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Harris et al.(1) apparently overlooked the central finding of our analysis(2), that n-6 specific 

PUFA interventions and mixed n-3/n-6 PUFA interventions have significantly different 

effects on risk of non-fatal myocardial infarction (MI) and CHD death in heterogeneity 

analysis (P=0·02). Given this clear statistical distinction, it is not valid to assess these two 

heterogeneous interventions together as a single unit(3). This key finding of heterogeneity 

calls into question the validity of interpreting results of any pooled analysis of the effects of 

mixtures of n-3 and n-6 PUFA to support advice specific to n-6 PUFA. Yet Harris et al. 

have repeatedly cited(4 – 8) three such pooled analyses, that did not make this essential 

distinction, as the primary evidence base for American Heart Association (AHA) advice to 

maintain or increase intake of n-6 PUFA: (1) the meta-analysis of randomised controlled 

trials (RCT) and CHD outcomes by Mozaffarian et al.(8); (2) the analysis of prospective 

observational cohorts by Jakobsen et al.(9); and (3) the analysis of intermediate risk factors 

by Mensink et al.(10). Each of these analyses evaluated the effects of increasing n-3 and n-6 

PUFA together (Tables 1 and 2), without specificity for n-6 linoleic acid (LA), as we 

recently reviewed in detail(11). In relying on these non-specific PUFA data, rather than data 

selective to n-6 LA, Harris et al.(1) and the AHA Advisory Group were willing to assume 

that the modest but ‘remarkably consistent’ CHD benefits were attributable to n-6 LA, rather 

than to n-3 EPA + DHA and/or α-linolenic acid (ALA). We were unwilling to make this 

assumption without valid data evaluating the effects of selectively increasing LA.

Our meta-analysis of four n-6 specific PUFA RCT data-sets with 9569 participants(2) is 

therefore unique because it is the first analysis to compile the detailed dietary fatty acid data 
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necessary to evaluate the CHD effects of selectively increasing n-6 LA (in place of trans-

fatty acids and SFA). These n-6 specific PUFA data, which were not available to 

Mozaffarian et al.(8), were obtained via an extensive search of published and unpublished 

data sources enabling identification of the specific study oils and n-3 and n-6 PUFA content 

of RCT diets. Of the total RCT participants (n 11 275), 85 % were in the n-6 specific PUFA 

RCT (n 9569); therefore only 15 % of all RCT participants (n 1706) were in the mixed 

n-3/n-6 PUFA RCT. Harris et al.(1) seem preoccupied with the results of the latter 15 % of 

RCT participants, which they interpret as ‘confirming’ that ‘vegetable oils rich in n-6 

PUFA’ lower CHD(1). However, they apparently dismiss our pivotal finding that there was 

no indication of benefit in any of the four n-6 specific PUFA datasets representing 85 % of 

the total RCT participants.

There was a non-significant, but relatively consistent, signal toward harm in each of these 

four n-6 specific PUFA datasets (Figs. 1 and 2), as well as a pooled analysis for both CHD 

outcomes and death from all causes, despite substitution of n-6 LA for trans-fatty acids and 

SFA, which are generally considered atherogenic. By highlighting only the two n-6 specific 

PUFA RCT (three datasets) that provided corn oil(12,13), and ignoring the unfavourable 

results of the fourth n-6 specific PUFA RCT dataset that provided safflower-seed oil(14,15), 

Harris et al. have inaccurately portrayed our n-6 specific PUFA evaluation of four datasets 

and 9569 participants as a ‘two-trial analysis’ with ‘limited statistical power’ useful for 

‘hypothesis generation but insufficient for deriving meaningful conclusions’. This fourth 

dataset, the Sydney Diet Heart Study (SDHS)(14), reported a 49 % increase in risk of death 

in the n-6 specific intervention group that approached significance (risk ratio (RR) 1·49 (95 

% CI 0·95, 2·34); P=0·08). Nearly all SDHS deaths were attributed to CHD (91 %); 

however, non-fatal MI and CHD death were not reported by group. Using reported SDHS 

data, the lowest possible increase in CHD death in the SDHS was + 26 % (RR 1·26 (95 % CI 

0·79, 2·02); P=0·33); the highest possible increase was + 90 % (RR 1·90 (95 % CI 1·17, 

3·10); P=0·01). Therefore, the 13 % increase in CHD risk from only three of the four n-6 

specific PUFA interventions underestimates potential harm. In modelling the equitable 

assumption that the same percentage of SDHS deaths (91 %) were CHD deaths in each 

group, the risk of CHD death was increased by 49 % (RR 1·49 (95 % CI 0·93, 2·40); 

