total energy

Alhazmi et al. 2014 
(2)

4 1 1 6 Did not control for family history; self-report 
of diabetes only with 70% confirmation in a 
subset; attrition rate unclear

Amiano et al. 2014 
(58)

4 2 3 9 EPIC-Spain (55–60% participation); 
10.4 years follow-up; cases validated by 
study team review

Ananthakrishnan et 
al. 2014 (59)

4 2 3 9 NHS I and II; adjusted for aspirin and NSAID 
use

Ascherio et al. 
1996 (60)

4 1 2 7 HPFS; no adjustment for socioeconomic 
status 

Bassett 2016 et 
al. (3)

4 2 3 9 Excluded women with any existing cancers, 
validated FFQ; no TFA; medical records 
review, 8.9 years follow-up 

Bell 2014 et al. (61) 4 2 3 9 VITAL cohort; FFQ validated; excluded people 
with malabsorptive syndromes; registry 
cases adjudicated by study team; 4–6 years 
follow-up

Brostow et al. 2011 
(5)

4 2 3 9 Singapore Chinese Health Study, population 
recruitment; validated FFQ; some had CHD 
at baseline (about 3–5%) but estimates for 
those without diagnosis at baseline; registry 
for deaths but “virtually complete”

Brouwer et al. 2006 
(6)

4 1 3 8 Rotterdam Study; response rate 78% (from 
all 10 275 inhabitants of Omoord, suburb of 
Rotterdam); adjusted for age, sex, education, 
energy, vitamin E; mean age 68 years; 6 years 
follow-up

Byrne et al. 2002 
(7)

4 2 3 9 NHS I

Chan et al. 2014 
(62)

4 1 3 8 EPIC-Europe; 11 countries; all FFQ validation 
was country specific; did not adjust for 
NSAID use, ethnicity, aspirin use; 6–13 years 
follow-up

Chiuve et al. 2012 
(63)

4 2 3 9 NHS; selecting one profession helps 
homogenize SES

Chiuve et al. 2015 
(8)

4 2 3 9 NHS; selecting one profession helps 
homogenize SES

Cho et al. 2003 (64) 4 2 3 9 NHS II; 8 years follow-up; validated FFQ

Colangelo et al. 
2009 (65)

4 1 2 7 Coronary Artery Risk Development in Young 
Adults study; validated and reliable FFQ; 
adjusted for some but not all important 
confounders; Center for Epidemiological 
Studies – Depression scale; large proportion 
excluded (1798/5500) because of no diet 
data at year 10; 20 years follow-up

De Goede et al. 
2011 (66)

4 2 3 9 Monitoring Project on Risk Factors 
for Chronic Diseases Study; validated 
FFQ published; validated probabilistic 
determinant model for cause of death (+1); 
8–13 years follow-up
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De Goede et al. 
2012 (67)

4 2 3 9 Monitoring Project on Risk Factors 
for Chronic Diseases Study; validated 
FFQ published; validated probabilistic 
determinant model for cause of death (+1); 
8–13 years follow-up

Dijkstra et al. 2009 
(68)

4 1 3 8 Rotterdam Study; response rate 78% (from 
all 10 275 inhabitants of Omoord, suburb of 
Rotterdam); adjusted for age, sex, education, 
energy, vitamin E; mean age 68 years; 
followed for 6 years

Djoussé et al. 2011 
(10)

4 2 2 8 WHS; 12.4 years follow-up; good adjustment 
for covariates, validation of cases by 
interview; no reports on attrition

Dolocek et al. 1992 
(69)

4 1 2 7 24-hour recall (x 4); 10.5 years follow-up; no 
description of dropouts; independent coding 
of deaths; no adjustment for total energy

Englehart et al. 
2012 (Rotterdam) 
(70)

4 1 3 8 Rotterdam Study; response rate 78% (from 
all 10 275 inhabitants of Omoord, suburb of 
Rotterdam); adjusted for age, sex, education, 
energy, vitamin E; mean age 68 years; 6 year 
follow-up

Esrey et al. 1996 
(71)

3 0 2 5 No adjustment for socioeconomic status; no 
family history; attrition

Fehily et al. 1994 
(15)

4 0 3 7 Had ischaemic heart disease at baseline; no 
adjustment for socioeconomic status, family 
history or energy; 5.6% died before 5-year 
visit or were lost to attrition

Folsom et al. 2004 
(72)

4 2 1 7 Confirmed cases with interview or survey; 
unclear dropout

Fretts et al. 2014 
(73)

4 1 3 8 Did not adjust for total energy intake; 
9.3 years follow-up

Gago-Dominguez 
et al. 2003 (74)

4 1 2 7 No adjustment for total energy; cases from 
registry only (no confirmation)

Gao et al. 2011 (17) 4 0 2 6 Singapore Longitudinal Aging Studies (78% 
response); supplement users (validated by 
producing supplements); little adjustment; 
cognitive decline over 1.5 years; high LTFU 
(n=889/1475)

Gillman et al. 1997 
(75)

4 0 3 7 24-hour recall, but validated; no adjustment 
for family history; <2% attrition

Gronroos et al. 
2012 (18)

4 2 3 9 Atherosclerosis Risk in Communities study; 
hospital discharge codes validated (positive 
predictive value = 89%); 17.6 years follow-
up; validated FFQ

Harding et al. 2004 
(21)

4 1 3 8 Did not adjust for socioeconomic status

Hart et al. 2008 
(76)

4 0 2 6 Country-specific validated FFQ; doctor 
confirmed diagnosis of registry-identified 
cases; no description of follow-up; no 
matching for smoking or socioeconomic 
status; no adjustment for energy, or aspirin 
or NSAID use

He et al. 2003 (77) 4 1 2 7 HPFS cohort; no adjustment for family 
history

Holmes et al. 1999 
(78)

4 2 3 9 NHS I; adjusted for postmenopausal hormone 
use, height, weight

Hu et al. 1999 (79) 4 1 2 7 NHS cohort; no adjustment for 
socioeconomic status 
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Hu et al. 2002 (22) 4 2 3 9 NHS cohort; no adjustment for 
socioeconomic status; 16 years follow-up

Inflammatory 
Bowel Disease 
in EPIC Study 
Investigators et al. 
2009 (80)

4 1 3 8 Inflammatory Bowel Disease in EPIC study; 
validated FFQ; not fully adjusted

Iso et al. 2006 (81) 4 2 2 8 Japan Public Health Center-Based 
Study (population-based sample; 80% 
participation rate); FFQ validated and 
reproducible; 11 years follow-up; no details 
of LTFU

Jakobsen et al. 
2004 (24)

4 2 2 8 Excluded people with diabetes; 
socioeconomic status data from record 
linkage only

Jarvinen et al. 2006 
(82)

4 1 2 7 20 years follow-up; random sample of men 
and women; registry deaths and people who 
died abroad; validated diet interview with 
26 questions about fish; no adjustment for 
family history; dropout rate unclear

John et al. 2010 
(83)

4 1 2 7 7-day food diaries, validated with 16-day 
weighted food records, biomarkers; registry 
cases reviewed by study gastroenterologist; 
age-matched (prospective case–control); 
adjusted for energy, smoking, other fats; 
4.2 years follow-up (short)

Joensen et al. 2010 
(84)

4 1 3 8 Danish Diet, Cancer, and Health study; 
validated FFQ; no adjustment for total 
energy; 7.6 years follow-up

Kalmijn et al. (ZES]) 
1997 (85) 

3 2 1 6 ZES (74% response rate to initial invitation); 
detailed dietary interview; 32% cognitively 
impaired in 1990 but this study measured 
cognitive decline; cognitive status assessed 
by trained research assistants; 3 years 
follow-up in very old men; 342/476 (29%) 
had follow-up information

Kalmijn et al. 
(Rotterdam) 1997 
(86)

4 1 3 8 Rotterdam Study; response rate 78% (from 
all 10 275 inhabitants of Omoord, suburb of 
Rotterdam); adjusted for age, sex, education, 
energy, vitamin E; mean age 68 years; 6 years 
follow-up

Kamphuis et al. 
2006 (87)

4 2 3 9 10 years follow-up; ZES population-based 
prospective cohort study of healthy elderly 
men; no LTFU

Kaushik et al. 2009 
(88)

4 2 3 9 NHS I, NHS II, HPFS

Kim et al. 2006 (89) 4 2 3 9 20 years follow-up

Koh et al. 2015 (90) 4 2 3 9 Singapore Chinese Health Study, population 
recruitment; validated FFQ; some had CHD 
at baseline (about 3–5%) but estimates were 
made for participants without diagnosis 
at baseline; registry for deaths “virtually 
complete”

Knekt et al. 1990 
(91)

4 1 2 7 Enrolled women had no previous cancer; 
diet history method was good, with a 
reproducibility study; only adjusted for 
age; 20 years follow-up and histological 
confirmation of registry-identified cases; no 
dropout description
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Kushi et al. 1985 
(27)

2 0 3 5 Diet history; unclear if free from CHD at 
baseline; no adjustment for socioeconomic 
status or energy

Kushi et al. 1992 
(92)

4 1 3 8 Iowa Womens’ Health Study; detailed LTFU 
data

Laaksonen et al. 
2005 (93)

4 2 3 9 Random, age-stratified sample from Eastern 
Finland; coefficient of variation 5%, 4-day 
diet records; validated deaths; no attrition

Leosdottir et al. 
2005 (94)

4 1 2 7 No adjustment for family history

Leosdottir et al. 
2007 (95)

4 1 2 7 No adjustment for family history

Li et al. 2015 (96) 4 2 3 9 NHS, HPFS

Linos et al. 2010 
(97)

4 2 3 9 NHS

Lof et al. 2007 (98) 4 2 2 8 No description of LTFU

Lopez et al. 2011 
(32)

4 1 3 8 Rancho Bernardo Study; adjusted for age, 
sex, history of stroke, and education

Lucas et al. 2011 
(99)

4 2 3 9 NHS; 10 years follow-up

Meyer et al. 2001 
(33)

4 1 1 6 Iowa Women’s Health Study; self-reports 
of diabetes and validation substudy 
showed 36% over-reported diabetes 
(poor specificity a threat to validity); no 
adjustment for family history 

Miyagawa et al. 
2014 (100)

4 1 2 7 Japan, NIPPON DATA80 study; 24 years 
follow-up; 3-day weighted food records; did 
not adjust for total energy; record linkage 
only; LTFU described

Morris et al. 1995 
(101)

4 1 2 7 Physicians’ Health Study; validated and 
reproducible for fish specifically; did 
not adjust for total energy; all endpoints 
reviewed by study physician; 4 years follow-
up (>99.7%)

Morris et al. 2003 
(34)

4 1 3 8 Chicago Health and Aging Project; 74% 
participation; residents of south-side 
Chicago; no Alzheimer’s disease at baseline; 
3.9 years follow-up in participants aged 
65–94; follow-up complete; adjusted for age 
and education but not baseline score or total 
energy

Mozaffarian et al. 
2003 (35)

4 1 3 8 Did not adjust for total energy intake; 
9.3 years follow-up

Murff et al. 2011 
(102)

4 2 3 9 SWHS; 92% response; 8.9 years follow-up, 
high follow-up rate (>97%); cases found in 
registry verified by hospital chart review

Nagata et al. 2012 
(103)

4 2 3 9 Takayama Study; validated semiquantitative 
FFQ (Standard Tables of Food Composition 
in Japan)

Oh et al. 2005 (104) 4 1 2 7 NHS cohort; no adjustment for 
socioeconomic status 

Oomen et al. 2001 
(105)

3 2 1 6 ZES population-based prospective cohort 
of healthy elderly men; 10 years follow-up; 
no LTFU

Owen et al. 2016 
(36)

4 2 2 8 12.6 years follow-up; mortality data only, 
adjusted for age, sex and total energy; 
registry data only; validated FFQ
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Park et al. 2012 
(106)

4 2 2 9 Multiethnic cohort; 14 years follow-up; 
validated FFQ; cases from registry only, not 
reviewed

Patel et al. 2010 
(37)

4 1 1 6 Adjusted for age, family history and smoking; 
data on participation rate and dropout not 
clear

Pietinen et al. 1997 
(38)

4 1 3 8 Finnish Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Study; no family history 
data collected, acknowledged as a limitation

Posner et al. 1991 
(107)

4 1 3 8 24-hour recall but validated; no adjustment 
for family history; <2% attrition

Poudel-Tandukar et 
al. 2011 (108)

4 2 2 8 Japan Public Health Center-Based Study, 
population-based sample, 80% participation 
rate; FFQ validated and reproducible; 11 
years follow-up; no details of LTFU

Salmeron et al. 
2001 (109)

4 1 3 8 NHS cohort; no adjustment for 
socioeconomic status 

Sanchez-Villegas et 
al. 2007 (41)

4 0 3 7 Excluded depression at baseline; self-
reported depression but self-report 
validated against doctor diagnosis in 
subsample; university graduates; no 
adjustment for socioeconomic status or 
family history of depression

Sauvaget et al. 
2004 (110)

1 2 2 5 Atomic bomb survivors; used only 1-day 
diary but well trained in its use; unclear if all 
participants free of cardiovascular disease at 
baseline; used death certificates only

Schaefer et al. 
2006 (111)

4 1 2 7 Framingham Heart Study; dementia 
diagnosed according to Diagnostic and 
Statistical Manual IV; validated FFQ; 4 years 
follow-up; excluded dementia before 20th 
examination

Sczaniecka et al. 
2012 (112)

4 2 3 9 Excluded breast cancer at baseline and in 
pre- or perimenopausal women; LTFU <1%

Sanchez-Villegas et 
al. 2011 (42)

4 0 3 7 Excluded depression at baseline; self-
reported depression but self-report 
validated against doctor diagnosis in 
subsample; university graduates; no 
adjustment for socioeconomic status or 
family history of depression

Schulze et al. 2008 
(113)

4 1 3 8 EPIC-Potsdam; validated FFQ; response 
>90%; self-report confirmed by family 
doctor; no adjustment for family history

Seino et al. 1997 
(114)

4 0 3 7 Validated FFQ; all Japanese people >40 years 
eligible; no adjustment for smoking, 
socioeconomic status or family history

Shekelle et al. 1981 
(115)

3 0 3 6 Dietary history not validated; did not control 
for family history, socioeconomic status or 
total energy intake

Shen et al. 2011 
(43)

4 1 2 7 Framingham Heart Study; atrial fibrillation 
validated by study cardiologists who 
reviewed and classified all available 
electrocardiograms from study clinic and 
outside records; validated FFQ; 4 years 
follow-up

Simila et al. 2012 
(116)

4 1 3 8 Finnish Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Study; no family history 
data collected
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Solfrizzi et al. 2005 
(117)

4 0 3 7 Italian Longitudinal Study on Aging; elderly 
cohort; no adjustment for energy or TFA

Solfrizzi et al. 2006 
(45)

4 0 3 7 Italian Longitudinal Study on Aging; elderly 
cohort; no adjustment for energy or TFA 

Sonestedt et al. 
2007 (46)

4 1 1 6 Malmö Diet and Cancer study; validated 
semiquantitative FFQ; adjustment for total 
energy and age only; 9.5 years follow-up; no 
description of attrition; registry link only

Song et al. 2004 
(118)

4 2 3 9 Representative sample; long follow-up; 
validated exposures and outcomes

Streppel et al. 2008 
(119)

4 2 2 8 Dietary cross-check; validated; 40 years 
follow-up; no details on follow-up

Strom et al. 2012 
(47)

4 1 1 6 Danish National Birth Cohort; pregnant 
women only; registry deaths only; 8 years 
follow-up; no description of dropouts; did 
not control for family history

Takata et al. 2013 
(120) 

4 2 2 8 SMHS and SWHS; death certificates only; 
92–94% follow-up and 12 years follow-up

Thiebaut et al. 
2007 (121)

4 1 1 6 National Institutes of Health American 
Association of Retired Persons Diet and 
Health Study Diet and Health Study; 
4.4 years follow-up; valid and reproducible 
FFQ; cases through registry linkage only; did 
not adjust for height or family history

Van Dam et al. 
2002 (48)

4 1 2 7 HPFS cohort; no adjustment for family 
history 

Van den Brandt et 
al. 1993 (122)

4 1 1 6 Case–cohort study (3500 of 120 700 men 
and women aged 55–69) in The Netherlands 
(population); registry cases only; did not 
adjust for postmenopausal hormone use; 
3.3 years follow-up only

Van Woudenbergh 
et al. 2009 (122)

4 1 3 8 Rotterdam Study; response rate 78% (from 
all 10 275 inhabitants of Omoord, suburb of 
Rotterdam); adjusted for age, sex, education, 
energy, vitamin E; mean age 68 years; 6-year 
follow-up

Vedtofte et al. 
2011 (123)

4 2 3 9 Glostrup Population Studies (1914, 
Monitoring of Trends and Determinants in 
Cardiovascular Disease I and III); those with 
previous CHD excluded; validation studies of 
events published and good; 23 years follow-
up; no adjustment for TFA

Velie et al. 2000 
(50)

4 2 3 9 Breast Cancer Detection Demonstration 
Project; validated block FFQ; 5.3 years 
follow-up

Vercambre et al. 
2010 (51)

4 2 3 9 Etude Epidémiologique auprès de Femmes 
de la Mutuelle Générale de l’Éducation 
Nationale; no TFA

Virtanen et al. 
2008 (52)

4 2 3 9 NHS I and II

Virtanen et al. 
2009 (124)

3 1 3 7 Kuopio Ischemic Heart Disease Study; serum 
measures only; no adjustment for diet; linked 
data reviewed by study physician; 17.7 years; 
only 3 people LTFU

Virtanen et al. 2014 
(125)

4 2 2 8 Kuopio Ischemic Heart Disease Study; serum 
and diet measures; no adjustment for total 
energy; linked data reviewed by study 
physician; 19.3 years; only 3 people LTFU
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Villegas et al. 2011 
(126)

4 2 2 8 SWHS, SMHS; response 92% from women, 
75% from men; high follow-up (>97%); 
cases self-reported. “Confirmed” if case 
also met at least 1 of the American Diabetes 
Association criteria (i.e. 2-hour post-oral 
glucose tolerance test glucose >11.1 mmol/L; 
fasting glucose ≥7.0 mmol/L on 2 separate 
occasions; use of hypoglycemic medications 
or insulin). Limiting to only confirmed cases 
did not change the result; follow-up for 
SMHS 4.1 years, SWHS 8.9 years

Villegas et al. 2015 
(127)

4 2 2 8 Southern Community Cohort Study; 5.5 years 
follow-up; lower socioeconomic status; 
validated for antioxidants; link to National 
Death Index only

Voorrips et al. 2002 
(128)

4 2 2 8 Netherlands Cohort Study on Diet and 
Cancer; validated FFQ; excluded prevalent 
cancers; no adjustment for postmenopausal 
hormone use (but adjusted for age of 
menarche, menopause, etc.); registry cases 
only; no LTFU

Wakai et al. 2005 
(129)

4 2 3 9 Documented follow-up; FFQ validated

Wakai et al. 2014 
(130)

4 2 2 8 Response rate 83%

Wallstrom et al. 
2012 (131)

4 2 2 8 Population-based, men and women living 
in Malmö born 1923–1950 and living there 
in 1991–1996; validated FFQ; <1% LTFU; 
medical record review for cases

Wang et al. 2016 
(132)

4 2 3 9 NHS and HPFS; selecting one profession 
helps to homogenize socioeconomic status

Wiberg et al. 2006 
(54)

3 0 2 5 All men residing in Uppsala County 
eligible (82% participation); no reliability 
measures for fatty acids; no adjustment for 
socioeconomic status, family history, energy; 
no independent adjudication

Wirfalt et al. 2002 
(133)

4 1 1 6 Case–control study (but prospective 
exposure); did not control for family history; 
registry cases only; follow-up may be as 
low as 3 years for those recruited in 1996 
(through 1999)

Wolfe et al. 2009 
(134)

3 1 3 7 National Health and Nutrition Examination 
Survey I Epidemiologic Follow-up Study; 
10 years follow-up; 1 single 24-hour recall; 
incomplete adjustment

Wolk et al. 1998 
(135)

4 2 2 8 Validated FFQ; histologically confirmed 
cases; no description of dropouts

Xu et al. 2006 (136) 3 1 3 7 Strong Heart Study cohort; single 24-hour 
dietary recall; no socioeconomic status data

Yaemsiri et al. 2012 
(137)

4 1 3 8 No adjustment for family history 

Yamagishi et al. 
2008 (138)

4 1 2 7 Japan Collaborative Cohort Study for 
Evaluation of Cancer Risk; 12.7 years follow-
up; FFQ validated; all death certificates 
reviewed (mandatory report) but unclear 
how data collected if death occurred outside 
Japan
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Yuan et al. 2001 
(139)

4 2 3 9 Shanghai; FFQ validated well; no data 
collected on history of cancer; 99% 
complete follow-up, LTFU described; no 
adjustment for follow-up but did adjust for 
risk factors; 12 years follow-up

Zhang et al, 2019 
(CHNS) (140)

4 1 2 7 Did not adjust for family history; no 
description of follow-up

Zhang et al, 2018 
(NIH-AARP) (141)

4 2 2 8 validated 124-item semiquantitative FFQ; 
record linkage only- no clear adjudication

Zheng et al., 2019 
(142)

4 2 2 8 Described loss-to-follow up; 85% follow-up 
rate

Zhuang et al., 2019 
(CNHS/NHANES) 
(143)

4 2 2 8 CHNS: daily interview + weighed FR; 
NHANES: 24-h recall (1 day); only self-report 
in CHNS; record linkage in NHANES

Zhuang et al., 2019 
(NIH-AARP) 

4 2 2 8 validated 124-item SQFFQ; recond linkage 
only- no clear adjudication

Zong et al., 2019 
(144)

4 2 2 8 NHS and HPFS; selecting one profession 
helps to homogenize SES; this publication 
did not report reasons for loss-to-follow up

A: atomic; BMI: body mass index; CHD: coronary heart disease; EPIC: European Prospective Investigation into Cancer and 
Nutrition; FFQ: food frequency questionnaire; HPFS: Health Professionals Follow-up Study; IWHS: Iowa Women’s Health 
Study; LTFU: loss to-follow-up; max.: maximum; NHS: Nurses’ Health Study; NIPPON DATA: The National Integrated Project for 
Prospective Observation of Non-communicable Disease and its Trends in the Aged; NSAID: nonsteroidal anti-inflammatory 
drug; SES: socioeconomic status; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; TFA: trans-
fatty acids; VITAL: Vitamins and Lifestyle Study; WHS: Women’s Health Study; ZES: Zutphen Elderly Study.
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Table 15. Distribution of directly reported background (average) PUFA intakes across studies

PUFA TyPE STUDIES (n) MEAn SD MEDIAn 25TH QUARTILE 75TH QUARTILE

Total PUFA 

% energy 68 5.7 1.0 5.9 5.4 6.4

g 52 12.3 3.1 12.6 10.6 14.5

Total n-3 

% energy

g 36 1.3 0.7 1.3 1.0 1.6

Long-chain n-3

% energy 14 0.2 0.1 0.2 0.1 0.3

g 61 0.316 0.234 0.286 0.140 0.425

EPA

% energy 2 0.04 0.02 0.04 0.03 0.05

g 35 0.123 0.102 0.079 0.046 0.178

DHA

% energy 2 0.09 0.04 0.09 0.06 0.12

g 37 0.216 0.188 0.132 0.086 0.300

ALA

% energy 14 0.6 0.2 0.5 0.5 0.6

g 36 1.3 0.3 1.2 1.0 1.5

Total n-6

% energy

g 29 10.2 2.6 10.4 8.4 12.2

LA

% energy 25 5.1 1.2 5.1 4.6 5.6

g 29 11.2 3.7 10.7 9.9 13.0

ARA

% energy 19 0.13 0.05 0.12 0.09 0.17

g 8 0.07 0.01 0.08 0.07 0.08

n-6:n-3 

Ratio 19 10.0 12.3 7.6 5.9 9.0

ALA: alpha-linolenic acid; ARA: arachidonic acid; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; LA: linoleic acid; PUFA: 
polyunsaturated fatty acids; SD: standard deviation.
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Fig.	1a.	 PRISMA	2009	flow	diagram	(Moher	et	al.,	2009)	

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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NOS: Newcastle-Ottawa Scale.

Fig. 1b. Summary of nOS ratings on each domain and summary score

3	  

	  	  

NOS:	  Newcastle-‐Ottawa	  Scale.	  

