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Dietary intake and biomarkers of alpha linolenic acid and risk of 
all cause, cardiovascular, and cancer mortality: systematic review 
and dose-response meta-analysis of cohort studies
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Omid Sadeghi11,12

ABSTRACT
OBJECTIVE
To examine the associations between dietary intake 
and tissue biomarkers of alpha linolenic acid (ALA) 
and risk of mortality from all causes, cardiovascular 
disease (CVD), and cancer.
DESIGN
Systematic review and meta-analysis of prospective 
cohort studies.
DATA SOURCES
PubMed, Scopus, ISI Web of Science, and Google 
Scholar to 30 April 2021.
STUDY SELECTION
Prospective cohort studies that reported the risk 
estimates for death from all causes, CVD, and cancer.
DATA SYNTHESIS
Summary relative risks and 95% confidence intervals 
were calculated for the highest versus lowest 
categories of ALA intake using random effects and 
fixed effects models. Linear and non-linear dose-
response analyses were conducted to assess the 
dose-response associations between ALA intake and 
mortality.
RESULTS
41 articles from prospective cohort studies were 
included in this systematic review and meta-analysis, 
totalling 1 197 564 participants. During follow-up 
ranging from two to 32 years, 198 113 deaths from 
all causes, 62 773 from CVD, and 65 954 from cancer 
were recorded. High intake of ALA compared with low 
intake was significantly associated with a lower risk 
of deaths from all causes (pooled relative risk 0.90, 
95% confidence interval 0.83 to 0.97, I2=77.8%, 15 
studies), CVD (0.92, 0.86 to 0.99, I2=48.2%, n=16), 
and coronary heart disease (CHD) (0.89, 0.81 to 0.97, 

I2=5.6%, n=9), and a slightly higher risk of cancer 
mortality (1.06, 1.02 to 1.11, I2=3.8%, n=10). In the 
dose-response analysis, a 1 g/day increase in ALA 
intake (equivalent to one tablespoon of canola oil or 
0.5 ounces of walnut) was associated with a 5% lower 
risk of all cause (0.95, 0.91 to 0.99, I2=76.2%, n=12) 
and CVD mortality (0.95, 0.91 to 0.98, I2=30.7%, 
n=14). The pooled relative risks for the highest 
compared with lowest tissue levels of ALA indicated a 
significant inverse association with all cause mortality 
(0.95, 0.90 to 0.99, I2=8.2%, n=26). Also, based 
on the dose-response analysis, each 1 standard 
deviation increment in blood concentrations of ALA 
was associated with a lower risk of CHD mortality 
(0.92, 0.86 to 0.98, I2=37.1%, n=14).
CONCLUSIONS
The findings show that dietary ALA intake is 
associated with a reduced risk of mortality from all 
causes, CVD, and CHD, and a slightly higher risk of 
cancer mortality, whereas higher blood levels of ALA 
are associated with a reduced risk of all cause and 
CHD mortality only.
SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42021229487.

Introduction
Cardiovascular disease (CVD) and cancer remain two 
leading causes of death worldwide.1 2 Adherence to a 
healthy diet can delay the onset of such diseases and 
improve longevity.3 Low consumption of saturated 
fatty acids and trans fatty acids and high consumption 
of plant oils rich in polyunsaturated fatty acids, 
particularly omega 3 fatty acids, instead of animal 
fats has been a cornerstone of worldwide dietary 
guidelines.4 5 Although many studies have shown 
beneficial properties of omega 3 polyunsaturated 
fatty acids, findings from different studies are still 
conflicting.6 7 Some reports are available on the 
increased risk of certain cancers after intake of omega 
3 fatty acids.6 Questions therefore still remain about 
the health benefits of omega 3 polyunsaturated fatty 
acids and this topic has received research interest for 
decades.

Alpha linolenic acid (ALA) and linoleic acid are 
the most common essential polyunsaturated fatty 
acids available in plant sources.8 ALA is an omega 
3 all-cis-9,12,15-octadecatrienoic acid that is 
metabolised to eicosapentaenoic acid and, to a lesser 
extent, docosahexaenoic acid, which both have anti-
inflammatory properties, whereas linoleic acid is an 
omega 6 all-cis-9,12-octadecadienoic acid that is 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
A high intake of alpha linolenic acid (ALA) has been associated with a lower risk 
of fatal coronary heart disease
Findings from epidemiological studies on ALA and risk of mortality have been 
inconclusive

WHAT THIS STUDY ADDS
A high intake of ALA is associated with a lower risk of mortality from all causes, 
cardiovascular disease (CVD), and coronary heart disease, and a slightly higher 
risk of cancer mortality
Each 1 g/day increase in ALA intake was associated with a 5% lower risk of CVD 
mortality
Each 1 SD increment in blood levels of ALA was associated with an 8% lower risk 
of coronary heart disease mortality
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metabolised to arachidonic acid and subsequently 
to some prostaglandins, leukotrienes, and 
thromboxanes, which are involved in inflammatory 
responses.8 9 Among the two important fatty acids, 
much attention has been given to the health benefits of 
ALA.10 This fatty acid is readily available in soybean, 
nuts, canola oils, flaxseed, and other plant food 
sources.10 In addition to its role in the production of 
eicosapentaenoic acid and docosahexaenoic acid, 
it provides independent and specific effects on 
health.11 ALA might have a preventive effect against 
CVD and some cancers through its anti-inflammatory 
properties.12 13 However, some evidence suggests that 
high consumption of ALA increases oxidative stress in 
body tissues.6 This inconsistency was also observed 
after reviewing the results of observational studies 
that assessed dietary intake and tissue biomarkers of 
ALA in relation to chronic diseases or longevity.14-54 
Some studies reported a statistically significant inverse 
association between ALA and risk of chronic diseases 
and mortality,16 18 20 24 38 41 50 51 whereas others showed 
no significant15 17 19 21 22 25-33 39 40 42-49 52 53 and even 
positive associations.14 23 34-37 A recent meta-analysis 
of cohort studies concluded that a higher intake of ALA 
is associated with a lower risk of composite and fatal 
coronary heart disease (CHD).55 Findings from another 
meta-analysis indicated a statistically significant 
positive association between dietary ALA intake and 
risk of prostate cancer.56

Although some meta-analyses are available on the 
link between ALA and risk of chronic diseases,55 56 no 
study has examined the association between ALA and 
risk of all cause mortality. Moreover, previous meta-
analyses have mainly focused on dietary intake of ALA, 
with little attention to tissue biomarkers of ALA.55 57 In 
addition, no information is available about the strength 
and shape of the dose-response association between 
intake of ALA and risk of mortality. We performed a 
systematic review and dose-response meta-analysis of 
prospective cohort studies to review available findings 
on the associations between ALA and risk of mortality 
from all causes, CVD, and cancer by considering both 
dietary intake and tissue biomarkers of ALA.

Methods
This systematic review and meta-analysis was 
reported according to the preferred reporting items for 
systematic review and meta-analysis guidelines.58

Search strategy
We performed a systematic search using online 
databases, including PubMed, Scopus, and ISI Web 
of Science to identify relevant papers published to 
30 April 2021 that assessed dietary intake or tissue 
biomarkers of ALA in relation to mortality due to all 
causes, CVD, CHD, and cancer. In the search strategy, a 
combination of MeSH (medical subject heading terms) 
and non-MeSH terms were used (supplementary table 
1). Also, we conducted a web based search in Google 
Scholar using a combination of “linolenic acid” and 
“mortality” terms. In this engine, we screened the first 

500 relevancy ranked papers. No restrictions were 
applied for publication time or language of articles. 
In addition, the reference lists of the selected papers 
and recent reviews were cross checked to identify any 
articles that might have been missed.

Inclusion and exclusion criteria
Studies were included that were prospective (eg, 
prospective cohort, nested case-control, case-cohort 
studies), concerned adults (≥18 years), and reported 
relative risk estimates, including hazard ratios and 
odds ratios, with 95% confidence intervals for the 
association between dietary intake or tissue biomarkers 
(plasma or serum, phospholipids, cholesteryl esters, 
adipose tissue, and erythrocyte) of ALA and risk of 
mortality from all causes, CVD, CHD, or cancer. If 
the results from one study were published in more 
than one paper, we selected the most recent paper; 
otherwise, the study with the greatest number of cases 
or with higher quality was included.

Letters, comments, reviews, meta-analyses, and 
ecological studies were excluded. We also did not 
include studies that were conducted on children and 
adolescents, enrolled patients with chronic kidney 
disease or critically ill participants, had a retrospective 
design, considered genetically predicted dietary intake 
or tissue levels of polyunsaturated fatty acids, or had 
insufficient data (ie, did not report relative risks or 
95% confidence intervals for the link between ALA and 
mortality).

Data extraction
Two independent investigators (SN and OS) extracted 
data from each paper, with disagreements resolved by 
discussion and consensus. For the meta-analysis, we 
extracted any reported relative risk estimates, including 
odds ratios, relative risks, or hazard ratios, along with 
95% confidence intervals for the relation between ALA 
and mortality. If an included study reported several 
effect sizes, we chose the one adjusted for the most 
confounding variables. Moreover, from each included 
article we extracted additional information on the first 
author name, publication year, study design, sample 
size, number of cases, personal characteristics of 
participants (age range or mean age and sex), study 
location, follow-up (years), health of participants 
at baseline, methods used to assess dietary intake 
or tissue levels of ALA, and confounding variables 
adjusted in the statistical analysis.