P=0·10), and the pooled 28 % increase in risk of CHD death from n-6 specific PUFA 

interventions was nearly significant (RR 1·28 (95 % CI 0·96, 1·71); P=0·09). Pooled data 

from all four n-6 specific PUFA datasets (n 9569; 85 % of all RCT participants) provide a 

relatively consistent, albeit non-significant, trend toward increased risks for CHD death (+28 

%) (RR 1·28 (95 % CI 0·96, 1·71); P=0·09), total CHD events (+23 %) (RR 1·23 (95 % CI 

0·94, 1·61); P=0·13), and death from all causes (+16 %) (RR 1·16 (95 % CI 0·95, 1·42); 

P=0·15). With no indication of benefit in any n-6 specific PUFA RCT or the pooled analysis 

of all four datasets, and a relatively consistent signal in the opposite direction for each 

dataset and for the pooled analysis, these data provide no justification for population-wide 

advice to maintain or increase n-6 PUFA consumption.

Harris et al.(1) have not fully appreciated the essential distinction between n-3 and n-6 

PUFA species in attributing benefits from our pooled analysis of mixed n-3/n-6 PUFA RCT 

datasets to ‘vegetable oils rich in n-6 PUFA’ or simply ‘soybean oil’, despite substantial 

Ramsden et al. Page 2

Br J Nutr. Author manuscript; available in PMC 2014 August 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



increases in n-3 EPA + DHA in two(16 – 18) of the four datasets. The experimental dieters in 

the Oslo Diet Heart Study (ODHS) were actually provided with ‘substantial quantities of 

Norwegian sardines canned in cod liver oil’(16) and not simply ‘encouraged’ as Harris et al. 

state here(1) and elsewhere(4,19,20). Oslo dieters consumed about 5 g EPA + DHA per d 

(thirty times the average US intake)(21); therefore it is not valid to attribute CHD benefits to 

LA or soybean oil. After exclusion of the ODHS and the St Thomas Atherosclerosis 

Regression Study (STARS), the remaining two datasets(22 – 24) that substantially increased 

both n-3 ALA and n-6 LA from soybean oil without increasing n-3 EPA + DHA have a non-

significant signal toward benefit, and lack the signal toward harm of the n-6 specific PUFA 

interventions.

The structure of all RCT data is shown in Fig. 1 and Fig. 2, as follows: (A) mixed n-3/n-6 

interventions including EPA + DHA are beneficial; (B) mixed n-3/n-6 interventions 

including ALA provide an intermediate signal toward benefit; and (C) interventions specific 

to n-6 LA provide no indication of benefit and a relatively consistent signal toward harm. 

Given this consistent pattern for CHD deaths and total CHD events (Fig. 1), and for deaths 

from all causes (Fig. 2), it is tempting to speculate that CHD benefits previously attributed to 

n-6 PUFA or total PUFA in general(4,6 – 8,25) were actually due to substantial increases in 

n-3 PUFA in general, and n-3 EPA + DHA in particular, and that the accompanying 

increases in n-6 LA attenuated these benefits. If this testable hypothesis is correct, lowering 

dietary n-6 LA is likely to potentiate the benefits of n-3 PUFA and/or have independent 

CHD benefits. However, we have no RCT data evaluating the effects of lowering n-6 LA as 

a controlled variable on clinical CHD outcomes. This is clearly a critical evidence gap with 

major public health implications. The next logical step is to evaluate whether lowering 

dietary n-6 LA as a controlled variable to about 2 % of energy (consistent with 

evolutionary(26) and historical US diets(27)) reduces the risk of CHD in a large RCT. This 

can be accomplished via substitution of a high-oleic version of sunflower-seed oil (3·6 g LA 

per 100 g)(28) for a typical high-LA version of the same oil (65·7 g LA per 100 g)(28) with 

otherwise identical background diets.

This project was supported by the intramural research program of the National Institute on 

Alcohol Abuse and Alcoholism. Its contents are solely the responsibility of the authors and 

do not necessarily represent the official views of the National Institute on Alcohol Abuse 

and Alcoholism or the National Institutes of Health.
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Fig. 1. 
No indication of benefit, and a signal toward harm, in non-fatal myocardial infarction (MI) + 

CHD death (a) and in CHD death (b) shown by n-6 specific PUFA interventions. PUFA 

replaced a combination of trans-fatty acids and SFA in each randomised controlled trial 

(RCT). ‘A’ indicates mixed n-3/n-6 PUFA RCT datasets increasing n-3 EPA + DHA and 

n-6 linoleic acid (LA); ‘B’ indicates mixed n-3/n-6 PUFA RCT datasets increasing n-3 α-

linolenic acid (ALA) and n-6 LA; ‘C’ indicates n-6 specific PUFA RCT datasets selectively 

increasing n-6 LA. Each of two RCT datasets increasing LA + EPA and DHA showed a 

trend toward benefit; pooled analysis showed significant reduction in non-fatal MI + CHD 

death (risk ratio (RR) 0·74 (95 % CI 0·57, 0·97); P=0·03), and trends toward reduction in 