Fig.	  1b.	  Summary	  of	  NOS	  ratings	  on	  each	  domain	  and	  summary	  score	  
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Fig.	2.	 Pooled	most-adjusted	(random-effects)	RR	of	total	PUFA	and	all-cause	mortality	in	
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Fig.	3.		 Pooled	most-adjusted	(random-effects)	RR	of	total	PUFA	and	CVD	in	primary	
prevention (n=48 unique estimates)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; F: female; ge: 
greater than or equal to; HPFS: Health Professionals Follow-up Study; IV: inverse variance; lt: less than; M: male; NHS I: 
Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health 
Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women; y: years.
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Fig.	4.		 Pooled	most-adjusted	(random-effects)	RR	of	total	PUFA	and	type	2	diabetes	
(n=10 unique estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error.
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Fig. 5.  Pooled most-adjusted RR of total PUFA and dementia (n=1 unique estimate)

CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig.	6a.		 Pooled	most-adjusted	(random-effects)	RR	of	total	PUFA	and	cognitive	decline	 
(n=2 unique estimates)

CI: confidence interval; df: degrees of freedom; ILSA: Italian Longitudinal Study on Aging; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig.	6b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	total	PUFA	and	cognitive	decline	 
(n=2 unique estimates)

CI: confidence interval; df: degrees of freedom; ILSA: Italian Longitudinal Study on Aging; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig.	7a.		 Pooled	most-adjusted	(random-effects)	RR	of	total	PUFA	and	depression	(n=2 unique 
estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	7b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	total	PUFA	and	depression	(n=2 unique 
estimates)
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CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.

Fig.	8.		 Pooled	most-adjusted	RR	of	total	PUFA	and	inflammatory	bowel	disease	(n=3 unique 
estimates)
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CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 9.  Pooled most-adjusted RR of total PUFA and breast cancer (n=18 unique estimates)
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BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PostM: postmenopausal; PreM: 
premenopausal; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error.

Fig. 10.  Pooled most-adjusted RR of omega-3 PUFA and all-cause mortality  
(n=11 unique estimates)

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; F: female; HPFS: Health 
Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination Survey; 
NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and 
Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women.
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Fig. 11.  Pooled most-adjusted RR of omega-3 PUFA and CvD (n=24 unique estimates)
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Fig. 11  (cont’d). Pooled most-adjusted RR of omega-3 PUFA and CvD (n=24 unique estimates)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; F: female; 
HPFS: Health Professionals Follow-up Study; IV: inverse variance; M: male; MI: myocardial infarction; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American 
Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; 
W: women.
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CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error; W: women. 

Fig. 12.  Pooled most-adjusted RR of omega-3 PUFA and type 2 diabetes (n=6 unique estimates)
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CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error; ZES: Zutphen Elderly Study.

Fig.	13a.		 Pooled	most-adjusted	(random-effects)	RR	of	omega-3	PUFA	and	dementia	(n=3 unique 
estimates)
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Fig.	13b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	omega-3	PUFA	and	dementia	(n=3 unique 
estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error; ZES: Zutphen Elderly Study.
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Fig. 14.  Pooled most-adjusted RR of omega-3 PUFA and cognitive decline (n=1 unique 
estimate)

CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	15a.	 	Pooled	most-adjusted	(random-effects)	RR	of	omega-3	PUFA	and	depression	
(n=3 unique estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	15b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	omega-3	PUFA	and	depression	(n=3 unique 
estimates) 

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	16a.		 Pooled	most-adjusted	(random-effects)	RR	of	omega-3	PUFA	and	inflammatory	bowel	
disease (n=2 unique estimates) 

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	16b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	omega-3	PUFA	and	inflammatory	bowel	
disease (n=2 unique estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	17a.		 Pooled	most-adjusted	(random-effects)	RR	of	omega-3	PUFA	and	breast	cancer	(n=5 
unique estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	17b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	omega-3	PUFA	and	breast	cancer	
(n=5 unique estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 18.  Pooled most-adjusted RR of long-chain omega-3 PUFA and all-cause mortality (n=15 
unique estimates)

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals 
Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ 
Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; 
PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 19.  Pooled most-adjusted RR of long-chain omega-3 PUFA and CvD (n=49 studies)
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Fig. 19  (cont’d). Pooled most-adjusted RR of long-chain omega-3 PUFA and CvD (n=49 studies) 
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Fig. 20.  Pooled most-adjusted RR of long-chain omega-3 PUFA and type 2 diabetes 
(n=16 studies)

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals 
Follow-up Study; IV: inverse variance; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-
Con: Prevención con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; W: women. 
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Fig.	21a.		 Pooled	most-adjusted	(random-effects)	RR	of	long-chain	omega-3	PUFA	and	cognitive	
decline (n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	21b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	long-chain	omega-3	PUFA	and	cognitive	
decline (n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 22.  Pooled most-adjusted RR of long-chain omega-3 PUFA and depression (n=4 unique 
estimates)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig.	23a.		 Pooled	most-adjusted	(random-effects)	RR	of	long-chain	omega-3	PUFA	and	suicide	
(n=2 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig.	23b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	long-chain	omega-3	PUFA	and	suicide	(n=2 
studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig.	24a.		 Pooled	most-adjusted	(random-effects)	RR	of	long-chain	omega-3	PUFA	and	
inflammatory	bowel	disease	(n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	24b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	long-chain	omega-3	PUFA	and	inflammatory	
bowel disease (n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 25.  Pooled most-adjusted RR of long-chain omega-3 PUFA and breast cancer (n=9 studies)

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PostM: postmenopausal; PreM: 
premenopausal; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 

Fig.	26a.		 Pooled	most-adjusted	(random-effects)	RR	of	EPA	and	all-cause	mortality	(n=2 unique 
estimates)

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error.
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Fig.	26b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	EPA	and	all-cause	mortality	(n=2 unique 
estimates)

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error.
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Fig. 27.  Pooled most-adjusted RR of EPA and CvD (n=11 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; EPA: 
eicosapentaenoic acid; IV: inverse variance; M: male; MI: myocardial infarction; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig. 28.  Pooled most-adjusted RR of EPA and type 2 diabetes (n=4 studies)

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error.
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Fig. 29.  Pooled most-adjusted RR of EPA and dementia (n=1 study)

CI: confidence interval; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; 
SE: standard error.
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Fig.	30a.		 Pooled	most-adjusted	(random-effects)	RR	of	EPA	and	suicide	(n=2 studies)

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig.	30b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	EPA	and	suicide	(n=2 studies) 

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 

Study or Subgroup
Poudel-Tandukar [M] 2011
Poudel-Tandukar [W] 2011

Total (95% CI)
Heterogeneity: Chi² = 0.62, df = 1 (P = 0.43); I² = 0%
Test for overall effect: Z = 0.50 (P = 0.62)

log[Risk Ratio]
0.198851
-0.16252

SE
0.237039
0.391565

Total
213
85

298

Total
47138
54071

101209

Weight
73.2%
26.8%

100.0%

IV, Fixed, 95% CI
1.22 [0.77, 1.94]
0.85 [0.39, 1.83]

1.11 [0.74, 1.65]

Year
2011
2011

Cases Control Risk Ratio Risk Ratio
IV, Fixed, 95% CI

0.2 0.5 1 2 5
PUFA Protective PUFA Harmful



196 Polyunsaturated fatty acids intake and health outcomes

Fig. 31.  Pooled most-adjusted RR of EPA and depression (n=4 unique estimates)

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig.	32.		 Pooled	most-adjusted	RR	of	EPA	and	inflammatory	bowel	disease	(n=2 studies)

NOTE: scale from 0.01 to 100

CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; EPIC: European Prospective Investigation into 
Cancer and Nutrition; IBD: inflammatory bowel disease; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error.
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Fig.	33a.		 Pooled	most-adjusted	(random-effects)	RR	of	EPA	and	breast	cancer	(n=3 studies)

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	33b.	 Pooled	most-adjusted	(fixed-effect)	RR	of	EPA	and	breast	cancer	(n=3 studies)

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error. 
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Fig. 34.  Pooled most-adjusted RR of EPA and cognitive decline (n=1 study)

CI: confidence interval; EPA: eicosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; 
SE: standard error. 
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Fig.	35a.		 Pooled	most-adjusted	(random-effects)	RR	of	DHA	and	all-cause	mortality 
(n=2 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	35b.		 Most-adjusted	(fixed	effect)	RR	of	DHA	and	all-cause	mortality	(n=2 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	36a.		 Pooled	most-adjusted	(random-effects)	RR	of	DHA	and	CVD	(n=10 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; DHA: 
docosahexaenoic acid; IV: inverse variance; M: male; MI: myocardial infarction; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig.	36b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	DHA	and	CVD	(n=10 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; DHA: 
docosahexaenoic acid; IV: inverse variance; M: male; MI: myocardial infarction; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig. 37.  Pooled most-adjusted RR of DHA and type 2 diabetes (n=4 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	38a.		 Pooled	most-adjusted	(random-effects)	RR	of	DHA	and	dementia	(n=3 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	38b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	DHA	and	dementia	(n=3 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	39a.		 Pooled	most-adjusted	(random-effects)	RR	of	DHA	and	suicide	(n=2 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig.	39b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	DHA	and	suicide	(n=2 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 40.  Pooled most-adjusted RR of DHA and depression (n=4 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; M: male; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig.	41.		 Pooled	most-adjusted	RR	of	DHA	and	inflammatory	bowel	disease	(n=2 studies)

CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; EPIC: European Prospective Investigation into 
Cancer and Nutrition; IBD: inflammatory bowel disease; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error.
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Fig.	42a.		 Pooled	most-adjusted	(random-effects)	RR	of	DHA	and	breast	cancer	(n=5 studies)

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; 
PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	42b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	DHA	and	breast	cancer	(n=5 studies)

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; DHA: docosahexaenoic acid; IV: inverse variance; 
PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error. 
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Fig.	42c.		 Pooled	most-adjusted	(random-effects)	RR	of	DPA	and	CVD	(n=3 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; DPA: 
docosapentaenoic acid; IV: inverse variance; M: male; MI: myocardial infarction; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error; W: women. 
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Fig.	42d.		 Pooled	most-adjusted	(random-effects)	RR	of	DPA	and	type	2	diabetes	(n=1 study)

CI: confidence interval; DPA: docosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; 
SE: standard error.
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Fig.	42e.		 Pooled	most-adjusted	(random-effects)	RR	of	DPA	and	depression	(n=1 study)

CI: confidence interval; DPA: docosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; 
SE: standard error. 
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Fig.	42f.		 Pooled	most-adjusted	(random-effects)	RR	of	DPA	and	cognitive	decline	(n=1 study)

CI: confidence interval; DPA: docosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; 
SE: standard error.
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Fig.	42g.		 Pooled	most-adjusted	(random-effects)	RR	of	DPA	and	breast	cancer	(n=1 study)

CI: confidence interval; df: degrees of freedom; DPA: docosapentaenoic acid; IV: inverse variance; PUFA: polyunsaturated 
fatty acids; RR: risk ratio; SE: standard error.
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Fig. 43.  Pooled most-adjusted RR of ALA and all-cause mortality (n=10 unique estimates)

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: 
Health Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination 
Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 44.  Pooled most-adjusted RR of ALA and cardiovascular outcomes (n=25 studies)
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Fig. 44  (cont’d). Pooled most-adjusted RR of ALA and cardiovascular outcomes (n=25 studies)

ALA: alpha-linolenic acid; CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees 
of freedom; HPFS: Health Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 45.  Pooled most-adjusted RR of ALA and type 2 diabetes (n=4 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig. 46.  Pooled most-adjusted RR of ALA and dementia (n=1 study)

ALA: alpha-linolenic acid; CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	47a.		 Pooled	most-adjusted	(random-effects)	RR	of	ALA	and	cognitive	decline	(n=2 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig.	47b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	ALA	and	cognitive	decline	(n=2 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig.	48a.		 Pooled	most-adjusted	(random-effects)	RR	of	ALA	and	depression	(n=3 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig.	48b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	ALA	and	depression	(n=3 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig.	49.		 Pooled	most-adjusted	RR	of	ALA	and	inflammatory	bowel	disease	(n=2 studies)

ALA: alpha-linolenic acid; CI: confidence interval; df: degrees of freedom; EPIC: European Prospective Investigation into 
Cancer and Nutrition; IBD: inflammatory bowel disease; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk 
ratio; SE: standard error.
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Fig. 50.  Pooled most-adjusted RR of ALA and breast cancer (n=3 studies)

*Note that the total number of cases in this study is 470; estimates presented were stratified by age, so an equal 
distribution of cases was assumed for display purposes; this does not affect the presented point estimates or their 
confidence intervals. 

ALA: alpha-linolenic acid; BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error; y: years.
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Fig. 51.  Pooled most-adjusted RR of omega-6 PUFA and all-cause mortality (n=9 studies)

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; F: female; HPFS: Health 
Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination Survey; 
NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and 
Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 

Study or Subgroup
Wakai [F] 2014
Wakai [M] 2014
Wang [NHS I, W] 2016
Wang [HPFS, M] 2016
Owen 2016
Otsuka 2019
Zhuang [NHANES] 2019
Zhuang [CHNS] 2019
Zhuang NIH-AARP 2019

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 29.06, df = 8 (P = 0.0003); I² = 72%
Test for overall effect: Z = 3.01 (P = 0.003)

log[Risk Ratio]
-0.11653
0.086178
-0.12783
-0.21072
0.019803
-0.22314
-0.17435
0.131028
-0.11653

SE
0.048602
0.049074

0.02902
0.037862
0.130958

0.15186
0.093527
0.128009
0.017204

Total
5365
6291

20314
12990

1766
422

4835
1007

129328

182318

Total
30192
16824
63035
29894

9481
632

31197
13110

391792

586157

Weight
13.8%
13.7%
17.4%
15.8%

4.6%
3.6%
7.4%
4.7%

19.2%

100.0%

IV, Random, 95% CI
0.89 [0.81, 0.98]
1.09 [0.99, 1.20]
0.88 [0.83, 0.93]
0.81 [0.75, 0.87]
1.02 [0.79, 1.32]
0.80 [0.59, 1.08]
0.84 [0.70, 1.01]
1.14 [0.89, 1.47]
0.89 [0.86, 0.92]

0.91 [0.85, 0.97]

Year
2014
2014
2016
2016
2016
2019
2019
2019
2019

Cases Control Risk Ratio Risk Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
PUFA Protective PUFA Harmful



211 Annex 2. Figures

Fig. 52.  Pooled most-adjusted RR of omega-6 PUFA and CvD (n=15 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; F: female; HPFS: 
Health Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination 
Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 53a.  Pooled most-adjusted RR of omega-6 PUFA and type 2 diabetes (n=8 studies)

CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals Follow-up Study; IV: inverse variance; M: male; 
NHS: Nurses’ Health Study; NHS2: Nurses’ Health Study 2; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard 
error; W: women. 

Study or Subgroup
Song [W] 2004
Patel 2010
Brostow 2011
Alhazmi 2014
Dow 2016
Zong [HPFS, M] 2019
Zong [NHS2, W] 2019
Zong [NHS, W] 2019

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 20.87, df = 7 (P = 0.004); I² = 66%
Test for overall effect: Z = 1.54 (P = 0.12)

log[Risk Ratio]
-0.05129
-0.3285

-0.07257
0.470004

0
-0.30111
-0.09431
-0.03046

SE
0.101245

0.2999
0.064436
0.224158
0.051192
0.06843

0.069198
0.04174

Total
1558
199

2252
311

2610
3607
5460
9375

25372

Total
35751

183
40924
8059

70884
38164
83150
74272

351387

Weight
11.1%
2.2%

15.8%
3.7%

17.7%
15.2%
15.1%
19.1%

100.0%

IV, Random, 95% CI
0.95 [0.78, 1.16]
0.72 [0.40, 1.30]
0.93 [0.82, 1.06]
1.60 [1.03, 2.48]
1.00 [0.90, 1.11]
0.74 [0.65, 0.85]
0.91 [0.79, 1.04]
0.97 [0.89, 1.05]

0.93 [0.85, 1.02]

Year
2004
2010
2011
2014
2016
2019
2019
2019

Cases Control Risk Ratio Risk Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
PUFA Protective PUFA Harmful

Fig. 53b.  Pooled most-adjusted RR of omega-6 PUFA and dementia (n=1 study)

Study or Subgroup
Engelhart 2002

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)

log[Risk Ratio]
0.029559

SE
0.145115

Total
197

197

Total
5198

5198

Weight
100.0%

100.0%

IV, Random, 95% CI
1.03 [0.78, 1.37]

1.03 [0.78, 1.37]

Cases Control Risk Ratio Risk Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
PUFA Protective PUFA Harmful

Fig. 54a.  Pooled most-adjusted RR of omega-6 PUFA and depression (n=4 studies)

CI: confidence interval; df: degrees of freedom; F: female; IV: inverse variance; M: male; PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error.
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Fig. 54b.  Pooled most-adjusted RR of omega-6 PUFA and cognitive decline (n=1 study)

CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig.	55.		 Pooled	most-adjusted	RR	of	omega-6	PUFA	and	inflammatory	bowel	disease	
(n=1 study)

CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig. 56.  Pooled most-adjusted RR of omega-6 PUFA and breast cancer (n=8 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 57.  Pooled most-adjusted RR of LA and all-cause mortality (n=9 studies) 

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals 
Follow-up Study; IV: inverse variance; LA: linoleic acid; M: male; NHANES: National Health and Nutrition Examination 
Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 58.  Pooled most-adjusted RR of LA and CvD (n=27 studies)

ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular 
disease; df: degrees of freedom; FMC: Finnish Mobile Health Clinic; HPFS: Health Professionals Follow-up Study; IIHD: 
Israeli Ischemic Heart Disease; IV: inverse variance; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: male; NHANES: 
National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig. 59a.  Pooled most-adjusted RR of LA and type 2 diabetes (n=7 unique comparisons)

CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals Follow-up Study; IV: inverse variance; LA: 
linoleic acid; M: male; NHS: Nurses’ Health Study; NHS2: Nurses’ Health Study 2; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error; W: women. 
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Fig.	59b.		 Pooled	most-adjusted	(random	effects)	risk	ratio	of	LA	and	depression	(n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; LA: linoleic acid; PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error.

Study or Subgroup
Horikawa 2018
Lucas 2011
Matsuoka 2017

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.73, df = 2 (P = 0.69); I² = 0%
Test for overall effect: Z = 3.11 (P = 0.002)

log[Risk Ratio]
0.165514
0.285179

0.10436

SE
0.128085
0.097174
0.318964

Total
515

2823
95

3433

Total
1305

51809
991

54105

Weight
34.5%
59.9%

5.6%

100.0%

IV, Random, 95% CI
1.18 [0.92, 1.52]
1.33 [1.10, 1.61]
1.11 [0.59, 2.07]

1.26 [1.09, 1.46]

Cases Control Risk Ratio Risk Ratio
IV, Random, 95% CI

0.2 0.5 1 2 5
PUFA Protective PUFA Harmful

Fig.	59c.		 Pooled	most-adjusted	(fixed	effect)	risk	ratio	of	LA	and	depression	(n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; LA: linoleic acid; PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error.
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Fig. 60.  Pooled most-adjusted RR of LA and dementia (n=2 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; LA: linoleic acid; PUFA: polyunsaturated fatty acids; 
Rot: Rotterdam Study; RR: risk ratio; SE: standard error; ZES: Zutphen Elderly Study.
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Fig.	61a.		 Pooled	most-adjusted	RR	of	LA	and	inflammatory	bowel	disease	(n=3 studies)

CI: confidence interval; df: degrees of freedom; EPIC: European Prospective Investigation into Cancer and Nutrition; IBD: 
inflammatory bowel disease; IV: inverse variance; LA: linoleic acid; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig.	61b.		 Pooled	most-adjusted	RR	of	LA	and	inflammatory	bowel	disease	(n=3	studies;	fixed-
effect)
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Fig. 62.  Pooled most-adjusted RR of LA and breast cancer (n=5 studies) 

BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; IV: inverse variance; LA: linoleic acid; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig. 63.  Pooled most-adjusted RR of ARA and all-cause mortality (n=6 studies)

ARA: arachidonic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: 
Health Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination 
Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women. 
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Fig. 64.  Pooled most-adjusted RR of ARA and CvD (n=5 studies)

ARA: arachidonic acid; CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees 
of freedom; HPFS: Health Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: standard error; W: women.
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Fig. 65.  Pooled most-adjusted RR of ARA and type 2 diabetes (n=1 study)

ARA: arachidonic acid; CI: confidence interval; IV: inverse variance; PUFA: polyunsaturated fatty acids; RR: risk ratio; SE: 
standard error.
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Fig. 66.  Pooled most-adjusted RR of ARA and depression (n=3 studies)

ARA: arachidonic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig.	67.		 Pooled	most-adjusted	RR	of	ARA	and	inflammatory	bowel	disease	(n=1 study)

ARA: arachidonic acid; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Fig. 68.  Pooled most-adjusted RR of ARA and breast cancer (n=5 studies)

ARA: arachidonic acid; BrCa: breast cancer; CI: confidence interval; df: degrees of freedom; IV: inverse variance; PUFA: 
polyunsaturated fatty acids; RR: risk ratio; SE: standard error.
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Fig. 69.  Pooled most-adjusted RR of P:S and all-cause mortality (n=5 studies)

CI: confidence interval; df: degrees of freedom; F: female; IV: inverse variance; M: male; P:S: Polyunsaturated: Saturated Fat 
Ratio; RR: risk ratio; SE: standard error.
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Fig. 70.  Pooled most-adjusted RR of P:S and CvD (n=7 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; F: female; IV: 
inverse variance; M: male; P:S: Polyunsaturated: Saturated Fat Ratio; RR: risk ratio; SE: standard error; W: women. 
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Fig. 71.  Most-adjusted RR of P:S and type 2 diabetes (n=1 study)

CI: confidence interval; IV: inverse variance; P:S: Polyunsaturated: Saturated Fat Ratio; PUFA: polyunsaturated fatty acids; 
RR: risk ratio; SE: standard error.
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Fig. 72.  Most-adjusted RR of P:S and breast cancer (n=2 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; P:S: Polyunsaturated: Saturated Fat Ratio; RR: risk 
ratio; SE: standard error.
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Fig. 73.  Pooled most-adjusted RR of omega-6:omega-3 ratio and all-cause mortality (n=6 
studies)

CHNS: China Health and Nutrition Survey; CI: confidence interval; df: degrees of freedom; HPFS: Health Professionals 
Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ 
Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; RR: 
risk ratio; SE: standard error; W: women. 
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Fig. 74.  Pooled most-adjusted RR of omega-6:omega-3 ratio and CvD (n=4 studies)

CHD: coronary heart disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; HPFS: Health 
Professionals Follow-up Study; IV: inverse variance; M: male; NHANES: National Health and Nutrition Examination Survey; 
NHS I: Nurses’ Health Study I; RR: risk ratio; SE: standard error; W: women. 
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Fig. 75.  Pooled most-adjusted RR of omega-6:omega-3 ratio and type 2 diabetes (n=6 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; RR: risk ratio; SE: standard error.
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Fig. 76.  Pooled most-adjusted RR of omega-3:omega-6 ratio and depression (n=3 studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; RR: risk ratio; SE: standard error.
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Fig. 77.  Most-adjusted RR of omega-6:omega-3 ratio and cognitive decline (n=1 study)

CI: confidence interval; IV: inverse variance; RR: risk ratio; SE: standard error.
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Fig.	78a.		 Pooled	most-adjusted	(random-effects)	RR	of	omega-6:omega-3	ratio	and	suicide	(n=2 
studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; RR: risk ratio; SE: standard error; W: women. 
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Fig.	78b.		 Pooled	most-adjusted	(fixed-effect)	RR	of	omega-6:omega-3	ratio	and	suicide	(n=2 
studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; M: male; RR: risk ratio; SE: standard error; W: women. 
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Fig.	79.		 Most-adjusted	RR	of	omega-6:omega-3	ratio	and	inflammatory	bowel	disease	(n=1 
study)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; RR: risk ratio; SE: standard error.
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Fig. 80.  Pooled most-adjusted risk ratio of omega-6:omega-3 ratio and breast cancer (n=5 
studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; RR: risk ratio; SE: standard error.
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Test for subgroup differences: Chi² = 2.74, df = 1 (P = 0.10), I² = 63.5%
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Fig.	81.		 Pooled	most-adjusted	RR	of	fish	in	secondary	prevention	(n=2 studies)

CAD: coronary artery disease; CI: confidence interval; CVD: cardiovascular disease; df: degrees of freedom; IV: inverse 
variance; M: male; RR: risk ratio; SE: standard error; W: women. 
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Fig. 82.  Pooled most-adjusted RR of long-chain n-3 fatty acids in secondary prevention (n=2 
studies)

CI: confidence interval; df: degrees of freedom; IV: inverse variance; MI: myocardial infarction; PUFA: polyunsaturated fatty 
acids; RR: risk ratio; SE: standard error.
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Heterogeneity: Tau² = 0.00; Chi² = 0.85, df = 1 (P = 0.36); I² = 0%
Test for overall effect: Z = 2.78 (P = 0.005)

14.6.2 MI
Greene 2016
Subtotal (95% CI)
Heterogeneity: Not applicable
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Fig.	83.		 Summary	of	GRADE	assessments	of	confidence	in	the	body	of	evidence	for	each	fatty	
acid (or class of fatty acids) and health outcomes

ALA: alpha-linolenic acid; DHA: docosahexaenoic acid; DPA: docosapentaenoic acid; EPA: eicosapentaenoic acid; GRADE: 
Grading of Recommendations Assessment, Development, and Evaluation; LC: long-chain; n: number; P:S: Polyunsaturated: 
Saturated Fat Ratio; PUFA: polyunsaturated fatty acids.
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Fig. 84a.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel A – total PUFA and 
all-cause mortality

Fig. 84b.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel B – total PUFA and 
CvD mortality

Egger’s test: P=0.173; Begg’s test: P=0.843. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

mvHR: multivariable hazard ratio; PUFA: polyunsaturated 
fatty acids; SE: standard error.

