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ABSTRACT 

Background Tissue levels of n-3 polyunsaturated fatty acids (PUFAs) have been inversely related with risk of myocardial 
infarction (MI). Whether ratios of n-3 to n-6 PUFAs, reflecting both dietary intake of n-3 PUFAs and competing n-6 PUFAs, are 
better predictors of future MI than n-3 PUFA fractions is unclear. We aimed at investigating whether such ratios in adipose 
tissue better predict MI than n-3 PUFA fractions. 

Methods Subcutaneous adipose tissue biopsies were obtained in a random sample (n = 3,500) of the Diet, Cancer 
and Health cohort (n = 57,053). Adipose tissue content of eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), 
docosahexaenoic acid (DHA), alpha-linolenic acid (ALA), arachidonic acid (AA) and linoleic acid was determined using gas 
chromatography. Fractions of selected n-3 PUFAs and n-3/n-6 PUFA ratios were correlated to the 15-year occurrence of MI 
in a case-cohort design. 

Results A total of 2,406 participants experienced an MI during follow-up. Adipose tissue total marine n-3 PUFAs, 
EPA + DHA, EPA, EPA/AA, DHA/AA and (EPA + DPA + DHA)/AA were all inversely associated with risk of incident MI. 
Evaluating the predictive power (Harrel’s C-index) of the selected metrics, fractions of marine n-3 PUFAs and ratios of EPA/AA, 
DHA/AA, (EPA + DHA)/AA and (EPA + DPA + DHA)/AA all refined risk prediction over age and sex alone. At multivariable 
analyses, however, the above ratios were the only metrics providing additional risk prediction. Differences in ratios were 
related to differences in food intake. 

Conclusions Both adipose tissue n-3 PUFAs fractions and ratios of n-3 PUFAs/AA were associated with a lower 
occurrence of MI, but ratios provided superior risk prediction. Dietary strategies affecting n-3/n-6 PUFA ratios should be 
further investigated for prediction of MI with dietary interventions at the population level and in intervention studies. (Am 

Heart J 2023;262:38–48.) 
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Background 

Clinical manifestations of cardiovascular disease (CVD) 
may be prevented through population-level strategies, in- 
cluding dietary approaches. 1 Among these, dietary con- 
sumption of n-3 polyunsaturated fatty acids (PUFAs) has 
been associated with reduced risk of both fatal and non- 
fatal cardiovascular (CV) events, including myocardial 
infarction (MI). 2 PUFAs in membrane phospholipids in- 
fluence physical and biologic properties of cell mem- 
branes. 2 Linoleic acid (LA) (18:2 n-6) and alpha-linolenic 
acid (ALA) (18:3 n-3) are essential nutrients. The former 
can be converted to arachidonic acid (AA) (20:4 n-6); the 
latter to eicosapentaenoic acid (EPA) (20:5 n-3), Docosa- 
pentaenoic acid (DPA, 22:5 n-3), and docosahexaenoic 
acid (DHA) (22:6 n-3). N-3 and n-6 PUFAs compete for 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2023.03.019&domain=pdf
mailto:raffaele.decaterina@unipi.it
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ahj.2023.03.019


American Heart Journal 
Volume 262 

Chiusolo et al 39 

the sn-2 positions in membrane phospholipids and for 
enzymes that convert members of both families into a 
wide array of bioactive oxylipins. 3 , 4 Current Western di- 
ets are low in n-3 but rich in n-6 PUFAs 5 as opposed to 

estimates of the ratios of these FA families throughout 
most of human evolution. 6 , 7 There is evidence from epi- 
demiologic studies for an inverse relationship between 

n-3 PUFAs and risk of CVD, while studies on intakes 8-10 

and biomarker-based data 11 , 12 have reported modest as- 
sociations of n-6 PUFAs with CVD risk. 13 CV benefits of 
n-3 PUFAs appear to be larger—if anything—than those 
of n-6 PUFAs. As these 2 families of FA compete for incor- 
poration in membrane phospholipids, it is plausible that 
their biological effects are in competition. 