CHD death (RR 0·72 (95 % CI 0·50, 1·05); P=0·09) and death from all causes (RR 0·73 (95 

% CI 0·52, 1·04); P=0·08) (Fig. 2). Each of the two RCT datasets increasing LA + ALA, and 

their pooled analysis showed a trend toward reduced risk of non-fatal MI + CHD death (RR 

0·81 (95 % CI 0·64, 1·02); P=0·07), and signals toward reduction in death from CHD (RR 

0·87 (95 % CI 0·64, 1·19); P=0·39) and all-cause mortality (RR 0·96 (95 % CI 0·83, 1·12); 

P=0·62) (Fig. 2). The four individual n-6 specific PUFA RCT datasets, and pooled analysis 

of all four datasets showed a relatively consistent trend toward increased risk of non-fatal 

MI + CHD death (RR 1·23 (95 % CI 0·94, 1·61); P=0·13), death from CHD (RR 1·28 (95 % 

CI 0·96, 1·70); P=0·09), and of death from all causes (RR 1·16 (95 % CI 0·95, 1·42); 

P=0·15) (Fig. 2). The structure of these RCT data suggest that CHD benefits previously 

attributed to n-6 PUFA or total PUFA may have been due to substantial increases in n-3 

PUFA, particularly n-3 EPA + DHA, and that the accompanying increases in n-6 LA 

attenuated these benefits. Calculated RR, 95 % CI and P values include data from all eight 

datasets included in the primary analysis. As explained in the text, the Sydney Diet Heart 

Study (SDHS) reported a 49 % increased risk of CHD with an n-6 specific intervention (RR 

1·49 (95 % CI 0·95, 2·34); P=0·08). Only total deaths were reported for each group; 

however, 91 % of these total deaths were attributed to CHD. Therefore, the pooled analysis 

of only three of the four n-6 specific RCT datasets without the SDHS underestimates the 

potential harm of n-6 PUFA. The CHD event data in Fig. 1 model the assumption that 91 % 
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of total deaths in each group were due to CHD, allowing for a more accurate estimation of 

the CHD effects of replacing trans- and saturated fats with n-6 LA because it includes all 

four n-6 specific PUFA datasets. Based on reported SDHS data for total deaths and CHD 

death, the lowest possible pooled increase in risk of CHD death from the four n-6 specific 

PUFA datasets was +21 % (RR 1·21 (95 % CI 0·91, 1·60); P=0·20); the highest possible 

increase was +40 % (RR 1·40 (95 % CI 0·97, 2·02); P=0·07).
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Fig. 2. 
No indication of benefit, and a signal toward harm, in deaths from all causes shown by n-6 

specific PUFA interventions. PUFA replaced a combination of trans-fatty acids and SFA in 

each randomised controlled trial (RCT). ‘A’ indicates mixed n-3/n-6 PUFA RCT datasets 

increasing n-3 EPA + DHA and n-6 linoleic acid (LA); ‘B’ indicates mixed n-3/n-6 PUFA 

RCT datasets increasing n-3 α-linolenic acid (ALA) and n-6 LA; ‘C’ indicates n-6 specific 

PUFA RCT datasets selectively increasing n-6 LA. All RCT reported total death. RCT data 

follow the same pattern as observed for CHD events and CHD deaths. Pooled analysis of 

two datasets increasing LA +EPA and DHA showed a trend toward reduced risk of death 

(risk ratio (RR) 0·73 (95 % CI 0·52, 1·04); P=0·08); two datasets increasing LA + ALA 

showed no difference (RR 0·96 (95 % CI 0·83, 1·12); P=0·62); four datasets selectively 

increasing n-6 LA in place of trans- and saturated fats showed a signal toward increased risk 

of death (RR 1·16 (95 % CI 0·95, 1·42); P=0·15).
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Table 1

Pooled analyses cited as the primary evidence base for CHD benefits of n-6 linoleic acid (LA): no clear 

distinction made between n-3 and n-6 PUFA species (adapted with permission from Ramsden et al.(11))*

Pooled analysis Outcome
Quote defining the independent 
variable Exposure variable(s)

Mixed n-3/n-6 
PUFA† or n-6 
specific PUFA‡

Mozaffarian et al.(8) Meta-
analysis of RCT

Non-fatal MI + CHD 
death

‘[total] PUFA consumption as a 
replacement for SFA’

LA + ALA + EPA and DHA Mixed (n-3 + 
n-6)

Jakobsen et al.(9)§ Pooled 
analysis of eleven 
observational cohorts

CHD events + CHD 
death

‘[total] PUFAs; including both n-3 
and n-6 fatty acids, also known as 
omega-3 and omega-6 fatty acids; 
primarily n-6 linoleic acid’

LA + ALA + EPA and DHA Mixed (n-3 + 
n-6)

Mensink et al.(10) Meta-
analysis of RCT

LDL-cholesterol ‘total PUFAs may be considered to 
equal the n-6 PUFAs with 18 carbon 
atoms (linoleic acid plus some α-
linolenic acid)’

LA + ALA Mixed (n-3 + 
n-6)

RCT, randomised controlled trial; MI, myocardial infarction; ALA, α-linolenic acid.

