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Abstract

Background—Prior studies on intake of linoleic acid (LA), the predominant n-6 fatty acid, and 

coronary heart disease (CHD) risk have generated inconsistent results. We performed a 

systematic review and meta-analysis of prospective cohort studies to summarize the evidence 

regarding the relation of dietary LA intake and CHD risk. 

Methods and Results—We searched MEDLINE and EMBASE databases through June, 2013 for 

prospective cohort studies that reported the association between dietary LA and CHD events. In 

addition, we utilized unpublished data from cohort studies in a previous pooling project. We 

pooled the multivariate-adjusted relative risk (RR) comparing the highest with the lowest 

categories of LA intake using fixed-effect meta-analysis. We identified 13 published and 

unpublished cohort studies with a total of 310,602 individuals and 12,479 total CHD events 

including 5,882 CHD deaths. Comparing the highest to the lowest category, dietary LA was 

associated with a 15% lower risk of CHD events (pooled RR, 0.85; 95% confidence intervals 

(95% CI): 0.78-0.92; I²=35.5%) and a 21% lower risk of CHD deaths (pooled RR, 0.79; 95% CI, 

0.71-0.89; I²=0.0%). A 5% of energy increment in LA intake replacing energy from saturated fat 

intake was associated with a 9% lower risk of CHD events (RR, 0.91; 95% CI, 0.86-0.96) and a 

13% lower risk of CHD deaths (RR, 0.87; 95% CI, 0.82-0.94). 

Conclusions—In prospective observational studies, dietary LA intake is inversely associated 

with CHD risk in a dose-response manner. These data provide support for current 

recommendations to replace saturated fat with polyunsaturated fat for primary prevention of 

CHD. 

Key words: coronary artery disease, diet, fatty acid, population studies, epidemiology 
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Introduction 

The effects of dietary fat intake on primary prevention of coronary heart disease (CHD) have 

been a long standing interest.1 Greater intakes of trans-fat and saturated fat in comparison to 

polyunsaturated fatty acids (PUFAs) are associated with increased risk of CHD.2 Therefore, 

substitution of PUFAs for saturated fatty acids (SFAs) has been recommended to reduce CHD 

risk.3,4 Previous studies have investigated the effects of n-3 PUFAs (including the long-chain n-3 

and alpha-linolenic acid) on CHD risk,5,6 but the relation between intake of n-6 PUFAs and risk 

of CHD has been less extensively studied. 

Some observational studies and many controlled feeding studies have documented that 

linoleic acid (LA), the predominant n-6 PUFA in the Western diet and primarily from vegetable 

oils and nuts (e.g. sunflower, safflower, soya, corn and walnuts), reduces major risk factors for 

CHD. Higher LA intake reduces LDL cholesterol,7-10 promotes insulin sensitivity,7,11 and reduces 

risk of hypertension.12,13 Therefore, substitution of dietary n-6 PUFAs for SFAs has long been 

recommended to prevent CHD.1 However, concerns have been raised about higher LA 

consumption being harmful for heart health because of potential pro-inflammatory and 

thrombogenic properties.14-17 LA can be elongated to arachidonic acid (AA) and subsequently 

synthesized to a variety of pro-inflammatory eicosanoids, which may increase CHD risk.18-20 

However, this speculation is not supported by randomized controlled feeding studies, in which 

dietary intake of LA was not found to increase inflammatory markers including C-reactive 

protein, cytokines, fibrinogen, soluble vascular adhesion molecules, plasminogen activator 

inhibitor type 1, or tumor necrosis factor- .21   

Recently, a secondary analysis of a small clinical trial conducted in the 1960s suggested 

that substituting high-LA safflower oil for saturated fat increased cardiovascular mortality.17 In 

inoleic acid (LA), the predominant n-6 PUFA in the Western diet and primarilyy fffrooom m vevevegegegetatatablble 

oils and nuts (e.g. sunflower, safflower, soya, corn and walnuts), reduces major risk factors for 

CHCHHD.D.D. HHHigigigheheherrr LAAA iiintn ake reduces LDL cholesterooolll, -17-7 0 innnsus liin n n sesesensitivity, promotes 7,11 and reduce

iiiskkk oof hypertenenssis ooon.121212,1333 TTTheheherereefoforerere,,, susubsbsstituuttiooon oof ddietettaarary y nn-n-6 6 PPUUFAFAs s foor SFSFSFAAsAs hhhasass lllonong g g bbebeenenen 

eecococommmmmmenendedededdd totoo ppprerevevenntnt CCHDHDHD.11 HHHowooweevevererer,, ccoconcncncererrnnss hhhavavveee bbbeenenen rrraiaisesesed d abababouout tt hihihighghgheerer LLLAAA 

consumption n bebebeininng gg hahaharmrmrmfuuul l l fofofor r heheheararrt t t hehehealallththth bebebecacac usususe e e ofof pp d pppotototenenentitiialalal pprororo-i-iinfnfnflalaammmmm atatatororory y y ananand
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addition, the authors conducted an updated meta-analysis of LA intervention trials (high LA oils 

without n-3 fatty acids such as corn oil and safflower oil), which showed non-significant trends 

toward increased risks of CHD death, whereas the trials using high LA oils with n-3 fatty acids 

(e.g., soybean oil) showed opposite trends.17 However, these trials were small with limited power, 

and most of them were conducted in patients with existing heart diseases. More recently, 

Chowdhury et al.22 reported no significant association between n-6 PUFAs and coronary events in 

a meta-analysis, and concluded that the evidence did not support current recommendations to 

replace SFAs with PUFAs. However, this analysis was based on a limited number of studies with 

some erroneous data. Moreover, the meta-analysis could not compare LA with saturated fat or any 

other specific macronutrient (annals.org.ezp-prod1.hul.harvard.edu/article.aspx?articleid=1846638 

comments). To address the role of LA in primary prevention of CHD using published data on LA 

and CHD events as well as data from unpublished cohort studies, we performed a systematic 

review and meta-analysis of prospective cohort studies to examine the association between 

dietary LA intake and CHD endpoints in generally healthy populations.   

Subjects and Methods 

Study Strategy 

We followed the checklist of Meta-analysis Of Observational Studies in Epidemiology 

(MOOSE) for background, design, analysis and interpretation.23 We conducted a systematic 

literature search of two databases, MEDLINE and EMBASE, related articles, hand-searching of 

key journals and references and direct author contacts for all cohort studies describing the 

association of dietary LA intake with incident CHD outcomes, which include myocardial 

infarction (MI), ischemic heart disease, coronary artery bypass graft, sudden cardiac arrest, acute 

other specific macronutrient (annals.org.ezp-prod1.hul.harvard.edu/article.aspx?artrtticiclelel iddd=1=1=18484846666638

comments). To address the role of LA in primary prevention of CHD using published data on LArr

annd d d CHCHCHDDD eveveveeentss aaasss well as data from unpublisheeedd d cccohort studies, , wew ppperererfformed a systematic 

eeviiiewe  and metetaa--aannalallyyysisisis ooof f f prprprosospepepecctctiivvee cohhohorrt sttududiesss ttoto eexaaamiminenee tthehe asssssococciaiaatitiononn bbbetetweweweeenen rr

didietetetararryy y LALAA iiintnntakakee anana dd CCHCHDD enene dpdpdpoioioinntnts s ininn gggenenenerereralala llyly hheaaalttthyhyhy ppopopopuululatattioioionsnss.  
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coronary syndrome and CHD deaths. Our search terms combined the exposure (LA) with various 

CHD outcomes, and the full details on the search strategy are presented in the Supplemental 

Material. Searches included the earliest available online indexing year through to June 30, 2013. 

Selection of Articles 

The titles and abstracts of the identified studies were screened by one investigator (M.S.F.) for 

potentially relevant articles. Two investigators (M.S.F. and M.D.) independently assessed the 

full-text of those selected articles to determine relevant articles for inclusion; any discrepancies 

were resolved by consultation with the third investigator (F.B.H.). Studies were included if they 

were prospective cohort studies that provided multivariate-adjusted risk estimates [relative risk 

(RR) or hazard ratio (HR)] for dietary LA consumption as the exposure and CHD endpoints. We 

excluded retrospective, cross-sectional or ecological studies, studies in non-adults (<19 years 

old), non-original papers (reviews, editorials, or letters), meeting abstracts and duplicated 

publications. We also excluded studies conducted in patients with known CHD at baseline. For 

multiple manuscripts that published from the same cohort, the most up-to-date analyses with 

highest number of outcomes were included in the meta-analysis.  