Fractions of PUFAs in tissues in general, 14 , 15 and in the 
adipose tissue in particular, 16 provide an objective mea- 
sure of long-term PUFA intake, and are considered more 
reliable than largely used dietary questionnaires based on 

self-reported estimates of intake. 17 , 18 Thus, the halftime 
of adipose tissue is 1 to 2 years, which makes adipose tis- 
sue the gold standard biomarker of PUFAs. 16 The fraction 

of n-3 PUFAs in adipose tissue has previously been shown 

to be inversely associated with the risk of MI in the Diet, 
Cancer and Health cohort, 19 , 20 but whether fractions of 
marine n-3 PUFAs or ratios of n-3 to n-6 PUFAs in adi- 
pose tissue provide better prediction on development of 
future MIs remains unknown. 

We here aimed at investigating comparative associa- 
tions and predictive power of marine n-3 PUFAs fractions 
and selected ratios of n-3 to n-6 PUFAs in adipose tissue 
with the occurrence of MI over a long period of follow- 
up, and put these metrics in relation with food intakes 
obtained through dietary questionnaires. We speculate 
that such information may inform dietary advice. 

Methods 

The diet, cancer and health cohort 
The present study was based on data accrued from the 

Danish Diet, Cancer and Health cohort, which has pre- 
viously been described in detail. 21 Briefly, from 1993 to 

1997, 57,053 men and women from the general popula- 
tion, aged 50 to 65 years, born in Denmark, living in and 

around Aarhus and Copenhagen and with no previous 
diagnosis of cancer, were enrolled. During enrollment, 
all participants also completed a detailed questionnaire 
on health status, social factors, physical activity, educa- 
tion, smoking habits and alcohol consumption. In addi- 
tion, information on body weight, height, and blood pres- 
sure were collected, and adipose tissue samples were 
obtained (see below). Furthermore, all participants com- 
pleted a semi-quantitative 192-item food frequency ques- 
tionnaire. This food frequency questionnaire was devel- 
oped during the planning of the Diet, Cancer and Health 

cohort 22 and has been validated against 2 times 7-day diet 
records. 23 

Subjects with a prior diagnosis of MI as well as par- 
ticipants with missing information on exposure and/or 
covariates were excluded from the analysis ( Figure 1 ). 
Adipose tissue samples were collected at baseline, but 
PUFA composition was determined only in subjects ex- 
per iencing an MI dur ing follow-up (N = 2,406) and in 

a subcohort of randomly selected subjects (n = 3,500) 
and analyzed using a case-cohort design. The study was 
conducted according to the Helsinki Declaration, and ap- 
proved by the ethics review boards of the participating 
institutions and the Danish Data Protection Agency. All 
participants gave written informed consent to the use of 
their data for scientific purposes. 

Adipose tissue biopsy and analysis 
Biopsy specimens of subcutaneous adipose tissue were 

obtained from the buttocks of all participants using 
a Luer-lock syringe (Terumo, Terumo Corp, Tokyo, 
Japan). 24 Biopsy tissue were flushed with nitrogen and 

stored at −150 °C. Before analysis, biopsies were thawed 

and 1 to 2 mg of adipose tissue prewarmed at 50 °C for 
10 minutes. In the next step, the fat tissue was dissolved 

in heptane at 50 °C, and FAs were trans-esterified by 2 

mol/L KOH in methanol at 50 °C for 2 minutes, accord- 
ing to the International Union of Pure and Applied Chem- 
istry Standard Methods for the Analysis of Oils, Fats, and 

Derivatives. FA composition was determined through gas 
chromatography by using a Varian 3900 gas chromato- 
graph with a cyanopropyl phase (CP)-8400 autosampler 
(Varian, Middleburg, the Netherlands) equipped with a 
flame ionization detector. Split injection mode, a CP-sil 
88 60-m length × 0.25-mm internal diameter capillary 
column, temperature programming from 90 °C to 210 

°C, and constant flow were used. Helium was the carrier 
gas, and commercially available standards (Nu-Chek-Prep 

Inc, Elysian, MN) were used to identify the individual FAs. 
Results for individual FAs were given as weight percent- 
age (fraction) of total FAs. The between-assay coefficients 
of variation were: for EPA 6.4%; for DPA 3.5%; for DHA 

4.1%; for ALA 1.9%; for AA 3.9%; and for LA 0.8%. 