Risk of bias assessment
To assess risk of bias among included studies, we used 
the risk of bias in non-randomised studies of exposures 
tool.59 This tool comprises seven domains through 
which bias might be introduced. The questions of 
these domains include bias due to confounding, bias 
in the selection of participants into the study, bias in 
the classification of exposures, bias due to departure 
from intended exposures, bias due to missing data, 
bias in the measurement of outcomes, and bias in the 
selection of reported results. Under each domain we 
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categorised studies as having a low, moderate, serious, 
and critical risk of bias.

Statistical analysis
We included the relative risks (including hazard ratios 
and odds ratios) and 95% confidence intervals of 
mortality for the comparison between the highest and 
lowest intakes of ALA into the meta-analysis. However, 
some studies reported relative risks of mortality per 1 
standard deviation (SD) increment in ALA intake. To 
include such studies in the meta-analysis, we converted 
the per SD increment risk estimates to the relative risks 
for the comparison of the top versus bottom third of 
ALA intakes using the method suggested by Danesh 
et al in which the log risk estimates reported for the 
comparison between the top and bottom third are 
equivalent to 2.18 times the log risk estimates for a 1 SD 
increase.60 This method assumes that the exposure is a 
normally distributed variable and that the association 
with disease risk is log-linear.

Since the relative risks (and 95% confidence 
intervals) are non-normally distributed variables, 
we included the natural log form (and its standard 
error) of these effect sizes into statistical analyses. To 
calculate the overall relative risk of mortality for the 
highest compared with lowest intakes or tissue levels 
of ALA, a random effects model was used. Random 
effects models take into consideration different 
sources of uncertainties, including within study 
(sampling or estimation) error and variance between 
studies.61 However, since these models tend to give 
disproportionally more weight to smaller studies, 
particularly when the outcome is binary (eg, death), 
fixed effects models might present more reliable results 
compared with the random effects models.62 Therefore, 
in addition to the random effects model, we used a fixed 
effects model for the statistical analyses. In addition to 
the overall relative risks, we calculated absolute risk 
differences based on the obtained overall relative risks 
and baseline risks using the formula: absolute risk 
difference=baseline risk×(relative risk−1). Baseline 
risks for all cause, CVD, and CHD mortality were 
obtained from the Emerging Risk Factors Collaboration 
that contained data from 102 international cohorts.63 
For cancer mortality, baseline risk was based on the 
GLOBOCAN that described cancer incidence and 
mortality from 20 large areas of the world.64

Heterogeneity was assessed using Cochran’s Q test 
and the I2 statistic. For the I2 statistic, we considered 
values of <25%, 25-50%, 50-75%, and >75% as low, 
moderate, high, and severe heterogeneity between 
studies, respectively.65 Subgroup and meta-regression 
analyses were conducted to identify possible sources 
of heterogeneity. If a study reported subgroup risk 
estimates stratified by sex or other variables, we 
first pooled the subgroup estimates by using a fixed 
effects model and then included the obtained pooled 
risk estimate in the main meta-analysis. Studies that 
investigated only CHD mortality were considered in the 
meta-analysis of CVD mortality. Publication bias was 
determined using Egger’s linear regression test.66 In 

the case of substantial publication bias, the trim-and-
fill method was used to detect the effect of potential 
missing studies on the overall relative risk.67 To assess 
the dependency of overall effect size on one study, 
sensitivity analysis was done using a random effects 
model in which each study was excluded to examine 
the influence of that study on the overall estimate.

We used the generalised least squares trend 
estimation method68 69 for the linear dose-response 
analysis. Firstly, we estimated study specific slopes, 
and then these slopes were combined to obtain an 
overall average slope. We combined the study specific 
slopes using random effects and fixed effects models. 
In this method, the distribution of deaths, the total 
number of participants, and the effect sizes with the 
variance estimates for ≥3 quantitative categories of 
exposure were required. We assigned the median or 
mean amount of ALA intake in each category to the 
corresponding effect size for each study. For studies 
that reported the intakes of ALA as the percentage 
of energy, we converted them to g/day. For studies 
that reported the intake as ranges, we estimated the 
midpoint in each category by calculating the mean of 
the lower and upper bound. When the highest category 
was open ended, we assumed the length of the open 
ended interval to be the same as that of the adjacent 
interval. We also examined a possible non-linear dose-
response association using restricted cubic splines 
with three knots at centiles of 10%, 50%, and 90% 
of the distribution. The correlation within each set 
of provided risk estimates was accounted for and the 
study specific estimates were combined by using a one 
stage linear mixed effects meta-analysis. This method 
estimates the study specific slopes and combines them 
to obtain an overall average slope in a single stage, 
providing a more precise, flexible, and efficient method 
than the traditional two stage method. The significance 
for non-linearity was calculated by null hypothesis 
testing, in which we considered the coefficient of the 
second spline to be equal to zero. For tissue levels of 
ALA and mortality, we performed linear and non-
linear dose-response analyses when possible based 
on the weight percentage of ALA among total fatty 
acids. Statistical analyses were conducted using STATA 
version 14.0. P<0.05 was considered as statistically 
significant for all tests, including Cochran’s Q test.

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design or 
implementation of the study. No patients were asked 
to advise on interpretation or writing up of results. 
There are no plans to disseminate the results of the 
research to study participants or the relevant patient 
community.

Results
In total, 12 873 articles were identified in the initial 
search. After excluding duplicate papers (n=5991) 
and studies that did not meet the inclusion criteria 
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(n=6829), 53 full articles of potentially relevant 
studies were assessed for eligibility (fig 1). After full 
text reviews, eight articles were excluded for being 
conducted on patients who required haemodialysis 
(n=1)70 or critically ill patients (n=1),71 having a 
case-control design (n=1),72 assessing genetically 
predicted ALA levels rather than tissue levels (n=1),73 
and not reporting relative risk estimates (n=1) or 
95% confidence intervals (n=3).74-76 In addition, 
two different publications were found for the Nurses’ 
Health Study,34 77 three for the Health Professionals 
Follow-up Study,34 78 79 and two for the Cardiovascular 
Health Study.20 80 As these articles assessed similar 
intake and outcome variables, only the one of higher 
quality or with the most number of cases for each 
dataset were included20 34 and the duplicate papers 
excluded.77-80 Moreover, two studies that were 
conducted on the Nurses’ Health Study43 and Health 
Professionals Follow-up Study44 were included in the 
dose-response analysis of CHD mortality. The articles 
of Zhuang et al37 and Pelser et al45 were published on 
the National Institutes of Health-American Association 
of Retired Persons (NIH-AARP) dataset.37 45 Although 
the paper of Zhuang et al was more complete than 
that of Pelser et al’s, the latter provided information 
for the non-linear dose-response analysis that was 
not available in the duplicate paper. Both articles 
were therefore included; however, to avoid double 
counting data, the findings of Pelser et al article were 
used only for the non-linear dose-response analyses. 
Papers from the same studies that assessed different 
indicators of ALA (dietary or tissue biomarkers) or 
different types of deaths (eg, CVD, cancer) were not 
considered duplicates and were included in the meta-
analysis.22 32 34 46 Also, a partial overlap in populations 
was found between the study of Harris et al and some of 
the included studies on tissue biomarkers of ALA.54 As 
this overlap was incomplete, the Harris et al study was 
included in the main analysis. A sensitivity analysis 
was, however, carried out for that study. After these 
exclusions, 41 papers were included in the current 
systematic review and meta-analysis14-54: 26 papers 
assessed the association between ALA and all cause 
mortality (11 on dietary intake,16 19 22 23 32 34 36-38 40 50 
13 on tissue levels of ALA,18 21 27 28 31 35 39 47-49 51 52 54  
and two on both20 26), 26 articles described the 
relation between ALA and CVD mortality (13 
on dietary ALA intake,16 22 24 29 30 34 36-38 42-44  46  
nine on tissue levels of ALA,15 18 21 35 41 47-49 54 and four 
on both14 20 25 26), and 14 papers investigated the link 
between ALA and cancer mortality (10 on dietary ALA 
intake16 17 22 23 32 34 36 37 45 53 and four on tissue levels of 
ALA21 33 48 54).

Characteristics of included studies
Supplementary tables 2-5 show the characteristics of 
studies included in the systematic review and meta-
analysis, and supplementary tables 6-9 show the data 
extracted for the dose-response analysis. The studies 
were published between 1991 and 2021 and had a 
prospective cohort design. The number of participants 

in these studies ranged from 162 to 521 120, with an 
age range between 18 and 98 years. In total, 1 197 564 
participants were included in the 41 papers selected. 
During the follow-up periods ranging from two to 32 
years, 198 113 deaths from all causes, 62 773 CVD 
deaths, and 65 954 cancer deaths were recorded.

Of the 41 included articles, 12 included only 
men16  17  25 29 30 32 33 35 44 45 47 53 and four included 
only women.21 23 43 46 Among the remaining articles, 
one reported risk estimates for men and women 
separately.34 In total, 17 papers described studies 
that were conducted in the US,16  20-23  31-34  37  43-46  48  50  
19 described studies that were performed in non-
US countries,14  15  17-19  24-30  35  38-40  47  49  51  52 and  
the remaining five described studies that 
were conducted on populations from different 
countries.36  41  42  53  54 To examine dietary ALA intake,  
19 papers used food frequency question-
naires,14 17 19 20 22-24 26 30 32 34 37 38 40 42-46 four applied food 
recall or record,16 25 36 50 one applied food frequency 
questionnaires or diet histories,53 and one used 
cross checked dietary history.29 ALA was measured 
in adipose tissue (n=3) and blood (n=27), and the 
biomarkers included phospholipids (n=14), cholesteryl 
esters (n=6), total serum or plasma ALA (n=6), and 
whole blood ALA (n=1) as a weight percentage of total 
fatty acids. In the Harris et al study that was done 
on different datasets, ALA levels were measured in 
different parts of blood.54 All included studies used 
gas chromatography or gas-liquid chromatography 
to measure ALA concentrations. In the most included 
publications, some important confounders, including 
age (n=34), body mass index (BMI) (n=34), smoking 
status (n=35), alcohol consumption (n=29), physical 
activity (n=24), and energy intake (n=23) were adjusted 
in the analysis of ALA and mortality. Based on the risk 
of bias in non-randomised studies of exposures tool, 
33 articles had a low risk of bias in all components 
(supplementary table 10).