The search strategy identified 8782 unique citations (Figure 1). After screening the titles 

and abstracts, 566 full-text articles were evaluated which 6 original articles were identified as 

being appropriate for inclusion in this meta-analysis.24-29 We also obtained permission from 

principal investigators of the cohort studies presented in the Pooling Project of Cohort Studies on 

Diet and Coronary Disease,4 to examine the association between LA intake and CHD risk and 

included these results in the meta-analysis. The characteristics of these cohort studies in the 

pooling project were described elsewhere in detail.4 Among 11 cohort studies included in 

Pooling Project of Cohort Studies on Diet and Coronary Disease, we used data of the 6 cohort 

RR) or hazard ratio (HR)] for dietary LA consumption as the exposure and CHDHDD eendndndpopopoininintststs. WWe

excluded retrospective, cross-sectional or ecological studies, studies in non-adults (<19 years 

olld)d)d), nonononn-orororigigiginalalal pppaapers (reviews, editorials, orr llletettters), meetingg aaabsttraraacctcts and duplicated 

pubblblici ations. WeWeWe aaalsso o exxxclclcludududededed ssttudududieiess ccconddduccteddd iinn ppatatatieienntnts ww FFFooor ititth h knknowowwnnn CHCHCHDDD atatt bbbasasa eele innne.e.

mumuultltl ipipiplelel mmmanananususccrrippptsts tthahaat t pupublblb isisishehehed d d frfromomom ttthhehe sssamamame ccohohhororort,t,t, tthehee mmmosssttt upupup-ttoo-o-dadadatetee aanananalylylyseees wwiwiththh 

highest numbbererer oof f f ououo tctctcomomo esese wwwererere e e ininnclc udududededed iiin n n thththe ee mememetata-a-aanananalylylysisisis.s.s. 
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studies [Atherosclerosis Risk in Communities Study (ARIC); Finnish Mobile Clinic Health 

Study (FMC); Israeli Ischemic Heart Disease Study (IIHD); Iowa Women’s Health Study 

(IWHS); Västerbotten Intervention Program (VIP) and Women's Health Study (WHS)], to assess 

the association between LA and total CHD and CHD deaths.4 The results for associations of LA 

and CHD events have been previously published in Nurses’ Health Study (NHS), Health 

Professional Follow-up Study (HPFS) and Alpha-Tocopherol and Beta-Carotene Cancer 

Prevention Study (ATBC).26-28 Furthermore, the association between dietary n-6 fatty acid and 

coronary events was evaluated in 8139 men and 12,535 women in the Malmo Diet and Cancer 

Cohort study.30 The associations between LA and CHD events have been provided by the study 

investigators through personal correspondence. In addition, we included the results of three other 

previously published studies.24,25,29 In the NHS and HPFS, we updated the published analyses 

with longer follow-up: from 20 years in previous publications to 30 years in the NHS, and from 6 

years to 24 years in the HPFS. In addition, we reanalyzed data in ATBC study to adjust for the 

confounding variables similar to other included cohort studies in this meta-analysis (Table 1). In 

studies where the results on LA were not published before or results were updated in this meta-

analysis, the relative risks (RRs) with 95% confidence intervals (95% CIs) for the incidence of 

CHD events were calculated by Cox proportional hazards regression models with time in study 

(years) as the time metric. The multivariate model included total energy, age, smoking, body 

mass index, physical activity, education level, alcohol intake, hypertension, fiber intake, and 

percent of energy from SFAs, trans fat, monounsaturated fatty acids (MUFAs), alpha-linolenic 

acid (ALA), PUFAs other than LA and ALA, and protein intake. Due to lack of data on ALA 

and trans fat intakes in IIHD and MDC studies, we adjusted for PUFAs other than LA.  In this 

model, the relative risk for LA represents its substitution for the same percent of energy from 

nvestigators through personal correspondence. In addition, we included the resuultllts ofoff tthrhrhreeeeee ooothther

previously published studies.24,25,29 In the NHS and HPFS, we updated the published analyses 

wiwiththh lllononongegeer r r fofofollowowow-u-up: from 20 years in previouuus ss pupuublications to 3033 yyeaeaarrsrs in the NHS, and from 6

yyearrarss to 24 yeeararsss inn ttheheh HHHPFPFPFS.S.S. IIn n adadaddidittiooon, wewewe reaananaalyzzzeeded dddatatta a ininn AAATBTBBC sttudududyy y toto aaadjdjdjususst fofofor r ththt ee e

coonfnfn ouououndndininng g g vavarriiababblelesss sisiimim laaar rr tototo ooothththerer iincncnclululudedeed d d cocoohhohortrtt ssstututudiddieseses iinnn ththhisisis mmmeeteta-a-aananalala ysysysisisis ((TTaTabblble e 111).. IIn

tudies wherre e thththee rereresususultltlts ss ononn LLLA AA wewew rerere nnnototo pppububublilil shshshededed bebeb fofoorerere ooor rr rereresusus ltttss s wewewererere uuupdpddatatatededed iiin n n tht is meta-
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carbohydrate.31 We also estimated HRs of CHD for the substitution of SFAs by LA. To do this, 

we adjusted for percent of energy from carbohydrates instead of SFAs in the above multivariate 

model. The analyses were performed by SAS version 9.3 (SAS Institute Inc., Cary, NC). 

Data extraction 

Two investigators (M.S.F. and M.D.) independently extracted information on study 

characteristics (author, study name, country, and publication year), duration of follow-up (mean, 

median or maximum number of follow-up), sample size, CHD outcomes (specific endpoints), 

gender, subject age (mean or median), methods for assessing LA consumption, covariates in the 

statistical models, multivariable-adjusted risk estimates and precision (e.g., 95% CIs, SEs, 

or P values). When more than one multivariable model was assessed or one article reported 

multiple RRs for different coronary outcomes, we extracted the RRs for the most specific 

coronary outcome event (according to the hierarchy: total CHD, CHD deaths, nonfatal CHD) 

with the largest number of adjustment variables.  

Data synthesis 

The included studies reported RRs or Hazard Ratios (HRs) of CHD events by categories of 

dietary LA intake, and RRs are assumed to be unbiased estimates of HRs when events are rare. 

Studies reported risk estimates based on various categories of LA intake (eg, tertiles, quartiles or 

quintiles), and we decided to use the RRs comparing the highest versus lowest category. For a 

study29 that reported RRs without corresponding 95% CIs, standard errors for the RRs were 

estimated from SE= /Zp where  is the regression coefficient for 1% increment of energy from 

LA and Zp is the value of a unit-normal test statistic corresponding to the p value.32  

Forest plots were used to evaluate RRs and corresponding 95% CIs for specific studies. 

Overall RRs were calculated using fixed-effect models (Mantel-Haenszel method), and we also 

or P values). When more than one multivariablP e model was assessed or one articlclle rerr popoportrtrtededed 

multiple RRs for different coronary outcomes, we extracted the RRs for the most specific 

coororoonanaarryry oooutututcccomememe eevent (according to the hierarrrcchchyyy: total CHD, CHCC D D dededeata hs, nonfatal CHD) 

wwithhh the largeestst nnnuumumbebeb r ofofof adadadjujuuststmemementnt vvaariaablblb ees.  

DaDaatatata sssynynynththheseesisis 

The includedd ssstutuudididieseses rrrepepeporrrteteted dd RRRRRRss ororo HHHazazzararard d d RaRaR titit ososos (((HRHRRs)s)s) ooof f f CHCHCHD D D evevevenenentststs bbby y cacaatetetegogogorir es of 
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calculated random-effects models (DerSimonian and Laird method) as sensitivity analysis. 