Outcome assessment 
Incident cases of MI were identified through nation- 

wide Danish registries (International Classification of Dis- 
ease [ICD]-8 codes 410.00–410.99; ICD-10 codes: I21.0–
I21.9) including the Danish National Patient Register 25 

and the Danish Causes of Death Register. 26 A previous 
validation study including MI cases up to 2003 found a 
positive predictive value > 92% for MI based on review 

of medical records when diagnoses were obtained from 

a hospital ward. 19 , 27 All validated cases of MI from the 
validation study were immediately accepted as cases for 
the present study and from January 2004 through July 
2013, all participants with an incident MI diagnosed from 

a hospital ward were accepted as cases without further 
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Figure 1 

Flowchart of cases and subcohort participants. 

validation. All other potential cases were validated by re- 
viewing a complete list of diagnoses and interventional 
procedures recorded in the Danish National Patient Reg- 
ister. Additionally, cases of cardiac arrest (ICD-8: 427.27 

and ICD-10: I46.0-I46.9) were also included if the arrest 
was considered to be related to MI after assessment of 
each individual case. Participants were followed until in- 
cident MI, death, emigration from Denmark or end of the 
15 years follow-up from baseline evaluation. 

Statistical analyses 
We used hazard rate ratios (HRs) to investigate the as- 

sociations between adipose tissue fraction of n-3 PUFAs 
or ratios of n-3 to n-6 PUFAs with the occurrence of inci- 
dent MI. We interpreted the obtained HRs as measures of 
relative risk. PUFAs in adipose tissue were categorized 

into quintiles. HRs with 95% confidence intervals (CI) 
were estimated using weighted Cox proportional haz- 
ard regression with time-in-study as the underlying time 
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scale. All cases were assigned a weight equal to one, 
whereas all noncases in the subcohort were assigned a 
weight calculated as the ratio between the number of 
noncases in the cohort divided by the number of non- 
cases in the subcohort. 28 This weighting approach has 
previously been shown to perform well in a validation 

study compared with most other commonly used case- 
cohort estimators. 29 Each noncase in the subcohort was 
assigned a weight of 17.3 (52,117/3,018). Standard errors 
were estimated using a robust variance estimator. 

The predictive performance of the exposure metrics of 
interest was quantified by the Harrell’s C-index. 30 The C- 
index (sometimes called C-statistic) is considered a rank- 
correlation measure, and corresponds to the area un- 
der the receiver operating characteristics in a logistic 
regression. 31 A perfect predictive performance has a C- 
index = 1, while the absence of any predictive perfor- 
mance has a C-index = 0.5. The predictive performance 
of the exposures was reported as the differ ence in C- 
index when adding the exposure to the model. 

We examined the associations and predictive perfor- 
mance for MI of the fraction of marine n-3 PUFAs 
(EPA + DPA + DHA, EPA + DHA or EPA) and the fol- 
lowing ratios (R) of n-3 and n-6 PUFAs: 

• R1, ratio between the principal 20-carbon atom key 
products of the n-3 and n-6 pathways (EPA/AA); 
• R2, ratio between the n-3 pathway final product and 

the key product of the n-6 pathway (DHA/AA); 
• R3, ratio between the major biological active marine 

n-3 PUFAs and the key product of the n-6 pathway 
[(EPA + DHA)/AA]; 
• R4, ratio between the total fraction of long-chain n- 

3 PUFAs and the key product of the n-6 pathway 
[(EPA + DPA + DHA)/AA]; 
• R5, ratio between the total fraction of n-3 PUFAs 

and the sum of the key product and main pre- 
cursor within n-6 PUFAs [(EPA + DPA + DHA + 

ALA)/(AA + LA)]; 
• R6, ratio between total fraction of n-3 PUFAs exclud- 

ing DPA and the total fraction of n-6 PUFAs ([EPA 

+ DHA + ALA]/[AA + LA]). 

We conducted age- and sex-adjusted analyses (Model 1) 
as well as multivariable analyses (Model 2) including addi- 
tional adjustment for duration of schooling ( ≤7, 8-10, or 
> 10 years), smoking (never, former or current smoker of 
< 15, 15-25, > 25/day), physical activity (h/week), waist 
circumference (cm), body mass index (kg/m 

2 ), alcohol 
intake (g/day) and history of diabetes mellitus, hyperten- 
sion and hypercholesterolemia. “Hypercholesterolemia,”
in particular, was defined as self-reported hypercholes- 
terolemia and/or use of lipid-lowering treatment. “Hy- 
pertension” was defined as self-reported hypertension 

and/or use of anti-hypertensive medications.” Exposures 
of interest and continuous adjustment covariates were 
modeled using restricted cubic splines with 3 knots. 