Egger’s test: P=0.529; Begg’s test: P=0.428. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CVD: cardiovascular disease; mvHR: multivariable hazard 
ratio; PUFA: polyunsaturated fatty acids; SE: standard error.
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Fig. 84c.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel C – total PUFA and 
total CHD

Fig. 84d.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel D – total PUFA and 
type 2 diabetes

Egger’s test: P=0.380; Begg’s test: P=0.224. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CHD: coronary heart disease; mvHR: multivariable hazard 
ratio; PUFA: polyunsaturated fatty acids; SE: standard error.

Egger’s test: P=0.424; Begg’s test: P=0.858. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

mvHR: multivariable hazard ratio; PUFA: polyunsaturated 
fatty acids; SE: standard error.
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Fig. 84e.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel E – total n-3 PUFA and 
all-cause mortality

Fig. 84f.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel F – total n-3 PUFA and 
CvD mortality

Egger’s test: P=0.760; Begg’s test: P=0.640. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

mvHR: multivariable hazard ratio; PUFA: polyunsaturated 
fatty acids; SE: standard error.

Egger’s test: P=0.392; Begg’s test: P=0.858. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CVD: cardiovascular disease; PUFA: polyunsaturated fatty 
acids; rr: risk ratio; se: standard error.
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Fig. 84g.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel G – long-chain n-3 
PUFA and all-cause mortality

Fig. 84h.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel H – long-chain n-3 
PUFA and CvD mortality

Egger’s test: P=0.801; Begg’s test: P=0.767. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

mvHR: multivariable hazard ratio; PUFA: polyunsaturated 
fatty acids; SE: standard error.

Egger’s test: P=0.841; Begg’s test: P=0.762. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CVD: cardiovascular disease; mvHR: multivariable hazard 
ratio; PUFA: polyunsaturated fatty acids; SE: standard error.
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Fig. 84i.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel I – long-chain n-3 
PUFA and CHD mortality

Fig. 84j.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel j – long-chain n-3 
PUFA and type 2 diabetes

Egger’s test: P=0.112; Begg’s test: P=0.260. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CHD: coronary heart disease; mvHR: multivariable hazard 
ratio; PUFA: polyunsaturated fatty acids; SE: standard error.

Egger’s test: P=0.604; Begg’s test: P=0.753. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

mvHR: multivariable hazard ratio; PUFA: polyunsaturated 
fatty acids; SE: standard error.
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Fig. 84k.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel k – ALA and all-cause 
mortality

Fig. 84l.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel L – ALA and CvD 
mortality

Egger’s test: P=0.014; Begg’s test: P=0.371. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

ALA: alpha-linolenic acid; mvHR: multivariable hazard 
ratio; SE: standard error.

Egger’s test: P=0.055; Begg’s test: P=0.436. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

ALA: alpha-linolenic acid; CVD: cardiovascular disease; 
mvHR: multivariable hazard ratio; SE: standard error.
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Fig. 84m.  Publication bias plots for comparisons with 10 or more studies; Panel M – LA and CHD 
mortality

Fig. 84n.  Publication bias plots for 
comparisons with 10 or more 
studies; Panel n – LA and total CHD

Fig. 85a.  Metaregression of total PUFA and 
all-cause mortality; number of 
cases;	Panel	A	–	effect	size

Egger’s test: P=0.302; Begg’s test: P=0.583. Trim-and-fill identified 2 “missed” studies. “Filled” RR=0.79 (95% CI: 0.70 to 
0.88). =pseudostudy.

CHD: coronary heart disease; CI: confidence interval; LA: linoleic acid; mvHR: multivariable hazard ratio; RR: risk ratio; s.e.: 
standard error; SE: standard error.

Egger’s test: P=0.901; Begg’s test: P=0.669. Trim-and-
fill identified no “missed” studies. No publication bias 
suspected.

CHD: coronary heart disease; LA: linoleic acid; mvHR: 
multivariable hazard ratio; SE: standard error.
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Fig. 85b.  Metaregression of total PUFA and all-cause mortality; number of cases; Panel B – 
subgroup analysis by number of cases (median=2500)

#: number; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig. 85c.  Meta-regression of total PUFA and all-cause mortality; nOS assessment; Panel A – 
effect	size

The effect size was not associated with adjustment for NOS assessment in the final model (P=0.36).

mvHR: multivariable hazard ratio; nos: Newcastle-Ottawa Scale; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated 
fatty acids.
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Fig. 85d.  Meta-regression of total PUFA and all-cause mortality; nOS assessment; Panel B – 
subgroup analysis by nOS score

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; nos: Newcastle-Ottawa 
Scale; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; W: women. 

The effect size was not associated with adjustment for diet assessment method in the final model (P=0.90).

PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.
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Fig. 85f. Meta-regression of total PUFA and all-cause mortality; TFA assessment; Panel B – 
subgroup analysis (yes/no)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size;F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; TFA: trans-fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig.	85g.	 Meta-regression	of	total	PUFA	and	all-cause	mortality;	follow-up	time;	Panel	A	–	effect	
size

The effect size was not associated with adjustment for follow-up time in the final model (P=0.53).

mvHR: multivariable hazard ratio; PUFA: polyunsaturated fatty acids; y: years.
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Fig. 85h. Meta-regression of total PUFA and all-cause mortality; follow-up time; Panel B – 
subgroup analysis (yes/no)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female;HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.

The effect size was not associated with adjustment for the percentage of men in the study in the final model (P=0.76).

mvHR: multivariable hazard ratio; PUFA: polyunsaturated fatty acids.

Fig.	85i.	 Meta-regression	of	total	PUFA	and	all-cause	mortality;	sex;	Panel	A	–	effect	size

NOTE: Weights are from random effects analysis
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Fig. 85j. Meta-regression of total PUFA and all-cause mortality; sex; Panel B – subgroup 
analysis (by sex of study participants)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 

Fig. 85k. Meta-regression of total PUFA and all-cause mortality; energy adjustment; Panel A – 
effect	size

The effect size was not associated with adjustment for energy in the final model (P=0.95).

PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 85l. Meta-regression of total PUFA and all-cause mortality; energy adjustment; Panel B – 
subgroup analysis (yes/no)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 

Fig. 85m. Meta-regression of total PUFA and all-cause mortality; dyslipidaemia adjustment; 
Panel	A	–	effect	size

The effect size was associated with adjustment for a measure of dyslipidaemia in the final model (P=0.047).

PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 85n. Meta-regression of total PUFA and all-cause mortality; dyslipidaemia adjustment; 
Panel B – subgroup analysis (yes/no)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 

Fig. 85o. Meta-regression of total PUFA and all-cause mortality; blood pressure adjustment; 
Panel	A	–	effect	size

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.39).

PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 83.2%, p = 0.000)

Year

Wakai [F] 2014

Nagata [W] 2012

Leosdottir [W] 2005
Leosdottir [M] 2005

Zhuang NIH-AARP 2019
Zhuang [NHANES] 2019

Dehghan 2017

Nagata [M] 2012

Wang [NHS I, W] 2016

Jayanama 2019

YES

Wakai [M] 2014

Guasch-Ferre 2015

Solfrizzi 2005

Subtotal  (I-squared = 61.2%, p = 0.052)

Zhuang [CHNS] 2019

Subtotal  (I-squared = 64.4%, p = 0.002)

NO

Wang [HPFS, M] 2016

Author,

0.86 (0.81, 0.92)

ES (95% CI)

0.88 (0.80, 0.97)

0.95 (0.75, 1.20)

0.85 (0.64, 1.13)
0.85 (0.66, 1.09)

0.93 (0.91, 0.95)
0.86 (0.71, 1.04)

0.80 (0.71, 0.90)

0.78 (0.63, 0.96)

0.82 (0.78, 0.86)

0.77 (0.69, 0.85)

1.08 (0.98, 1.19)

0.50 (0.35, 0.72)

0.60 (0.32, 1.11)

0.79 (0.73, 0.85)

1.19 (0.93, 1.52)

0.91 (0.85, 0.97)

0.80 (0.75, 0.85)

100.00

Weight

9.19

4.61

3.61
4.25

11.36
5.93

8.54

5.22

10.80

8.93

9.32

2.47

1.02

32.60

4.36

67.40

10.39

%

0.86 (0.81, 0.92)

ES (95% CI)

0.88 (0.80, 0.97)

0.95 (0.75, 1.20)

0.85 (0.64, 1.13)
0.85 (0.66, 1.09)

0.93 (0.91, 0.95)
0.86 (0.71, 1.04)

0.80 (0.71, 0.90)

0.78 (0.63, 0.96)

0.82 (0.78, 0.86)

0.77 (0.69, 0.85)

1.08 (0.98, 1.19)

0.50 (0.35, 0.72)

0.60 (0.32, 1.11)

0.79 (0.73, 0.85)

1.19 (0.93, 1.52)

0.91 (0.85, 0.97)

0.80 (0.75, 0.85)

100.00

Weight

9.19

4.61

3.61
4.25

11.36
5.93

8.54

5.22

10.80

8.93

9.32

2.47

1.02

32.60

4.36

67.40

10.39

%

PUFA Protective  PUFA Harmful 
1.2 .5 1 2 5

-.8
-.6

-.4
-.2

0
.2

m
vR

R

0 .2 .4 .6 .8 1
adj_BP==YES



238 Polyunsaturated fatty acids intake and health outcomes

Fig. 85p. Meta-regression of total PUFA and all-cause mortality; blood pressure adjustment; 
Panel B – subgroup analysis (yes/no)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig.	85q.	 Meta-regression	of	total	PUFA	and	all-cause	mortality;	age;	Panel	A	–	effect	size

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.15).

PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.
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Fig. 85r. Meta-regression of total PUFA and all-cause mortality; age; Panel B – subgroup 
analysis (age group)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.

NOTE: Weights are from random effects analysis
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Fig.	85s.	 Meta-regression	of	total	PUFA	and	all-cause	mortality;	smoking;	Panel	A	–	effect	size

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.80). 
High smokers ≥40% current/former or >20% current.

PUFA: polyunsaturated fatty acids.
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Fig. 85t. Meta-regression of total PUFA and all-cause mortality; smoking; Panel B – subgroup 
analysis (by smoking status)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; smk_cur: current smokers; smk_ev: ever smoked; W: women. 

Fig. 85u. Meta-regression of total PUFA and all-cause mortality; diet assessment method; Panel 
A	–	effect	size

The effect size was not associated with adjustment for diet assessment method in the final model (Phet=0.15). Because the 
predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we 
present the “by method” estimates separately by method in Panel B (Fig. 85v).

PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 85v. Meta-regression of total PUFA and all-cause mortality; diet assessment method; Panel 
B – subgroup analysis (by diet assessment method)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; FFQ: food frequency 
questionnaire; h: hour; HPFS: Health Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; USA: United States of America; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 85w. Meta-regression of total PUFA and all-cause mortality; country of conduct; Panel A – 
effect	size

There was significant between-country heterogeneity in effect size (Phet=0.001). Because the predictor variable had more 
than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by method” 
estimates separately by method in Panel B (Fig. 85x).

PUFA: polyunsaturated fatty acids.
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Fig. 85x. Meta-regression of total PUFA and all-cause mortality; country of conduct; Panel B – 
subgroup analysis (by country)

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; USA: United States of America; W: women. 

Fig.	86a.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	number	of	cases;	Panel	A	–	effect	
size

The number of cases in the study was not associated with the effect estimate (P=0.88).

#: number; CVD: cardiovascular disease; mvHR: multivariable hazard ratio; PUFA: polyunsaturated fatty acids. 

NOTE: Weights are from random effects analysis
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Fig. 86b. Meta-regression of total PUFA and CvD mortality; number of cases; Panel B – subgroup 
analysis by number of cases (median=765)

Study effect size was not associated with NOS score (P=0.52).

CVD: cardiovascular disease; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; rr: risk ratio.

CVD: cardiovascular disease; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; rr: risk ratio.

Fig.	86c.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	NOS	assessment;	Panel	A	–	effect	
size

NOTE: Weights are from random effects analysis
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Fig. 86d. Meta-regression of total PUFA and CvD mortality; nOS assessment; Panel B – subgroup 
analysis by nOS score

Fig.	86e.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	TFA	assessment;	Panel	A	–	effect	
size

Study effect size was not associated with measurement of TFA (P=0.33).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids; TFA/tfa: trans-fatty acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; nos: Newcastle-Ottawa Scale; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; W: 
women. 

NOTE: Weights are from random effects analysis
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Fig. 86f. Meta-regression of total PUFA and CvD mortality; TFA assessment; Panel B – 
subgroups (yes/no)

Fig.	86g.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	follow-up	time;	Panel	A	–	effect	size

The effect size was not associated with follow-time of the study (P=0.78).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 86h. Meta-regression of total PUFA and CvD mortality; follow-up time; Panel B – subgroup 
by study duration

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: years.

Fig.	86i.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	sex;	Panel	A	–	effect	size

The effect size was not associated with the percentage of men in the study (P=0.99).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids; rr: risk ratio.

NOTE: Weights are from random effects analysis
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Fig. 86j. Meta-regression of total PUFA and CvD mortality; sex; Panel B – subgroups analysis 
(sex)

Fig.	86k.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	energy	adjustment;	Panel	A	–	effect	
size

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women. 

The effect size was not associated with energy adjustment (P=0.79).

CVD: cardiovascular disease; energy_adj: adjusted for energy; PUFA: polyunsaturated fatty acids; rr: risk ratio.

NOTE: Weights are from random effects analysis
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Fig. 86l. Meta-regression of total PUFA and CvD mortality; energy adjustment; Panel B – 
subgroup analysis (adjustment for energy, yes/no)

Fig. 86m. Meta-regression of total PUFA and CvD mortality; dyslipidaemia adjustment; Panel A – 
effect	size

The effect size was associated with adjustment for dyslipidaemia (RR=0.80; 95% CI: 0.67 to 0.96; P=0.019).

adj_tcorLDL: adjusted for dyslipidaemia; CI: confidence interval; CVD: cardiovascular disease; PUFA: polyunsaturated fatty 
acids; rr: risk ratio; RR: risk ratio.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 86n. Meta-regression of total PUFA and CvD mortality; dyslipidaemia adjustment; Panel B – 
subgroups analysis (yes/no)

Fig. 86o. Meta-regression of total PUFA and CvD mortality; blood pressure adjustment; Panel 
A	–	effect	size

The effect size was not associated with adjustment for blood pressure in the final model.

adj_BP: adjusted for blood pressure; CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated 
fatty acids; rr: risk ratio.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 86p. Meta-regression of total PUFA and CvD mortality; blood pressure adjustment; Panel 
B – subgroup analysis (yes/no, blood pressure)

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women. 

Fig.	86q.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	age;	Panel	A	–	effect	size

The effect size was not associated with the age of participants in the study (P=0.91).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

NOTE: Weights are from random effects analysis
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Fig. 86r. Meta-regression of total PUFA and CvD mortality; age; Panel B – subgroup analysis (by 
age group)

Fig.	86s.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	smoking;	Panel	A	–	effect	size

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: years.

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.69). 
High smokers ≥40% current or former (i.e. “ever smoked”), or >20% of current.

C: current; CVD: cardiovascular disease; Ever: ever smoked; PUFA: polyunsaturated fatty acids; rr: risk ratio.

NOTE: Weights are from random effects analysis
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Fig. 86t. Meta-regression of total PUFA and CvD mortality; smoking; Panel B – subgroup 
analysis (by smoking)

Fig. 86u. Meta-regression of total PUFA and CvD mortality; diet assessment method; Panel A – 
effect	size

There was significant between-method heterogeneity in effect size (Phet by diet method=0.11). Because the predictor 
variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present 
the “by country” estimates separately by country in Panel B (Fig. 86v).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids.

*Lelli missing data on smoking (only reported as mean pack-years)

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; smk_cur: current smokers; smk_ev: ever smoked; W: women. 

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I-squared = 63.7%, p = 0.001)

Subtotal  (I-squared = 70.8%, p = 0.002)

Wang [NHS I, W] 2016

Subtotal  (I-squared = .%, p = .)

>=20% current smokers / >=40% ever smokers

Wang [HPFS, M] 2016

Dehghan 2017

Zhuang NIH-AARP 2019

1

Wakai [F] 2014

Wakai [M] 2014

Laaksonen 2005

Leosdottir [W] 2005

Year

Guasch-Ferre 2015

Nagata [W] 2012

Leosdottir [M] 2005

<20% current smokers / <40% ever smokers

Nagata [M] 2012

Lelli 2020

Author,

Subtotal  (I-squared = 38.0%, p = 0.168)

26.6

8.4

87

.

5.4

79.8

31

55.6

smk_ev

37.59999999999999

14.9

71.8

84.40000000000001

.

12.3

smk_cur

.

0.91 (0.83, 1.01)

0.86 (0.76, 0.96)

0.80 (0.71, 0.90)

0.98 (0.51, 1.87)

0.83 (0.74, 0.94)

0.94 (0.76, 1.16)

0.94 (0.90, 0.98)

0.93 (0.79, 1.10)

1.18 (0.99, 1.41)

0.45 (0.23, 0.89)

0.99 (0.65, 1.52)

ES (95% CI)

0.37 (0.18, 0.76)

1.09 (0.75, 1.59)

0.63 (0.33, 1.21)

1.34 (0.88, 2.03)

0.98 (0.51, 1.87)

1.05 (0.88, 1.25)

100.00

66.94

14.70

1.94

14.34

9.88

17.87

11.89

11.31

1.77

3.91

Weight

1.60

4.78

1.91

4.10

1.94

%

31.11

0.91 (0.83, 1.01)

0.86 (0.76, 0.96)

0.80 (0.71, 0.90)

0.98 (0.51, 1.87)

0.83 (0.74, 0.94)

0.94 (0.76, 1.16)

0.94 (0.90, 0.98)

0.93 (0.79, 1.10)

1.18 (0.99, 1.41)

0.45 (0.23, 0.89)

0.99 (0.65, 1.52)

ES (95% CI)

0.37 (0.18, 0.76)

1.09 (0.75, 1.59)

0.63 (0.33, 1.21)

1.34 (0.88, 2.03)

0.98 (0.51, 1.87)

1.05 (0.88, 1.25)

100.00

66.94

14.70

1.94

14.34

9.88

17.87

11.89

11.31

1.77

3.91

Weight

1.60

4.78

1.91

4.10

1.94

%

31.11

PUFA Protective  PUFA Harmful 

1.2 .5 1 2 5

nO FIGURE

-1
-.5

0
.5

ln
rr

0 .2 .4 .6 .8 1
Smoking history (>20% C; >40% Ever)



253 Annex 2. Figures

Fig. 86v. Meta-regression of total PUFA and CvD mortality; diet assessment method; Panel B – 
subgroup analysis by diet assessment method

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; FFQ: food frequency questionnaire; HPFS: 
Health Professionals Follow-up Study; M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; USA: United States of 
America; W: women. 

Fig.	86w.	 Meta-regression	of	total	PUFA	and	CVD	mortality;	country	of	conduct;	Panel	A	–	effect	
size

There was significant between-country heterogeneity in effect size (Phet=0.008). Because the predictor variable had more 
than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by country” 
estimates separately by country in Panel B (Fig. 86x).

CVD: cardiovascular disease; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 86x. Meta-regression of total PUFA and CvD mortality; country of conduct; Panel B – 
subgroup analysis by country

Fig.	87a.	 Meta-regression	of	total	PUFA	and	total	CHD;	number	of	cases;	Panel	A	–	effect	size

Each 500-case increase in study size was associated with a 4% decrease in estimate (mvRR: 0.96; 95% CI: 0.93, to 0.98; 
P=0.003).

#: number; CHD: coronary heart disease; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable 
risk ratio; PUFA: polyunsaturated fatty acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; 
M: male; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons 
Diet and Health Study; PUFA: polyunsaturated fatty acids; USA: United States of America; W: women. 
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Fig. 87b. Meta-regression of total PUFA and total CHD; number of cases; Panel B – subgroup 
analysis by number of cases (median=350)

Fig.	87c.	 Meta-regression	of	total	PUFA	and	total	CHD;	NOS	assessment;	Panel	A	–	effect	size

NOS assessment was not a predictor of effect size (P=0.19).

CHD: coronary heart disease; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; rr: risk ratio.

#: number; CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women. 

NOTE: Weights are from random effects analysis
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Fig. 87d. Meta-regression of total PUFA and total CHD; nOS assessment; Panel B – subgroup 
analysis (by nOS)

Fig.	87e.	 Meta-regression	of	total	PUFA	and	total	CHD;	TFA	assessment;	Panel	A	–	effect	size

Measurement of TFA was associated with effect size (P<0.0001).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; TFA: trans-fatty acids.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; nos: Newcastle-Ottawa Scale; NOS: 
Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 87f. Meta-regression of total PUFA and total CHD; TFA assessment; Panel B – subgroup 
analysis (by trans-fat measurement)

Fig.	87g.	 Meta-regression	of	total	PUFA	and	total	CHD;	follow-up	time;	Panel	A	–	effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; TFA: 
trans-fatty acids; W: women. 

Follow-up duration was associated with effect size (P=0.002).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

NOTE: Weights are from random effects analysis
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Fig. 87h. Meta-regression of total PUFA and total CHD; follow-up time; Panel B – subgroup 
analysis by follow-up duration

Percent men was not a predictor of effect size (P=0.88).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women; y: years.

Fig.	87i.	 Meta-regression	of	total	PUFA	and	total	CHD;	sex;	Panel	A	–	effect	size

NOTE: Weights are from random effects analysis
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Fig. 87j. Meta-regression of total PUFA and total CHD; sex; Panel B – subgroup analysis

Fig.	87k.	 Meta-regression	of	total	PUFA	and	total	CHD;	energy	adjustment;	Panel	A	–	effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women.

The effect size was not associated with adjustment for energy in the final model (P=0.21).

CHD: coronary heart disease; energy_adj: adjusted for energy; PUFA: polyunsaturated fatty acids; rr: risk ratio.

NOTE: Weights are from random effects analysis
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Fig. 87l. Meta-regression of total PUFA and total CHD; energy adjustment; Panel B – subgroup 
by adjustment for energy

Fig. 87m. Meta-regression of total PUFA and total CHD; dyslipidaemia adjustment; Panel A – 
effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women.

The effect size did not differ by whether or not there was adjustment for dyslipidaemia in the final model (P=0.10).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 87n. Meta-regression of total PUFA and total CHD; dyslipidaemia adjustment; Panel B – 
subgroup analysis

Fig. 87o. Meta-regression of total PUFA and total CHD; blood pressure adjustment; Panel A – 
effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women.

The effect size was not associated with adjustment for blood pressure in the final model (P=0.21).

adj_BP: adjusted for blood pressure; CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio.

NOTE: Weights are from random effects analysis
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Fig. 87p. Meta-regression of total PUFA and total CHD; blood pressure adjustment; Panel B – 
subgroup analysis

Fig.	87q.	 Meta-regression	of	total	PUFA	and	total	CHD;	age;	Panel	A	–	effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women.

The effect size was not associated the age of participants (P=0.37).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

NOTE: Weights are from random effects analysis
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Fig. 87r. Meta-regression of total PUFA and total CHD; age; Panel B – subgroup analysis (age 
group)

Fig.	87s.	 Meta-regression	of	total	PUFA	and	total	CHD;	smoking;	Panel	A	–	effect	size

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; W: 
women; y: years.

The percentage of participants in studies who were current or ever smokers was associated with effect size (P=0.096).

CHD: coronary heart disease; PUFA: polyunsaturated fatty acids; rr: risk ratio; smk_ev: ever smoked.

NOTE: Weights are from random effects analysis
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Fig. 87t. Meta-regression of total PUFA and total CHD; smoking; Panel B – subgroup analysis 
(smoking status)

CHD: coronary heart disease; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; smk_cur: current smokers; smk_ev: ever smoked; W: women.