Potential heterogeneity among studies was assessed using the I2 statistic, and the heterogeneity 

was further explored using stratified analysis and meta-regression method. Sources of 

heterogeneity included duration of follow-up (< or  median follow-up years of all cohorts), age 

(< or  median baseline age of all cohorts), sex (male, female, or both), repeated measures of 

intake and study quality score. The possibility of publication bias was evaluated by visual 

inspection of a funnel plot and the Begg's test.  

Potential nonlinear relations were examined using restricted cubic spline models with 3 

knots at the 25th, 50th and 75th percentiles. We also carried out a dose-response meta-analysis 

using generalized least-squares regression (2-stage GLST in Stata).33 Using information on risk 

estimate, standard error, median of LA intake, number of cases, person-year of follow-up or 

number of subjects from all exposure categories, the log-linear dose-response slope within each 

study was estimated and then pooled to derive an overall risk estimate. One study29 already 

reported risk estimates for linear differences in exposure, and data were added to the GLST 

model at the second stage. All analyses were performed using Stata version 12.0 (STATA Corp, 

College Station, TX), with a 2-tailed  of 0.05 as statistical significance. 

Results

Study characteristics

The characteristics of the 13 identified cohort studies are shown in Table 1. Three cohort studies 

(IWHS, IIHD and Multiple Risk Factor Intervention Trial (MRFIT)) did not report results for 

total CHD and four studies (Multinational Monitoring of Trends and Determinations in 

Cardiovascular Disease (MONICA), ARIC, FMC and VIP) reported results separately for men 

using generalized least-squares regression (2-stage GLST in Stata).33 Using infororrmamamatit ononon ooonn n riririssk 

estimate, standard error, median of LA intake, number of cases, person-year of follow-up or 

nuumbmbmbererer oofff susus bbjececctststs ffrom all exposure categories,s, tthhee log-linear doooses -rresesesppoponse slope within each

ttudddy y was estiimamaateeed d aannd d d thththenenen pppoooolelel d d d ttoo dderiivevee an oovverralalalll ririskskk eeststtimmmatate.e. OOOnenee ssttutudydyy29299 aalrlrlreaaadyddy 

eepopoportrtrtedede rrisissk k k esestitiimmamatetess ffofor r liinneneararar dddifififfeferrerencncnceseses innn eexpxxpooso uuure,e,e aaandndnd dddaatata a wewew rrre aaadddddededed tto o thththee GGLGLSTST 

model at the sssecececononnd d d ststtagagge.. AAAlllll aaanananalylyyses sss wewewererere ppperere fofoformrmmededd uuusisisingngng SSStatat taaa vvvererersisisiononon 112.2.2 0 0 0 (S(S(STATAT TA Corp, 
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and women, thus 14 estimates were available for total CHD. Two studies (MONICA and 

Monitoring Project on Risk Factors for Chronic Diseases (MORGEN)) did not report results for 

CHD deaths and one study (FMC) reported results separately for men and women, thus 12 

estimates were available for CHD deaths. The numbers of participants in each study ranged from 

1643 to 84,564, with follow-up durations ranging from 5.3 to 30 years, comprising a total of 

310,602 individuals and 12,479 cases of total CHD events and 5,882 CHD deaths. LA 

consumption varied substantially across studies, with the median intakes across studies ranging 

from 1.5 to 6.4 percent of energy (10th vs 90th percent range from 1.1 to 9.5 percent of energy) 

(Supplemental Tables S1-S4). Except for one study conducted in Israel, all other studies were 

from the North American (n =6) or European countries (n=6). In all cohort studies, except for 

two studies (MONICA and MRFIT),24, 29 the RRs for LA can be interpreted as effects of 

substituting percent of energy intake from LA for the same percent of energy intake from 

carbohydrates. We were able to estimate the effects of substituting percent of energy intake from 

LA for the same amount of energy from SFAs for all cohort studies except for MONICA, 

MORGEN and MRFIT.24, 25, 29

For unpublished and updated cohort studies, the RRs and 95% CIs across the quintiles of 

LA intake and total CHD and CHD deaths are shown in the Supplemental Tables S1-S4. Due to 

the small number of CHD events in ARIC study in women, FMC study in women, and VIP study 

in men and women and small number of CHD death in FMC study in women, WHS study, and 

VIP study in men, the RRs and 95% CIs across the tertiles of LA intake were provided.  

Meta-analysis of LA and total CHD events 

Across 10 cohort studies that examined the association between LA and total CHD events (14 

estimates), LA consumption was inversely associated with risk of total CHD events. The fixed-

from the North American (n =6) or European countries (n=6). In all cohort studdieiees,, excxccepepept tt fofofor r

wo studies (MONICA and MRFIT),24, 29 the RRs for LA can be interpreted as effects of 

uubsbsbstitititutututititingngng ppperceceenntnt of energy intake from LA ffororor thhhe same percenennt off eeennenergy intake from 

caarbbboho ydrates.s WWWeee weweereee aaabblbleee tototo eeststs imimimaaateee theee eeeffeccctsss offf ssuububssstiittututiinnggg peperrcceennt t ofofof eeneneergrgr yy y ininintaaakkeke frrorom

LALAA fffororor tthehe sssaamamee ammmououuntntt oof f enenenererrgygygy fffrorom m m SFSFSFAAAs ss fofof rrr aalall cococ hohohorrtrt ssstututudddieseses eexxxcepeppt t fofof r rr MOMOONNNICACACA, , 

MORGEN aandndnd MMMRFRFRFITITT..242424, 252525 22, 2999
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effect summary of RR for comparing the highest with lowest category was 0.85 (95% CI, 0.78-

0.92; Figure 2) with medium heterogeneity (I2 = 35.5%). This finding was similar using a 

random-effects model (RR, 0.86; 95% CI, 0.76-0.97).  

The meta-regression analysis did not identify statistically significant sources of 

heterogeneity, including the mean age of the participants, gender, study duration, repeated 

measures of intake or study quality score (all P >0.10). 

Meta-analysis of LA and CHD deaths 

Among 11 cohort studies (12 estimates) that examined the association between LA and CHD 

deaths, higher LA intake was associated with a lower risk of CHD deaths. The fixed-effect 

summary of RR for comparing the highest with lowest category was 0.79 (95% CI, 0.71-0.89; 

Figure 3).  

Dose-response meta-analyses 

In the dose-response analysis, we found a linear association between LA intake and CHD events 

(P=0.91 for non-linearity; Figure 4) and CHD deaths (P=0.72 for non-linearity; Figure 5). An 

increment of 5% of energy intake from LA was associated with a 10% lower risk of CHD events 

(RR, 0.90; 95% CI, 0.85-0.94; I2 = 44.6%; Figure 6) and a 13% lower risk of CHD deaths (RR, 

0.87; 95% CI, 0.81-0.93; Figure 7). Among 9 cohort studies (12 estimates) that evaluated 

substitution of LA for carbohydrate, the risk estimate for substituting 5% energy intake from LA 

for carbohydrates was 0.90 (95% CI, 0.85-0.94; I2 = 47.3%; Supplemental Figure S1) with a 

fixed-effect model and 0.89 (95% CI, 0.80-0.98) with a random-effects model. Among 8 cohort 

studies (11 estimates) that evaluated substitution of LA for SFA, the risk estimate for substituting 

5% energy intake from LA for SFAs was 0.91 (95% CI, 0.87-0.96; I2 = 55.9%; Supplemental

Figure S2) with a fixed-effect model and 0.90 (95% CI, 0.80-1.01) with a random-effects model. 

ummary of RR for comparing the highest with lowest category was 0.79 (95% CCICI,  00.717171-0-00.8.8.89;99; 

Figure 3).  

DoDosesese-r-r-resespopoponsnse mememetat -analyses 
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Substituting 5% energy intake from LA for the same amount of energy from carbohydrates was 

associated with an 13% lower risk of CHD deaths (RR, 0.87; 95% CI, 0.81-0.94; Supplemental

Figure S3) and an 13% lower risk of CHD deaths when substituting for the same amount of 

energy from SFAs (RR, 0.87; 95% CI, 0.82-0.94; Supplemental Figure S4).  

Publication bias 

For dietary LA intake, visual inspection of a funnel plot (see Supplemental Figures S5 and S6) 

and Begg's test suggested no evidence of publication bias for either CHD events (P = 0.25) or 

CHD deaths (P = 1.00).  