In order to allow a practical translation of differences 
here investigated in fractions vs ratios into differences in 

dietary intakes, we finally created radar plots relating the 
underlying dietary pattern with adipose tissue content 
of EPA + DHA (fraction) and EPA/AA (ratio) within the 
subcohort. To do this, with data available on 18 selected 

foods and beverages through dietary questionnaires sub- 
mitted to participants in the cohort at enrollment, we 
calculated the median residual energy-adjusted intakes 
of these dietary components as occurring in the highest 
and lowest quintile of adipose tissue EPA + DHA frac- 
tion and in the highest and lowest quintile of EPA/AA ra- 
tio, and expressed such intakes as percent of the overall 
median intakes in the cohort. Thus, interquintile differ- 
ences in the selected FA metrics were related to food in- 
takes as derived from the questionnaire. We then plotted 

these interquintile differences in the indicated adipose 
tissue FA fraction and ratio for each of the 18 food cate- 
gories assessed in the questionnaire. This visual represen- 
tation, already previously adopted by us, 32 allows to pin- 
point which differences in dietary intake correlates (and 

likely—by reasonable inference—causes) relevant differ- 
ences in FA incorporation indices here investigated, as 
well as, eventually, differences in the occurrence of MI. 

Probability ( P ) values < .05 were considered statisti- 
cally significant. We used the STATA, version 16 (Stata- 
Corp LP, Lakeway Drive College Station, TX) software for 
statistical analyses. 

Results 

Study population 

From the original cohort and after exclusions we iden- 
tified 2,406 participants with an incident diagnosis of 
MI ( Figure 1 ). Baseline characteristics of cases and the 
subcohort (N = 3,165) are provided in Table 1 . Estab- 
lished risk factors were more prevalent among partic- 
ipants who later became cases compared with partici- 
pants in the subcohort. Cases were characterized by a 
larger proportion of men, current smokers and individu- 
als with a shorter duration of schooling, higher age, alco- 
hol intake, body mass index, and waist circumference, as 
well as with lower levels of physical activity. 

Associations between fractions of n-3 PUFAs and 

ratios of n-3 to n-6 PUFAs with MI 
In analyses adjusted for age and sex (Model 1), we 

found that both the fraction of EPA + DHA, EPA and 

the ratios EPA/AA, DHA/AA, (EPA + DHA)/AA and 

(EPA + DPA + DHA)/AA were inversely associated, in a 
dose-dependent manner, with the risk of MI, while no ap- 
preciable associations were found for EPA + DHA + DPA, 
(EPA + DPA + DHA + ALA)/(LA + AA) and 

(EPA + DHA + ALA)/(LA + AA) ( Table 2 ). Similar pat- 
terns of association were observed in analyses adjusted 

for established risk factors (Model 2), but the observed 
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Table 1. Baseline characteristics of the study population 

Subcohort (n = 3,165) Myocardial infarction (n = 2,406) 

Sex (%) 
Males 53.5 72.2 
Females 46.5 27.8 

Age at enrolment (y) 56.3 58.3 
Length of schooling (%) 

≤7 y 32.8 43.2 
8-10 y 45.0 40.3 
> 10 y 22.2 16.5 

Smoking (%) 
Never 34.9 20.7 
Former 29.1 26.7 
Current < 15 g/d 13.4 15.6 
Current 15-25 g/d 15.8 23.7 
Current > 25 g/d 6.8 13.2 

Physical activity (hours/week) 2.5 (0.0; 8.0) 2.0 (0.0; 7.5) 
Waist circumference (cm) 1 90 (73; 106) 95 (79; 111) 
Body mass index (kg/m 

2 ) 1 25.7 (21.8; 31.2) 26.8 (22.6; 32.7) 
Alcohol intake (g/d) 1 13.7 (1.7; 48.1) 13.9 (1.2; 56.9) 
Hypercholesterolemia 7.4 13.0 
Hypertension 15.8 25.6 
Diabetes mellitus 2.1 4.8 
Fatty acids in adipose tissue 

EPA + DPA + DHA (%) 0.63 (0.40; 0.99) 0.62 (0.39; 0.94) 
EPA + DHA (%) 0.36 (0.21; 0.61) 0.35 (0.20; 0.57) 
EPA (%) 0.10 (0.05; 0.16) 0.09 (0.05; 0.16) 
EPA/AA (ratio %) 0.26 (0.16; 0.46) 0.25 (0.16: 0.44) 
DHA/AA (ratio %) 0.72 (0.40; 1.30) 0.67 (0.38: 1.21) 
EPA + DHA/AA (ratio %) 1.72 (1.11. 2.79) 1.65 (1.08; 2.61) 
EPA + DPA + DHA/AA (ratio %) 0.14 (0.11; 0.17) 0.14 (0.11; 0.17) 
EPA + DPA + DHA + ALA/AA + LA (ratio %) 0.11 (0.09; 0.14) 0.11 (0.09; 0.14) 
EPA + DHA + ALA/AA + LA (ratio %) 0.98 (0.57; 1.74) 0.92 (0.55; 1.62) 