NOTE: Weights are from random effects analysis
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Fig. 87u. Meta-regression of total PUFA and total CHD; diet assessment method; subgroup 
analysis

CHD: coronary heart disease; CI: confidence interval; ES: effect size; FFQ: food frequency questionnaire; ge: greater than 
or equal to; h: hour; HPFS: Health Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: 
polyunsaturated fatty acids; W: women. There was evidence of heterogeneity of effect size by method (Phet=0.001). 
Because the predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; 
therefore, we present the “by country” estimates separately.
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Fig. 87v. Meta-regression of total PUFA and total CHD; country of conduct; subgroup analysis by 
country

Fig.	88a.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	number	of	cases;	Panel	A	–	effect	
size1

1 Note: There is no figure for meta-regression of total PUFA and type 2 diabetes, diet assessment. All studies used a food 
frequency questionnaire for dietary measurement.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; ge: greater than or equal to; HPFS: Health 
Professionals Follow-up Study; lt: less than; M: male; NHS: Nurses’ Health Study; PUFA: polyunsaturated fatty acids; USA: 
United States of America; W: women. There was evidence of heterogeneity of effect size by country (Phet=0.0008). 
Because the predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; 
therefore, we present the “by country” estimates separately.

The number of cases in the study was not associated with the effect estimate (P=0.93).

#: number; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88b. Meta-regression of total PUFA and type 2 diabetes; number of cases; Panel B – 
subgroup analysis by number of cases (median=578)

Fig.	88c.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	NOS	assessment;	Panel	A	–	effect	
size

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids.

The effect size was not associated with adjustment for NOS score in the final model (P=0.61).

mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids.
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Fig. 88d. Meta-regression of total PUFA and type 2 diabetes; nOS assessment; Panel B – 
subgroup analysis by nOS

Fig.	88e.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	TFA	assessment;	Panel	A	–	effect	
size

The effect size was not associated with adjustment for TFA measurement in the final model (P=0.21).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; NOS: Newcastle-Ottawa Scale; PREDIMED: Prevención con Dieta Mediterránea; 
PREDIMED-Con: Prevención con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea 
(treatment); PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88f. Meta-regression of total PUFA and type 2 diabetes; TFA assessment; Panel B – 
subgroup analysis

Fig.	88g.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	sex;	Panel	A	–	effect	size

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids; TFA: trans-fatty acids.

The effect size was not associated with the percentage of men in the study (P=0.55).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88h. Meta-regression of total PUFA and type 2 diabetes; sex; Panel B – subgroup analysis

Fig. 88i. Meta-regression of total PUFA and type 2 diabetes; energy adjustment; Panel A – 
effect	size

CI: confidence interval; ES: effect size; M: male; PREDIMED-Con: Prevención con Dieta Mediterránea (control); PREDIMED-
Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids.

The effect size was not associated with adjustment for energy in the final model (P=0.55).

energy_adj: adjusted for energy; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88j. Meta-regression of total PUFA and type 2 diabetes; energy adjustment; Panel B – 
subgroup analysis (by adjustment for energy)

Fig. 88k. Meta-regression of total PUFA and type 2 diabetes; dyslipidaemia adjustment; Panel 
A	–	effect	size

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids.

The effect size was not associated with adjustment for dyslipidaemia in the final model (P=0.35).

adj_tcorLDL: adjusted for dyslipidaemia; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88l. Meta-regression of total PUFA and type 2 diabetes; dyslipidaemia adjustment; Panel 
B – subgroup analysis (by adjustment for energy)

Fig. 88m. Meta-regression of total PUFA and type 2 diabetes; blood pressure adjustment; Panel 
A	–	effect	size

The effect size was not associated with adjustment for blood pressure/hypertension in the final model (P=0.53).

adj_BP: adjusted for blood pressure; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88n. Meta-regression of total PUFA and type 2 diabetes; blood pressure adjustment; Panel 
B – subgroup analysis

Fig.	88o.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	age;	Panel	A	–	effect	size

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids.

The effect size did not depend on the average age of participants in the study (P=0.99).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

NOTE: Weights are from random effects analysis
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Fig. 88p. Meta-regression of total PUFA and type 2 diabetes; age; Panel B – subgroup analysis

Fig.	88q.	 Meta-regression	of	total	PUFA	and	type	2	diabetes;	smoking;	Panel	A	–	effect	size

CI: confidence interval; ES: effect size; M: male; PREDIMED-Con: Prevención con Dieta Mediterránea (control); PREDIMED-
Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; y: years.

The effect size did not depend on the proportion of current/former smokers in the study (P=0.99).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88r. Meta-regression of total PUFA and type 2 diabetes; smoking; Panel B – subgroup 
analysis

CI: confidence interval; ES: effect size; M: male; PREDIMED-Con: Prevención con Dieta Mediterránea (control); PREDIMED-
Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 88s. Meta-regression of total PUFA and type 2 diabetes; country of conduct; subgroup 
analysis by country

Fig. 89a. Meta-regression of total n-3 PUFA and all-cause mortality; number of cases; Panel A – 
effect	size

ALSWH: Australian Longitudinal Study on Women’s Health; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
Study; CI: confidence interval; E3N: Etude Epidémiologique auprès de Femmes de la Mutuelle Générale de l’Éducation 
Nationale; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: effect size; IWHS: Iowa Women’s Health 
Study; M: male; NHS: Nurses’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención 
con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated 
fatty acids; UK: United Kingdom; USA: United States of America. There was no evidence of heterogeneity of effect size by 
country of conduct (P=0.25).

The number of cases in the study was not associated with the effect estimate (P=0.80).

#: number; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

NOTE: Weights are from random effects analysis
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Fig. 89b. Meta-regression of total n-3 PUFA and all-cause mortality; number of cases; Panel B – 
subgroup analysis by number of cases (median=5365)

Fig. 89c. Meta-regression of total n-3 PUFA and all-cause mortality; nOS assessment; Panel A – 
effect	size

NOS was associated with effect size estimate (P=0.02).

NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; rr: risk ratio.

#: number; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig. 89d. Meta-regression of total n-3 PUFA and all-cause mortality; nOS assessment; Panel B – 
subgroup analysis

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; nos: Newcastle-Ottawa 
Scale; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; W: women. 

NOTE: Weights are from random effects analysis
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Fig. 89e. Meta-regression of total n-3 PUFA and all-cause mortality; TFA assessment; subgroup 
analysis

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; TFA: trans-fatty acids; W: women. The effect size was not associated with adjustment for measurement of TFA 
in the final model (P=0.90).

NOTE: Weights are from random effects analysis
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Fig. 89f. Meta-regression of total n-3 PUFA and all-cause mortality; follow-up time; Panel A – 
effect	size

The effect size was not associated with adjustment for duration of follow-up in the final model (P=0.84).

PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.
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Fig. 89g. Meta-regression of total n-3 PUFA and all-cause mortality; follow-up time; Panel B – 
subgroup analysis

Fig.	89h.	 Meta-regression	of	total	n-3	PUFA	and	all-cause	mortality;	sex;	Panel	A	–	effect	size

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.

The effect size was not associated with the percentage of men in the study (P=0.60).

PUFA: polyunsaturated fatty acids; rr: risk ratio.
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Fig. 89i. Meta-regression of total n-3 PUFA and all-cause mortality; sex; Panel B – subgroup 
analysis

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women.

NOTE: Weights are from random effects analysis
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Fig. 89j. Meta-regression of total n-3 PUFA and all-cause mortality; dyslipidaemia adjustment; 
subgroup analysis

Fig. 89k. Meta-regression of total n-3 PUFA and all-cause mortality; blood pressure adjustment; 
Panel	A	–	effect	size

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; 
N: no; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National 
Institutes of Health American Association of Retired Persons Diet and Health Study; NILS-LSA: National Institute for 
Longevity Sciences-Longitudinal Study of Aging; PUFA: polyunsaturated fatty acids; W: women; Y: yes. 
The effect size was not associated with whether or not there was adjustment for a measure of dyslipidaemia in the final 
model (P=0.64).

The effect size was not associated with adjustment for a measure of hypertension in the final model (P=0.52).

PUFA: polyunsaturated fatty acids.
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AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; 
N: no; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National 
Institutes of Health American Association of Retired Persons Diet and Health Study; NILS-LSA: National Institute for 
Longevity Sciences-Longitudinal Study of Aging; PUFA: polyunsaturated fatty acids; W: women; Y: yes.

Fig.	89m.	 Meta-regression	of	total	n-3	PUFA	and	all-cause	mortality;	age;	Panel	A	–	effect	size

The effect estimate was not associated with the average age of participants (P=0.41).

PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

Fig. 89l. Meta-regression of total n-3 PUFA and all-cause mortality; blood pressure adjustment; 
Panel B – subgroup analysis

NOTE: Weights are from random effects analysis
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Fig. 89n. Meta-regression of total n-3 PUFA and all-cause mortality; age; Panel B – subgroup 
analysis

Fig.	89o.	 Meta-regression	of	total	n-3	PUFA	and	all-cause	mortality;	smoking;	Panel	A	–	effect	
size

The effect of total n-3 PUFA on all-cause mortality did not depend on the% of smokers in the study (P=0.83).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.

NOTE: Weights are from random effects analysis
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Fig. 89p. Meta-regression of total n-3 PUFA and all-cause mortality; smoking; Panel B – 
subgroup analysis

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; smk_cur: current smokers; smk_ev: ever smoked; W: women.

NOTE: Weights are from random effects analysis
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Fig. 89q. Meta-regression of total n-3 PUFA and all-cause mortality; diet assessment method; 
subgroup analysis

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; DR: dietary record; ES: effect size; F: female; FFQ: food frequency questionnaire; FR: food record; h: hour; HPFS: 
Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; NILS-LSA: National Institute for Longevity Sciences-Longitudinal Study of Aging; PUFA: 
polyunsaturated fatty acids; W: women.

The effect of total n-3 PUFA on all-cause mortality did not depend on diet assessment method (P=0.38). Because the 
predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we 
present the “by assessment method” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 89r. Meta-regression of total n-3 PUFA and all-cause mortality; country of conduct; 
subgroup analysis

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; NILS-LSA: National Institute for Longevity 
Sciences-Longitudinal Study of Aging; PUFA: polyunsaturated fatty acids; USA: United States of America; W: women.

The effect size was associated with country of study (P=0.03). Because the predictor variable had more than 2 levels, it is 
not appropriate to show the continuous meta-regression line; therefore, we present the “by country” estimates separately.

NOTE: Weights are from random effects analysis

.

.

.

.

Overall  (I-squared = 75.3%, p = 0.000)

Year

Wakai [F] 2014

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = 78.7%, p = 0.001)

Subtotal  (I-squared = 44.2%, p = 0.146)

Zhuang NIH-AARP 2019

Otsuka 2019

Author,

Zhuang [NHANES] 2019

USA

Wakai [M] 2014

Jayanama 2019

Yamagishi 2008

Japan

Wang [HPFS, M] 2016

Owen 2016

Wang [NHS I, W] 2016

Subtotal  (I-squared = .%, p = .)

China
Zhuang [CHNS] 2019

Australia

Cohort

JACC

NIH-AARP

NILS-LSA

NHANES

JACC

NHANES

JACC

HPFS

AUS-DIAB

NHS I

CHNS

0.98 (0.93, 1.03)

ES (95% CI)

0.92 (0.84, 1.01)

1.39 (1.13, 1.70)

0.96 (0.92, 1.01)

0.95 (0.88, 1.03)

1.02 (1.00, 1.05)

0.83 (0.61, 1.12)

0.85 (0.71, 1.01)

1.04 (0.95, 1.14)

0.94 (0.90, 0.98)

0.92 (0.83, 1.01)

0.96 (0.90, 1.02)

1.39 (1.13, 1.70)

0.95 (0.90, 1.00)

1.22 (1.00, 1.49)
1.22 (1.00, 1.49)

100.00

Weight

9.87

3.89

60.87

31.31

15.57

2.02

%

4.83

9.96

14.52

9.46

12.53

3.89

13.43

3.93
3.93

0.98 (0.93, 1.03)

ES (95% CI)

0.92 (0.84, 1.01)

1.39 (1.13, 1.70)

0.96 (0.92, 1.01)

0.95 (0.88, 1.03)

1.02 (1.00, 1.05)

0.83 (0.61, 1.12)

0.85 (0.71, 1.01)

1.04 (0.95, 1.14)

0.94 (0.90, 0.98)

0.92 (0.83, 1.01)

0.96 (0.90, 1.02)

1.39 (1.13, 1.70)

0.95 (0.90, 1.00)

1.22 (1.00, 1.49)
1.22 (1.00, 1.49)

100.00

Weight

9.87

3.89

60.87

31.31

15.57

2.02

%

4.83

9.96

14.52

9.46

12.53

3.89

13.43

3.93
3.93

PUFA Protective  PUFA Harmful 
1.2 .5 1 2 5



288 Polyunsaturated fatty acids intake and health outcomes

Fig. 90a.1 Meta-regression of n-3 PUFA and cardiovascular mortality; number of cases; Panel A – 
effect	size

Fig. 90b. Meta-regression of n-3 PUFA and cardiovascular mortality; number of cases; Panel B – 
subgroup analysis by number of cases (median=1900)

1 Note: There is no figure for meta-regression of n-3 PUFA and cardiovascular mortality, energy adjustment. All studies 
adjusted for total energy.

The number of cases in the study was not associated with the effect estimate (P=0.59).

#: number; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

#: number; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of 
Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women. 
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Fig. 90c. Meta-regression of n-3 PUFA and cardiovascular mortality; nOS assessment; Panel A – 
effect	size

Fig. 90d. Meta-regression of n-3 PUFA and cardiovascular mortality; nOS assessment; Panel B – 
subgroup analysis

NOS was not associated with association estimate (P=0.65).

NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; rr: risk ratio.

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CI: confidence interval; ES: effect size; F: female; HPFS: 
Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese 
Health Study; W: women; ZES: Zutphen Elderly Study.
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Fig. 90e. Meta-regression of n-3 PUFA and cardiovascular mortality; TFA assessment; Panel A – 
effect	size

Fig. 90f. Meta-regression of n-3 PUFA and cardiovascular mortality; TFA assessment; Panel B – 
subgroup analysis

#: number; CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of 
Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; TFA: trans-fatty 
acids; W: women. 

The association estimate was not associated with adjustment for measurement of TFA (P=0.13).

PUFA: polyunsaturated fatty acids; rr: risk ratio; TFA: trans-fatty acids.
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Fig. 90g. Meta-regression of n-3 PUFA and cardiovascular mortality; follow-up time; Panel A – 
effect	size

Fig. 90h. Meta-regression of n-3 PUFA and cardiovascular mortality; follow-up time; Panel B – 
subgroup analysis

CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American 
Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: years.

The association estimate was not associated with follow-up time (P=0.50).

PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.
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Fig.	90i.	 Meta-regression	of	n-3	PUFA	and	cardiovascular	mortality;	sex;	Panel	A	–	effect	size

Fig. 90j. Meta-regression of n-3 PUFA and cardiovascular mortality; sex; Panel B – subgroup 
analysis (sex)
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The association estimate was not associated with the percentage of men in the study (P=0.48).

PUFA: polyunsaturated fatty acids; rr: risk ratio.

CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American 
Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women.

NOTE: Weights are from random effects analysis
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Fig. 90k. Meta-regression of n-3 PUFA and cardiovascular mortality; dyslipidaemia adjustment; 
subgroup analysis

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CI: confidence interval; ES: effect size; F: female; HPFS: 
Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; W: women; ZES: 
Zutphen Elderly Study.

Association estimates were not associated with adjustment for dyslipidaemia in the final model (P=0.51).

NOTE: Weights are from random effects analysis
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Fig. 90l. Meta-regression of n-3 PUFA and cardiovascular mortality; blood pressure adjustment; 
subgroup analysis

Fig.	90m.	 Meta-regression	of	n-3	PUFA	and	cardiovascular	mortality;	age;	Panel	A	–	effect	size

The association estimate was not associated with the average age of the study population (P=0.86).

PUFA: polyunsaturated fatty acids; rr: risk ratio; y: years.

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CI: confidence interval; ES: effect size; F: female; HPFS: 
Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; W: women; ZES: 
Zutphen Elderly Study.

Association estimates were not associated with adjustment for blood pressure in the final model (P=0.66).

NOTE: Weights are from random effects analysis
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Fig. 90n. Meta-regression of n-3 PUFA and cardiovascular mortality; age; Panel B – subgroup 
analysis

CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American 
Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: years.

NOTE: Weights are from random effects analysis
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Fig. 90o. Meta-regression of n-3 PUFA and cardiovascular mortality; smoking

CI: confidence interval; ES: effect size; F: female; HPFS: Health Professionals Follow-up Study; M: male; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American 
Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; smk_cur: current smokers; smk_
ev: ever smoked; W: women. In the continuous meta-regression analysis, the association estimate was not associated with 
the proportion of smokers in the study (P=0.94).

NOTE: Weights are from random effects analysis
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Fig. 90p. Meta-regression of n-3 PUFA and cardiovascular mortality; diet assessment method; 
subgroup analysis

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CI: confidence interval; ES: effect size; F: female; FFQ: food 
frequency questionnaire; h: hour; HPFS: Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; W: women; ZES: Zutphen Elderly Study. 

In the continuous meta-regression analysis, the effect size was not associated with adjustment for dietary assessment 
method in the final model (P=0.94). Because the predictor variable had more than 2 levels, it is not appropriate to show 
the continuous meta-regression line; therefore, we present the “by method” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 90q. Meta-regression of n-3 PUFA and cardiovascular mortality; country of conduct; 
subgroup analysis

AUS-DIAB: Australian Diabetes, Obesity and Lifestyle Study; CI: confidence interval; ES: effect size; F: female; HPFS: 
Health Professionals Follow-up Study; JACC: Japan Collaborative Cohort; M: male; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; USA: United 
States of America; W: women; ZES: Zutphen Elderly Study.

The effect size was not associated with adjustment for country of conduct in the final model (P=0.58). Because the 
predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we 
present the “by country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 91a. Meta-regression of long-chain n-3 PUFA and all-cause mortality; number of cases; 
Panel	A	–	effect	size

Fig. 91b. Meta-regression of long-chain n-3 PUFA and all-cause mortality; number of cases; 
Panel B – subgroup analysis by number of cases (median=4835)

The number of cases in the study was not associated with the effect estimate (P=0.86).

#: number; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

#: number; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 
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Fig. 91c. Meta-regression of long-chain n-3 PUFA and all-cause mortality; nOS assessment; 
Panel	A	–	effect	size

Fig. 91d. Meta-regression of long-chain n-3 PUFA and all-cause mortality; nOS assessment; 
Panel B – subgroup analysis by nOS score

Effect size was not associated with NOS score (P=0.26).

mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; nos: Newcastle-Ottawa Scale; 
NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; W: women. 
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Fig. 91e. Meta-regression of long-chain n-3 PUFA and all-cause mortality; TFA assessment; 
Panel	A	–	effect	size

Fig. 91f. Meta-regression of long-chain n-3 PUFA and all-cause mortality; TFA assessment; 
Panel B – subgroup analysis by TFA measurement

Effect size was not associated with adjustment for measurement of TFA in the final model (P=0.34).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.
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CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCCS: Southern Community Cohort Study; SIMPLER: Swedish Infrastructure for Medical 
Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; TFA: trans-fatty acids; VITAL: Vitamins and Lifestyle Study; W: women. 
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Fig. 91g. Meta-regression of long-chain n-3 PUFA and all-cause mortality; follow-up time; Panel 
A	–	effect	size

Fig. 91h. Meta-regression of long-chain n-3 PUFA and all-cause mortality; follow-up time; Panel 
B – subgroup analysis by duration of follow-up

Effect size was not associated with follow-up duration (P=0.23).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; W: women; y: years.
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Fig.	91i.	 Meta-regression	of	long-chain	n-3	PUFA	and	all-cause	mortality;	sex;	Panel	A	–	effect	
size

Fig. 91j. Meta-regression of long-chain n-3 PUFA and all-cause mortality; sex; Panel B – 
subgroup analysis by sex

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; W: women. 

The effect size was not associated with the percentage of men in the study (P=0.93).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.
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Fig. 91k. Meta-regression of long-chain n-3 PUFA and all-cause mortality; energy adjustment; 
Panel	A	–	effect	size	

Fig. 91l. Meta-regression of long-chain n-3 PUFA and all-cause mortality; energy adjustment; 
Panel B – subgroup analysis by adjustment for energy

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCCS: Southern Community Cohort Study; SIMPLER: Swedish Infrastructure for Medical 
Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 

Effect size was not associated with energy adjustment (yes or no) (P=0.46).

energy_adj: adjusted for energy; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.
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Fig. 91m. Meta-regression of long-chain n-3 PUFA and all-cause mortality; dyslipidaemia 
adjustment;	Panel	A	–	effect	size

Fig. 91n. Meta-regression of long-chain n-3 PUFA and all-cause mortality; dyslipidaemia 
adjustment; Panel B – subgroup analysis by adjustment for dyslipidaemia 

Effect size was not associated with adjustment for dyslipidaemia (yes or no) (P=0.49).

adj_tcorLDL: adjusted for dyslipidaemia; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCCS: Southern Community Cohort Study; SIMPLER: Swedish Infrastructure for Medical 
Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 
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Fig. 91o. Meta-regression of long-chain n-3 PUFA and all-cause mortality; blood pressure 
adjustment;	Panel	A	–	effect	size

Fig. 91p. Meta-regression of long-chain n-3 PUFA and all-cause mortality; blood pressure 
adjustment; Panel B – subgroup analysis by adjustment for blood pressure or measure 
of hypertension 

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCCS: Southern C-based Life-course and Environmental Research; SMHS: Shanghai Men’s 
Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 

Effect size was not associated with adjustment for hypertension (yes or no) (P=0.43).

adj_BP: adjusted for blood pressure; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.
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Fig. 91q. Meta-regression of long-chain n-3 PUFA and all-cause mortality; adjustment for age; 
Panel	A	–	effect	size	

Fig. 91r. Meta-regression of long-chain n-3 PUFA and all-cause mortality; adjustment for age; 
Panel B – subgroup analysis by age

The effect estimate was not associated with average age of the participants (P=0.96).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; W: women; y: years.
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Fig. 91s. Meta-regression of long-chain n-3 PUFA and all-cause mortality; smoking; Panel A – 
effect	size

Fig. 91t. Meta-regression of long-chain n-3 PUFA and all-cause mortality; smoking; Panel B – 
subgroup analysis by smoking status 

The effect estimate was not associated with the frequency of smoking in the study (P=0.68).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; smk_ev: ever smoked.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; smk_cur: current smokers; smk_ev: ever smoked; W: women.
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Fig. 91u. Meta-regression of long-chain n-3 PUFA and all-cause mortality; diet assessment 
method; subgroup analysis by diet assessment method 

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; FFQ: food frequency questionnaire; FR: 
food record; h: hour; HPFS: Health Professionals Follow-up Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: 
Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ 
Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; 
PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCCS: Southern Community Cohort 
Study; SIMPLER: Swedish Infrastructure for Medical Population-based Life-course and Environmental Research; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women.  
Effect estimate differed by diet assessment method ( Phet=0.02).
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Fig. 91v. Meta-regression of long-chain n-3 PUFA and all-cause mortality; country of conduct; 
subgroup analysis by country

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-up 
Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health 
American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCCS: Southern Community Cohort Study; SIMPLER: Swedish Infrastructure for Medical 
Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; USA: United States of America; VITAL: Vitamins and Lifestyle Study; W: women. 

Effect estimate differed by country of conduct (Phet<0.0001).
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Fig. 92a. Meta-regression of long-chain n-3 PUFA and CvD mortality; number of cases; Panel A – 
effect	size	

Fig. 92b. Meta-regression of long-chain n-3 PUFA and CvD mortality; number of cases; Panel B – 
subgroup analysis by number of cases (median=1032)

The number of cases in the study was not associated with the effect estimate (P=0.71).

#: number; CI: confidence interval; CVD: cardiovascular disease; mvHR: multivariable hazard ratio; mvRR: multivariable 
risk ratio; PUFA: polyunsaturated fatty acids.

#: number; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; W: women. 
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Fig. 92c. Meta-regression of long-chain n-3 PUFA and CvD mortality; nOS assessment; Panel A – 
effect	size	

Fig. 92d. Meta-regression of long-chain n-3 PUFA and CvD mortality; nOS assessment; Panel B – 
subgroup analysis by nOS score

The effect size was not associated with the NOS quality score (P=0.43).

CVD: cardiovascular disease; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty 
acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; nos: Newcastle-Ottawa Scale; NOS: Newcastle-
Ottawa Scale; PUFA: polyunsaturated fatty acids; W: women. 
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Fig. 92e. Meta-regression of long-chain n-3 PUFA and CvD mortality; TFA assessment; Panel A – 
effect	size	

Fig. 92f. Meta-regression of long-chain n-3 PUFA and CvD mortality; TFA assessment; Panel B – 
subgroup analysis (yes/no)

TFA assessment was associated with effect size (P=0.004).

CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.