Discussion

This systematic review and meta-analysis support a significant inverse association between 

dietary LA intake, when replacing either carbohydrates or saturated fat, and risk of CHD. Our 

dose-response analyses identified a lower risk of both total CHD events and CHD deaths with 

increasing LA intake in a linear fashion. These associations were independent of traditional CHD 

risk factors and other dietary factors such as fiber and ALA.  

An inverse association between intake of PUFAs and CHD was reported in a pooled 

analysis of 11 prospective cohort studies in the US, Europe and Israel.4 In that pooled analysis 

with a wide range of PUFA intake (from 1.7% to 10.6%), each 5% lower energy intake from 

SFAs and a concomitant higher energy from PUFAs was associated with 13% lower risk of 

coronary events and 26% lower risk of coronary death.4 Consistent with that analyses, our meta-

analysis suggests that intake of LA, the predominant n-6 PUFA, has cardio-protective effects: a 

5% increase in energy from LA, replacing SFAs, was associated with 9% lower risk of total 

CHD and 13% lower risk of CHD deaths. A comparison of our findings to those of clinical trials 

Discussion

This systematic review and meta-analysis support a significant inverse association between 

diietettarararyy y LALALA iiintnn akke,ee, wwhen replacing either carbohhhyydydrraates or saturateteed fafat,tt, aaandn  risk of CHD. Our 

ddodoseese-response e anannaallysyseees iiidededentntntifififieied d aa lolowewewer riiskskk of boboboth tttoototalal CCCHDHDD eeeveentntts anand d d CCHCHDDD dededeatatthsss wwititi hh h

nncrcrcreaeaasisis ngngg LLLAAA ininntataakeke iiin a a lil neneeararr fffasasashihhiononn. ThThThesese e ee aassssoocociaaatiiionononss wewewereree iiindndndepeppenenndedeentntnt oof f trtrtraaaditittioonanal l CHCHHD

isk factors aandndnd oothththerere dddieiei taaaryryry ffaactctctororo ss s suuuchchch aass s fififibebeb r rr ananand d ALALALA.A.A.  
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of PUFA consumption is also informative. In a meta-analysis of eight RCTs, Mozaffarian et al.3 

found that each 5% increase in energy from PUFAs, replacing SFAs, would reduce occurrence of 

coronary events by 10%.  

 An inverse association between LA and CHD has also been seen in most previous studies 

of LA biomarkers and CHD events. In a meta-analysis of 22 studies including case-control and 

prospective cohort data, blood/tissue LA concentrations were inversely associated with non-fatal 

CHD endpoints.34 Even in a population with high PUFAs intake (mean intake 10.1% of energy) 

and very high LA adipose tissue content (25.6% of adipose tissue composition), an inverse 

association was found between adipose LA and acute MI after controlling for other n-6 PUFAs.35  

Concerns about recommendations for diets high in LA have been based on the 

assumption that AA produced from metabolism of LA is the main precursor of eicosanoids with 

inflammatory and thrombogenic properties such as prostaglandin E2, thromboxane A2 and 

Leukotriene B4.15,36 However, conversion of LA to AA is tightly controlled, variations in dietary 

LA intake do not appreciably modify tissue AA content;37,38 and adipose tissue AA 

concentrations are not associated with LA dietary intake or adipose tissue levels of LA.19,20  

Also, some molecules that reduce inflammation and thrombosis such as prostacyclin, 

epoxyeicosatrienoic acids and lipoxin A4 are produced from AA.39,40 In an Italian adult 

population, higher plasma levels of AA were associated with lower plasma levels of pro-

inflammatory and higher levels of anti-inflammatory markers.41 Although in several studies 

adipose tissue content of AA was positively correlated with risk of MI,19 20 this was not 

supported in a meta-analysis of 20 prospective and case-control studies where tissue AA was 

unrelated to either non-fatal or fatal CHD outcomes.34 Furthermore, consumption of an AA-

enriched oil did not increase urinary and plasma AA metabolites or blood biomarkers of 

Concerns about recommendations for diets high in LA have been based oonn thththee 

assumption that AA produced from metabolism of LA is the main precursor of eicosanoids with 

nnflfllamamammmamatototoryryry andndd tthrh ombogenic properties suchhh aaas prostaglandin n EE2,, ttthrhrhroomboxane A2 and 

LLeuukukotriene B4B44..15,15,336 HHHowwweveve ererer,, coconvnvnvererssiooon oof LLLA ttoo AAAA iiss ttit ggghthtlylyy ccconontrtrrollleled,d,d, vvvarariaiaatitiionono sss ininn ddieiei ttatary
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cardiovascular, inflammatory or allergic diseases.42 Independent of effects on AA, diets high in 

n-6 PUFAs, might decrease beneficial effects of n-3 PUFAs on CHD risk by competition in 

elongation and desaturation pathways.43,44 Because of multiple, potentially competing effects on 

many metabolic pathways, the effects of LA on heart disease risks are difficult to predict by 

these mechanistic considerations. A diet high in LA is considered to increase lipid susceptibility 

to free radical oxidation and lipid peroxidation that may play a role in etiology of cancer.45 

However, in the extensive literature on this topic, including many prospective studies and meta-

analyses, there is little evidence that higher intake of LA is associated with an increased risk of 

cancer in prospective studies.46-48  

Recommendations to reduce LA in the diet are based on minimal direct evidence.14-

17 Ramsden et al.17 investigated the effects of increasing LA alone and LA in combination with 

ALA on CHD mortality in men with recent coronary events in a single-blinded, randomized 

controlled trial that was conducted in the 1960’s in Australia. They suggested that n-6 LA alone 

increased the risk of CHD mortality. However, the study sample size was very small (n = 221) 

and the 95% CIs for the estimates were wide (RR, 1.74; 95% CI, 1.04-2.91). The duration of the 

study was also short (39 months). In addition, partial hydrogenation of vegetable oils was a 

common practice in the 1960’s and the results may have been confounded by trans fat in the 

special margarines high in LA. Also, by replacing dietary fats as much as possible with oils high 

in LA but with little n-3 PUFAs, any adverse effects may have been due to low n-3 PUFAs 

rather than high LA.  

Potential limitations to this study should be considered. As in any meta-analysis, 

publication bias is possible. However, significant publication bias was not indicated through 

visual inspection of funnel plots and Begg’s test. We cannot exclude the possibility of residual 

Recommendations to reduce LA in the diet .. are based on minimal direct eevivvideded ncncnceeet 14-1414-

7 Ramsden et al. 17 investigated the effects of increasing LA alone and LA in combination with

ALALAA A ononon CCCHDHDHD mmmororortatality in men with recent corooonann rrry events in a sssinii glle-e-e-bblblinded, randomized 
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confounding due to the observational nature of the included studies. However, most of the 

studies adjusted for major CHD risk factors and other dietary sources of energy. In most of the 

studies, diet was assessed using a FFQ, thus measurement errors may be introduced by the 

under- or over-reporting of the amounts of food groups usually eaten per day. In addition, since 

FFQs used in some studies did not query brand names of margarine, cooking oils, salad 

dressings, and other foods containing linoleic acid, the intake levels of LA may be 

underestimated in these studies.   

Our analysis has several strengths. Our comprehensive search methods, personal contacts 

with authors and experts, and inclusion of unpublished data in several cohorts (ARIC, FMC, 

IIHD, IWHS, VIP, WHS and MDC) as well as updated analyses in some cohorts (NHS, HPFS, 

and ATBC) minimized misclassification and potential for publication bias. We limited our 

analysis to prospective cohort studies to minimize the influence of recall and selection biases that 

are common in case-control studies. Also, most studies adjusted for potential CHD risk factors 

and other types of dietary fat. Despite variations in LA measurement methods, population 

characteristics, study design, and specific outcomes evaluated in the included cohort studies, 

there was low to moderate heterogeneity across studies, which supports the validity of the pooled 

results. In our meta-analysis, except for the MONICA and MRFIT studies,24,29 all other cohort 

studies adjusted for energy from other fat components (SFAs, trans fat, MUFAs, and PUFAs 

other than LA). It is worth noting that the inverse association between LA and CHD was 

independent of ALA intake. In these analyses, the association between LA and CHD was 

compared to that for CHD with both carbohydrate and saturated fat intakes. Other advantages 

included the ability to evaluate the association of LA intake and CHD events in different 

populations with different diets including large variations in intakes of LA.  