Random effects meta-analysis: all cause mortality
Dietary ALA
Fifteen studies (13 publications) examined the 
association between dietary intake of ALA and all 
cause mortality.16 19 20 22 23 26 32 34 36-38 40 50 These 
studies included a total of 745 122 participants and 
176 694 deaths. The summary relative risk for all cause 
mortality, comparing the highest categories of dietary 
ALA intake (median 1.59 g/day, interquartile range 
1.26-2.25) with the lowest (0.73 g/day, 0.36-0.89), was 
0.90 (95% confidence interval 0.83 to 0.97, I2=77.8%, 
P<0.001 for heterogeneity), indicating a significant 
inverse association (table 1 and supplementary figure 
1). The corresponding absolute risk difference for 
this association was −113 (95% confidence interval 
−192 to −34), which showed a reduction of 113 
deaths from all causes per 10 000 person years for the 
highest versus lowest categories of dietary ALA intake 
(supplementary table 11).

Twelve studies from 10 papers with sufficient data 
were included in the dose-response analysis of dietary 
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ALA intake and all cause mortality.16 19 20 22 23 34 36 37 40 50 In 
the linear dose-response analysis, a significant inverse 
association was found between a 1 g/day increase in 
ALA intake and all cause mortality (pooled relative risk 
0.95, 95% confidence interval 0.91 to 0.99, I2=76.2%, 
P<0.001 for heterogeneity) (table 1 and supplementary 
figure 2). The absolute risk for this linear relation was 
−57 deaths (95% confidence interval −102 to −11) per 
10 000 person years (supplementary table 11). In the 
non-linear dose-response analysis, no evidence was 
found of a non-linear association between ALA intake 
and all cause mortality (P=0.58 for non-linearity) (fig 2 
and supplementary table 12).

Tissue ALA
Fifteen articles were included in the analysis 
for tissue levels of ALA and all cause 
mortality.18  20  21  26-28  31  35  39  47-49  51  52  54 These studies  
included a total of 53 935 participants and 18 881 
deaths from all causes. The summary relative risk for 
all cause mortality, comparing the highest with lowest 
levels of ALA intake, was 0.95 (95% confidence interval 
0.90 to 0.99, I2=8.2%; P=0.36 for heterogeneity), 
indicating a significant inverse association between 
ALA levels and risk of all cause mortality (table 1 
and supplementary figure 3). The pooled relative 
risk provided an absolute risk of −57 deaths (95% 
confidence interval −113 to −11) per 10 000 person 
years (supplementary table 11).

Eleven of the 15 papers were included in the linear 
dose-response analysis.18 20 21 27 28 31 35 39 47 49 51 No 
significant linear association was found between a 1 
SD increment in ALA intake and all cause mortality 
(pooled relative risk 0.97, 95% confidence interval 
0.94 to 1.01, I2=29.5%; P=0.16 for heterogeneity) 
(table 1 and supplementary figure 4). The absolute 
risk difference for this association was −34 deaths 
(95% confidence interval −68 to 11) per 10 000 person 

years (supplementary table 11). It was not possible to 
perform a non-linear dose-response analysis as the 
articles had insufficient data.

Random effects meta-analysis: CVD mortality
Dietary ALA
Sixteen cohort studies from 15 papers investigated 
the association between dietary ALA intake and 
CVD mortality and included 965 668 participants 
and 56 921 CVD deaths.14  16  20  22  24-26  29  30  34  36-38  42  46 
When the relative risks comparing the highest intakes 
of ALA with the lowest were combined from these 
studies, a significant inverse association was found 
between dietary ALA intake and CVD mortality 
(pooled relative risk 0.92, 95% confidence interval 
0.86 to 0.99, I2=48.2%; P=0.01 for heterogeneity) 
(table 2 and supplementary figure 5). The absolute 
risk for this association was −33 CVD deaths (95% 
confidence interval −57 to −4) per 10 000 person 
years (supplementary table 11). In this association, a 
median ALA intake of 1.77 g/day (interquartile range 
1.32-2.65) was classified as high and 0.88 (0.70-
1.06) g/day as low, with two studies not providing 
quantification.26 37

Fourteen studies from 13 papers were eligible for 
the dose-response analysis of dietary ALA intake 
and CVD mortality.14 16 20 22 24 25 29 30 34 36 37 42 46 Each 
additional gram of ALA intake per day was significantly 
associated with a 5% lower risk of CVD mortality 
(pooled relative risk 0.95, 95% confidence interval 
0.91 to 0.98, I2=30.7%; P=0.13 for heterogeneity) 
(table 2 and supplementary figure 6). The absolute risk 
based on each additional gram of ALA intake per day 
was −21 CVD deaths (95% confidence interval −37 
to −8) per 10 000 person years (supplementary table 
11). No evidence was found of a non-linear association 
(P=0.56 for non-linearity; fig 2 and supplementary 
table 12).

Tissue ALA
Twenty five studies from 13 publications examined 
the association between tissue levels of ALA and 
risk of CVD mortality and included 59 180 people 
and 7264 CVD deaths.14 15 18 20 21 25 26 35 41 47-49 54 
Meta-analysis comparing the highest with the lowest 
levels of ALA showed no clear significant association 
with CVD mortality (pooled relative risk 0.98, 95% 
confidence interval 0.86 to 1.11, I2=45.6%; P=0.01 for 
heterogeneity) (table 2 and supplementary figure 7). 
The absolute risk difference for this association was −8 
CVD deaths (95% confidence interval −57 to 45) per 
10 000 person years (supplementary table 11).

Seventeen studies from eight publications were 
included in the linear dose-response analysis, When 
the relative risks were combined, no significant linear 
association was found between a 1 SD increase in ALA 
levels and CVD mortality (pooled relative risk 0.97, 
95% confidence interval 0.91 to 1.03, I2=54.2%; 
P=0.004 for heterogeneity) (table 2 and supplementary 
figure 8).14 15 18 20 21 35 41 47 The corresponding absolute 
risk difference per 10 000 person years was −12 

Full text articles excluded
Similar exposure and outcome variables
Patients receiving haemodialysis
Critically ill patients
Genetically predicted alpha linolenic acid levels assessed    
Case-control design
Insufficient data

4
1
1
1
1
4

Titles and abstracts identified and screened

Included in systematic review and meta-analysis

Excluded in initial search
Duplicate publication5991 Irrelevant6829

41

12

Full text articles assessed for eligibility
53

12 873

12 820

Fig 1 | Flow diagram of study selection
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No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

Highest v lowest ALA intake
Dietary ALA intake:
 Overall 15 0.90 (0.83 to 0.97) 77.8 <0.001
 Study location
  US 10 0.91 (0.84 to 0.98) 80.6 <0.001

0.82  Western countries§ 11 0.90 (0.83 to 0.97) 79.6 <0.001
  Eastern/Mediterranean countries 4 0.85 (0.60 to 1.21) 77.9 0.004
 Sex
  Men and women 10 0.85 (0.74 to 0.97) 82.7 <0.001

0.67  Men 3 0.87 (0.68 to 1.10) 74.9 0.01
  Women 2 0.98 (0.93 to 1.04) 0 0.36
 Follow-up duration (years)
   ≥10 8 0.98 (0.91 to 1.05) 76.1 <0.001 0.03   <10 7 0.77 (0.70 to 0.85) 0 0.57
 Dietary assessment tools
  Food frequency questionnaire 11 0.92 (0.86 to 0.99) 73.8 <0.001 0.68  Food recall or record 4 0.84 (0.64 to 1.11) 83.5 <0.001
 Adjustment for energy
  Yes 12 0.92 (0.85 to 0.99) 78.6 <0.001 0.18  No 3 0.75 (0.59 to 0.95) 26.9 0.25
 Adjustment for BMI
  Yes 13 0.90 (0.84 to 0.98) 78.2 <0.001 0.90  No 2 0.87 (0.52 to 1.47) 82.7 0.01
 Adjustment for other nutrients¶
  Yes 10 0.96 (0.90 to 1.03) 70 <0.001 0.05  No 5 0.76 (0.63 to 0.92) 53 0.07
 Adjustment for trans fatty acids
  Yes 5 1.00 (0.94 to 1.05) 63.8 0.02 0.10  No 10 0.82 (0.70 to 0.95) 67.7 0.001
 Health status**
  Healthy 12 0.89 (0.82 to 0.97) 81 <0.001 0.56  Unhealthy 3 0.91 (0.80 to 1.04) 10.6 0.32
Tissue ALA levels:
 Overall 15 0.95 (0.90 to 0.99) 8.2 0.36
 Study location
  US 5 0.95 (0.86 to 1.05) 0 0.98

0.84  Western countries§ 11 0.97 (0.91 to 1.03) 0 0.88
  Eastern/Mediterranean countries 3 0.54 (0.31 to 0.93) 43.8 0.16
 Sex
  Men and women 12 0.93 (0.89 to 0.99) 10.7 0.34

0.25  Men 2 1.01 (0.87 to 1.16) 24.8 0.24
  Women 1 0.95 (0.81 to 1.11) - -
 Follow-up duration (years)
  ≥10 7 0.95 (0.91 to 0.99) 0 0.56 0.06  <10 8 0.86 (0.74 to 1.00) 19.5 0.27
 Tissue biomarkers
  Adipose tissue 1 0.91 (0.73 to 1.13) - -