#: number; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up 
Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty 
acids; TFA: trans-fatty acids; W: women. 
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Fig. 92g. Meta-regression of long-chain n-3 PUFA and CvD mortality; follow-up time; Panel A – 
effect	size	

Fig. 92h. Meta-regression of long-chain n-3 PUFA and CvD mortality; follow-up time; Panel B – 
subgroup analysis by follow-up time

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: 
years.

The effect size was not associated with adjustment for follow-up time in the final model (P=0.12).

CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.
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Fig.	92i.	 Meta-regression	of	long-chain	n-3	PUFA	and	CVD	mortality;	sex;	Panel	A	–	effect	size

Fig. 92j. Meta-regression of long-chain n-3 PUFA and CvD mortality; sex; Panel B – subgroup 
analysis by sex

The effect size was not associated with the percentage of men in the study (P=0.96).

CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of 
Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women.
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Fig. 92k. Meta-regression of long-chain n-3 PUFA and CvD mortality; energy adjustment; Panel 
A	–	effect	size	

Fig. 92l. Meta-regression of long-chain n-3 PUFA and CvD mortality; energy adjustment; Panel 
B – subgroup analysis (yes/no)

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; NIPPON DATA: The National Integrated Project for Prospective Observation Of 
Non-communicable Disease and its Trends in the Aged; PHS: Physicians’ Health Study; PREDIMED: Prevención con Dieta 
Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SIMPLER: Swedish Infrastructure 
for Medical Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: 
Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women; WHS: Women’s Health Study.

The effect size was not associated with adjustment for energy in the final model (P=0.95).

CVD: cardiovascular disease; energy_adj: adjusted for energy; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty 
acids.
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317 Annex 2. Figures

Fig. 92m. Meta-regression of long-chain n-3 PUFA and CvD mortality; dyslipidaemia adjustment; 
Panel	A	–	effect	size	

Fig. 92n. Meta-regression of long-chain n-3 PUFA and CvD mortality; dyslipidaemia adjustment; 
Panel B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of dyslipidaemia in the final model (P=0.75).

adj_tcorLDL: adjusted for dyslipidaemia; CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; NIPPON DATA: The National Integrated Project for Prospective Observation Of 
Non-communicable Disease and its Trends in the Aged; PHS: Physicians’ Health Study; PREDIMED: Prevención con Dieta 
Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SIMPLER: Swedish Infrastructure 
for Medical Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: 
Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women; WHS: Women’s Health Study.
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Fig. 92o. Meta-regression of long-chain n-3 PUFA and CvD mortality; blood pressure 
adjustment;	Panel	A	–	effect	size	

Fig. 92p. Meta-regression of long-chain n-3 PUFA and CvD mortality; blood pressure 
adjustment; Panel B – subgroup analysis (yes/no)

The effect size was not associated with whether or not there was adjustment for a measure of blood pressure in the final 
model (P=0.62).

adj_BP: adjusted for blood pressure; CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated 
fatty acids.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; NIPPON DATA: The National Integrated Project for Prospective Observation Of 
Non-communicable Disease and its Trends in the Aged; PHS: Physicians’ Health Study; PREDIMED: Prevención con Dieta 
Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SIMPLER: Swedish Infrastructure 
for Medical Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: 
Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women; WHS: Women’s Health Study.
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319 Annex 2. Figures

Fig.	92q.	 Meta-regression	of	long-chain	n-3	PUFA	and	CVD	mortality;	age;	Panel	A	–	effect	size	

Fig. 92r. Meta-regression of long-chain n-3 PUFA and CvD mortality; age; Panel B – subgroup 
analysis (age group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.94).

CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; W: women; y: 
years.
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Fig.	92s.	 Meta-regression	of	long-chain	n-3	PUFA	and	CVD	mortality;	smoking;	Panel	A	–	effect	
size

Fig. 92t. Meta-regression of long-chain n-3 PUFA and CvD mortality; smoking; Panel B – 
subgroup analysis by smoking status

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.96). 
High smokers ≥40% current/former or >20% current.

CVD: cardiovascular disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; smk_ev: ever smoked.

*Smoking data not available for one study (Dolocek, 1992).

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; M: male; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated fatty acids; smk_cur: 
current smokers; smk_ev: ever smoked; W: women.
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321 Annex 2. Figures

Fig. 92u. Meta-regression of long-chain n-3 PUFA and CvD mortality; diet assessment method; 
subgroup analysis

CI: confidence interval; CVD: cardiovascular disease; d: day; ES: effect size; FFQ: food frequency questionnaire; FR: food 
record; h: hour; HPFS: Health Professionals Follow-up Study; IWHS: Iowa Women’s Health Study; M: male; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study 
I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; NIPPON 
DATA: The National Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the 
Aged; PHS: Physicians’ Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; 
SCHS: Singapore Chinese Health Study; SIMPLER: Swedish Infrastructure for Medical Population-based Life-course and 
Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and 
Lifestyle Study; W: women; WHS: Women’s Health Study.

The effect size was not associated with diet assessment method (Phet=0.22). Because the predictor variable had more 
than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by country” 
estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 92v. Meta-regression of long-chain n-3 PUFA and CvD mortality; country of conduct; 
subgroup analysis

CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and 
Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association 
of Retired Persons Diet and Health Study; NIPPON DATA: The National Integrated Project for Prospective Observation Of 
Non-communicable Disease and its Trends in the Aged; PHS: Physicians’ Health Study; PREDIMED: Prevención con Dieta 
Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SIMPLER: Swedish Infrastructure 
for Medical Population-based Life-course and Environmental Research; SMHS: Shanghai Men’s Health Study; SWHS: 
Shanghai Women’s Health Study; USA: United States of America; VITAL: Vitamins and Lifestyle Study; W: women; WHS: 
Women’s Health Study.

There was evidence of heterogeneity of effect size by country of conduct (Phet=0.60). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis
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323 Annex 2. Figures

Fig. 93a. Meta-regression of long-chain n-3 PUFA and CHD mortality; number of cases; Panel A – 
effect	size

Fig. 93b. Meta-regression of long-chain n-3 PUFA and CHD mortality; number of cases; Panel B – 
subgroup analysis by number of cases (median=240)

The number of cases in the study was not associated with the effect estimate (P=0.38).

#: number; CHD: coronary heart disease; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable 
risk ratio; PUFA: polyunsaturated fatty acids.

#: number; CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; 
NHANES: National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; W: women. 
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Fig. 93c. Meta-regression of long-chain n-3 PUFA and CHD mortality; nOS assessment; Panel A – 
effect	size

Fig. 93d. Meta-regression of long-chain n-3 PUFA and CHD mortality; nOS assessment; Panel B – 
subgroup analysis by nOS score

The effect size was not associated with the NOS quality score (P=0.57).

CHD: coronary heart disease; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty 
acids.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; NHANES: 
National Health and Nutrition Examination Survey; nos: Newcastle-Ottawa Scale; NOS: Newcastle-Ottawa Scale; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig. 93e. Meta-regression of long-chain n-3 PUFA and CHD mortality; TFA assessment; Panel A – 
effect	size

Fig. 93f. Meta-regression of long-chain n-3 PUFA and CHD mortality; TFA assessment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for TFA assessment in the final model (P=0.63).

CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.

ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular Health 
Study; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; IWHS: Iowa Women’s Health Study; JPHC: 
Japan Public Health Center; M: male; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NIPPON DATA: The National 
Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the Aged; PREDIMED: 
Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; TFA: trans-fatty acids; VITAL: Vitamins and Lifestyle 
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Fig. 93g. Meta-regression of long-chain n-3 PUFA and CHD mortality; follow-up time; Panel A – 
effect	size	

Fig. 93h. Meta-regression of long-chain n-3 PUFA and CHD mortality; follow-up time; Panel B – 
subgroup analysis

The effect size was not associated with adjustment for follow-up time in the final model (P=0.55).

CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; NHANES: 
National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; W: women; y: years.
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327 Annex 2. Figures

Fig.	93i.	 Meta-regression	of	long-chain	n-3	PUFA	and	CHD	mortality;	sex;	Panel	A	–	effect	size

Fig. 93j. Meta-regression of long-chain n-3 PUFA and CHD mortality; sex; Panel B – subgroup 
analysis

The effect size was not associated with adjustment for the percentage of men in the study in the final model (P=0.80).

CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; NHANES: 
National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; W: women.
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Fig. 93k. Meta-regression of long-chain n-3 PUFA and CHD mortality; energy adjustment; Panel 
A	–	effect	size

Fig. 93l. Meta-regression of long-chain n-3 PUFA and CHD mortality; energy adjustment; Panel 
B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for energy in the final model (P=0.18).

CHD: coronary heart disease; energy_adj: adjusted for energy; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty 
acids.

ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular Health 
Study; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; IWHS: Iowa Women’s Health Study; JPHC: 
Japan Public Health Center; M: male; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NIPPON DATA: The National 
Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the Aged; PREDIMED: 
Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 
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Fig. 93m. Meta-regression of long-chain n-3 PUFA and CHD mortality; dyslipidaemia adjustment; 
Panel	A	–	effect	size	

Fig. 93n. Meta-regression of long-chain n-3 PUFA and CHD mortality; dyslipidaemia adjustment; 
Panel B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of dyslipidaemia in the final model (P=0.55).

adj_tcorLDL: adjusted for dyslipidaemia; CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular Health 
Study; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; IWHS: Iowa Women’s Health Study; JPHC: 
Japan Public Health Center; M: male; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NIPPON DATA: The National 
Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the Aged; PREDIMED: 
Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 
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Fig. 93o. Meta-regression of long-chain n-3 PUFA and CHD mortality; blood pressure 
adjustment;	Panel	A	–	effect	size	

Fig. 93p. Meta-regression of long-chain n-3 PUFA and CHD mortality; blood pressure 
adjustment; Panel B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.41).

adj_BP: adjusted for blood pressure; CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated 
fatty acids.

ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular Health 
Study; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; IWHS: Iowa Women’s Health Study; JPHC: 
Japan Public Health Center; M: male; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NIPPON DATA: The National 
Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the Aged; PREDIMED: 
Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women. 
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Fig.	93q.	 Meta-regression	of	long-chain	n-3	PUFA	and	CHD	mortality;	age;	Panel	A	–	effect	size	

Fig. 93r. Meta-regression of long-chain n-3 PUFA and CHD mortality; age; Panel B – subgroup 
analysis (age group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.91).

CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; NHANES: 
National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; W: women; y: years.
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Fig.	93s.	 Meta-regression	of	long-chain	n-3	PUFA	and	CHD	mortality;	smoking;	Panel	A	–	effect	
size 

Fig. 93t. Meta-regression of long-chain n-3 PUFA and CHD mortality; smoking; Panel B – 
subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.77). 
High smokers ≥40% current/former or >20% current.

CHD: coronary heart disease; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; smk_ev: ever smoked. 

CHD: coronary heart disease; CI: confidence interval; ES: effect size; JPHC: Japan Public Health Center; M: male; NHANES: 
National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; smk_cur: current smokers; smk_ev: 
ever smoked; W: women.
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NOTE: Weights are from random effects analysis
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Fig. 93u. Meta-regression of long-chain n-3 PUFA and CHD mortality; diet assessment method; 
subgroup analysis

ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular 
Health Study; CI: confidence interval; d: day; ES: effect size; FFQ: food frequency questionnaire; FMC: Finnish Mobile Health 
Clinic; FR: food record; h: hour; IWHS: Iowa Women’s Health Study; JPHC: Japan Public Health Center; M: male; MORGEN: 
Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National 
Health and Nutrition Examination Survey; NIPPON DATA: The National Integrated Project for Prospective Observation 
Of Non-communicable Disease and its Trends in the Aged; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; VITAL: Vitamins and Lifestyle Study; W: women.

The effect size estimate was associated with adjustment for diet assessment method in the final model (Phet=0.04). 
Because the predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; 
therefore, we present the “by country” estimates separately.
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ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: coronary heart disease; CHS: Cardiovascular Health 
Study; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; IWHS: Iowa Women’s Health Study; JPHC: 
Japan Public Health Center; M: male; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; MRFIT: Multiple 
Risk Factor Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NIPPON DATA: The National 
Integrated Project for Prospective Observation Of Non-communicable Disease and its Trends in the Aged; PREDIMED: 
Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: 
Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; USA: United States of America; VITAL: Vitamins and 
Lifestyle Study; W: women. 

There was evidence of heterogeneity of effect size by country of conduct (Phet=0.009). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

Fig. 93v. Meta-regression of long-chain n-3 PUFA and CHD mortality; country of conduct; 
subgroup analysis by country

NOTE: Weights are from random effects analysis
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Fig. 94a. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; number of cases; 
Panel	A–	effect	size	

Fig. 94b. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; number of cases; 
Panel B – subgroup analysis by number of cases (median=680)

The number of cases in the study was not associated with the effect estimate (P=0.66).

#: number; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids.

#: number; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con 
Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty 
acids; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: women. 
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Fig. 94c. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; nOS assessment; Panel 
A	–	effect	size	

Fig. 94d. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; nOS assessment; Panel 
B – subgroup analysis by nOS score 

The effect size was not associated with the NOS quality score (P=0.78).

mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; GNHS: Guangzhou Nutrition and Health Study; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study I; 
NHS II: Nurses’ Health Study II; NOS: Newcastle-Ottawa Scale; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-
Con: Prevención con Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: 
polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai 
Women’s Health Study; W: women; WHS: Women’s Health Study.
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Fig. 94e. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; TFA assessment; Panel A 
–	effect	size	

Fig. 94f. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; TFA assessment; Panel B 
– subgroup analysis (yes/no)

The effect size was not associated with adjustment for TFA assessment in the final model (P=0.18).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids.

#: number; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con 
Dieta Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty 
acids; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; TFA: trans-fatty acids; W: women. 
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Fig. 94g. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; follow-up time; Panel A – 
effect	size	

Fig. 94h. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; follow-up time; Panel B – 
subgroup analysis

The effect size was not associated with adjustment for follow-up time in the final model (P=0.16).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-
up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: women; y: years.
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Fig.	94i.	 Meta-regression	of	long-chain	n-3	PUFA	and	type	2	diabetes;	sex;	Panel	A	–	effect	size

Fig. 94j. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; sex; Panel B – subgroup 
analysis

The effect size was not associated with the sex distribution of the cohort (% men)(P=0.76).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-
up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: women.
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Fig. 94k. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; energy adjustment; Panel 
A	–	effect	size	

Fig. 94l. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; energy adjustment; Panel 
B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for energy in the final model (P=0.26).

energy_adj: adjusted for energy; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; GNHS: Guangzhou Nutrition and Health Study; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study 
I; NHS II: Nurses’ Health Study II; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: 
women; WHS: Women’s Health Study.
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Fig. 94m. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; dyslipidaemia 
adjustment;	Panel	A	–	effect	size

Fig. 94n. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; dyslipidaemia 
adjustment; Panel B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for inclusion of a measure of dyslipidaemia in the final model (P=0.67).

adj_tcorLDL: adjusted for dyslipidaemia; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; GNHS: Guangzhou Nutrition and Health Study; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study 
I; NHS II: Nurses’ Health Study II; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: 
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Fig. 94o. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; blood pressure 
adjustment;	Panel	A	–	effect	size	

Fig. 94p. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; blood pressure 
adjustment; Panel B – subgroup analysis (yes/no)

The effect size was not associated with adjustment for inclusion of a measure of blood pressure in the final model 
(P=0.35).

adj_BP: adjusted for blood pressure; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids.

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; GNHS: Guangzhou Nutrition and Health Study; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study 
I; NHS II: Nurses’ Health Study II; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: 
women; WHS: Women’s Health Study.
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Fig.	94q.	 Meta-regression	of	long-chain	n-3	PUFA	and	type	2	diabetes;	age;	Panel	A	–	effect	size	

Fig. 94r. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; age; Panel B – subgroup 
analysis (age group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.17).

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; y: years.

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-
up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: women; y: years.
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Fig.	94s.	 Meta-regression	of	long-chain	n-3	PUFA	and	type	2	diabetes;	smoking;	Panel	A	–	effect	
size 

Fig. 94t. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; smoking; Panel B – 
subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.65). 
High smokers ≥40% current/former or >20% current.

mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; smk_ev: ever smoked. 

CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health Professionals Follow-
up Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SMHS: Shanghai Men’s Health Study; smk_cur: current smokers; smk_ev: ever smoked; SWHS: Shanghai Women’s Health 
Study; W: women.
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Fig. 94u. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; diet assessment method; 
subgroup analysis

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; d: day; ES: effect size; FFQ: food frequency questionnaire; FR: food record; GNHS: Guangzhou Nutrition and 
Health Study; h: hour; HPFS: Health Professionals Follow-up Study; IWHS: Iowa Women’s Health Study; KIHD: Kuopio 
Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study I; NHS II: Nurses’ Health Study II; PREDIMED: 
Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención con Dieta Mediterránea (control); PREDIMED-Trt: 
Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; 
SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; W: women; WHS: Women’s Health Study. 
Diet assessment method was associated with effect size (Phet=0.001). Because the predictor variable had more than 2 
levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by method” estimates 
separately.

NOTE: Weights are from random effects analysis
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Fig. 94v. Meta-regression of long-chain n-3 PUFA and type 2 diabetes; country of conduct; 
subgroup analysis

ALSWH: Australian Longitudinal Study on Women’s Health; CHNS: China Health and Nutrition Survey; CI: confidence 
interval; ES: effect size; GNHS: Guangzhou Nutrition and Health Study; HPFS: Health Professionals Follow-up Study; IWHS: 
Iowa Women’s Health Study; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; NHS I: Nurses’ Health Study 
I; NHS II: Nurses’ Health Study II; PREDIMED: Prevención con Dieta Mediterránea; PREDIMED-Con: Prevención con Dieta 
Mediterránea (control); PREDIMED-Trt: Prevención con Dieta Mediterránea (treatment); PUFA: polyunsaturated fatty acids; 
SCHS: Singapore Chinese Health Study; SMHS: Shanghai Men’s Health Study; SWHS: Shanghai Women’s Health Study; USA: 
United States of America; W: women; WHS: Women’s Health Study.

There was evidence of heterogeneity of effect size by country of conduct (Phet=0.001). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis

.

.

.

.

.

.

.

Overall  (I-squared = 77.3%, p = 0.000)

van Woudenbergh 2009

Kaushik [NHS II] 2009

Singapore

Zheng 2019

Kaushik [HPFS] 2009

Subtotal  (I-squared = 0.0%, p = 0.567)

Djousse 2011

Subtotal  (I-squared = 84.0%, p = 0.000)

USA

China
Villegas [SMHS] 2011

Virtanen 2014

Subtotal  (I-squared = .%, p = .)

Zhang CNHS 2019 [M]

Brostow 2011

Year

Finland

Subtotal  (I-squared = .%, p = .)

Meyer 2001

Spain

Subtotal  (I-squared = 42.1%, p = 0.141)

Kaushik [NHS I] 2009

Netherlands

Zhang CNHS 2019 [W]

Australia

Author,

Guasch-Ferre 2017 [PREDIMED-Trt]

Subtotal  (I-squared = .%, p = .)

Subtotal  (I-squared = .%, p = .)

Alhazmi 2014

Guasch-Ferre 2017 [PREDIMED-Con]

Villegas [SWHS] 2011

Rotterdam

NHS 2

GNHS

HPFS
WHS

SMHS

KIHD

CNHS

SCHS

Cohort

IWHS
NHS 1

CNHS

PREDIMED

ALSWH

PREDIMED

SWHS

1.10 (0.99, 1.23)

1.05 (0.80, 1.38)

1.25 (1.10, 1.42)

0.78 (0.52, 1.18)

1.12 (0.98, 1.28)

0.90 (0.61, 1.35)

1.44 (1.25, 1.65)

1.08 (0.81, 1.45)

0.89 (0.70, 1.13)

0.85 (0.65, 1.12)

0.93 (0.77, 1.12)

1.57 (1.13, 2.19)

0.93 (0.77, 1.12)

ES (95% CI)

1.23 (0.84, 1.80)

1.20 (1.03, 1.40)
1.24 (1.15, 1.34)

1.23 (1.11, 1.37)

1.74 (1.22, 2.48)

1.00 (0.59, 1.69)

0.85 (0.65, 1.12)

1.05 (0.80, 1.38)

1.23 (0.84, 1.80)

0.79 (0.43, 1.46)

0.84 (0.74, 0.95)

100.00

5.96

8.48

3.97

8.39

5.26

8.30

28.86

6.60

5.96

7.54

5.03

7.54

Weight

4.36

8.07
42.06

8.82

4.73

%

2.92

5.96

5.96

4.36

2.34

8.53

1.10 (0.99, 1.23)

1.05 (0.80, 1.38)

1.25 (1.10, 1.42)

0.78 (0.52, 1.18)

1.12 (0.98, 1.28)

0.90 (0.61, 1.35)

1.44 (1.25, 1.65)

1.08 (0.81, 1.45)

0.89 (0.70, 1.13)

0.85 (0.65, 1.12)

0.93 (0.77, 1.12)

1.57 (1.13, 2.19)

0.93 (0.77, 1.12)

ES (95% CI)

1.23 (0.84, 1.80)

1.20 (1.03, 1.40)
1.24 (1.15, 1.34)

1.23 (1.11, 1.37)

1.74 (1.22, 2.48)

1.00 (0.59, 1.69)

0.85 (0.65, 1.12)

1.05 (0.80, 1.38)

1.23 (0.84, 1.80)

0.79 (0.43, 1.46)

0.84 (0.74, 0.95)

100.00

5.96

8.48

3.97

8.39

5.26

8.30

28.86

6.60

5.96

7.54

5.03

7.54

Weight

4.36

8.07
42.06

8.82

4.73

%

2.92

5.96

5.96

4.36

2.34

8.53

PUFA Protective  PUFA Harmful 

1.2 .5 1 2 5



347 Annex 2. Figures

Fig.	95a.	 Meta-regression	of	ALA	and	all-cause	mortality;	number	of	cases;	Panel	A	–	effect	size	

Fig. 95b. Meta-regression of ALA and all-cause mortality; number of cases; Panel B – subgroup 
analysis by number of cases (n=1262)

The number of cases in the study was not associated with the effect estimate (P=0.27).

#: number; ALA: alpha-linolenic acid; CI: confidence interval; mvHR: multivariable hazard ratio; mvRR: multivariable risk 
ratio.

#: number; ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; 
HPFS: Health Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: 
Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health 
Study; PUFA: polyunsaturated fatty acids; W: women. 
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Fig.	95c.	 Meta-regression	of	ALA	and	all-cause	mortality;	NOS	assessment;	Panel	A	–	effect	size	

Fig. 95d. Meta-regression of ALA and all-cause mortality; nOS assessment; Panel B – subgroup 
analysis by nOS score

There was an association between NOS assessment and effect size (P=0.069).

ALA: alpha-linolenic acid; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS : China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; NOS: Newcastle-Ottawa Scale; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig.	95e.	 Meta-regression	of	ALA	and	all-cause	mortality;	TFA	assessment;	Panel	A	–	effect	size	

Fig. 95f. Meta-regression of ALA and all-cause mortality; TFA assessment; Panel B – subgroup 
analysis (yes/no)

The effect size was not associated with adjustment for TFA assessment in the final model (P=0.12).

ALA: alpha-linolenic acid; rr: risk ratio; tfa: trans-fatty acids; TFA: trans-fatty acid. 

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; TFA: 
trans-fatty acids; W: women. 
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Fig.	95g.	 Meta-regression	of	ALA	and	all-cause	mortality;	follow-up	time;	Panel	A	–	effect	size	

Fig. 95h. Meta-regression of ALA and all-cause mortality; follow-up time; Panel B – subgroup 
analysis

There was an association between follow-up time and effect size (P=0.098).

ALA: alpha-linolenic acid; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women; y: years.
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Fig.	95i.	 Meta-regression	of	ALA	and	all-cause	mortality;	sex;	Panel	A	–	effect	size

Fig. 95j. Meta-regression of ALA and all-cause mortality; sex; Panel B – subgroup analysis

The effect size was not associated with adjustment for the percentage of men in the study in the final model (P=0.88).

ALA: alpha-linolenic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig.	95k.	 Meta-regression	of	ALA	and	all-cause	mortality;	energy	adjustment;	Panel	A	–	effect	
size

Fig. 95l. Meta-regression of ALA and all-cause mortality; energy adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for energy in the final model (P=0.11).

ALA: alpha-linolenic acid; energy_adj: adjusted for energy; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; W: 
women. 
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Fig. 95m. Meta-regression of ALA and all-cause mortality; dyslipidaemia adjustment; Panel A – 
effect	size

Fig. 95n. Meta-regression of ALA and all-cause mortality; dyslipidaemia adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of dyslipidaemia in the final model (P=0.61).

adj_tcorLDL: adjusted for dyslipidaemia; ALA: alpha-linolenic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; W: 
women. 
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Fig. 95o. Meta-regression of ALA and all-cause mortality; blood pressure adjustment; Panel A – 
effect	size

Fig. 95p. Meta-regression of ALA and all-cause mortality; blood pressure adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.14).

adj_BP: adjusted for blood pressure; ALA: alpha-linolenic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; W: 
women. 
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Fig.	95q.	 Meta-regression	of	ALA	and	all-cause	mortality;	age;	Panel	A	–	effect	size	

Fig. 95r. Meta-regression of ALA and all-cause mortality; age; Panel B – subgroup analysis (age 
group)

There was an association between effect size and average age of the study sample (P=0.072).