IHD, IWHS, VIP, WHS and MDC) as well as updated analyses in some cohortts s (NNNHSHSHS,  , HPHPHPFFSFS, u

and ATBC) minimized misclassification and potential for publication bias. We limited our 
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Conclusions

This current systematic review and meta-analysis of prospective cohort studies of LA 

consumption provides robust evidence that higher LA intake is associated with lower risk of 

CHD in a dose-response fashion. These data support current recommendations to replace 

saturated fat with LA for primary prevention of CHD in the general population. 
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Table 1. Characteristics of cohort studies that evaluated dietary LA intake and incidence of coronary heart disease events.  
 

Number of 
CHD events 

Author and year Study name 
and country 

Follow- 
up 

Total No. of 
participants 
(No. of cases) 

Disease 
outcome 

CHD
events 

CHD
deaths 

Gender Baseline age LA 
measures 

Adjustment 

Vedtofte et al, 2011 
(24) 

MONICA/ 
Denmark 

23.3 M: 1643  
F: 1643  

Ischemic heart 
disease (total) 

M: 312
F: 159 

- M/F 50.6 (30.9–60.8) diet/7-day 
weight food 

record 

Age, smoking, education, family history of MI, 
SBP, alcohol use, other PUFA, energy, physical 

activity, BMI 
de Goede et al, 
2012 (25) 

MORGEN/ 
Netherlands 

10 20,000 Total CHD 280 - M&F 41.5 (20-65) FFQ Age, sex, total energy, smoking, BMI, education 
level, parental history of MI, alcohol, dietary 

fiber, protein, SFA, MUFA, trans fat and PUFA 
other than LA 

Oh et al, 2005 (26) 
(updated)  

NHS/US 30 84,564  Total 
CHD/CHD 

deaths 

3776 1111 F 42.5 (30-55) FFQ Age, smoking, BMI, menopausal status, hormone 
therapy, physical activity, alcohol, total energy, 

percent of energy from protein, SFA (or 
carbohydrate),  MUFA, ALA, PUFA other than 

LA and ALA, trans, fiber intake, cholesterol 
intake, HTN, family history of MI. 

Ascherio et al, 1996 
(27) (updated)  

HPFS/US 24 41,082  Total 
CHD/CHD 

deaths 

3842 1971 M 42.5 (40-75) FFQ Age, smoking, BMI, physical activity, alcohol, 
total energy, percent of energy from protein, SFA 

(or carbohydrate),  MUFA, ALA, PUFA other 
than LA and ALA and trans, fiber intake, 

cholesterol intake, HTN, family history of MI. 
Pietinen et al, 1997 
(28) 

ATBC/ 
Finland 

6.1 21,930  Total CHD/ 
CHD deaths 

1339 534 M 59.5 (50-69) FFQ 

ARIC/US 9.2 M: 5240 
F: 6481  

Total CHD/ 
CHD death 

M:269 
F:123 

M:51 
F*:- 

M/F M: 54 (47-63) 
F:35 (47-62) 

FFQ 

FMC/Finland 10 M:2712  
F: 2481 

Total CHD/ 
CHD deaths 

M:322 
F:162 

M:147 
F:48 

M/F M:47 (37-63) 
F: 49 (38-65) 

DH 

WHS/US 5.3 37,372 Total CHD/ 
CHD deaths 

152 10 F 52 (46-64) FFQ 

VIP/Sweden 10 M: 9521  
F: 10,555  

Total CHD/ 
CHD deaths 

M:134 
F:23 

M:38 
F*:- 

M/F M: 50 (40-60) 
F: 50 (40-60) 

FFQ 

IWHS/US 10 30,180  CHD deaths - 294 F 61 (56-67) FFQ 

Age, smoking, BMI, physical activity, alcohol 
intake, total energy, percent of energy from 

protein, SFA (or carbohydrate), MUFA, ALA, 
PUFA other than LA and ALA and trans, fiber 

intake, cholesterol intake, HTN, education level. 

Pooling Project of 
Cohort Studies on 
Diet and Coronary 
Disease (4) 

IIHD/Israel 10 8272 CHD deaths - 165 M 48 (41-59) FFQ Age, smoking, BMI, physical activity, alcohol 
intake, total energy, percent of energy from 

protein, SFA (or carbohydrate), MUFA, PUFA 
other than LA, fiber intake, cholesterol intake, 

HTN, education level. 
Dolecek, 1992 (29) MRFIT/US 10.5 6250 CHD deaths - 175 M 35-57 diet/24-hr 

recall 
Age, race, smoking, baseline SBP, HDL, LDL, 

alcohol 
ALA, alpha-linolenic acid; ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol and Beta-Carotene Cancer Prevention; BMI, body mass index; CHD, coronary heart disease; DH, dietary 
history; FFQ: food-frequency questionnaire; FMC, Finnish Mobile Clinic Health Study; HDL, high-density lipoprotein; HPFS, Health Professional s’ Follow-up Study; HTN, hypertension; IIHD, Israeli Ischemic 
Heart Disease Study; IWHS, Iowa Women’s Health Study; LA, linoleic acid; LDL, low-density lipoprotein; MI, myocardial infarction; MONICA, Multinational Monitoring of Trends and Determinations in 
Cardiovascular Disease; MORGEN, Monitoring Project on Risk Factors for Chronic Diseases; MRFIT, Multiple Risk Factor Intervention Trial; MUFA, mono-unsaturated fatty acid; MV, multivitamin; NHS, 
Nurses’ Health Study;  PUFA, polyunsaturated fatty acid; SBP, systolic blood pressure; SFA, saturated fatty acid; VIP, Västerbotten Intervention Program; WHS, Women’s Health Study. 
* Insufficient events for analysis of CHD deaths among women. 

5 (26) NHS/US 30 84,564  Total 
CHD/CHD

deaths 

3776 1111 F 42.5 (30-55) FFQ Age, smokkininngg,g, BMBMB I,I,, mmenenopopauausasal sta
therappy,,y, phyhyysisi aacal l acacactiit viviitty,y, aaalclclcohohol, tttt

pee crcrcene t ofoo  enenen rgrgrgyy y frfrfromomom ppprorotet inin, 
carbohohydydrararatetete)),),  MUUMUFAFAFA, ALALALA,A,A PPPUFUFUFAA

LA and ALA, trans, fiber intake, c
intake, HTN, family history o

, 1996 
)  

HPFS/US 24 41,082  Total 
CHD/CHD 

deaths 

3842 1971 M 42.5 (40-75) FFQ Age, smoking, BMI, physical activ
total energy, percent of energy from 

(or carbohydrate),  MUFA, ALA, P
than LA and ALA and trans, fibe

chchololesesteterorol l inintatakeke, , HTHTN,N, ffamamilily y his
191 7797 ATBC/ /

Finland 
6.11 212121,9,9 030  TToTotatt ll CHCHCHD/D/D  

CHCHDDD deded at shsh  
133393939 55343  M 5559.55 5 (550-0-69696 ) FFFF Q Q

ARIC/US 9.9 2 2 M:MM  52440 0
F:FF  64811  

Totall CHCH /D/D  
CHD dededeatath h

M:269 99
F:123 33

M:51 
F*:- 

M/FF M:M:M  54 44 (47-6366 ) 
::F 35 (47 6-62)2  

FFFF Q QQ

FMFMF C/FiFinlnllananand d d 10 MMM:2:2717 2  
F:F:F: 22248481 

ToToTotatatall l CHCHC /D/D/ 
CHCHHDDD deathsh  

M:M:3232322 2
F:F:F:16161 22 2

M:M:1414777
F:F:484848 

//M/F F M:MM 747 (((37373 6-6-63)3  
F:F 444999 (3(3( 8- 56565))) 

DHDHD  

WHS/S/USU  5.33 37,37372 Totatal CHD/ 
CHD deaths 

15152 2 1010 FF 5522 (4(46-6 64) FFF Q 

VIP/Sweddenenen 1100 0 M:M:M  9525252111  
F:F: 1100 555555

ToToT taat l CHCHCHD// 
CHCHDD dedeatathshs

M:M:M 3131 4 44
F:F:2323

M:M:M 383838 
F*F*::-

M/M/M F M:M:M 5550 0 0 (4(4(400-0-60606 ) 
F:F: 5500 (4(400-6060))

FFFFF Q QQ 

AgAgA e,e  s oomokingnn , MBB I,I  phy isicac l l activ
ininintatakeke, , tototatat l enneree yygy, , pepercrcenee t ofof en

prprprotototeieiein,n,n SSSFAFA ((ororor cccarararbobobohyhyhydrdrdratatate)e)e),, MUM
PUPUFAFA other tthahan LAA aandd AALAA aandnd

iintakke, hch lolesteroll iintakke, HTHTNN, e udud
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Figure Legends: 

Figure 1. Search, screening and selection process of prospective cohort studies of dietary 

linoleic acid and risk of coronary heart disease. 