0.43  Blood 14 0.95 (0.89 to 0.99) 14.1 0.29
   Total serum or plasma 1 0.75 (0.53 to 1.07) - -
   Phospholipids (plasma or RBC) 8 0.92 (0.85 to 1.01) 0 0.68
   Cholesteryl esters 3 1.02 (0.78 to 1.34) 58.6 0.08
 Adjustment for BMI
  Yes 10 0.95 (0.90 to 1.01) 17 0.28 0.48  No 5 0.87 (0.72 to 1.07) 0 0.43
 Health status**
  Healthy 9 0.95 (0.91 to 0.99) 0 0.55 0.27  Unhealthy 6 0.84 (0.68 to 1.04) 28.8 0.21
Linear dose-response association
Dietary ALA intake (per 1 g/day increase):
 Overall 12 0.95 (0.91 to 0.99) 76.2 <0.001
 Study location
  US 9 0.96 (0.92 to 1.01) 79 <0.001

0.30  Western countries§ 10 0.96 (0.92 to 1.00) 78 <0.001
  Eastern/Mediterranean countries 2 0.89 (0.74 to 1.08) 26.6 0.24

Table 1 | Summary risk estimates for association between alpha linolenic acid (ALA) intake and risk of all cause 
mortality in adults aged ≥18 years

(Continued)
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CVD deaths (95% confidence interval −37 to 12) 
(supplementary table 11). Non-linear dose-response 
analyses were not possible owing to limited data.

Random effects meta-analysis: CHD mortality
Dietary ALA
Nine studies of dietary ALA and CHD mortality were 
included in the meta-analysis.14 16 20 24 29 30 36 38 These 

studies included a total of 408 033 participants and 
7613 CHD deaths.42 When the highest intake of dietary 
ALA (median 2.31 g/day, interquartile range 1.30-2.69) 
was compared with the lowest intake (0.92 g/day, 0.52 
to 1.02), a significant inverse association was found 
between dietary ALA intake and CHD mortality (pooled 
relative risk 0.89, 95% confidence interval 0.81 to 
0.97, I2=5.6%; P=0.38 for heterogeneity) (table 3 and 

No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

 Sex
  Men and women 8 0.93 (0.87 to 0.99) 77.6 <0.001

0.73  Men 2 0.93 (0.77 to 1.13) 92.6 0.001
  Women 2 1.01 (0.94 to 1.08) 9.9 0.29
 Follow-up duration (years)
  ≥10 8 0.98 (0.94 to 1.01) 65.2 0.005 0.10  <10 4 0.91 (0.78 to 1.05) 81.6 0.001
 Dietary assessment tools
  Food frequency questionnaire 8 0.98 (0.94 to 1.02) 62.6 0.009 0.57  Food recall or record 4 0.93 (0.84 to 1.03) 80.3 0.002
 Adjustment for energy
  Yes 10 0.97 (0.93 to 1.00) 71.6 <0.001 0.09  No 2 0.83 (0.76 to 0.92) 0 0.47
 Adjustment for BMI
  Yes 10 0.96 (0.93 to 1.00) 72.6 <0.001 0.64  No 2 0.96 (0.71 to 1.30) 80.1 0.02
 Adjustment for other nutrients¶
  Yes 7 0.99 (0.96 to 1.02) 64.4 0.01 0.03  No 5 0.88 (0.81 to 0.94) 31.7 0.21
 Adjustment for trans fatty acids
  Yes 4 1.00 (0.97 to 1.03) 57.7 0.06 0.21  No 8 0.92 (0.85 to 0.99) 66.1 0.004
 Health status**
  Healthy 10 0.96 (0.92 to 0.99) 77.3 <0.001 0.91  Unhealthy 2 0.98 (0.77 to 1.25) 70.1 0.06
Tissue ALA levels (per 1 SD increase):
 Overall 11 0.97 (0.94 to 1.01) 29.5 0.16
 Study location
  US 3 0.97 (0.93 to 1.02) 0 0.97

0.97  Western countries§ 9 0.99 (0.96 to 1.01) 0 0.44
  Eastern/Mediterranean countries 2 0.82 (0.59 to 1.15) 67.8 0.07
 Sex
  Men and women 8 0.96 (0.92 to 1.00) 38.5 0.12

0.32  Men 2 1.01 (0.94 to 1.07) 28 0.23
  Women 1 0.98 (0.91 to 1.05) - -
 Follow-up duration (years)
  ≥10 6 0.99 (0.96 to 1.03) 19.5 0.28 0.06  <10 5 0.94 (0.90 to 0.99) 0 0.42
 Tissue biomarkers
  Adipose tissue 1 0.96 (0.87 to 1.06) - -

0.79  Blood 10 0.97 (0.94 to 1.01) 35.7 0.12
   Total serum or plasma 0 - - -
   Phospholipids (plasma or RBC) 6 0.95 (0.91 to 0.99) 15.6 0.31
   Cholesteryl esters 3 1.00 (0.95 to 1.06) 55.7 0.01
 Adjustment for BMI
  Yes 7 0.99 (0.96 to 1.01) 16.9 0.30 0.21  No 4 0.91 (0.82 to 1.01) 35.9 0.19
 Health status**
  Healthy 6 0.99 (0.96 to 1.03) 19.5 0.28 0.09  Unhealthy 5 0.94 (0.90 to 0.99) 0 0.42
BMI=body mass index; RBC=red blood cells; SD=standard deviation.
*Obtained from random effects model.
†Inconsistency—percentage of variation across studies due to heterogeneity.
‡Obtained from Q test.
§Includes studies from the US.
¶Studies that controlled for at least one of dietary nutrients, including lipids, vitamins, and minerals.
**Studies that recruited apparently healthy adults (without a previous diagnosis of cancer, cardiovascular disease, or any other chronic diseases) were 
included in the healthy subgroup, and studies that recruited participants with at least one chronic disease were included in the unhealthy subgroup.

Table 1 | Continued
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supplementary figure 9). The corresponding absolute 
risk difference showed a risk reduction of −23 CHD 
deaths (95% confidence interval −40 to −6) per 10 000 
person years (supplementary table 11). In the dose-
response analysis of 10 eligible studies,14 16 20 24 29 30 36 42-

44 a marginally significant inverse association was 
observed between a 1 g/day increase in ALA intake 
and CHD mortality (pooled relative risk 0.95, 95% 
confidence interval 0.90 to 1.01, I2=10.8%; P=0.34 for 
heterogeneity) (table 3 and supplementary figure 10). 
The absolute risk difference for this association was 
−11 CHD deaths (95% confidence interval −21 to 2) per 
10 000 person years (supplementary table 11). The test 
for non-linearity was not significant (P=0.13; fig 2 and 
supplementary table 12).

Tissue ALA
Sixteen studies from four publications investigated 
the association between tissue levels of ALA and 
CHD mortality.14 15 18 41 These studies included a 
total of 30 818 participants and 3380 CHD deaths. 
Combining data from these studies, comparing 
the highest and lowest levels of ALA, indicated no 
significant association between tissue levels of ALA 
and CHD mortality (pooled relative risk 0.90, 95% 
confidence interval 0.70 to 1.15, I2=57%; P=0.003 for 
heterogeneity) (table 3 and supplemental figure 11). 
In the linear dose-response analysis, no significant 
association was observed (pooled relative risk 0.94, 
95% confidence interval 0.87 to 1.01, I2=61.1%; 
P=0.001 for heterogeneity) (table 3 and supplementary 
figure 12). The corresponding absolute risks for the 

highest versus lowest comparison and the linear dose-
response analysis were −21 (95% confidence interval 
−63 to 32) and −13 (−27 to 2) deaths per 10 000 person 
years, respectively (supplementary table 11). Non-
linear dose-response analyses were not possible owing 
to a limited number of papers with sufficient data.

Random effects meta-analysis: cancer mortality
Dietary ALA
Ten studies from nine papers reported on the 
association between dietary ALA intake and cancer 
mortality.16 17 22 23 32 34 36 37 53 These studies included a 
total of 849 711 participants with 61 259 cancer deaths. 
Combining data from these studies, comparing the 
highest intakes of ALA (median 1.35 g/day, interquartile 
range 1.20-2.12) with the lowest (0.70 g/day, 0.38-0.80), 
showed a significant positive association between ALA 
intake and cancer mortality (pooled relative risk 1.06, 
95% confidence interval 1.02 to 1.11, I2=3.8%; P=0.40 
for heterogeneity; table 4 and supplementary figure 
13). In the dose-response meta-analysis, no significant 
association was found between a 1 g/day increase in ALA 
intake and cancer mortality (pooled relative risk 1.03, 
95% confidence interval 0.98 to 1.08, I2=51%; P=0.04 
for heterogeneity; table 4 and supplementary figure 14). 
The estimated absolute risks for the highest versus lowest 
comparison and the linear dose-response association for 
cancer mortality were 63 (95% confidence interval 21 to 
116) and 42 (−21 to 95) cases per 10 000 person years, 
respectively (supplementary table 11). No evidence 
was found of a non-linear association (P=0.72 for non-
linearity) (fig 2 and supplementary table 12).
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No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

Highest v lowest ALA intake
Dietary ALA intake:
 Overall 16 0.92 (0.86 to 0.99) 48.2 0.01
 Study location
  US 10 0.91 (0.83 to 0.99) 65 0.002

0.52  Western countries§ 13 0.96 (0.90 to 1.02) 27.4 0.16
  Eastern/Mediterranean countries 3 0.82 (0.74 to 0.90) 0 0.82
 Sex
  Men and women 9 0.93 (0.84 to 1.04) 58.9 0.01