ALA: alpha-linolenic acid; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women; y: years.
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Fig.	95s.	 Meta-regression	of	ALA	and	all-cause	mortality;	smoking;	Panel	A	–	effect	size	

Fig. 95t. Meta-regression of ALA and all-cause mortality; smoking; Panel B – subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.80). 
High smokers ≥40% current/former or >20% current.

ALA: alpha-linolenic acid; mvRR: multivariable risk ratio. 

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CI: confidence interval; ES: effect size; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig. 95u. Meta-regression of ALA and all-cause mortality; diet assessment method; subgroup 
analysis

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; FFQ: food frequency questionnaire; FR: food record; h: 
hour; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor 
Intervention Trial; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: 
National Institutes of Health American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con 
Dieta Mediterránea; PUFA: polyunsaturated fatty acids; W: women.

There was an association between effect size and diet assessment method (Phet=0.006). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
assessment method” estimates separately.

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I-squared = 79.9%, p = 0.000)

Author,

Fortes 2000

Zhuang NIH-AARP 2019

Fretts 2014

Zhuang [CHNS] 2019

Sala-Vila 2016

Lelli 2020

Subtotal  (I-squared = 0.0%, p = 0.432)

FFQ

Subtotal  (I-squared = .%, p = .)

Wang [NHS I, W] 2016

Wang [HPFS, M] 2016

Subtotal  (I-squared = 82.3%, p = 0.000)

Zhuang [NHANES] 2019

Year

Dolecek [M] 1992

24h recall

7 day FR

Rome Elderly

NIH-AARP

CHS

CNHS

PREDIMED

InCHIANTI

NHS 1

HPFS

NHANES

Cohort

MRFIT

0.93 (0.86, 1.01)

0.46 (0.22, 0.97)

1.06 (1.03, 1.09)

0.73 (0.61, 0.88)

1.23 (1.01, 1.50)

0.72 (0.56, 0.93)

0.84 (0.59, 1.20)

0.82 (0.69, 0.97)

1.23 (1.01, 1.50)

0.98 (0.93, 1.04)

1.01 (0.94, 1.08)

0.93 (0.85, 1.02)

0.84 (0.70, 1.00)

ES (95% CI)

0.68 (0.41, 1.12)

100.00

%

1.21

19.29

10.21

9.46

6.97

4.31

13.00

9.46

18.15

17.39

77.54

10.48

Weight

2.52

0.93 (0.86, 1.01)

0.46 (0.22, 0.97)

1.06 (1.03, 1.09)

0.73 (0.61, 0.88)

1.23 (1.01, 1.50)

0.72 (0.56, 0.93)

0.84 (0.59, 1.20)

0.82 (0.69, 0.97)

1.23 (1.01, 1.50)

0.98 (0.93, 1.04)

1.01 (0.94, 1.08)

0.93 (0.85, 1.02)

0.84 (0.70, 1.00)

ES (95% CI)

0.68 (0.41, 1.12)

100.00

%

1.21

19.29

10.21

9.46

6.97

4.31

13.00

9.46

18.15

17.39

77.54

10.48

Weight

2.52

PUFA Protective  PUFA Harmful 

1.2 .5 1 2 5



358 Polyunsaturated fatty acids intake and health outcomes

Fig. 95v. Meta-regression of ALA and all-cause mortality; country of conduct; subgroup analysis

ALA: alpha-linolenic acid; CHNS: China Health and Nutrition Survey; CHS: Cardiovascular Health Study; CI: confidence 
interval; CNHS: China Health and Nutrition Survey; ES: effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: 
Invecchiare in Chianti; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; USA: 
United States of America; W: women. 

There was evidence of heterogeneity of effect size by country of conduct (Phet=0.003). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig.	96a.	 Meta-regression	of	ALA	and	CVD	mortality;	number	of	cases;	Panel	A	–	effect	size	

Fig. 96b. Meta-regression of ALA and CvD mortality; number of cases; Panel B – subgroup 
analysis by number of cases (median n=500)

The number of cases in the study was associated with the effect estimate (P=0.053).

#: number; ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; mvHR: multivariable hazard 
ratio; mvRR: multivariable risk ratio.

#: number; ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health 
Professionals Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health 
Study I; NIH-AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: 
polyunsaturated fatty acids; W: women. 
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Fig.	96c.	 Meta-regression	of	ALA	and	CVD	mortality;	NOS	assessment;	Panel	A	–	effect	size	

Fig. 96d. Meta-regression of ALA and CvD mortality; nOS assessment; Panel B – subgroup 
analysis by nOS score

The effect size was not associated with the NOS quality score (P=0.79).

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale.

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; NOS: Newcastle-Ottawa Scale; PREDIMED: Prevención con Dieta Mediterránea; PUFA: 
polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; W: women; WHS: Women’s Health Study.
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Fig.	96e.	 Meta-regression	of	ALA	and	CVD	mortality;	TFA	assessment;	Panel	A	–	effect	size

Fig. 96f. Meta-regression of ALA and CvD mortality; TFA assessment; Panel B – subgroup 
analysis (yes/no)

TFA assessment was associated with effect size (P=0.028).

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio; TFA: trans-fatty acids.

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; TFA: trans-fatty acids; W: women; WHS: Women’s Health Study.
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Fig.	96g.	 Meta-regression	of	ALA	and	CVD	mortality;	follow-up	time;	Panel	A	–	effect	size

Fig. 96h. Meta-regression of ALA and CvD mortality; follow-up time; Panel B – subgroup 
analysis

Follow-up time was not associated with effect size (P=0.81).

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.
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Fig.	96i.	 Meta-regression	of	ALA	and	CVD	mortality;	sex;	Panel	A	–	effect	size	

Fig. 96j. Meta-regression of ALA and CvD mortality; sex; Panel B – subgroup analysis

The effect size was not associated with adjustment for follow-up time and the percentage of men in the study in the final 
model (P=0.98).

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 
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Fig.	96k.	 Meta-regression	of	ALA	and	CVD	mortality;	energy	adjustment;	Panel	A	–	effect	size

Fig. 96l. Meta-regression of ALA and CvD mortality; energy adjustment; Panel B – subgroup 
analysis (yes/no)

The effect size was not associated with adjustment for energy in the final model (P=0.38).

ALA: alpha-linolenic acid; energy_adj: adjusted for energy; CVD: cardiovascular disease; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; W: women; WHS: Women’s Health Study.
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Fig.	96m.	 Meta-regression	of	ALA	and	CVD	mortality;	dyslipidaemia	adjustment;	Panel	A	–	effect	
size 

Fig. 96n. Meta-regression of ALA and CvD mortality; dyslipidaemia adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was associated with adjustment for a measure of dyslipidaemia in the final model (P=0.11).

adj_tcorLDL: adjusted for dyslipidaemia; ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk 
ratio.

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; W: women; WHS: Women’s Health Study.
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Fig. 96o. Meta-regression of ALA and CvD mortality; blood pressure adjustment; Panel A – 
effect	size	

Fig. 96p. Meta-regression of ALA and CvD mortality; blood pressure adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.11).

adj_BP: adjusted for blood pressure; ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; W: women; WHS: Women’s Health Study.
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Fig.	96q.	 Meta-regression	of	ALA	and	CVD	mortality;	age;	Panel	A	–	effect	size	

Fig. 96r. Meta-regression of ALA and CvD mortality; age; Panel B – subgroup analysis (age 
group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.36).

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women; y: years.
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Fig.	96s.	 Meta-regression	of	ALA	and	CVD	mortality;	smoking;	Panel	A	–	effect	size

Fig. 96t. Meta-regression of ALA and CvD mortality; smoking; Panel B – subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.12). 
High smokers ≥40% current/former or >20% current.

ALA: alpha-linolenic acid; CVD: cardiovascular disease; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; CI: confidence interval; CVD: cardiovascular disease; ES: effect size; HPFS: Health Professionals 
Follow-up Study; M: male; NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-
AARP: National Institutes of Health American Association of Retired Persons Diet and Health Study; PUFA: polyunsaturated 
fatty acids; W: women. 
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Fig. 96u. Meta-regression of ALA and CvD mortality; diet assessment method; subgroup 
analysis

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: effect 
size; FFQ: food frequency questionnaire; h: hour; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in 
Chianti; KIHD: Kuopio Ischemic Heart Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; 
NHANES: National Health and Nutrition Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes 
of Health American Association of Retired Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; 
PUFA: polyunsaturated fatty acids; SCHS: Singapore Chinese Health Study; W: women; WHS: Women’s Health Study.

There was evidence of heterogeneity of effect size by method of diet assessment (Phet=0.003). Because the predictor 
variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present 
the “by country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 96v. Meta-regression of ALA and CvD mortality; country of conduct; subgroup analysis

ALA: alpha-linolenic acid; CHS: Cardiovascular Health Study; CI: confidence interval; CVD: cardiovascular disease; ES: 
effect size; HPFS: Health Professionals Follow-up Study; InCHIANTI: Invecchiare in Chianti; KIHD: Kuopio Ischemic Heart 
Disease Risk Factor Study; M: male; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS I: Nurses’ Health Study I; NIH-AARP: National Institutes of Health American Association of Retired 
Persons Diet and Health Study; PREDIMED: Prevención con Dieta Mediterránea; PUFA: polyunsaturated fatty acids; SCHS: 
Singapore Chinese Health Study; USA: United States of America; W: women; WHS: Women’s Health Study.

There was no evidence of heterogeneity of effect size by country of conduct (Phet=0.35). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig.	97a.	 Meta-regression	of	LA	and	CHD	mortality;	number	of	cases;	Panel	A	–	effect	size	

Fig. 97b. Meta-regression of LA and CHD mortality; number of cases; Panel B – subgroup 
analysis by number of cases (median n=270)

#: number; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; ES: effect size; 
FMC: Finnish Mobile Health Clinic; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; 
M: male; NHANES: National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; VIP: Västerbotten 
Intervention Program; W: women; WHS: Women’s Health Study.

The number of cases in the study was not associated with the effect estimate (P=0.53)

#: number; CHD: coronary heart disease; CI: confidence interval; LA: linoleic acid; mvHR: multivariable hazard ratio; mvRR: 
multivariable risk ratio.

-1
-.5

0
.5

1
1.

5
m

vH
R

0 500 1000 1500 2000
# Cases

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 0.0%, p = 0.752)

ARIC- Pooling [M] 2014

Subtotal  (I-squared = 0.0%, p = 0.656)

WHS- Pooling [W] 2014

Year

Subtotal  (I-squared = 0.0%, p = 0.547)

VIP- Pooling [M] 2014

IWHS- Pooling [W] 2014

<270

Ascherio [M] 1996-2014

Zhuang [NHANES] 2019

>=270

Pietinen [M] 1997-2014

Wallström 2012-2014

Author,

IIHD- Pooling [M] 2014

FMC- Pooling [M] 2014

FMC- Pooling [W] 2014

Oh [W] 2005-2014

Dolecek [M] 1992

269

10

Cases

38

294

1971

978

581

1060

#

165

147

48

1389

175

0.79 (0.71, 0.88)

0.42 (0.08, 2.25)

0.80 (0.71, 0.89)

4.02 (0.35, 46.34)

ES (95% CI)

0.74 (0.54, 1.02)

1.28 (0.25, 6.55)

0.94 (0.57, 1.55)

0.77 (0.63, 0.94)

0.91 (0.55, 1.51)

0.92 (0.56, 1.51)

0.88 (0.69, 1.12)

0.97 (0.56, 1.68)

0.63 (0.20, 1.98)

1.10 (0.19, 6.38)

0.69 (0.55, 0.87)

0.58 (0.37, 0.92)

100.00

0.43

88.00

0.20

Weight

12.00

0.45

4.81

30.08

4.72

4.96

20.53

%

3.99

0.92

0.39

22.90

5.62

0.79 (0.71, 0.88)

0.42 (0.08, 2.25)

0.80 (0.71, 0.89)

4.02 (0.35, 46.34)

ES (95% CI)

0.74 (0.54, 1.02)

1.28 (0.25, 6.55)

0.94 (0.57, 1.55)

0.77 (0.63, 0.94)

0.91 (0.55, 1.51)

0.92 (0.56, 1.51)

0.88 (0.69, 1.12)

0.97 (0.56, 1.68)

0.63 (0.20, 1.98)

1.10 (0.19, 6.38)

0.69 (0.55, 0.87)

0.58 (0.37, 0.92)

100.00

0.43

88.00

0.20

Weight

12.00

0.45

4.81

30.08

4.72

4.96

20.53

%

3.99

0.92

0.39

22.90

5.62

PUFA Protective  PUFA Harmful 
1.2 .5 1 2 5



372 Polyunsaturated fatty acids intake and health outcomes

Fig.	97c.	 Meta-regression	of	LA	and	CHD	mortality;	NOS	assessment;	Panel	A	–	effect	size	

Fig. 97d. Meta-regression of LA and CHD mortality; nOS assessment; Panel B – subgroup 
analysis by nOS score

The effect size was not associated with the NOS quality score (P=0.14).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale.

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; NOS: Newcastle-Ottawa Scale; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	97e.	 Meta-regression	of	LA	and	CHD	mortality;	TFA	assessment;	Panel	A	–	effect	size	

Fig. 97f. Meta-regression of LA and CHD mortality; TFA assessment; Panel B – subgroup analysis 
(yes/no)

The effect size was not associated with adjustment for TFA assessment in the final model (P=0.31).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; TFA: trans-fatty acids.

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; TFA: trans-fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	97g.	 Meta-regression	of	LA	and	CHD	mortality;	follow-up	time;	Panel	A	–	effect	size	

Fig. 97h. Meta-regression of LA and CHD mortality; follow-up time; Panel B – subgroup analysis

ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: 
Finnish Mobile Health Clinic; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; NHANES: National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; VIP: Västerbotten 
Intervention Program; W: women; WHS: Women’s Health Study; y: years.

The effect size was not associated with adjustment for follow-up time in the final model (P=0.59).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; y: years.
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Fig.	97i.	 Meta-regression	of	LA	and	CHD	mortality;	sex;	Panel	A	–	effect	size	

Fig. 97j. Meta-regression of LA and CHD mortality; sex; Panel B – subgroup analysis

The effect size was not associated with adjustment for follow-up time and percentage of men in the study in the final 
model (P=0.99).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: 
Finnish Mobile Health Clinic; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; NHANES: National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; VIP: Västerbotten 
Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	97k.	 Meta-regression	of	LA	and	CHD	mortality;	energy	adjustment;	Panel	A	–	effect	size

Fig. 97l. Meta-regression of LA and CHD mortality; energy adjustment; Panel B – subgroup 
analysis (yes/no)

The effect size was not associated with adjustment for energy in the final model (P=0.21).

CHD: coronary heart disease; energy_adj: adjusted for energy; LA: linoleic acid; mvRR: multivariable risk ratio.

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; VIP: Västerbotten Intervention 
Program; W: women; WHS: Women’s Health Study.
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Fig.	97m.	 Meta-regression	of	LA	and	CHD	mortality;	dyslipidaemia	adjustment;	Panel	A	–	effect	
size 

Fig. 97n. Meta-regression of LA and CHD mortality; dyslipidaemia adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of dyslipidaemia in the final model (P=0.19).

adj_tcorLDL: adjusted for dyslipidaemia; CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; VIP: Västerbotten Intervention 
Program; W: women; WHS: Women’s Health Study.
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Fig.	97o.	 Meta-regression	of	LA	and	CHD	mortality;	blood	pressure	adjustment;	Panel	A	–	effect	
size 

Fig. 97p. Meta-regression of LA and CHD mortality; blood pressure adjustment; Panel B – 
subgroup analysis (yes/no)

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.50).

adj_BP: adjusted for blood pressure; CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; VIP: Västerbotten Intervention 
Program; W: women; WHS: Women’s Health Study.
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Fig.	97q.	 Meta-regression	of	LA	and	CHD	mortality;	age;	Panel	A	–	effect	size	

Fig. 97r. Meta-regression of LA and CHD mortality; age; Panel B – subgroup analysis (age group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.86).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; y: years.

ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: 
Finnish Mobile Health Clinic; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; NHANES: National Health and Nutrition Examination Survey; PUFA: polyunsaturated fatty acids; VIP: Västerbotten 
Intervention Program; W: women; WHS: Women’s Health Study; y: years.
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Fig.	97s.	 Meta-regression	of	LA	and	CHD	mortality;	smoking;	Panel	A	–	effect	size	

Fig. 97t. Meta-regression of LA and CHD mortality; smoking; Panel B – subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.33). 
High smokers ≥40% current/former or >20% current.

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.
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ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FFQ: food frequency questionnaire; FMC: Finnish Mobile 
Health Clinic; h: hour; HPFS: Health Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa 
Women’s Health Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention 
Trial; NHANES: National Health and Nutrition Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated 
fatty acids; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.

The effect size was not associated with adjustment for diet assessment method in the final model (Phet=0.49). Because the 
predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we 
present the “by diet assessment method” estimates separately.

Fig. 97u. Meta-regression of LA and CHD mortality; diet assessment method; subgroup analysis

NOTE: Weights are from random effects analysis
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Fig. 97v. Meta-regression of LA and CHD mortality; country of conduct; subgroup analysis

ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; CHD: 
coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; HPFS: Health 
Professionals Follow-up Study; IIHD: Israeli Ischemic Heart Disease; IWHS: Iowa Women’s Health Study; LA: linoleic acid; M: 
male; MDC: Malmö Diet and Cancer; MRFIT: Multiple Risk Factor Intervention Trial; NHANES: National Health and Nutrition 
Examination Survey; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; USA: United States of America; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.

There was no evidence of heterogeneity of effect size by country of conduct (Phet=0.50). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 98a.1	 Meta-regression	of	LA	and	total	CHD;	number	of	cases;	Panel	A	–	effect	size	

Fig. 98b. Meta-regression of LA and total CHD; number of cases; Panel B – subgroup analysis by 
cases (median n=270)

1 Note: There is no figure for meta-regression of LA and total CHD, energy adjustment because all studies adjusted for 
total energy intake.

The number of cases in the study was not associated with the effect estimate (P=0.71).

#: number; CHD: coronary heart disease; CI: confidence interval; LA: linoleic acid; mvHR: multivariable hazard ratio; mvRR: 
multivariable risk ratio; 

#: number; ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: 
confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; LA: linoleic acid; M: male; PUFA: polyunsaturated 
fatty acids; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98c.	 Meta-regression	of	LA	and	total	CHD;	NOS	assessment;	Panel	A	–	effect	size	

The effect size was not associated with the NOS quality score (P=0.42).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; NOS: Newcastle-Ottawa Scale.

Fig. 98d. Meta-regression of LA and total CHD; nOS assessment; Panel B – subgroup analysis by 
nOS score

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; 
HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MORGEN: Monitoring 
Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health Study 1; NOS: Newcastle-Ottawa Scale; PUFA: 
polyunsaturated fatty acids; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98e.	 Meta-regression	of	LA	and	total	CHD;	TFA	assessment;	Panel	A	–	effect	size

Fig. 98f. Meta-regression of LA and total CHD; TFA assessment; Panel B – subgroup analysis 
(yes/no)

TFA assessment was associated with effect size (P=0.055).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; TFA: trans-fatty acids.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; 
HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MORGEN: Monitoring 
Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; TFA: trans-
fatty acids; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98g.	 Meta-regression	of	LA	and	total	CHD;	follow-up	time;	Panel	A	–	effect	size

Fig. 98h. Meta-regression of LA and total CHD; follow-up time; Panel B – subgroup analysis

The effect size was not associated with adjustment for follow-up time in the final model (P=0.87).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; 
ES: effect size; FMC: Finnish Mobile Health Clinic; LA: linoleic acid; M: male; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study; y: years.
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Fig.	98i.	 Meta-regression	of	LA	and	total	CHD;	sex;	Panel	A	–	effect	size	

Fig. 98j. Meta-regression of LA and total CHD; sex; Panel B – subgroup analysis

The effect size was not associated with adjustment for and percentage of men in the study in the final model (P=0.66).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; 
ES: effect size; FMC: Finnish Mobile Health Clinic; LA: linoleic acid; M: male; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98k.	 Meta-regression	of	LA	and	total	CHD;	dyslipidaemia	adjustment;	Panel	A	–	effect	size

Fig. 98l. Meta-regression of LA and total CHD; dyslipidaemia adjustment; Panel B – subgroup 
analysis (yes/no)

The effect size was associated with adjustment for measure of dyslipidaemia in the final model (P=0.066).

adj_tcorLDL: adjusted for dyslipidaemia; CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; 
HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MORGEN: Monitoring 
Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98m.	 Meta-regression	of	LA	and	total	CHD;	blood	pressure	adjustment;	Panel	A	–	effect	size

Fig. 98n. Meta-regression of LA and total CHD; blood pressure adjustment; Panel B – subgroup 
analysis (yes/no)

The effect size was not associated with adjustment for a measure of blood pressure in the final model (P=0.39).

adj_BP: adjusted for blood pressure; CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; 
HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MORGEN: Monitoring 
Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.
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Fig.	98o.	 Meta-regression	of	LA	and	total	CHD;	age;	Panel	A	–	effect	size	

Fig. 98p. Meta-regression of LA and total CHD; age; Panel B – subgroup analysis (age group)

The effect size was not associated with adjustment for average age of the study sample in the final model (P=0.75).

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio; y: years.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; 
ES: effect size; FMC: Finnish Mobile Health Clinic; LA: linoleic acid; M: male; PUFA: polyunsaturated fatty acids; VIP: 
Västerbotten Intervention Program; W: women; WHS: Women’s Health Study; y: years.
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Fig.	98q.	 Meta-regression	of	LA	and	total	CHD;	smoking	history;	Panel	A	–	effect	size

Fig. 98r. Meta-regression of LA and total CHD; smoking history; Panel B – subgroup analysis

The effect size was not associated with adjustment for smoking history of the study sample in the final model (P=0.75). 
High smokers ≥40% current/former or >20% current.

CHD: coronary heart disease; LA: linoleic acid; mvRR: multivariable risk ratio.

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; CHD: coronary heart disease; CI: confidence interval; 
ES: effect size; LA: linoleic acid; M: male; PUFA: polyunsaturated fatty acids; W: women.
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Fig. 98s. Meta-regression of LA and total CHD; diet assessment method; subgroup analysis

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; d: day; ES: effect size; FFQ: food frequency 
questionnaire; FMC: Finnish Mobile Health Clinic; HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; 
MDC: Malmö Diet and Cancer; MORGEN: Monitoring Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health 
Study 1; PUFA: polyunsaturated fatty acids; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health 
Study.

The effect size was not associated with adjustment for diet assessment method in the final model (Phet=0.91). Because the 
predictor variable had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we 
present the “by country” estimates separately.
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Fig. 98t. Meta-regression of LA and total CHD; country of conduct; subgroup analysis

ALA: alpha-linolenic acid; ARIC: Atherosclerosis Risk in Communities; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study; CHD: coronary heart disease; CI: confidence interval; ES: effect size; FMC: Finnish Mobile Health Clinic; 
HPFS: Health Professionals Follow-up Study; LA: linoleic acid; M: male; MDC: Malmö Diet and Cancer; MORGEN: Monitoring 
Project on Risk Factors for Chronic Diseases; NHS 1: Nurses’ Health Study 1; PUFA: polyunsaturated fatty acids; USA: United 
States of America; VIP: Västerbotten Intervention Program; W: women; WHS: Women’s Health Study.

There was no evidence of heterogeneity of effect size by country of conduct (Phet=0.16). Because the predictor variable 
had more than 2 levels, it is not appropriate to show the continuous meta-regression line; therefore, we present the “by 
country” estimates separately.

NOTE: Weights are from random effects analysis
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Fig. 99. Dose–response association between total PUFA (g/day) and most-adjusted RR of all-
cause mortality from 15 studies, assuming linearity (P<0.0001	for	goodness-of-fit1) 
(left), and using non-linear, cubic spline approach (right), with knots at 0, 3.7 and 
10.7 g/day 

Fig. 100. Dose–response association between total PUFA (%E) and most-adjusted RR of all-
cause mortality from 15 studies, assuming linearity (P=0.01	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0, 1.6 and 4.0% 
energy 

Assuming linearity, a 10 g/day increase in PUFA was associated with a 13% decrease in risk of all-cause mortality (mvRR: 
0.87; 95% CI: 0.79 to 0.95). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the 
studied populations (11.3 g/day). 