Figure 2. Dietary intake of linoleic acid and relative risk of total coronary heart disease events 

(highest category versus lowest category). The relative risk was pooled by using fixed effects 

meta-analysis. 

Figure 3. Dietary intake of linoleic acid and relative risk of coronary heart disease deaths 

(highest category versus lowest category). The relative risk was pooled by using fixed effects 

meta-analysis. 

 

Figure 4. Dose-response analysis for curvilinear association between dietary intake of linoleic 

acid and total coronary heart disease events. P=0.91 for non-linearity relationship, indicating a 

linear relationship. 

 

Figure 5. Dose-response analysis for curvilinear association between dietary intake of linoleic 

acid and coronary heart disease deaths. P=0.72 for non-linearity relationship, indicating a linear 

relationship. 

 

Figure 6. Two-stage dose-response meta-analysis of each 5% energy increment of dietary intake 

of linoleic acid and relative risk of total coronary heart disease events. The relative risk was 

pooled by using fixed effects meta-analysis. 

Figure 3. Dietary intake of linoleic acid and relative risk of coronary heart disease dededeatathshs 

highest category versus lowest category). The relative risk was pooled by using g fififixexexeddd efefeffefefectctctss d

meta-analysis. 

FFiFiguuure 4. DDosose-rrressponnnsee annaalylyysiiss fofoor r ccucurrviliinineear asassosociciciatatatiiionon bbettweween dddieeetataryry inntakkke ooff f liinnoleeeiccc 

acidd aandnd ttototal ccoro ononarary heheara t t didiseseasa e evenentsts. P=P=0.0.91 fforor nnonon-l-linineaarirityty rrele atatioionsnshihip, indndicatatining g a a

iinenearar rrelelatatioionsnshihipp
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Figure 7. Two-stage dose-response meta-analysis of each 5% energy increment of dietary intake 

of linoleic acid and relative risk of coronary heart disease deaths. The relative risk was pooled by 

using fixed effects meta-analysis.  
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Overall  (I-squared = 35.5%, p = 0.091)

ID

ARIC-F (4)

MDC-M&F(30)

ATBC-M (28)

MONICA-M (24)

WHS-F (4)

FMC-F (4)

VIP-M (4)

MORGEN-M&F (25)

NHS-F (26)

HPFS-M (27)

ARIC-M (4)

FMC-M (4)

VIP-F (4)

MONICA-F (24)

Study

0.85 (0.78, 0.92)

ES (95% CI)

0.65 (0.34, 1.25)

1.06 (0.87, 1.29)

0.85 (0.58, 1.25)

1.03 (0.73, 1.46)
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Overall  (I-squared = 0.0%, p = 0.511)
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Overall  (I-squared = 44.6%, p = 0.036)
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Overall  (I-squared = 0.0%, p = 0.802)
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SUPPLEMENTAL MATERIAL 

 

Supplemental Methods. Literature search strategy in Pubmed. 

#1 Search "Fatty Acids, Omega-6"[Mesh] OR "n-6 fatty acid*"[tiab] OR "omega-6 fatty acid*"[tiab] OR 
"essential fatty acid*"[tiab] OR "polyunsaturated fatty acid*"[tiab] OR “fatty acid” [tiab] OR "linoleic  
acid"[tiab] OR "corn oil"[tiab] OR “sunflower oil” [tiab] 

#2 Search "Cerebrovascular Disorders"[Mesh] OR "stroke*"[tiab] OR "cerebrovascular accident*"[tiab] 

#3 Search "Cardiovascular diseases"[Mesh] OR "cardiovascular"[tiab] OR "heart"[tiab] OR "myocardial 
infarction*"[tiab] OR "sudden death*"[tiab] OR “coronary heart disease” OR “CHD” 

#4 Search “Mortality”[Mesh] OR “Death”[Mesh] OR “mortality”[tiab] OR “death”[tiab] OR  

“fatal”[tiab] 

#5 Search "Epidemiology "[MESH] OR "Epidemiologic Studies"[MESH] OR “Intervention Studies” [MESH] 
OR "cohort*"[tiab] OR "incident*"[tiab] OR "incidence*"[tiab] OR "prospective"[tiab] OR "follow-up" 
[tiab] OR "predict*”[tiab] OR "prognos*"[tiab] OR  "case-control"[tiab] OR "cross-sectional"[tiab] OR 
"intervention*”[tiab] OR "clinical trial*"[tiab] OR "randomized*"[tiab] 

#6 Search #2 OR #3 OR #4  

#7 Search #1 AND #5 

#8 Search #6 AND #7 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Extracted and calculated data for the included studies for dietary linoleic acid and coronary heart disease 

events. 

Study name Category RR LL UL Median of 

E% from 

LA intake 

Number 

of cases 

person/year 

MONICA –in women, total CHD events (24)    

 1 1 1 1 2.57 
1
 54 513 

2
 

2 0.67 0.43 1.03 4.13 51 606 

3 0.65 0.33 1.21 6.58 54 524 

MONICA –in men, total CHD events (24)    

 1 1 1 1 2.56 
1
 105 553 

2
 

2 1.00 0.74 1.34 3.98 102 565 

3 1.03 0.73 1.46 6.10 105 516 

MORGEN-in men and women, total CHD events (25)    