0.75  Men 5 0.89 (0.72 to 1.10) 45.7 0.11
  Women 2 0.90 (0.80 to 1.00) 0 0.89
 Follow-up duration (years)
   ≥10 10 0.93 (0.85 to 1.01) 61.3 0.006 0.93   <10 6 0.92 (0.82 to1.05) 5.8 0.38
 Dietary assessment tools
  Food frequency questionnaire 13 0.94 (0.88 to1.01) 45.6 0.03 0.08  Food recall or record 3 0.73 (0.57 to 0.94) 2.5 0.35
 Adjustment for energy
  Yes 15 0.94 (0.87 to 1.00) 42 0.04 0.07  No 1 0.60 (0.39 to 0.92) - -
 Adjustment for BMI
  Yes 15 0.94 (0.87 to 1.00) 42 0.04 0.07  No 1 0.60 (0.39 to 0.92) - -
 Adjustment for other nutrients¶
  Yes 14 0.93 (0.87 to 0.99) 46.1 0.01 0.32  No 2 0.78 (0.49 to 1.23) 67.5 0.07
 Adjustment for trans fatty acids
  Yes 7 1.00 (0.96 to 1.04) 1.6 0.04 0.005  No 9 0.83 (0.76 to 0.90) 0 0.57
 Health status**
  Healthy 15 0.91 (0.85 to 0.98) 49.5 0.04 0.23  Unhealthy 1 1.13 (0.85 to 1.51) - -
Tissue ALA levels:
 Overall 21 0.98 (0.86 to 1.11) 45.6 0.01
 Study location
  US 7 1.03 (0.74 to 1.45) 40.1 0.12

0.83  Western countries§ 17 1.02 (0.86 to 1.21) 50.7 0.009
  Eastern/Mediterranean countries 3 0.68 (0.46 to 1.00) 0 0.82
 Sex
  Men and women 14 0.92 (0.78 to 1.09) 51.3 0.01

0.12  Men 5 1.18 (1.01 to 1.39) 0 0.18
  Women 2 0.91 (0.65 to 1.27) 0.3 0.31
 Follow-up duration (years)
  ≥10 16 0.97 (0.85 to 1.10) 46 0.02 0.07  <10 3 0.84 (0.42 to 1.66) 35.7 0.21
 Tissue biomarkers
  Adipose tissue 2 1.48 (0.61 to 3.59) 85.5 0.008 0.17  Blood 19 0.95 (0.84 to 1.07) 34.5 0.07
   Total serum or plasma 5 0.84 (0.61 to 1.15) 0 0.49
   Phospholipids (plasma or RBC) 9 0.92 (0.74 to 1.14) 50.4 0.04
   Cholesteryl esters 4 1.12 (0.88 to 1.41) 7.7 0.35
 Adjustment for BMI
  Yes 21 0.98 (0.86 to 1.11) 45.6 0.01 -  No 0 - - -
 Health status**
  Healthy 19 0.99 (0.85 to 1.14) 49.2 0.008 0.72  Unhealthy 2 0.93 (0.72 to 1.19) 1.8 0.31
Linear dose-response association
Dietary ALA intake (per 1 g/day increase):
 Overall 14 0.95 (0.91 to 0.98) 30.7 0.13
 Study location
  US 10 0.94 (0.90 to 0.98) 42.6 0.05

0.74  Western countries§ 12 0.97 (0.94 to 0.99) 0 0.73
  Eastern/Mediterranean countries 1 0.79 (0.70 to 0.89) - -

Table 2 | Summary risk estimates for association between alpha linolenic acid (ALA) intake and risk of cardiovascular 
disease mortality in adults aged ≥18 years

(Continued)
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Tissue ALA
Sixteen studies from four publications examined 
the association between tissue levels of ALA and 
cancer mortality.21 33 48 54 These studies included a 
total of 38 250 participants and 4153 cancer deaths. 
No significant association was found between ALA 
levels and cancer mortality in either the comparison 

of the highest versus lowest ALA levels (pooled 
relative risk 0.93, 95% confidence interval 0.86 to 
1.01, I2=0%; P=0.39 for heterogeneity) or the dose-
response analysis (0.99, 0.88 to 1.11, I2=0%; P=0.83 
for heterogeneity) (table 4 and supplementary figures 
15 and 16). The corresponding absolute risks for these 
associations were −74 (95% confidence interval −147 

No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

 Sex
  Men and women 7 0.94 (0.88 to 1.01) 53.4 0.04

0.92  Men 4 0.94 (0.84 to 1.04) 32.1 0.22
  Women 3 0.95 (0.91 to 0.99) 0 0.52
 Follow-up duration (years)
  ≥10 10 0.95 (0.91 to 0.99) 38.6 0.10 0.84  <10 4 0.94 (0.87 to 1.02) 24 0.26
 Dietary assessment tools
  Food frequency questionnaire 11 0.95 (0.92 to 0.99) 35.6 0.11 0.35  Food recall or record 3 0.90 (0.83 to 0.99) 0 0.44
 Adjustment for energy
  Yes 13 0.96 (0.92 to 0.99) 23.9 0.20 0.17  No 1 0.85 (0.74 to 0.97) - -
 Adjustment for BMI
  Yes 13 0.96 (0.92 to 0.99) 23.9 0.20 0.17  No 1 0.85 (0.74 to 0.97) - -
 Adjustment for other nutrients¶
  Yes 12 0.95 (0.92 to 0.99) 30 0.15 0.23  No 2 0.88 (0.78 to 0.98) 0 0.43
 Adjustment for trans fatty acids
  Yes 6 0.97 (0.94 to 0.99) 0 0.66 0.34  No 8 0.93 (0.86 to 1.00) 48.6 0.05
 Health status**
  Healthy 13 0.94 (0.91 to 0.98) 32.6 0.12 0.33  Unhealthy 1 1.05 (0.87 to 1.27) - -
Tissue ALA levels (per 1 SD increase):
 Overall 17 0.97 (0.91 to 1.03) 54.2 0.004
 Study location
  US 6 0.96 (0.87 to 1.05) 19.3 0.28

0.89  Western countries§ 15 0.97 (0.91 to 1.04) 59 0.002
  Eastern/Mediterranean countries 2 0.97 (0.86 to 1.08) 0 0.51
 Sex
  Men and women 10 0.97 (0.89 to 1.04) 54.9 0.01

0.75  Men 5 0.99 (0.83 to 1.18) 70.7 0.008
  Women 2 0.96 (0.83 to 1.11) 0 0.49
 Follow-up duration (years)
  ≥10 14 0.96 (0.89 to 1.03) 58.7 0.003 0.78  <10 1 0.97 (0.87 to 1.09) - -
 Tissue biomarkers
  Adipose tissue 2 1.07 (0.97 to 1.17) 30.9 0.22 0.19  Blood 15 0.95 (0.89 to 1.02) 45.1 0.03
   Total serum or plasma 4 0.76 (0.63 to 0.91) 0 0.83
   Phospholipids (plasma or RBC) 7 0.95 (0.88 to 1.02) 37 0.14
   Cholesteryl esters 4 1.03 (0.95 to 1.12) 14.8 0.31
 Adjustment for BMI
  Yes 17 0.97 (0.91 to 1.03) 54.2 0.004 -  No 0 - - -
 Health status**
  Healthy 16 0.97 (0.91 to 1.04) 56.7 0.003 0.99  Unhealthy 1 0.97 (0.87 to 1.09) - -
BMI=body mass index; RBC=red blood cells; SD=standard deviation.
*Obtained from random effects model.
†Inconsistency—percentage of variation across studies due to heterogeneity.
‡Obtained from Q test.
§Includes studies from the US.
¶Studies that controlled for at least one of dietary nutrients, including lipids, vitamins, and minerals.
**Studies that recruited apparently healthy adults (without a previous diagnosis of cancer, cardiovascular disease, or any other chronic diseases) were 
included in the healthy subgroup, and studies that recruited participants with at least one chronic disease were included in the unhealthy subgroup.

Table 2 | Continued
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No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

Highest v lowest ALA intake
Dietary ALA intake:
 Overall 9 0.89 (0.81 to 0.97) 5.6 0.38
 Study location
  US 5 0.81 (0.73 to 0.91) 0 0.71

0.07  Western countries§ 6 0.94 (0.83 to 1.05) 1.4 0.41
  Eastern/Mediterranean countries 2 0.82 (0.73 to 0.93) 0 0.81
 Sex
  Men and women 6 0.88 (0.80 to 0.96) 0 0.46

0.72  Men 3 0.92 (0.63 to 1.33) 44.8 0.16
  Women 0 - - -
 Follow-up duration (years)
   ≥10 4 0.82 (0.73 to 0.93) 0 0.49 0.10   <10 5 0.95 (0.84 to 1.08) 0 0.52
 Dietary assessment tools
  Food frequency questionnaire 7 0.89 (0.81 to 0.99) 9.3 0.35 0.65  Food recall or record 2 0.81 (0.55 to 1.22) 39.5 0.19
 Adjustment for energy
  Yes 8 0.89 (0.82 to 0.98) 0 0.44 0.25  No 1 0.65 (0.40 to 1.05) - -
 Adjustment for BMI
  Yes 8 0.89 (0.82 to 0.98) 0 0.44 0.25  No 1 0.65 (0.40 to 1.05) - -
 Adjustment for other nutrients¶
  Yes 7 0.90 (0.81 to 0.99) 11.2 0.34 0.35  No 2 0.76 (0.57 to 1.03) 0 0.39
 Adjustment for trans fatty acids
  Yes 2 1.00 (0.86 to 1.17) 0 0.33 0.10  No 7 0.84 (0.76 to 0.93) 0 0.67
 Health status**
  Healthy 9 0.89 (0.81 to 0.97) 5.6 0.38 -  Unhealthy 0 - - -
Tissue ALA levels:
 Overall 16 0.90 (0.70 to 1.15) 57 0.003
 Study location
  US 5 0.85 (0.43 to 1.70) 57.3 0.05