*
None of these pooled analyses evaluated the specific effects of n-6 LA or n-6 PUFA; however, their concordant benefits have been attributed to 

n-6 LA.

†
Mixed n-3/n-6 PUFA indicates RCT interventions that substantially increased both n-3 and n-6 PUFA, or exposure variables in observational 

cohorts that included both n-3 and n-6 PUFA.

‡
n-6 Specific PUFA indicates RCT interventions that increased n-6 LA without substantially increasing n-3 PUFA.

§
Individual prospective cohorts included in the pooled analysis by Jakobsen et al. have limited ability to disentangle the respective intakes of n-3 

ALA and n-6 LA, particularly for foods eaten away from home and packaged foods(11) (see Table 2).
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Table 2

Limited capacity of food-frequency questionnaires in the Nurses’ Health Study (NHS) to disentangle 

respective intakes of n-3 α-linolenic acid (ALA) and n-6 linoleic acid (LA) (adapted with permission from 

Ramsden et al.(11))*

FFQ year

Specific oils and/or brand names identified?

Oils Margarines

Shortenings, 
mayonnaise, salad 

dressings, 
packaged foods Evaluating ‘usual use’ of fats and oils in home-prepared meals

1980† (sixty-one-item) No No No No specific brand-name questions

1984‡ (116-item) Partial No No What type of fat do you usually use for frying and sautéing?||

 What type of fat do you usually use for baking?||

 What form of margarine do you usually use? (e.g. tub or stick)

 What type of cooking oil do you usually use? (specify type and 
brand)

1986§ (131-item) Partial Partial No Kind of fat most often used at home for baking:||

 Kind of fat most often used at home for frying and sautéing:||

 What form of margarine do you usually use? (brand and type)

 Usual type of cooking oil: (brand and type)

1990§ Partial Partial No What type of fat do you usually use for frying and sautéing at 
home?||

 What type of fat do you usually use for baking at home?||

 What form of margarine do you usually use? (e.g. Promise Extra 
Light)

 What type of cooking oil do you usually use at home? (e.g. 
Mazola Corn Oil)

1994§ Partial Partial No What kind of fat is usually used for frying and sautéing at home?||

 What kind of fat is usually used for baking at home?||

 What form of margarine do you usually use? (e.g. Land O’ Lakes 
Country Morning Blend Light)

 What type of cooking oil do you usually use at home (e.g. Wesson 
Corn Oil)?

1998§ Partial Partial No What kind of fat is usually used for frying and sautéing at home?||?¶

 What kind of fat is usually used for baking at home?||

 What form of margarine do you usually use? (e.g. Parkay Corn 
Oil Spread)

 What type of cooking oil do you usually use at home (e.g. Mazola 
Corn Oil)?

*
Harris et al.(1) cited the 20-year follow-up of the NHS(29), which reported a protective association between dietary n-6 LA and CHD risk as 

evidence for CHD benefits of LA. However, the FFQ used in the NHS have limited ability to disentangle the respective intakes of n-3 ALA and n-6 

LA, especially in packaged food items and in the approximately 40 % of PUFA eaten away from home(21), as recently reviewed(11). The exact 
methodology used to estimate the absolute and relative intakes of ALA and LA from these limited FFQ data has not been published.

†
The sixty-one-item 1980 NHS FFQ that provided baseline data for the report that dietary n-6 LA is associated with lower CHD risk(29) did not 

identify any specific oils or brand names of any food items.
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‡
The revised 116-item 1984 NHS FFQ providing baseline data for the report that dietary ALA is associated with lower risk of fatal CHD(30) did 

not capture specific brand names for any of the three reported primary sources of ALA (mayonnaise, oil and vinegar salad dressing, and 
margarine).

§
The revised 131-item 1986 FFQ, which did not capture brand names or specific oils used in shortenings, mayonnaises, salad dressings, or 

packaged foods, was used thereafter.

|| 
Indicates a general question about fat sources (for example, real butter, margarine, vegetable oil, vegetable shortening, lard), without the 

identification of specific brand names or specific vegetable oils in ingredient lists.

¶
The 1998 revision is the first FFQ listing olive oil as an option for the fat ‘usually used’ for cooking at home.
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