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 5% increase in energy from PUFA was associated with a 15% reduction in all-cause mortality (mvRR: 
0.85; 95% CI: 0.79 to 0.91). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied 
populations (5.2%E). 

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

1 If P<0.05, the interpretation is that a straight line is not a good fit to the data; if P>0.05 then a straight line is an adequate 
fit.
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Fig. 101. Dose–response association between total PUFA (g/day) and most-adjusted RR of CvD 
mortality from nine studies, assuming linearity (P=0.005	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0, 3.0 and 8.2 g/day 

Fig. 102. Dose–response association between total PUFA (%E) and most-adjusted RR of CvD 
mortality in nine studies, assuming linearity (P=0.13	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 1.6 and 4.0% energy 

Assuming linearity, a 10 g/day increase in total PUFA was associated with a 9% decrease in risk of CVD mortality (mvRR: 
0.91; 95% CI: 0.88 to 0.95). The dose–response effect seems to stabilize beyond 8 g/day. Horizontal line represents a RR=1.0; 
vertical line represents the median PUFA intake in the studied populations (10.7 g/day). 

CI: confidence interval; CVD: cardiovascular disease; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 5% increase in energy from total PUFA was associated with a 14% decrease in risk of CVD mortality 
(mvRR: 0.86; 95% CI: 0.77 to 0.96). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the 
studied populations (5.2%E).

CI: confidence interval; CVD: cardiovascular disease; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig. 103. Dose–response association between total PUFA (g/day) and most-adjusted RR of CHD 
mortality	in	seven	studies,	assuming	linearity	(P=0.09	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 2.7 and 8.0 g/day 

Fig. 104. Dose–response association between total PUFA (%E) and most-adjusted RR of CHD 
mortality in seven studies, assuming linearity (P=0.10	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 1.0 and 3.4% energy 

Assuming linearity, a 10 g/day increase in total PUFA was associated with a 7% increased risk of CHD mortality (mvRR: 
1.07; 95% CI: 0.95 to 1.21). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied 
populations (12.5 g/day).

CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 5% increase in energy from total PUFA was associated with a 10% increased risk of CHD mortality 
(mvRR: 1.10; 95% CI: 0.96 to 1.26). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the 
studied populations (5.5%E).

CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig. 105. Dose–response association between total PUFA (g/day) and most-adjusted RR of total 
CHD in 15 studies, assuming linearity (P=0.26	for	goodness-of-fit)	(left),	and	using	
non-linear, cubic spline approach (right), with knots at 0, 3.5 and 11.1 g/day 

Fig. 106. Dose–response association between total PUFA (%E) and most-adjusted RR of total 
CHD in 15 studies, assuming linearity (P=0.10	for	goodness-of-fit)	(left),	and	using	
non-linear, cubic spline approach (right), with knots at 0, 1.5 and 5.0% energy

There was no evidence of a dose–response association between total PUFA and total CHD (mvRR: 0.98; 95% CI: 0.81 to 
1.19 per 10 g). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied populations 
(13.7 g/day).

CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

There was no evidence of a dose–response association between total PUFA and total CHD (mvRR: 0.98; 95% CI: 0.83 to 
1.15 per 5%). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied populations 
(6.2%E).

CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig. 107. Dose–response association between total PUFA (g/day) and most-adjusted RR of type 
2 diabetes in eight studies, assuming linearity (P=0.0002	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0, 3.3 and 10.6 g/day

Fig. 108. Dose–response association between total PUFA (%E) and most-adjusted RR of type 2 
diabetes in eight studies, assuming linearity (P=0.0002	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 3.3 and 10.6% energy

There was no evidence of a dose–response association between total PUFA and type 2 diabetes (mvRR: 1.00; 95% CI: 
0.94 to 1.07 per 10 g). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied 
populations (12.0 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

There was no evidence of a dose–response association between total PUFA and type 2 diabetes (mvRR: 1.00; 95% CI: 
0.94 to 1.07 per 5%). Horizontal line represents a RR=1.0; vertical line represents the median PUFA intake in the studied 
populations (5.2%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 109. Dose–response association between total n-3 PUFA (g/day) and most-adjusted RR of 
CHD mortality in three studies, assuming linearity (P=0.39	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 101, 261 and 415 mg/
day

Fig. 110. Dose–response association between total n-3 PUFA (%E) and most-adjusted RR of CHD 
mortality, assuming linearity (P=0.56	for	goodness-of-fit)	(left),	and	using	non-linear,	
cubic spline approach (right), with knots at 101, 261 and 415 mg/day

Assuming linearity, a 1 g/day increase in n-3 PUFA was associated with a 23% decrease in risk of CHD mortality (mvRR: 
0.77; 95% CI: 0.67 to 0.88). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in the 
studied populations (855 mg/day).

CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from n-3 PUFA was associated with a 21% decrease in risk of CHD mortality 
(mvRR: 0.79; 95% CI: 0.71 to 0.89). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in 
the studied populations (0.6%E).

CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig.	111.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(g/day)	and	non-fatal	
myocardial infarction in one study, assuming linearity (P=0.76	for	goodness-of-fit)

Fig.	112.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(%E)	and	non-fatal	
myocardial infarction in one study, assuming linearity (P=0.85	for	goodness-of-fit)

Assuming linearity, a 1 g/day increase in n-3 PUFA was associated with a 52% decrease in non-fatal myocardial infarction 
(mvRR: 0.48; 95% CI: 0.28 to 0.81). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in 
the studied populations (0.15 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from n-3 PUFA was associated with a 52% decrease in non-fatal myocardial 
infarction (mvRR: 0.48; 95% CI: 0.28 to 0.81). Horizontal line represents a RR=1.0; vertical line represents the median n-3 
PUFA intake in the studied populations (0.08%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

0.6

0.7

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .1 .2 .3 .4 .5
Dose Increase (grams/day)

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .05 .1 .15 .2
Dose Increase (% energy/day)



401 Annex 2. Figures

Fig.	113.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(g/day)	and	fatal	
stroke in one study, assuming linearity (P=0.41	for	goodness-of-fit)

Fig.	114.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(%E)	and	fatal	stroke	
in one study, assuming linearity (P=0.78	for	goodness-of-fit)

Assuming linearity, a 1 g/day increase in n-3 PUFA was associated with a 25% decrease in risk of fatal stroke (mvRR: 0.75; 
95% CI: 0.55 to 1.01). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in the studied 
populations (0.86 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from n-3 PUFA was associated with a 24% decrease in risk of fatal stroke 
(mvRR: 0.76; 95% CI: 0.59 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in 
the studied populations (0.5%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig.	115.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(g/day)	and	cognitive	
decline in one study, assuming linearity (P=0.81	for	goodness-of-fit)

Fig.	116.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(%E)	and	cognitive	
decline in one study, assuming linearity (P=0.81	for	goodness-of-fit)

Assuming linearity, a 1 g/day increase in n-3 PUFA was associated with a 28% decrease in risk of cognitive decline (mvRR: 
0.72; 95% CI: 0.53 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in the 
studied populations (1.4 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from n-3 PUFA was associated with a 29% decrease in risk of cognitive 
decline (mvRR: 0.71; 95% CI: 0.51 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA 
intake in the studied populations (0.67%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig.	117.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(g/day)	and	
depression in one study, assuming linearity (P=0.81	for	goodness-of-fit)

Fig.	118.	 Dose–response	association	(fixed-effect)	between	total	n-3	PUFA	(%E)	and	depression	
in one study, assuming linearity (P=0.81	for	goodness-of-fit)

Assuming linearity, a 1 g/day increase in n-3 PUFA was associated with a 28% decrease in risk of depression (mvRR: 0.72; 
95% CI: 0.53 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in the studied 
populations (1.4 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from n-3 PUFA was associated with a 29% decrease in risk of depression 
(mvRR: 0.71; 95% CI: 0.52 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median n-3 PUFA intake in 
the studied populations (0.67%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 119. Dose–response association between long-chain n-3 PUFA (g/day) and most-adjusted 
RR of all-cause mortality in 15 studies, assuming linearity (P<0.0001 for goodness-of-
fit)	(left),	and	using	non-linear,	cubic	spline	approach	(right),	with	knots	at	0,	0.09	and	
0.521 g/day

Fig. 120. Dose–response association between long-chain n-3 PUFA (%E) and most-adjusted RR 
of all-cause mortality in 15 studies, assuming linearity (P<0.0001	for	goodness-of-fit)	
(left), and using non-linear, cubic spline approach (right), with knots at 0, 0.042 and 
0.22% energy

Assuming linearity, a 0.5 g/day increase in long chain n-3 PUFA was associated with a 9% decrease in risk of all-cause 
mortality (mvRR: 0.91; 95% CI: 0.88 to 0.93). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (0.14 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.1% increase in energy from long chain n-3 PUFA was associated with a 4% decrease in risk of all-
cause mortality (mvRR: 0.96; 95% CI: 0.95 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median 
long-chain n-3 PUFA intake in the studied populations (0.065%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 121a. Dose–response association between long-chain n-3 PUFA (g/day) and most-adjusted 
RR of CvD mortality in 15 studies, assuming linearity (P<0.0001	for	goodness-of-fit)	
(left), and using non-linear, cubic spline approach (right), with knots at 0, 0.144 and 
0.620 g/day

Fig. 121b. Dose–response association between long-chain n-3 PUFA (%E) and most-adjusted 
RR of CvD mortality in 15 studies, assuming linearity (P<0.0001	for	goodness-of-fit)	
(left), and using non-linear, cubic spline approach with knots at 0, 0.067 and 0.265% 
(right)

Assuming linearity, a 0.5 g/day increase in long chain n-3 PUFA was associated with a 10% decrease in risk of CVD 
mortality (mvRR: 0.90; 95% CI: 0.86 to 0.94). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (249 mg/day). 

CI: confidence interval; CVD: cardiovascular disease; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.1% increase in energy from long chain n-3 PUFA was associated with a 4% decrease in risk of CVD 
mortality (mvRR: 0.96; 95% CI: 0.94 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (0.12%E).

CI: confidence interval; CVD: cardiovascular disease; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig. 122. Dose–response association between long-chain n-3 PUFA (g/day) and most-adjusted 
RR of CHD mortality in nine studies, assuming linearity (P<0.02	for	goodness-of-fit)	
(left), and using non-linear, cubic spline approach (right), with knots at 0, 0.144 and 
0.620 g/day

Fig. 123. Dose–response association between long-chain n-3 PUFA (%E) and most-adjusted RR 
of CHD mortality in nine studies, assuming linearity (P<0.02 for linearity) (left), and 
using non-linear, cubic spline approach with knots at 0, 0.067 and 0.265% (right)

Assuming linearity, a 0.5 g/day increase in long chain n-3 PUFA was associated with a 14% decrease in risk of CHD 
mortality (mvRR: 0.86; 95% CI: 0.78 to 0.95). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (290 mg/day).

CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5% increase in energy from long chain n-3 PUFA was associated with a 26% decrease in risk of CHD 
mortality (mvRR: 0.74; 95% CI: 0.60 to 0.90). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (0.14%E). 

CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: 
polyunsaturated fatty acids; RR: risk ratio.
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Fig. 124. Dose–response association between long-chain n-3 PUFA (g/day) and sudden cardiac 
death in four studies, assuming linearity (P=0.24	for	goodness-of-fit)

Fig. 125. Dose–response association between long-chain n-3 PUFA (%E) and sudden cardiac 
death in four studies, assuming linearity (P=0.24	for	goodness-of-fit)

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with an 18% decrease in risk of sudden 
cardiac death (mvRR: 0.82; 95% CI: 0.64 to 1.05). Horizontal line represents a RR=1.0; vertical line represents the median n-3 
PUFA intake in the studied populations (0.36 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 13% decrease in risk of 
sudden cardiac death (mvRR: 0.87; 95% CI: 0.77 to 0.99). Horizontal line represents a RR=1.0; vertical line represents the 
median n-3 PUFA intake in the studied populations (0.15%E). 

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 126. Dose–response association between long-chain n-3 PUFA (g/day) and fatal myocardial 
infarction in two studies, assuming linearity (P=0.28	for	goodness-of-fit)

Fig. 127. Dose–response association between long-chain n-3 PUFA (%E) and fatal myocardial 
infarction in two studies, assuming linearity (P=0.29	for	goodness-of-fit)

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with an 85% decrease in risk of fatal 
myocardial infarction (mvRR: 0.15; 95% CI: 0.05 to 0.41). Horizontal line represents a RR=1.0; vertical line represents the 
median n-3 PUFA intake in the studied populations (0.09 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 61% decrease in risk of 
fatal myocardial infarction (mvRR: 0.39; 95% CI: 0.24 to 0.64). Horizontal line represents a RR=1.0; vertical line represents 
the median n-3 PUFA intake in the studied populations (0.034%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 128. Dose–response association between long-chain n-3 PUFA (g/day) and fatal arrythmia 
in two studies, assuming linearity (P=0.28	for	goodness-of-fit)

Fig. 129. Dose–response association between long-chain n-3 PUFA (%E) and fatal arrythmia in 
two studies, assuming linearity (P=0.28	for	goodness-of-fit)

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with an 85% decrease in risk of fatal 
arrythmia (mvRR: 0.15; 95% CI: 0.06 to 0.41). Horizontal line represents a RR=1.0; vertical line represents the median n-3 
PUFA intake in the studied populations (0.086 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 61% decrease in risk of 
fatal arrythmia (mvRR: 0.39; 95% CI: 0.24 to 0.64). Horizontal line represents a RR=1.0; vertical line represents the median 
n-3 PUFA intake in the studied populations (0.03%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.
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Fig. 130. Dose–response association between long-chain n-3 PUFA (g/day) and fatal ischaemic 
stroke in two studies, assuming linearity (P=0.08	for	goodness-of-fit)

Fig. 131. Dose–response association between long-chain n-3 PUFA (g/day) and heart failure in 
three studies, assuming linearity (P=0.32	for	goodness-of-fit)

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated 
with a 63% decrease in risk of fatal ischaemic stroke (mvRR: 0.37; 95% CI: 0.14 to 0.99). Horizontal line represents a 
RR=1.0; vertical line represents the median long-chain n-3 PUFA intake in the studied populations (0.07 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with an 18% decrease in risk of heart 
failure (mvRR: 0.82; 95% CI: 0.72 to 0.93). Horizontal line represents a RR=1.0; vertical line represents the median long-chain 
n-3 PUFA intake in the studied populations (0.286 g/day).

CI: confidence interval; d:day; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk 
ratio.
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Fig. 132. Dose–response association between long-chain n-3 PUFA (%E) and heart failure in 
three studies, assuming linearity (P=0.40	for	goodness-of-fit)

Fig. 133. Dose–response association between long-chain n-3 PUFA (g/day) and most-adjusted 
RR of type 2 diabetes in 15 studies, assuming linearity (P<0.0001	for	goodness-of-fit)	
(left), and using non-linear, cubic spline approach (right), with knots at 0, 0.09 and 
0.433 g/day

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 10% decrease in risk of 
heart failure (mvRR: 0.90; 95% CI: 0.85 to 0.96). Horizontal line represents a RR=1.0; vertical line represents the median n-3 
PUFA intake in the studied populations (0.11%E). 

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

Assuming linearity, a 0.5 g/day increase in long chain n-3 PUFA was associated with a 17% increase in risk of type 2 
diabetes (mvRR: 1.17; 95% CI: 1.10 to 1.24). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (125 mg/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .05 .1 .15 .2 .25 .3
Dose Increase (% energy/day)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

m
v 

R
el

at
iv

e 
R

is
k

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1
Dose Increase (grams/day)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

m
v 

R
el

at
iv

e 
R

is
k

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1
Dose Increase (grams/day)



412 Polyunsaturated fatty acids intake and health outcomes

Fig. 134. Dose–response association between long-chain n-3 PUFA (%E) and most-adjusted RR 
of type 2 diabetes in 15 studies, assuming linearity (P<0.0001 for linearity) (left), and 
using non-linear, cubic spline approach (right), with knots at 0, 0.04 and 0.20% energy

Fig. 135. Dose–response association between long-chain n-3 PUFA (g/day) and cognitive decline 
in three studies, assuming linearity (P=0.36	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from long chain n-3 PUFA was associated with a 7% increase in risk of type 
2 diabetes (mvRR: 1.07; 95% CI: 1.05 to 1.10). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (0.066%E). 

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with a 23% decrease in risk of cognitive 
decline (mvRR: 0.77; 95% CI: 0.61 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median long-
chain n-3 PUFA intake in the studied populations (0.270 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.
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Fig. 136. Dose–response association between long-chain n-3 PUFA (%E) and cognitive decline 
in three studies, assuming linearity (P=0.36	for	goodness-of-fit)

Fig. 137. Dose–response association between long-chain n-3 PUFA (g/day) and ulcerative colitis 
in one study, assuming linearity (P=0.57	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with an 11% decrease in risk of 
cognitive decline (mvRR: 0.89; 95% CI: 0.81 to 0.99). Horizontal line represents a RR=1.0; vertical line represents the median 
long-chain n-3 PUFA intake in the studied populations (0.124%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with a 29% decrease in risk of ulcerative 
colitis (mvRR: 0.71; 95% CI: 0.48 to 1.07). Horizontal line represents a RR=1.0; vertical line represents the median long-chain 
n-3 PUFA intake in the studied populations (0.178 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.
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Fig. 138. Dose–response association between long-chain n-3 PUFA (%E) and ulcerative colitis in 
one study, assuming linearity (P=0.57	for	goodness-of-fit)

Fig. 139. Dose–response association between long-chain n-3 PUFA (g/day) and breast cancer 
in six studies, assuming linearity (P=0.059	for	goodness-of-fit)	(left),	and	using	non-
linear, cubic spline approach (right), with knots at 0, 0.14 and 0.45 g/day

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 13% decrease in risk of 
ulcerativ colitis (mvRR: 0.87; 95% CI: 0.72 to 1.03). Horizontal line represents a RR=1.0; vertical line represents the median 
long-chain n-3 PUFA intake in the studied populations (0.08%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 13% decrease in risk of 
Assuming linearity, a 0.5 g/day increase in long-chain n-3 PUFA was associated with a 6% decrease in risk of breast cancer 
(mvRR: 0.94; 95% CI: 0.86 to 1.04). Horizontal line represents a RR=1.0; vertical line represents the median long-chain n-3 
PUFA intake in the studied populations (0.210 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: risk ratio.
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Fig. 140. Dose–response association between long-chain n-3 PUFA (%E) and breast cancer in six 
studies, assuming linearity (P=0.045	for	goodness-of-fit)	(left),	and	using	non-linear,	
cubic spline approach (right), with knots at 0, 0.07 and 0.23% energy

Fig. 141. Dose–response association between EPA (g/day) and all-cause mortality in two 
studies, assuming linearity (P=0.059	for	goodness-of-fit)	

Assuming linearity, a 0.1% increase in energy from long-chain n-3 PUFA was associated with a 2% decrease in risk of 
breast cancer (mvRR: 0.98; 95% CI: 0.95 to 1.01). Horizontal line represents a RR=1.0; vertical line represents the median 
long-chain n-3 PUFA intake in the studied populations (0.12%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; PUFA: polyunsaturated fatty acids; RR: 
risk ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g/day increase in EPA was associated with a 27% 
decrease in risk of all-cause mortality (mvRR: 0.73; 95% CI: 0.53 to 1.01). Horizontal line represents a RR=1.0; vertical line 
represents the median EPA intake in the studied populations (0.0475 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .25 .5 .75 1
Dose Increase (% energy/day)

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .25 .5 .75 1
Dose Increase (% Energy)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

m
v 

R
el

at
iv

e 
R

is
k

0 .05 .1 .15 .2 .25 .3 .35 .4 .45 .5
Dose Increase (grams/day)



416 Polyunsaturated fatty acids intake and health outcomes

Fig. 142. Dose–response association between EPA (%E) and all-cause mortality in two studies, 
assuming linearity (P=0.059	for	goodness-of-fit)	

Fig. 143. Dose–response association between EPA (g/day) and fatal ischaemic stroke in one 
study, assuming linearity (P=0.34	for	goodness-of-fit)

Too few points for cubic spline modelling. Assuming linearity, a 0.1% increase in energy from EPA was associated with a 
12% decrease in risk of all-cause mortality (mvRR: 0.88; 95% CI: 0.77 to 1.01). Horizontal line represents a RR=1.0; vertical 
line represents the median EPA intake in the studied populations (0.02%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in EPA was associated with a 99% decrease in risk of fatal ischaemic stroke (mvRR: 
0.02; 95% CI: 0.0006 to 0.4568). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the 
studied populations (0.02 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 144. Dose–response association between EPA (%E) and fatal ischaemic stroke in one study, 
assuming linearity (P=0.34	for	goodness-of-fit)

Fig. 145. Dose–response association between EPA (g/day) and total myocardial infarction in one 
study, assuming linearity (P=0.35	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from EPA was associated with an 83% decrease in risk of fatal ischaemic 
stroke (mvRR: 0.17; 95% CI: 0.04 to 0.74). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake 
in the studied populations (0.01%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g increase in EPA was associated with a 98% decrease 
in risk of mortality (mvRR: 0.02; 95% CI: 0.0006 to 0.46). Horizontal line represents a RR=1.0; vertical line represents the 
median EPA intake in the studied populations (0.02 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 146. Dose–response association between EPA (%E) and total myocardial infarction in one 
study, assuming linearity (P=0.30	for	goodness-of-fit)

Fig. 147. Dose–response association between EPA (g/day) and depression in four studies, 
assuming linearity (P=0.56	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from EPA was associated with an 83% decrease in risk of total myocardial 
infarction (mvRR: 0.17; 95% CI: 0.04 to 0.74). Horizontal line represents a RR=1.0; vertical line represents the median EPA 
intake in the studied populations (0.01%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g increase in EPA was associated with a 30% decrease in risk of depression (mvRR: 0.70; 95% CI: 
0.56 to 0.88). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the studied populations 
(0.15 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 148. Dose–response association between EPA (%E) and depression in four studies, 
assuming linearity (P=0.60	for	goodness-of-fit)

Fig. 149. Dose–response association between EPA (g/day) and breast cancer in three studies, 
assuming linearity (P<0.007	for	goodness-of-fit)	(left),	and	using	non-linear,	cubic	
spline approach (right), with knots at 0.026, 0.043 and 0.070 g/day

Assuming linearity, a 0.1% increase in energy from EPA was associated with a 16% decrease in risk of depression (mvRR: 
0.84; 95% CI: 0.75 to 0.94). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the studied 
populations (0.04%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in EPA was associated with a 25% increase in risk of breast cancer (mvRR: 1.25; 
95% CI: 0.95 to 1.66). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the studied 
populations (0.062 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 150. Dose–response association between EPA (%E) and breast cancer in three studies, 
assuming linearity (P<0.007	for	goodness-of-fit)	(left),	and	using	non-linear,	cubic	
spline approach (right), with knots at 0.012, 0.026 and 0.034% energy

Fig. 151. Dose–response association between EPA (g/day) and post-menopausal breast cancer, 
assuming linearity (P=0.46	for	goodness-of-fit)	

Assuming linearity, a 0.1% increase in energy from EPA was associated with a 9% increase in risk of breast cancer (mvRR: 
1.09; 95% CI: 0.98 to 1.20). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the 
studied populations (0.033%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g increase in EPA was associated with a 61% decrease in risk of post-menopausal breast cancer 
(mvRR: 0.39; 95% CI: 0.21 to 0.74). Horizontal line represents a RR=1.0; vertical line represents the median EPA intake in the 
studied populations (0.015 g/day).

CI: confidence interval; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 152. Dose–response association between EPA (%E) and post-menopausal breast cancer, 
assuming linearity (P=0.44	for	goodness-of-fit)	

Fig. 153. Dose–response association between DHA (g/day) and all-cause mortality in two 
studies, assuming linearity (P<0.0001	for	goodness-of-fit)	

Assuming linearity, a 0.1% increase in energy from EPA was associated with a 32% decrease in risk of post-menopausal 
breast cancer (mvRR: 0.68; 95% CI: 0.52 to 0.89). Horizontal line represents a RR=1.0; vertical line represents the median EPA 
intake in the studied populations (0.025%E).

CI: confidence interval; E: energy; EPA: eicosapentaenoic acid; mv: multivariable; mvRR: multi 9variable risk ratio; RR: risk 
ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g increase in DHA was associated with a 21% decrease 
in risk of all-cause mortality (mvRR: 0.79; 95% CI: 0.65 to 0.96). Horizontal line represents a RR=1.0; vertical line represents 
the median DHA intake in the studied populations (0.115 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 154. Dose–response association between DHA (%E) and all-cause mortality in two studies, 
assuming linearity (P<0.0001	for	goodness-of-fit)	

Fig. 155. Dose–response association between DHA (g/day) and CvD mortality in one study, 
assuming linearity (P<0.0028	for	goodness-of-fit)

Too few points for cubic spline modelling. Assuming linearity, a 0.1% increase in energy from DHA was associated with a 
10% decrease in risk of all-cause mortality (mvRR: 0.90; 95% CI: 0.83 to 0.98). Horizontal line represents a RR=1.0; vertical 
line represents the median DHA intake in the studied populations (0.05%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5-g increase in DHA was associated with a 39% decrease 
in risk of CVD mortality (mvRR: 0.61; 95% CI: 0.34 to 1.07). Horizontal line represents a RR=1.0; vertical line represents the 
median DHA intake in the studied populations (0.045 g/day).