 1 1 1 1 3.7 61 4013 
2
 

2 0.90 0.61 1.33 4.7 50 4014 

3 0.83 0.56 1.24 5.4 46 4014 

4 1.00 0.68 1.47 6.2 61 4014 

5 0.90 0.60 1.36 7.7 62 4014 

NHS, in women, total CHD events (26) 
3 
    

 1 1 1 1 2.94 1099 465,643 

2 0.86 0.77 0.94 3.95 729 467,525 

3 0.87 0.78 0.97 4.60 680 467,975 

4 0.80 0.71 0.90 5.26 621 467,906 

5 0.75 0.65 0.85 6.38 647 467,547 

HPFS, in men, total CHD events (27) 
3
    

 1 1 1 1 3.58 842 182,079 

2 1.00 0.90 1.11 4.37 776 182,779 

3 1.02 0.91 1.15 4.95 758 182,970 

4 1.02 0.90 1.15 5.60 731 182,931 

5 0.98 0.86 1.13 6.73 735 182,930 

ATBC study, in men, total CHD events (28) 
3
    

 1 1 1 1 1.50 307 23,825 

2 0.86 0.70 1.05 1.88 251 24,409 

3 0.92 0.72 1.19 2.34 261 24,269 

4 0.83 0.62 1.11 3.26 235 24,702 

5 0.86 0.58 1.27 6.01 285 24,608 

ARIC Study, in women, total CHD events (4) 
4
    

 1 1 1 1 2.96 47 19,078 

2 0.59 0.33 1.06 4.08 35 19,925 

3 0.64 0.33 1.25 5.54 41 19,196 

ARIC Study, in men, total CHD events (4) 
4
    

 1 1 1 1 2.92 62 9183 

2 0.72 0.46 1.12 3.73 46 9193 

3 1.01 0.65 1.56 4.37 63 9074 

4 0.64 0.39 1.04 5.06 46 9246 

5 0.76 0.45 1.27 6.23 52 9165 

FMC study, in women, total CHD events (4) 
4
    

 1 1 1 1 1.14 60 7762 

2 0.61 0.34 1.09 1.47 52 8096 

3 0.57 0.23 1.40 2.22 50 7785 

FMC study, in men, total CHD events (4) 
4
    

 1 1 1 1 1.11 81 4777 



2 0.66 0.44 1.00 1.32 58 4982 

3 0.57 0.35 0.92 1.49 55 4984 

4 0.62 0.35 1.08 1.76 72 4911 

5 0.40 0.18 0.87 2.64 56 4945 

WHS study, in women, total CHD events (4) 
4
    

 1 1 1 1 3.34 29 37,506 

2 0.93 0.53 1.63 4.15 27 38,010 

3 0.94 0.51 1.72 4.76 26 38,151 

4 1.14 0.59 2.20 5.45 29 38,444 

5 1.46 0.70 3.04 6.61 41 38,644 

VIP study, in women, total CHD events (4) 
4
    

 1 1 1 1 2.72 6 14,496 

2 1.27 0.35 4.67 3.26 14 14,975 

3 0.54 0.06 4.85 4.10 3 14,401 

VIP study, in men, total CHD events (4) 
4
    

 1 1 1 1 2.74 54 12,920 

2 1.08 0.63 1.85 3.37 42 13,411 

3 1.57 0.71 3.45 4.26 38 12,899 
1 
Calculated E% of LA by means of calorie intake. 

2 
Number of person, not person-years 

3 
Updated published data  

4 
Data from unpublished cohort studies 

ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol and Beta-Carotene Cancer 

Prevention; CHD, coronary heart disease; FMC, Finnish Mobile Clinic Health Study; HPFS, Health Professional s’ 

Follow-up Study; IWHS, Iowa Women’s Health Study; LA, linoleic acid; MONICA, Multinational Monitoring of 

Trends and Determinants in Cardiovascular Diseases; MORGEN, Monitoring Project on Risk Factors for Chronic 

Diseases; NHS, Nurses’ Health Study;  VIP, Västerbotten Intervention Program; WHS, Women’s Health Study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Extracted and calculated data for the included studies for dietary linoleic acid and coronary heart disease 

deaths. 

Study name Category RR LL UL Median of 

E% from 

LA intake 

Number 

of cases 

person/year 

NHS, in women, CHD deaths (26) 
1 
    

 1 1 1 1 2.94 388 471,210 

2 0.84 0.70 1.01 3.95 214 473,125 

3 0.78 0.63 0.95 4.59 172 473,581 

4 0.78 0.62 0.97 5.25 165 473,507 

5 0.69 0.54 0.88 6.38 172 473,110 

HPFS, in men, CHD deaths (27) 
1
    

 1 1 1 1 3.58 476 187,389 

2 0.99 0.86 1.15 4.37 408 188,150 

3 0.95 0.81 1.11 4.95 369 188,444 

4 0.97 0.82 1.15 5.60 359 188,364 

5 0.90 0.74 1.09 6.73 359 188,368 

ATBC study, in men, CHD deaths (28) 
1
    

 1 1 1 1 1.50 122 24,343 

2 0.91 0.66 1.24 1.88 97 24,884 

3 1.19 0.81 1.75 2.34 106 24,752 

4 1.00 0.64 1.58 3.26 83 25,122 

5 1.29 0.70 2.36 6.01 126 25,093 

ARIC Study, in men, CHD deaths (4) 
2
    

 1 1 1 1 2.92 9 9202 

2 0.91 0.21 3.87 3.73 6 9205 

3 1.55 0.47 5.10 4.37 16 9077 

4 0.89 0.22 3.52 5.06 15 9252 

5 0.54 0.10 3.00 6.23 5 9176 

FMC study, in women, CHD deaths (4) 
2
    

 1 1 1 1 1.14 17 7923 

2 0.46 0.12 1.80 1.47 13 8226 

3 0.69 0.09 5.11 2.22 18 7933 

FMC study, in men, CHD deaths (4) 
2
    

 1 1 1 1 1.11 36 4976 

2 0.55 0.28 1.10 1.32 18 5157 

3 0.94 0.46 1.93 1.49 30 5088 

4 1.07 0.45 2.54 1.76 36 5085 

5 0.73 0.23 2.32 2.64 27 5088 

WHS study, in women, CHD deaths (4) 
2
    

 1 1 1 1 3.65 3 62,234 

2 0.68 0.07 6.26 4.76 2 65,082 

3 4.28 0.34 54.42 6.11 5 63,738 

VIP study, in men, CHD deaths (4) 
2
    

 1 1 1 1 2.75 16 12,996 

2 1.20 0.39 3.68 3.37 11 13,472 

3 1.50 0.28 7.93 4.26 11 12,942 

IWHS study, in women, CHD deaths (4) 
2
    

 1 1 1 1 3.65 69 58,800 

2 0.64 0.43 0.95 4.58 42 59,003 

3 0.82 0.55 1.23 5.28 54 58,865 

4 0.87 0.56 1.34 6.04 61 59,033 

5 0.95 0.57 1.56 7.31 68 58,919 



IIHD study, in men, CHD deaths (4) 
2
    

 1 1 1 1 3.59 34 15,890 

2 1.05 0.64 1.73 5.21 31 16,141 

3 1.07 0.65 1.76 6.42 32 16,071 

4 1.31 0.80 2.14 7.72 38 16,117 

5 0.97 0.56 1.67 9.52 30 16,255 

MRFIT study, in men, CHD deaths (29)    

 1 1 1 1 3.30 NA 12513 

2 0.69 NA NA 4.54 NA 1252 

3 0.86 NA NA 5.43 NA 1252 

4 0.80 NA NA 6.48 NA 1252 

5 0.58 NA SE for Q5 

vs Q1 

=0.2362 

8.84 NA 1251 

1
 Updated published data  

2 
Data from unpublished cohort studies 

3 
Number of person, not person-years 

ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol and Beta-Carotene Cancer 

Prevention; CHD, coronary heart disease; FMC, Finnish Mobile Clinic Health Study; HPFS, Health Professional s’ 

Follow-up Study; IIHD, Israeli Ischemic Heart Disease Study; IWHS, Iowa Women’s Health Study; LA, linoleic 

acid; MRFIT, Multiple Risk Factor Intervention Trial; NHS, Nurses’ Health Study;  VIP, Västerbotten Intervention 

Program; WHS, Women’s Health Study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Extracted and calculated data for the included studies for substituting dietary linoleic acid for saturated fat 

and coronary heart disease events. 