0.90  Western countries§ 14 0.93 (0.71 to 1.23) 61.2 0.001
  Eastern/Mediterranean countries 2 0.68 (0.40 to 1.14) 0 0.54
 Sex
  Men and women 10 0.85 (0.62 to 1.15) 59.5 0.008

0.52  Men 5 1.05 (0.66 to 1.66) 58.3 0.04
  Women 1 0.21 (0.01 to 3.80) - -
 Follow-up duration (years)
  ≥10 13 0.85 (0.67 to 1.09) 56.5 0.006 0.47  <10 1 0.44 (0.10 to 1.93) - -
 Tissue biomarkers
  Adipose tissue 2 1.68 (0.77 to 3.66) 62.2 0.10 0.04  Blood 14 0.81 (0.65 to 1.01) 40.7 0.05
   Total serum or plasma 4 0.66 (0.45 to 0.97) 5.1 0.36
   Phospholipids (plasma or RBC) 6 0.81 (0.55 to 1.18) 57.9 0.03
   Cholesteryl esters 4 1.03 (0.79 to 1.35) 0 0.52
 Adjustment for BMI
  Yes 16 0.90 (0.70 to 1.15) 57 0.003 -  No 0 - - -
 Health status**
  Healthy 15 0.91 (0.71 to 1.17) 58.9 0.002 0.44  Unhealthy 1 0.44 (0.10 to 1.93) - -
Linear dose-response association
Dietary ALA intake (per 1 g/day increase):
 Overall 10 0.95 (0.90 to 1.01) 10.8 0.34
 Study location
  US 7 0.93 (0.86 to 1.00) 22 0.26

0.62  Western countries§ 9 0.97 (0.92 to 1.03) 0 0.62
  Eastern/Mediterranean countries 1 0.82 (0.70 to 0.96) - -

(Continued)

Table 3 | Summary risk estimates for association between alpha linolenic acid (ALA) and risk of coronary heart disease 
mortality in adults aged ≥18 years
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to 11) and −11 (−126 to 116) deaths per 10 000 person 
years, respectively (supplementary table 11).

Subgroup analysis, meta-regression, sensitivity 
analyses, and publication bias
Table 1, table 2, table 3, and table 4 show findings 
from subgroup analyses and meta-regression of ALA 

and mortality. In the meta-regression, follow-up 
duration and adjustments for dietary intakes of trans 
fatty acids and other nutrients appeared to be the main 
factors for heterogeneity in the observed associations 
between dietary ALA and mortality. For tissue levels 
of ALA and mortality, follow-up duration and sample 
type for measuring ALA levels (adipose tissue or 

No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

 Sex
  Men and women 5 0.93 (0.86 to 1.02) 21.3 0.27

0.54  Men 4 0.98 (0.89 to 1.07) 11.2 0.33
  Women 1 0.82 (0.61 to 1.10) - -
 Follow-up duration (years)
  ≥10 5 0.91 (0.81 to 1.02) 30.4 0.21 0.86  <10 5 0.97 (0.91 to 1.04) 0 0.47
 Dietary assessment tools
  Food frequency questionnaire 8 0.95 (0.88 to 1.02) 18.1 0.28 0.67  Food recall or record 2 0.93 (0.82 to 1.06) 26.9 0.24
 Adjustment for energy
  Yes 9 0.96 (0.90 to 1.02) 8.1 0.36 0.33  No 1 0.87 (0.74 to 1.02) - -
 Adjustment for BMI
  Yes 9 0.96 (0.90 to 1.02) 8.1 0.36 0.33  No 1 0.87 (0.74 to 1.02) - -
 Adjustment for other nutrients¶
  Yes 8 0.96 (0.90 to 1.03) 15.8 0.30 0.25  No 2 0.88 (0.76 to 1.00) 0 0.88
 Adjustment for trans fatty acids
  Yes 2 0.93 (0.74 to 1.17) 0 0.32 0.92  No 8 0.95 (0.89 to 1.01) 22.9 0.24
 Health status**
  Healthy 10 0.95 (0.90 to 1.01) 10.8 0.34 -  Unhealthy 0 - - -
Tissue ALA levels (per 1 SD increase):
 Overall 16 0.94 (0.87 to 1.01) 61.1 0.001
 Study location
  US 5 0.87 (0.79 to 0.97) 19.5 0.29

0.34  Western countries§ 14 0.94 (0.86 to 1.02) 65.9 <0.001
  Eastern/Mediterranean countries 2 0.97 (0.86 to 1.02) 0 0.51
 Sex
  Men and women 10 0.94 (0.86 to 1.03) 68 0.001

0.84  Men 5 0.97 (0.79 to 1.18) 59.5 0.04
  Women 1 0.75 (0.37 to 1.54) - -
 Follow-up duration (years)
  ≥10 13 0.92 (0.84 to 0.99) 64.9 0.001 0.89  <10 1 0.97 (0.87 to 1.09) - -
 Tissue biomarkers
  Adipose tissue 2 1.10 (1.02 to 1.08) 0 0.82 0.04  Blood 14 0.92 (0.86 to 0.98) 37.1 0.08
   Total serum or plasma 4 0.76 (0.63 to 0.91) 0 0.83
   Phospholipids (plasma or RBC) 6 0.90 (0.82 to 0.98) 44.3 0.11
   Cholesteryl esters 4 0.99 (0.92 to 1.07) 0 0.87
 Adjustment for BMI
  Yes 16 0.94 (0.87 to 1.01) 61.1 0.001 -  No 0 - - -
 Health status**
  Healthy 15 0.94 (0.86 to 1.02) 63.6 <0.001 0.79  Unhealthy 1 0.97 (0.87 to 1.09) - -
BMI=body mass index; RBC=red blood cells; SD=standard deviation.
*Obtained from random effects model.
†Inconsistency—percentage of variation across studies due to heterogeneity.
‡Obtained from Q test.
§Includes studies from the US.
¶Studies that controlled for at least one of dietary nutrients, including lipids, vitamins, and minerals.
**Studies that recruited apparently healthy adults (without a previous diagnosis of cancer, cardiovascular disease, or any other chronic diseases) were 
included in the healthy subgroup, and studies that recruited participants with at least one chronic disease were included in the unhealthy subgroup.

Table 3 | Continued
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No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

Highest v lowest comparison
Dietary ALA intake:
 Overall 10 1.06 (1.02 to 1.11) 3.8 0.40
 Study location
  US 8 1.06 (1.00 to 1.12) 18.6 0.28

0.70  Western countries§ 10 1.06 (1.02 to 1.11) 3.8 0.40
  Eastern/Mediterranean countries 0 - - -
 Sex
  Men and women 3 0.94 (0.77 to 1.14) 57.8 0.09

0.25  Men 5 1.10 (1.00 to 1.21) 0 0.79
  Women 2 1.10 (1.01 to 1.19) 0 0.79
 Follow-up duration (years)
  ≥10 7 1.07 (1.01 to 1.13) 18.7 0.28 0.08  <10 3 0.91 (0.72 to 1.14) 0 0.94
 Dietary assessment tools
  Food frequency questionnaire 8 1.07 (1.02 to 1.13) 7.1 0.37 0.26  Food recall or record 2 0.89 (0.68 to 1.15) 0 0.94
 Adjustment for energy
  Yes 8 1.06 (1.01 to 1.12) 20.2 0.27 0.51  No 2 0.93 (0.65 to 1.33) 0 0.77
 Adjustment for BMI
  Yes 8 1.06 (1.01 to 1.12) 21.3 0.26 0.64  No 2 0.96 (0.66 to 1.39) 0 0.66
 Adjustment for other nutrients¶
  Yes 6 1.06 (0.99 to 1.13) 38.5 0.14 0.57  No 4 1.01 (0.85 to 1.19) 0 0.83
 Adjustment for trans fatty acids
  Yes 5 1.07 (1.00 to 1.14) 40.5 0.15 0.29  No 5 0.98 (0.85 to 1.13) 0 0.84
 Health status**
  Healthy 6 1.06 (1.02 to 1.11) 0.5 0.41 0.28  Unhealthy 4 0.94 (0.77 to 1.15) 0.2 0.39
Tissue ALA levels:
 Overall 4 0.93 (0.86 to 1.01) 0 0.39
Linear dose-response association
Dietary ALA intake (per 1 g/day increase)
 Overall 8 1.03 (0.98 to 1.08) 51 0.04
 Study location
  US 7 1.03 (0.97 to 1.09) 57.3 0.02

0.83  Western countries§ 8 1.03 (0.98 to 1.08) 51 0.04
  Eastern/Mediterranean countries 0 - - -
 Sex
  Men and women 3 0.96 (0.85 to 1.07) 64 0.06

0.31  Men 3 1.05 (0.98 to 1.13) 13 0.31
  Women 2 1.10 (1.03 to 1.17) 0 0.96
 Follow-up duration (years)
  ≥10 6 1.04 (0.98 to 1.10) 58 0.03 0.02  <10 2 0.95 (0.86 to 1.06) 0 0.93
 Dietary assessment tools
  Food frequency questionnaire 6 1.04 (0.98 to 1.10) 58 0.03 0.27  Food recall or record 2 0.95 (0.86 to 1.06) 0 0.93
 Adjustment for energy
  Yes 7 1.03 (0.98 to 1.09) 56.2 0.03 0.60  No 1 0.96 (0.79 to 1.16) - -
 Adjustment for BMI
  Yes 6 1.03 (0.97 to 1.09) 63.3 0.01 0.74  No 2 0.98 (0.83 to 1.17) 0 0.56
 Adjustment for other nutrients¶
  Yes 5 1.03 (0.97 to 1.10) 70.1 0.01 0.67  No 3 0.99 (0.89 to 1.11) 0 0.84
 Adjustment for trans fatty acids
  Yes 4 1.04 (0.97 to 1.10) 74 0.009 0.30  No 4 0.98 (0.90 to 1.06) 0 0.89

Table 4 | Summary risk estimates for association between alpha linolenic acid (ALA) and risk of cancer mortality in 
adults aged ≥18 years

(Continued)
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total serum, plasma, blood phospholipids, or blood 
cholesteryl esters) appeared to be the main factors for 
heterogeneity among studies.