CI: confidence interval; CVD: cardiovascular disease; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable 
risk ratio; RR: risk ratio.
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Fig. 156. Dose–response association between DHA (%E) and CvD mortality in one study, 
assuming linearity (P<0.0032	for	goodness-of-fit)

Fig. 157. Dose–response association between DHA (g/day) and total myocardial infarction in 
two studies, assuming linearity (P=0.61	for	goodness-of-fit

Too few points for cubic spline modelling. Assuming linearity, a 0.1% increase in energy from DHA was associated with a 
21% decrease in risk of CVD mortality (mvRR: 0.79; 95% CI: 0.61 to 1.02). Horizontal line represents a RR=1.0; vertical line 
represents the median DHA intake in the studied populations (0.02%E).

CI: confidence interval; CVD: cardiovascular disease; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: 
multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 0.5 g/day increase in DHA was associated with a 5% decrease in risk of total myocardial infarction 
(mvRR: 0.95; 95% CI: 0.86 to 1.04). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake in the 
studied populations (0.40 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 158. Dose–response association between DHA (%E) and total myocardial infarction in two 
studies, assuming linearity (P=0.62	for	goodness-of-fit

Fig. 159. Dose–response association between DHA (g/day) and fatal ischaemic stroke in one 
study, assuming linearity (P=0.12	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from DHA was associated with a 3% decrease in risk of total myocardial 
infarction (mvRR: 0.97; 95% CI: 0.91 to 1.02). Horizontal line represents a RR=1.0; vertical line represents the median DHA 
intake in the studied populations (0.17%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in DHA was associated with a 74% decrease in risk of fatal ischaemic stroke 
(mvRR: 0.26; 95% CI: 0.07 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake in the 
studied populations (0.045 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 160. Dose–response association between DHA (%E) and fatal ischaemic stroke in one study, 
assuming linearity (P=0.11	for	goodness-of-fit)

Fig. 161. Dose–response association between DHA (g/day) and dementia in two studies, 
assuming linearity (P=0.001	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from DHA was associated with a 44% decrease in risk of fatal ischaemic 
stroke (mvRR: 0.56; 95% CI: 0.31 to 1.007). Horizontal line represents a RR=1.0; vertical line represents the median DHA 
intake in the studied populations (0.023%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g/day increase in DHA was associated with a 99% 
decrease in risk of dementia (mvRR: 0.00003; 95% CI: 1.5 x 10−7 to 0.07). Horizontal line represents a RR=1.0; vertical line 
represents the median DHA intake in the studied populations (0.085 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 162. Dose–response association between DHA (%E) and dementia in two studies, assuming 
linearity (P=0.001	for	goodness-of-fit)

Fig. 163. Dose–response association between DHA (g/day) and depression in four studies, 
assuming linearity (P=0.53	for	goodness-of-fit)

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g/day increase in DHA was associated with a 99% 
decrease in risk of dementia (mvRR: 0.012; 95% CI: 0.0014 to 0.12). Horizontal line represents a RR=1.0; vertical line 
represents the median DHA intake in the studied populations (0.0425 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Too few points for cubic spline modelling. Assuming linearity, a 0.5 g/day increase in DHA was associated with a 17% 
decrease in risk of depression (mvRR: 0.83; 95% CI: 0.71 to 0.96). Horizontal line represents a RR=1.0; vertical line 
represents the median DHA intake in the studied populations (0.22 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 164. Dose–response association between DHA (%E) and depression in four studies, 
assuming linearity (P=0.53	for	goodness-of-fit)

Fig. 165. Dose–response association between DHA (g/day) and breast cancer in three studies, 
assuming linearity (P=0.0075	for	goodness-of-fit)	(left),	and	using	non-linear,	cubic	
spline approach (right), with knots at 0.05, 0.06 and 0.08 g/day

Assuming linearity, a 0.1% increase in energy from DHA was associated with a 9% decrease in risk of depression (mvRR: 
0.91; 95% CI: 0.85 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake in the studied 
populations (0.09%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in DHA was associated with a 14% increase in risk of breast cancer (mvRR: 1.14; 
95% CI: 0.93 to 1.40). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake in the studied 
populations (0.229 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 166. Dose–response association between DHA (%E) and breast cancer in three studies, 
assuming linearity (P=0.0058	for	goodness-of-fit)	(left),	and	using	non-linear,	cubic	
spline approach (right), with knots at 0.02, 0.03 and 0.05% energy

Fig. 167. Dose–response association between DHA (g/day) and post-menopausal breast cancer 
in three studies, assuming linearity (P=0.33	for	goodness-of-fit)

Assuming linearity, a 0.1% increase in energy from DHA was associated with a 4% increase in risk of breast cancer (mvRR: 
1.04; 95% CI: 0.98 to 1.12). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake in the studied 
populations (0.046%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in DHA was associated with a 50% decrease in risk of post-menopausal breast 
cancer (mvRR: 0.50; 95% CI: 0.31 to 0.81). Horizontal line represents a RR=1.0; vertical line represents the median DHA intake 
in the studied populations (0.09 g/day).

CI: confidence interval; DHA: docosahexaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 168. Dose–response association between DHA (%E) and post-menopausal breast cancer in 
three studies, assuming linearity (P=0.33	for	goodness-of-fit)

Fig. 169. Dose–response association between DPA (g/day) and post-menopausal breast cancer, 
assuming linearity (P=0.75	for	goodness-of-fit)	

Assuming linearity, a 0.1% increase in energy from DHA was associated with a 24% decrease in risk of post-menopausal 
breast cancer (mvRR: 0.76; 95% CI: 0.62 to 0.92). Horizontal line represents a RR=1.0; vertical line represents the median DHA 
intake in the studied populations (0.045%E).

CI: confidence interval; DHA: docosahexaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.05 g/day increase in DPA was associated with a 36% decrease in risk of post-menopausal breast 
cancer (mvRR: 0.64; 95% CI: 0.49 to 0.85). Horizontal line represents a RR=1.0; vertical line represents the median DPA intake 
in the studied populations (0.025 g/day).

CI: confidence interval; DPA: docosapentaenoic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 170. Dose–response association between DPA (%E) and post-menopausal breast cancer, 
assuming linearity (P=0.75	for	goodness-of-fit)	

Fig. 171. Dose–response association between ALA (g/day) and most-adjusted RR of all-cause 
mortality in eight studies, assuming linearity (P<0.0005	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0, 0.3 and 1.1 g/day

Assuming linearity, a 0.02% increase in energy from DPA was associated with a 31% decrease in risk of post-menopausal 
breast cancer (mvRR: 0.69; 95% CI: 0.55 to 0.87). Horizontal line represents a RR=1.0; vertical line represents the median 
DPA intake in the studied populations (0.011%E).

CI: confidence interval; DPA: docosapentaenoic acid; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in ALA was associated with a 1% increased risk of all-cause mortality (mvRR: 
1.01; 95% CI: 0.99 to 1.03). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the studied 
populations (1.12 g/day).

ALA: alpha-linolenic acid; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 172. Dose–response association between ALA (%E) and most-adjusted RR of all-cause 
mortality in eight studies, assuming linearity (P<0.00001	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0, 0.12 and 0.36% 
energy

Fig. 173. Dose–response association between ALA (g/day) and most-adjusted RR of 
cardiovascular mortality in nine studies, assuming linearity (P=0.41 for goodness-of-
fit)	(left),	and	using	non-linear,	cubic	spline	approach	(right),	with	knots	at	0,	0.28	and	
0.99 g/day

Assuming linearity, a 0.2% increase in energy from ALA was associated with a 2% increased risk of all-cause mortality 
(mvRR: 1.02; 95% CI: 1.00 to 1.03). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the 
studied populations (0.53%E). 

ALA: alpha-linolenic acid; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5-g/day increase in ALA was associated with a 4% decrease in risk of cardiovascular mortality 
(mvRR: 0.96; 95% CI: 0.94 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the 
studied populations (1.15 g/day). 

ALA: alpha-linolenic acid; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 174. Dose–response association between ALA (%E) and most-adjusted RR of cardiovascular 
mortality in nine studies, assuming linearity (P=0.37	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 0.12 and 0.31% energy

Fig. 175. Dose–response association between ALA (g/day) and most-adjusted RR of CHD 
mortality in nine studies, assuming linearity (P=0.27 for linearity)

Assuming linearity, a 0.5% increase in energy from ALA was associated with an 8% decrease in risk of cardiovascular 
mortality (mvRR: 0.92; 95% CI: 0.89 to 0.96). Horizontal line represents a RR=1.0; vertical line represents the median ALA 
intake in the studied populations (0.53%E). 

ALA: alpha-linolenic acid; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

Assuming linearity, a 0.5 g/day increase in ALA was associated with an 8% decrease in risk of CHD mortality (mvRR: 0.92; 
95% CI: 0.87 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the studied 
populations (1.12 g/day).

ALA: alpha-linolenic acid; CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk 
ratio; RR: risk ratio.
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Fig. 176. Dose–response association between ALA (%E) and most-adjusted RR of CHD mortality 
in eight studies, assuming linearity (P=0.27 for linearity)

Fig. 177. Dose–response association between ALA (g/day) and sudden cardiac death in two 
studies, assuming linearity (P=0.90	for	goodness-of-fit)

Assuming linearity, a 0.5% increase in energy from ALA was associated with a 17% decrease in risk of CHD mortality 
(mvRR: 0.83; 95% CI: 0.73 to 0.93). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the 
studied populations (0.52%E). 

ALA: alpha-linolenic acid; CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: 
multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 0.5 g/day increase in ALA was associated with a 27% decrease in risk of sudden cardiac death (mvRR: 
0.73; 95% CI: 0.61 to 0.88). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the studied 
populations (1.07 g/day).

ALA: alpha-linolenic acid; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 178. Dose–response association between ALA (%E) and sudden cardiac death in two 
studies, assuming linearity (P=0.91	for	goodness-of-fit)

Fig. 179. Dose–response association between ALA (g/day) and most-adjusted RR of total CHD in 
seven studies, assuming linearity (P=0.69	for	goodness-of-fit)

Assuming linearity, a 0.2% increase in energy from ALA was associated with a 20% decrease in risk of sudden cardiac 
death (mvRR: 0.80; 95% CI: 0.70 to 0.91). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake 
in the studied populations (0.58%E). For Sala-Villa, because the increase in total energy from the low to the high ALA group 
was not proportional to the increase in ALA, we estimated % energy in the higher group using the ratio of g/day (1.43/1.32), 
and applied this to the low group’s % intake (0.58%) to estimate the % energy intake from ALA in the high-ALA group (set at 
0.63%E).

ALA: alpha-linolenic acid; CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk 
ratio.

There was no evidence of a dose–response association between ALA and risk of CHD (mvRR: 0.99; 95% CI: 0.96 to 1.03 per 
0.5 g). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the studied populations (1.12 g/
day).

ALA: alpha-linolenic acid; CHD: coronary heart disease; CI: confidence interval; mv: multivariable; mvRR: multivariable risk 
ratio; RR: risk ratio.
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Fig. 180. Dose–response association between ALA (%E) and most-adjusted RR of CHD in seven 
studies, assuming linearity (P=0.70	goodness-of-fit)

Fig. 181. Dose–response association between total n-6 fatty acids (g/day) and most-adjusted 
RR of all-cause mortality in nine studies, assuming linearity (P=0.08 for goodness-of-
fit)

There was no evidence of a dose–response association between ALA and risk of CHD (mvRR: 0.99; 95% CI: 0.95 to 1.03 
per 0.2%). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake in the studied populations 
(0.55%E). 

ALA: alpha-linolenic acid; CHD: coronary heart disease; CI: confidence interval; E: energy; mv: multivariable; mvRR: 
multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in total n-6 fatty acids was associated with a 5% decrease in risk of all-cause 
mortality (mvRR: 0.95; 95% CI: 0.90 to 1.001). Horizontal line represents a RR=1.0; vertical line represents the median n-6 
fatty acid intake in the studied populations (8.7 g/day). 

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 182. Dose–response association between total n-6 fatty acids (%E) and most-adjusted RR 
of all-cause mortality in nine studies, assuming linearity (P=0.015 for goodness-of-
fit)	(left),	and	using	non-linear,	cubic	spline	approach	(right),	with	knots	at	0,	1.6	and	
3.2% energy 

Fig. 183. Dose–response association between total n-6 fatty acids (g/day) and cardiovascular 
mortality in six studies, assuming linearity (P=0.0059	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 2.8 and 6.2 g/day

Assuming linearity, a 5% increase in energy from total n-6 fatty acids was associated with a 12% decrease in risk of 
all-cause mortality (mvRR: 0.88; 95% CI: 0.81 to 0.96).). Horizontal line represents a RR=1.0; vertical line represents the 
median n-6 intake in the studied populations (4.3%E). 

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in n-6 fatty acids was associated with a 6% decrease in risk of cardiovascular 
mortality (mvRR: 0.94; 95% CI: 0.92 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median n-6 
fatty acids intake in the studied populations (8.3 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 184. Dose–response association between total n-6 fatty acids (%E) and cardiovascular 
mortality in six studies, assuming linearity (P=0.09	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 2.8 and 6.2 g/day

Fig. 185. Dose–response association between total n-6 fatty acids (g/day) and most-adjusted 
RR of breast cancer in three studies, assuming linearity (P=0.80	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from n-6 fatty acids was associated with a 6% decrease in risk of 
cardiovascular mortality (mvRR: 0.94; 95% CI: 0.89 to 0.99). Horizontal line represents a RR=1.0; vertical line represents the 
median n-6 fatty acids intake in the studied populations (4.6%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5-g increase in total n-6 fatty acids was associated with a 0% increased risk of breast cancer (mvRR: 
1.00; 95% CI: 0.90 to 1.11). Horizontal line represents a RR=1.0; vertical line represents the median n-6 intake in the studied 
populations (5.9 g/day).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 186. Dose–response association between total n-6 fatty acids (%E) and most-adjusted RR 
of breast cancer in three studies, assuming linearity (P=0.84	for	goodness-of-fit)

Fig. 187. Dose–response association between total n-6 fatty acids (g/day) and most-adjusted 
RR of post-menopausal breast cancer in six studies, assuming linearity (P=0.0047 for 
goodness-of-fit)	(left),	and	using	non-linear,	cubic	spline	approach	(right),	with	knots	
at 0, 4.1 and 9.4 g/day

Assuming linearity, a 2% increase in energy from total n-6 fatty acids was associated with a 0% increased risk of breast 
cancer (mvRR: 1.00; 95% CI: 0.92 to 1.09). Horizontal line represents a RR=1.0; vertical line represents the median ALA intake 
in the studied populations (3.2%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in total n-6 fatty acids was associated with a 2% increased risk of post-menopausal 
breast cancer (mvRR: 1.02; 95% CI: 0.99 to 1.05). Horizontal line represents a RR=1.0; vertical line represents the median n-6 
fatty acids intake in the studied populations (10.6 g/day). 

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 188. Dose–response association between total n-6 fatty acids (%E) and most-adjusted RR 
of post-menopausal breast cancer in six studies, assuming linearity (P=0.0067 for 
goodness-of-fit	)	(left),	and	using	non-linear,	cubic	spline	approach	(right),	with	knots	
at 0, 2.2 and 4.7% energy

Fig. 189. Dose–response association between LA (g/day) and most-adjusted RR of all-cause 
mortality in six studies, assuming linearity (P<0.0001	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 3.7 and 9.0 g/day

Assuming linearity, a 2% increase in energy from total n-6 fatty acids was associated with a 3% increased risk of post-
menopausal breast cancer (mvRR: 1.03; 95% CI: 1.00 to 1.05). Horizontal line represents a RR=1.0; vertical line represents 
the median n-6 fatty acid intake in the studied populations (5.1%E).

CI: confidence interval; E: energy; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with an 8% decrease in risk of all-cause mortality (mvRR: 
0.92; 95% CI: 0.56 to 1.50). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied 
populations (9.5 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 190. Dose–response association between LA (%E) and most-adjusted RR of all-cause 
mortality in six studies, assuming linearity (P<0.0001	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 1.6 and 3.2% energy

Fig. 191. Dose–response association between LA (g/day) and most-adjusted RR of CvD 
mortality	in	five	studies,	assuming	linearity	(P=0.024	for	goodness-of-fit)	(left),	and	
using non-linear, cubic spline approach (right), with knots at 0, 3.0 and 6.4 g/day

Assuming linearity, a 2% increase in energy from LA was associated with a 6% decrease in risk of all-cause mortality 
(mvRR: 0.94; 95% CI: 0.77 to 1.14). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the 
studied populations (4.5%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 7% decrease in risk of CVD mortality (mvRR: 0.93; 95% 
CI: 0.90 to 0.95). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied populations 
(10.6 g/day).

CI: confidence interval; CVD: cardiovascular disease; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: 
risk ratio.
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Fig. 192. Dose–response association between LA (%E) and most-adjusted RR of CvD mortality 
in	five	studies,	assuming	linearity	(P=0.0149	for	goodness-of-fit)	(left),	and	using	non-
linear, cubic spline approach (right), with knots at 0, 1.5 and 3.1% energy

Fig. 193. Dose–response association between total LA (g/day) and ischaemic heart disease 
mortality in 11 studies, assuming linearity (P=0.62	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with a 6% decrease in risk of CVD mortality (mvRR: 
0.94; 95% CI: 0.93 to 0.94). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied 
populations (5.0%E).

CI: confidence interval; CVD: cardiovascular disease; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable 
risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with an 8% decrease in risk of ischaemic heart disease 
mortality (mvRR: 0.92; 95% CI: 0.86 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median LA 
intake in the studied populations (9.4 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 194. Dose–response association between total LA (%E) and ischaemic heart disease 
mortality in 11 studies, assuming linearity (P=0.63	for	goodness-of-fit)

Fig. 195. Dose–response association between total LA (g/day) and sudden cardiac death in one 
study, assuming linearity (P=0.96	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with an 8% decrease in risk of ischaemic heart 
disease mortality (mvRR: 0.92; 95% CI: 0.86 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median 
LA intake in the studied populations (4.4%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 17% decrease in risk of sudden cardiac death (mvRR: 
0.83; 95% CI: 0.71 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median n-6 fatty acids intake in 
the studied populations (7.9 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 196. Dose–response association between total LA (%E) and sudden cardiac death in one 
study, assuming linearity (P=0.96	for	goodness-of-fit)

Fig. 197. Dose–response association between total LA (g/day) and total ischaemic heart disease 
in 16 studies, assuming linearity (P=0.15	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with a 12% decrease in risk of sudden cardiac death 
(mvRR: 0.88; 95% CI: 0.78 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median LA in the studied 
populations (4.5%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 7% decrease in risk of total ischaemic heart disease 
(mvRR: 0.93; 95% CI: 0.89 to 0.97). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the 
studied populations (9.4 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 198. Dose–response association between total LA (%E) and total ischaemic heart disease in 
16 studies, assuming linearity (P=0.19	for	goodness-of-fit)

Fig. 199. Dose–response association between total LA (g/day) and type 2 diabetes in four 
studies, assuming linearity (P=0.12	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with a 4% decrease in risk of total ischaemic heart 
disease (mvRR: 0.96; 95% CI: 0.94 to 0.98). Horizontal line represents a RR=1.0; vertical line represents the median LA intake 
in the studied populations (4.2%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 5% decrease in risk of type 2 diabetes (mvRR: 0.95; 95% 
CI: 0.91 to 0.99). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied populations 
(9.7 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 200. Dose–response association between total LA (%E) and type 2 diabetes in four studies, 
assuming linearity (P=0.10	for	goodness-of-fit)

Fig. 201. Dose–response association between total LA (g/day) and depression in two studies, 
assuming linearity (P=0.99	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with a 3% decrease in risk of type 2 diabetes (mvRR: 
0.97; 95% CI: 0.94 to 0.99). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied 
populations (4.7%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 14% increase in risk of depression (mvRR: 1.14; 95% 
CI: 0.94 to 1.38). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied populations 
(11.2 g/day). Not including data from Lucas et al., because g data not reliably estimable.

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 202. Dose–response association between total LA (%E) and depression in three studies, 
assuming linearity (P=0.12	for	goodness-of-fit)

Fig. 203. Dose–response association between total LA (g/day) and breast cancer in four studies, 
assuming linearity (P=0.41	for	goodness-of-fit)

Assuming linearity, a 2% increase in energy from LA was associated with a 19% increase in risk of depression (mvRR: 
1.19; 95% CI: 0.79 to 1.80). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied 
populations (4.3%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 5 g/day increase in LA was associated with a 3% decrease in risk of breast cancer (mvRR: 0.97; 95% 
CI: 0.93 to 1.02). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied populations 
(9.1 g/day).

CI: confidence interval; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 204. Dose–response association between total LA (%E) and breast cancer in four studies, 
assuming linearity (P=0.40	for	goodness-of-fit)

Fig. 205. Dose–response association between ARA (g/day) and most-adjusted RR of all-cause 
mortality in three studies, assuming linearity (P<0.0001	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0.02, 0.05 and 0.08 g/
day

Assuming linearity, a 2% increase in energy from LA was associated with a 2% decrease in risk of breast cancer (mvRR: 
0.98; 95% CI: 0.96 to 1.01). Horizontal line represents a RR=1.0; vertical line represents the median LA intake in the studied 
populations (5.2%E).

CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.

Assuming linearity, a 0.1 g/day increase in ARA was associated with a 0.2% increased risk of all-cause mortality (mvRR: 
1.002; 95% CI: 0.98 to 1.03). Horizontal line represents a RR=1.0; vertical line represents the median ARA intake in the studied 
populations (0.12 g/day).

ARA: arachidonic acid; CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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Fig. 206. Dose–response association between ARA (%E) and most-adjusted RR of all-cause 
mortality in three studies, assuming linearity (P<0.0001	for	goodness-of-fit)	(left),	
and using non-linear, cubic spline approach (right), with knots at 0.01, 0.02, and 
0.04% energy

Fig. 207. Dose–response association between P:S and most-adjusted RR of CvD mortality in two 
studies, assuming linearity (P=0.14	for	goodness-of-fit).

Assuming linearity, a 0.3% increase in energy from ARA was associated with a 1% increased risk of all-cause mortality 
(mvRR: 1.01; 95% CI: 0.87 to 1.18). Horizontal line represents a RR=1.0; vertical line represents the median ARA intake in the 
studied populations (0.06%E).

ARA: arachidonic acid; CI: confidence interval; E: energy; LA: linoleic acid; mv: multivariable; mvRR: multivariable risk ratio; 
RR: risk ratio.

Assuming linearity, a 0.25 increase in P:S was associated with a 5% increased risk of CVD mortality (mvRR: 1.05; 95% CI: 
1.02 to 1.07). Horizontal line represents a RR=1.0; vertical line represents the median P:S in the studied populations (0.735).

CI: confidence interval; CVD: cardiovascular disease; mv: multivariable; mvRR: multivariable risk ratio; P:S: 
polyunsaturated:saturated fat ratio; RR: risk ratio.
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Fig. 209. Dose–response association between n-3:n-6 ratio and depression in three studies, 
assuming linearity (P=0.83	for	goodness-of-fit)	

Fig. 208. Dose–response association between P:S and most-adjusted RR of post-menopausal 
breast cancer in one study, assuming linearity (P=0.53	for	goodness-of-fit)

Assuming linearity, a 0.25 increase in P:S was associated with a 71% increased risk of post-menopausal breast cancer 
(mvRR: 1.71; 95% CI: 1.23 to 2.37). Horizontal line represents a RR=1.0; vertical line represents the median P:S in the studied 
populations (0.36).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; P:S: polyunsaturated:saturated fat ratio; RR: risk 
ratio.

Assuming linearity, a 0.1-unit increase in n-3:n-6 ratio was associated with a 21% lower risk of depression (mvRR: 0.79; 
95% CI: 0.71 to 0.89). Horizontal line represents a RR=1.0; vertical line represents the median n-3:n-6 ratio in the studied 
populations (0.23).

CI: confidence interval; mv: multivariable; mvRR: multivariable risk ratio; RR: risk ratio.
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For more information, please contact:

Department of Nutrition and Food Safety 
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Avenue Appia 20, CH-1211 Geneva 27, Switzerland

Email: nutrition@who.int 
https://www.who.int/teams/nutrition-and-food-safety
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