Study name Category RR LL UL Median of 

E% from 

LA intake 

Number 

of cases 

person/year 

NHS, in women, total CHD events (26) 
3 
    

 1 1 1 1 2.94 1099 465,643 

2 0.86 0.78 0.95 3.95 729 467,525 

3 0.88 0.79 0.98 4.60 680 467,975 

4 0.81 0.72 0.91 5.26 621 467,906 

5 0.76 0.67 0.86 6.38 647 467,547 

HPFS, in men, total CHD events (27) 
3
    

 1 1 1 1 3.58 842 182,079 

2 0.99 0.89 1.10 4.37 776 182,779 

3 1.01 0.90 1.13 4.95 758 182,970 

4 1.00 0.88 1.12 5.60 731 182,931 

5 0.96 0.84 1.10 6.73 735 182,930 

ATBC study, in men, total CHD events (28) 
3
    

 1 1 1 1 1.50 307 23,825 

2 0.85 0.69 1.04 1.88 251 24,409 

3 0.91 0.71 1.16 2.34 261 24,269 

4 0.81 0.62 1.06 3.26 235 24,702 

5 0.83 0.58 1.19 6.01 285 24,608 

ARIC Study, in women, total CHD events (4) 
4
    

 1 1 1 1 2.96 47 19,078 

2 0.62 0.35 1.10 4.08 35 19,925 

3 0.72 0.38 1.38 5.54 41 19,196 

ARIC Study, in men, total CHD events (4) 
4
    

 1 1 1 1 2.92 62 9,183 

2 0.74 0.47 1.16 3.73 46 9,193 

3 1.07 0.70 1.65 4.37 63 9,074 

4 0.70 0.43 1.13 5.06 46 9,246 

5 0.89 0.54 1.48 6.23 52 9,165 

FMC study, in women, total CHD events (4) 
4
    

 1 1 1 1 1.14 60 7,762 

2 0.60 0.34 1.08 1.47 52 8,096 

3 0.56 0.23 1.34 2.22 50 7,785 

FMC study, in men, total CHD events (4) 
4
    

 1 1 1 1 1.11 81 4,777 

2 0.67 0.44 1.00 1.32 58 4,982 

3 0.58 0.36 0.93 1.49 55 4,984 

4 0.63 0.36 1.11 1.76 72 4,911 

5 0.42 0.20 0.90 2.64 56 4,945 

WHS study, in women, total CHD events (4) 
4
    

 1 1 1 1 3.34 29 37,506 

2 0.96 0.55 1.66 4.15 27 38,010 

3 0.98 0.54 1.76 4.76 26 38,151 

4 1.20 0.64 2.25 5.45 29 38,444 

5 1.60 0.81 3.18 6.61 41 38,644 

VIP study, in women, total CHD events (4) 
4
    

 1 1 1 1 2.72 6 14,496 

2 1.18 0.33 4.19 3.26 14 14,975 

3 0.44 0.05 3.91 4.10 3 14,401 



VIP study, in men, total CHD events (4) 
4
    

 1 1 1 1 2.75 54 12,920 

2 1.03 0.60 1.74 3.37 42 13,411 

3 1.40 0.64 3.05 4.26 38 12,899 
1 
Calculated E% of LA by means of calorie intake. 

2 
Number of person not person-years 

3 
Updated published data  

4 
Data from unpublished cohort studies 

ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol and Beta-Carotene Cancer 

Prevention; CHD, coronary heart disease; FMC, Finnish Mobile Clinic Health Study; HPFS, Health Professional s’ 

Follow-up Study; IWHS, Iowa Women’s Health Study; LA, linoleic acid; NHS, Nurses’ Health Study;  VIP, 

Västerbotten Intervention Program; WHS, Women’s Health Study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Extracted and calculated data for the included studies for substituting dietary linoleic acid for saturated fat 

and coronary heart disease deaths. 

Study name Category RR LL UL Median of 

E% from 

LA intake 

Number 

of cases 

person/year 

NHS, in women, CHD deaths (26) 
1 
    

 1 1 1 1 2.94 388 471,210 

2 0.86 0.72 1.03 3.95 214 473,125 

3 0.80 0.65 0.98 4.59 172 473,581 

4 0.81 0.66 1.01 5.25 165 473,507 

5 0.74 0.58 0.92 6.38 172 473,110 

HPFS, in men, CHD deaths (27) 
1
    

 1 1 1 1 3.58 476 187,389 

2 0.98 0.85 1.14 4.37 408 188,150 

3 0.94 0.80 1.10 4.95 369 188,444 

4 0.96 0.81 1.13 5.60 359 188,364 

5 0.89 0.74 1.07 6.73 359 188,368 

ATBC study, in men, CHD deaths (28) 
1
    

 1 1 1 1 1.50 122 24,343 

2 0.91 0.66 1.25 1.88 97 24,884 

3 1.21 0.83 1.76 2.34 106 24,752 

4 1.03 0.67 1.59 3.26 83 25,122 

5 1.38 0.80 2.37 6.01 126 25,093 

ARIC Study, in men, CHD deaths (4) 
2
    

 1 1 1 1 2.92 9 9,202 

2 1.04 0.24 4.44 3.73 6 9,205 

3 1.69 0.52 5.51 4.37 16 9,077 

4 1.09 0.28 4.23 5.06 15 9,252 

5 0.90 0.17 4.83 6.23 5 9,176 

FMC study, in women, CHD deaths (4) 
2
    

 1 1 1 1 1.14 17 7,923 

2 0.46 0.12 1.80 1.47 13 8,226 

3 0.70 0.10 4.98 2.22 18 7,933 

FMC study, in men, CHD deaths (4) 
2
    

 1 1 1 1 1.11 36 4,976 

2 0.55 0.28 1.10 1.32 18 5,157 

3 0.94 0.46 1.91 1.49 30 5,088 

4 1.06 0.45 2.50 1.76 36 5,085 

5 0.72 0.24 2.23 2.64 27 5,088 

WHS study, in women, CHD deaths (4) 
2
    

 1 1 1 1 3.65 3 62,234 

2 0.62 0.07 5.46 4.76 2 65,082 

3 2.17 0.22 21.49 6.11 5 63,738 

VIP study, in men, CHD deaths (4) 
2
    

 1 1 1 1 2.75 16 12,996 

2 1.07 0.36 3.17 3.37 11 13,472 

3 1.27 0.25 6.42 4.26 11 12,942 

IWHS study, in women, CHD deaths (4) 
2
    

 1 1 1 1 3.65 69 58,800 

2 0.61 0.41 0.91 4.58 42 59,003 

3 0.78 0.53 1.14 5.28 54 58,865 

4 0.80 0.53 1.20 6.04 61 59,033 

5 0.83 0.53 1.31 7.31 68 58,919 



IIHD study, in men, CHD deaths (4) 
2
    

 1 1 1 1 3.59 34 15,890 

2 0.97 0.58 1.61 5.21 31 16,141 

3 0.93 0.55 1.58 6.42 32 16,071 

4 1.07 0.62 1.84 7.72 38 16,117 

5 0.71 0.37 1.36 9.52 30 16,255 
1
 Updated published data  

2 
Data from unpublished cohort studies 

3 
Number of person not person-years 

ARIC, Atherosclerosis Risk in Communities Study; ATBC, Alpha-Tocopherol and Beta-Carotene Cancer 

Prevention; CHD, coronary heart disease; FMC, Finnish Mobile Clinic Health Study; HPFS, Health Professional s’ 

Follow-up Study; IIHD, Israeli Ischemic Heart Disease Study; IWHS, Iowa Women’s Health Study; LA, linoleic 

acid; NHS, Nurses’ Health Study;  VIP, Västerbotten Intervention Program; WHS, Women’s Health Study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Figure S1. Substituting linoleic acid for carbohydrate and relative risk of total coronary heart 

disease events (highest category versus lowest category). The relative risks were pooled by using 

fixed effects meta-analysis. 
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Figure S2. Substituting linoleic acid for saturated fat and relative risk of total coronary heart 

disease events (highest category versus lowest category). The relative risks were pooled by using 

fixed effects meta-analysis. 
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Figure S3. Substituting linoleic acid for carbohydrate and relative risk of coronary heart disease 

deaths (highest category versus lowest category). The relative risks were pooled by using fixed 

effects meta-analysis. 
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Figure S4. Substituting linoleic acid for saturated fat and relative risk of coronary heart disease 

deaths (highest category versus lowest category). The relative risks were pooled by using fixed 

effects meta-analysis. 

 

 

 

 

 

Overall  (I-squared = 0.0%, p = 0.740)
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Figure S5. Two-stage dose-response meta-analysis of substituting each 5 E% of dietary intake from 

linoleic acid for 5 E% of dietary intake from carbohydrate and relative risk of total coronary heart disease 

events. The relative risks were pooled by using fixed effects meta-analysis. 
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Figure S6. Two-stage dose-response meta-analysis of substituting each 5 E% of dietary intake from 

linoleic acid for 5 E% of dietary intake from carbohydrate and relative risk of coronary heart disease 

deaths. The relative risks were pooled by using fixed effects meta-analysis. 
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Figure S7. Two-stage dose-response meta-analysis of substituting each 5 E% of dietary intake from 

linoleic acid for 5 E% of dietary intake from saturated fat and relative risk of total coronary heart disease 

events. The relative risks were pooled by using fixed effects meta-analysis. 
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Figure S8. Two-stage dose-response meta-analysis of substituting each 5 E% of dietary intake from 

linoleic acid for 5 E% of dietary intake from saturated fat and relative risk of coronary heart disease 

deaths. The relative risks were pooled by using fixed effects meta-analysis. 
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Figure S9. Funnel Plots for Detection of Publication Bias for dietary linoleic acid intake and risk of total 
coronary heart disease. 
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Figure S10. Funnel Plots for Detection of Publication Bias for dietary linoleic acid intake and risk of 
coronary heart disease deaths. 
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