Based on subgroup analyses, a significant inverse 
association was seen between dietary ALA intake and 
all cause mortality among studies recruiting apparently 
healthy adults (without a previous diagnosis of cancer, 
CVD, or any other chronic diseases at study entry) 
and those that included both men and women, were 
conducted in the US, had a follow-up duration of <10 
years, used food frequency questionnaire for dietary 
assessment, and presented BMI and energy adjusted 
risk estimates. In the subgroups of studies that 
controlled for dietary intakes of other nutrients, ALA 
intake showed a significant inverse relation with CVD 
and CHD mortality but not with all cause mortality. In 
studies that adjusted for dietary trans fatty acids, a 
positive association was found between dietary ALA 
intake and cancer mortality. For tissue ALA levels, 
we found a significant protective association between 
blood levels of ALA and all cause and CHD mortality, 
whereas such an inverse association was not found for 
ALA levels in adipose tissue. Each 1 SD increment in 
blood levels of ALA was associated with an 8% reduced 
risk of CHD mortality. Such a linear inverse association 
was also seen for serum and plasma levels of ALA and 
CVD mortality. We conducted a sex stratified non-linear 
dose-response analysis for the association between 
ALA intake and all cause mortality but found no non-
linearity either in men (P=0.44 non-linearity) or in 
women (P=0.31 non-linearity) (supplementary figure 
17 and supplementary table 12). Owing to a limited 
number of studies, we were unable to perform sex 
stratified non-linear analysis for other associations.

In the sensitivity analyses based on a random effect 
model, when the Harris et al study was excluded, 
the inverse association between tissue levels of ALA 
and all cause mortality (pooled relative risk 0.95, 
95% confidence interval 0.90 to 0.99) lost statistical 
significance (0.95, 0.88 to 1.02).54 Sensitivity analyses 
for other associations showed that the pooled relative 
risks obtained in the current meta-analysis were 
robust and not driven by single studies. In addition, 
by assessing publication bias using Egger’s linear 
regression test, we found no substantial publication 
bias in all associations except for ALA intake and 

all cause mortality, in which there was evidence of 
publication bias. Nevertheless, the application of the 
trim-and-fill method did not change the average effect 
size, further suggesting that results were not affected 
by publication bias.

Fixed effects meta-analysis: mortality
Findings from the overall associations of dietary 
intakes and tissue levels of ALA with mortality based 
on the fixed effects analyses were similar to those 
obtained in the random effects analyses except for 
two associations (supplementary table 11): firstly, the 
inverse association between dietary ALA intake and 
all cause mortality, either in the linear dose-response 
analysis or in the highest versus lowest intake, that was 
significant in the random effects analysis but became 
non-significant in the fixed effects analysis (linear 
analysis: pooled relative risk 0.99, 95% confidence 
interval 0.98 to 1.01, high versus low intake: 1.01, 
0.99 to 1.03); and, secondly, the non-significant 
linear association between dietary ALA and cancer 
mortality that became significant in the fixed effects 
analysis such that a 1 g/day increase in ALA intake 
was associated with a 4% increased risk of cancer 
mortality (pooled relative risk 1.04, 95% confidence 
interval 1.01 to 1.06). In the sensitivity analysis based 
on a fixed effect model, however, the non-significant 
association between dietary ALA intake and all cause 
mortality was sensitive to the NIH-AARP study37 
(comprising 62.1% of the total weight in the fixed 
effects analysis) so that by excluding that study, the 
inverse association became significant in the highest 
versus lowest comparison (pooled relative risk 0.87, 
95% confidence interval 0.80 to 0.95) and in the linear 
dose-response analysis (0.98, 0.96 to 0.99).

Discussion
In this systematic review and meta-analysis, we found 
that a higher intake of ALA was significantly associated 
with a 10%, 8%, and 11% lower risk of mortality from 
all causes, CVD, and CHD, respectively. A higher intake 
of ALA, however, was associated with a slightly higher 
risk of cancer mortality. No evidence was found of 
non-linear associations between ALA intake and all 
cause, CVD, CHD, and cancer mortality. A linear dose-
response association was, however, found between 

No of effect 
sizes

Pooled relative risk 
(95% CI)* I2 (%)†

P values
Heterogeneity‡ Meta-regression

 Health status**
  Healthy 5 1.04 (0.99 to 1.10) 53 0.07 0.22  Unhealthy 3 0.94 (0.79 to 1.11) 40.4 0.18
Tissue ALA levels (per 1 SD increase):
 Overall 2 0.99 (0.88 to 1.11) 0 0.83
BMI=body mass index; RBC=red blood cells; SD=standard deviation.
*Obtained from random effects model.
†Inconsistency—percentage of variation across studies due to heterogeneity.
‡Obtained from Q test.
§Includes studies from the US.
¶Studies that controlled for at least one of dietary nutrients, including lipids, vitamins, and minerals.
**Studies that recruited apparently healthy adults (without a previous diagnosis of cancer, cardiovascular disease, or any other chronic diseases) were 
included in the healthy subgroup, and studies that recruited participants with at least one chronic disease were included in the unhealthy subgroup.

Table 4 | Continued
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dietary ALA intake and CVD mortality, such that a  
1 g/day increase in ALA intake was associated with a 
5% lower risk of CVD mortality. For tissue ALA levels, 
we found significant inverse associations between 
blood levels of ALA and all cause and CHD mortality 
and between serum and plasma levels of ALA and CVD 
mortality.

Comparison with other studies
The current study provides a comprehensive 
assessment of the health effects of ALA intake 
compared with previous meta-analyses that only 
focused on CHD mortality.55 81

Potential health benefits of polyunsaturated 
fatty acids have been reported in numerous cohort 
studies.82 83 It seems, however, that different types of 
polyunsaturated fatty acids have different effects.84 
The current meta-analysis of prospective cohort 
studies showed a significant inverse association 
between dietary ALA intake and risk of mortality 
from all causes, CVD, and CHD based on analyses 
that compared the highest intakes with the lowest. 
The medians for the highest intakes of ALA among 
the studies included for these causes of death were 
more than 1.6 g/day (equivalent to 1.6 tablespoons 
of canola oil or 0.8 ounces of walnut) and medians 
for the lowest categories were <0.8 g/day (equivalent 
to 0.8 tablespoons of canola oil or 0.4 ounces of 
walnut). Our findings were in agreement with a meta-
analysis of randomised clinical trials, which showed 
that ALA might slightly reduce the risk of CVD events, 
CHD mortality, and arrhythmia.85 Also, another 
meta-analysis showed a higher dietary ALA intake to 
be associated with a reduced risk of composite and 
fatal CHD.55 Concerning the biological mechanisms 
involved in the prevention of CVD or CHD, it is well 
known that ALA is a precursor to the long chain n-3 
polyunsaturated fatty, including eicosapentaenoic 
acid and docosahexaenoic acid, that are critically 
responsible for producing various classes of anti-
inflammatory eicosanoids.86 In contrast with n-3 
polyunsaturated fatty acids, n-6 polyunsaturated fatty 
acids such as linoleic acid and arachidonic acid favour 
the production of pro-inflammatory eicosanoids that 
can regulate different homoeostatic and inflammatory 
processes.86 However, epidemiological studies have 
shown inverse associations between linoleic acid 
and CVD, cancer, and all cause mortality.83 Overall, 
previous studies have shown that a balanced intake of 
n-6 and n-3 polyunsaturated fatty acids is necessary 
to reduce the risk of CVD and maintain good health.11 
ALA also possesses cardiovascular benefits regardless 
of conversion products. It is suggested that the intrinsic 
role of ALA linked to its CVD preventive effects include 
anticoagulant properties, regulation of eicosanoid 
production from arachidonic acid, triglyceride and 
blood pressure lowering effects, regulation of ion flux 
in cardiac cells, and the regulation of gene expression 
through the peroxisomal proliferation system.11  86  87 
Also, evidence suggests that ALA might improve 
CVD risk factors more favourably than other n-3 

polyunsaturated fatty acids such as eicosapentaenoic 
acid and docosahexaenoic acid.88

In the current meta-analysis, higher tissue levels 
of ALA were associated with a reduced risk of all 
cause mortality, whereas this was not significant for 
CVD and CHD mortality. This might be explained by 
ALA being measured in different tissues. When we 
confined the analysis to studies that considered blood 
ALA, particularly total plasma or serum ALA, the non-
significant inverse associations between ALA and 
CVD and CHD mortality became significant. It seems 
that blood levels of ALA are objective biomarkers of 
circulating levels of ALA over the past 1-2 months 
that reflect diet together with the metabolism of 
dietary ALA.20 Therefore, findings from ALA blood 
levels compared with adipose tissue levels are more 
consistent with the findings from dietary ALA intake. 
Furthermore, ALA concentrations in tissue samples 
can be affected by metabolism and variations that 
occur in sample storage and laboratory assays, and 
these issues are other potential reasons for the lack 
of association between tissue levels of ALA and CVD 
and CHD mortality in the overall analysis. In total, 
our findings support the need for further investigation 
of the association between tissue ALA levels and 
mortality.

Based on the meta-analysis of the highest intake of 
ALA (median 1.35 g/day, equivalent to 1.35 tablespoons 
of canola oil or 0.7 ounces of walnut) compared with 
lowest (0.70 g/day, equivalent to 0.7 tablespoons of 
canola oil or 0.35 ounces of walnut), a high intake 
was associated with a slightly higher risk of cancer 
mortality. A meta-analysis conducted by Hanson et al 
showed that increasing ALA intake probably had little 
effect on the risk of death due to cancer but a slightly 
increased risk of prostate cancer.89 Nevertheless, that 
meta-analysis reported that this positive association 
was due to publication bias and possibly low quality 
evidence. In the present study, although the Egger test 
found no substantial publication bias in the relation 
between ALA and cancer mortality, we cannot fully 
reject the existence of such bias. Also, of nine studies 
included in this association, six had a moderate-to-
high risk of bias.16 17 23 32 36 53 It should be taken into 
account that based on the non-linear dose-response 
analysis, we found no significant positive association 
between ALA and cancer mortality in the dietary 
intakes from 0.27 to 3 g/day. It seems that findings 
from the dose-response analyses are more reliable than 
those from the highest versus lowest intake comparison 
in which estimates might encounter misclassification 
bias because of the different ranges of the highest 
and lowest categories of ALA intakes among different 
studies. Also, such a positive association was not seen 
for tissue levels of ALA.

The positive association between ALA intake and 
cancer mortality might be due to the existence of trans 
forms of ALA in certain foods. This claim was confirmed 
in the subgroup analysis in which after combining 
trans fatty acid adjusted relative risk, the significant 
positive association between ALA intake and cancer 
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mortality became marginally significant (pooled 
relative risk 1.07, 95% confidence interval 1.00 to 
1.14). In addition, ALA is susceptible to oxidation and 
can produce oxidative species such as oxylipins.6 90 
These species can induce DNA damage and increase 
the risk of cancer and have an adverse impact on 
cancer mortality.90 Overall, recommendations for 
ALA consumption or intakes of ALA-rich foods need 
to weigh the benefits and any risks cautiously. Our 
findings from the current meta-analysis cannot fully 
prove the deleterious association between ALA intake 
and cancer mortality. Other studies have found that 
high intakes of nuts and walnuts is associated with 
reduced all cause, CVD, and cancer mortality,91  92 
suggesting that unless the observed association 
between ALA and cancer mortality is due to bias, it 
could differ by food source. Additional studies might 
over time provide extra evidence to help determine the 
association more definitively and determine whether 
particular food sources of ALA have a differential 
impact on cancer mortality.

People received ALA in combination with other 
nutrients in the form of a mixed diet. Therefore, 
intakes of nutrients in ALA-rich foods, particularly 
other lipids, could be important confounders for the 
association between ALA and mortality. By combining 
studies that controlled analyses for other nutrients 
in the subgroup analysis, the significant associations 
between ALA intake and all cause and cancer mortality 
disappeared, but the associations for CVD and CHD 
mortality remained significant. The number of studies 
with adjustment for other nutrients was, however, 
limited and we cannot exclude the possibility that 
other study specific factors might contribute to these 
subgroup differences. We also found a difference in 
the association between ALA intake and all cause 
mortality according to the length of follow-up, with 
a stronger association for those studies that had less 
than 10 years of follow-up compared with 10 years 
or more. This might at least in part be explained by 
reverse causation bias or regression dilution bias. For 
instance, participants might have changed their diet 
to a healthy one containing a high amount of ALA 
after developing chronic diseases or other conditions 
related to early death. Healthy diets often contain a 
high amount of ALA-rich plant based foods such as 
canola oil, soybean, nuts, and seeds. The mentioned 
reverse causation might be a reason for the small effect 
size obtained for the association between ALA and 
mortality. We also found regional differences in the 
relation between ALA intake and mortality that might 
be explained by different dietary sources of ALA among 
different regions. Another reason might be differences 
in cooking and processing methods of ALA-rich foods 
among cultures. Our findings on the relation between 
ALA intake and mortality should be interpreted with 
the previously mentioned points in mind.

Based on the non-linear dose-response analysis 
(supplementary table 12), intakes of ALA between 
1.0 and 2.5 g/day were best for the prevention of CHD 
mortality. These intakes were equivalent to those of 

1-2.5 tablespoons of canola oil or 0.5-1.25 ounces 
of walnut each day. We also found a significant risk 
reduction for CVD mortality associated with intakes 
of ALA of 2.25 g/day and higher. Although we found 
a risk reduction in these intakes of ALA for all cause 
mortality, this finding was not statistically significant. 
We can therefore conclude that intakes of ALA of 1 g/
day and higher are safe and have no adverse effects on 
the risk of these causes of death. However, since a high 
intake of ALA (median 1.35 g/day, interquartile range 
1.20-2.12) was associated with a slightly increased 
risk of cancer mortality, based on the analyses of the 
highest versus lowest intakes, recommendations for 
ALA intake in this range should be made cautiously. 
Based on the non-linear analysis in men and women, 
no significant relation was found between ALA intake 
and all cause mortality at intakes of 0-2.5 g/day, and 
thus a protective intake cannot be established. Owing 
to a limited number of studies, we were unable to 
perform a sex stratified analysis for the other causes 
of death. Also, we did not have detailed enough 
data to perform non-linear analyses based on some 
other important variables, including age groups and 
anthropometric measures, to give recommendations 
for ALA based on these variables.

In a usual dietary pattern, ALA intake is so small 
that statistical analyses might encounter difficulties in 
finding an association with health outcomes. Based on 
dietary reference intake, however, the recommended 
intake of ALA is 1.1 g/day for women and 1.6 g/day for 
men.93 ALA intake much more than 1.6 g/day or much 
less than 1.1 g/day might have beneficial or deleterious 
effects on health. For example, in a randomised clinical 
trial, intervention with 1.9 g/day ALA was associated 
with a reduction in serum levels of low density 
lipoprotein and total cholesterol in a population with 
metabolic syndrome and diabetes.12 Among the studies 
included in the current meta-analysis, ALA intakes 
varied between 0.35 and 3.0 g/day and therefore these 
variations helped us to detect the association between 
ALA intake and mortality at different high versus low 
intakes. Another difficulty is the estimation of ALA 
intake using dietary questionnaires because of its low 
intake. For this reason, we assessed tissue biomarkers 
of ALA that are good indicators of ALA intake in relation 
to mortality. For some associations, the findings of ALA 
intake and mortality were in line with those obtained 
for tissue levels of ALA and mortality.

Strengths and weaknesses of this study
In the current meta-analysis, the prospective design 
of included studies and many participants and 
deaths were the major strengths, which allowed us 
to quantitatively evaluate the association between 
ALA and mortality. Also, the linear and non-linear 
dose-response analyses provided compelling 
evidence for quantitative evaluation of associations 
and enabled us to determine the strength and shape 
of the dose-response relations. We also analysed 
studies that examined ALA concentrations in blood 
and serum and adipose tissues, which are useful for 
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a more objective assessment of ALA intake. Finally, 
we evaluated the associations separately for cause 
specific mortality.

Our findings also need to be interpreted by consider-
ing several limitations. Firstly, since our included 
studies were observational, causality cannot be 
established. Secondly, the role of residual confounders 
resulting from unmeasured behavioural and biological 
factors or errors in the measurement of covariates 
cannot be entirely excluded owing to the observational 
design of included studies. Thirdly, measurement 
errors are inevitable in estimates of food and nutrient 
intakes. Misclassification due to measurement errors 
could result in an underestimation of the association 
between ALA intake and mortality. Fourthly, evidence 
of considerable heterogeneity among included studies 
might be explained by variations in the amount of 
ALA intake, follow-up, exposure assessment methods, 
frequency of dietary assessments, and adjustments for 
confounding factors. Fifthly, as is usually the case in 
nutritional studies, most had estimated ALA intake 
based on a single measurement at study baseline, and 
changes in diet during follow-up were not considered. 
In addition, regional differences in dietary ALA intake 
might have been a problem in this meta-analysis and 
could have affected the highest and lowest categories 
of ALA intake and the results from these comparisons. 
These categories were, however, not so different 
among studies from different regions, and accordingly 
we performed a subgroup analysis to control for these 
differences. We also conducted the dose-response 
analysis as another strategy to control for these 
differences and also the overlap between the ranges of 
ALA intake among different studies.

Conclusions, policy implications, and future 
research
Dietary intake of ALA was associated with a lower 
risk of mortality from all causes, CVD, and CHD and 
a slightly higher risk of cancer mortality. We found a 
significant inverse association between blood levels of 
ALA and risk of all cause mortality. Additionally, each 1 
SD increment in blood and total plasma or serum levels 
of ALA was associated with a reduced risk of CHD and 
CVD mortality, respectively. No significant association 
was, however, observed between ALA levels and cancer 
mortality. As most of the studies included in the meta-
analysis were from western nations, extrapolation 
of our findings to the worldwide population should 
be done cautiously. Further studies should examine 
the association between ALA and a wider range of 
causes of death to provide a more comprehensive 
assessment of the potential health effects of ALA as 
well as to examine whether specific foods rich in ALA 
are differentially associated with mortality from cancer 
and other causes.
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