Continuous covariates are presented by the median (10th; 90th percentile) and categorical variables are given in percentage. 

associations were attenuated compared to analyses ad- 
justed for age and sex alone ( Table 2 ). 

Predictive performance of fractions of n-3 PUFAs and 

ratios of n-3 to n-6 PUFAs on future MI 
In analyses adjusted for age and sex, we found that 

the fraction of total marine n-3 PUFAs, EPA + DHA, EPA, 
as well as ratios of EPA/AA, DHA/AA, (EPA + DHA)/AA 

and (EPA + DPA + DHA)/AA refined risk prediction over 
age and sex alone ( Table 3 ). However, the EPA/AA ra- 
tio, the (EPA + DHA)/AA ratio, the DHA/AA ratio and 

the (EPA + DPA + DHA)/AA ratio were the only met- 
rics that provided additional statistically significant risk 

predictions in multivariable analyses, with the lowest P - 
value achieved with the EPA/AA ratio ( Table 3 ). 

Dietary patterns underlying marine n-3 PUFAs and 

the EPA/AA ratio 

By correlating adipose tissue FA analyses with results of 
the dietary questionnaires, the radar plot created visually 
describes the underlying average dietary pattern in sub- 
jects in the highest and lowest quintile of EPA + DHA and 

in those in the highest and lowest quintile of EPA/AA, re- 

spectively. Interquintile differences (highest quintile mi- 
nus lowest quintile in EPA + DHA vs highest minus low- 
est quintile of EPA/AA) were overall not prominent, and 

practically absent for medium and fatty fish, but mostly 
apparent in categories depicting the intake of vegetable 
oils and mayonnaises, margarines, butter and animal fat, 
processed meat and fruit and vegetables, which are food 

categories that reflect the intake of n-6 PUFAs ( Figure 2 ). 

Discussion 

In this large case-cohort study, we found that the 
fraction in adipose tissue of EPA + DHA, EPA and 

ratios of EPA/AA, DHA/AA, (EPA + DHA)/AA and 

(EPA + DPA + DHA)/AA were all inversely associated, 
in a dose-dependent manner, with the risk of MI dur- 
ing 15 years of follow-up. In analyses exploring the pre- 
dictive performance measured by Harrel’s C-index, we 
found that the fraction of marine n-3 PUFAs as well as 
ratios of EPA/AA, DHA/AA and (EPA + DPA + DHA)/AA 

in adipose tissue refined risk prediction over age and sex 

alone. However, in multivariable analyses the above ra- 
tios were the only metrics that provided additional statis- 
tically significant risk predictions. The incremental value 
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Table 2. Associations between adipose tissue fraction of n-3 PUFAs and ratios of n-3/n-6 PUFAs and risk of myocardial infarction 

Model 1 Model 2 
Hazard ratio (95% CI) Hazard ratio (95% CI) 

EPA + DPA + DHA 

Q1 (0.15-0.48) 1 (reference) 1 (reference) 
Q2 (0.48-0.58) 1.06 (0.89; 1.26) 1.09 (0.90; 1.31) 
Q3 (0.58-0.69) 0.94 (0.79; 1.12) 0.98 (0.81; 1.19) 
Q4 (0.69-0.84) 0.98 (0.82; 1.17) 1.10 (0.90; 1.34) 
Q5 (0.84-2.36) 0.79 (0.66; 0.94) 0.80 (0.65; 0.99) 

EPA + DHA 

Q1 (0.06-0.26) 1 (reference) 1 (reference) 
Q2 (0.26-0.32) 0.86 (0.72; 1.03) 0.82 (0.68; 0.99) 
Q3 (0.32-0.40) 0.87 (0.73; 1.03) 0.91 (0.75; 1.10) 
Q4 (0.40-0.51) 0.83 (0.70; 1.00) 0.91 (0.75; 1.11) 
Q5 (0.51-1.76) 0.63 (0.52; 0.76) 0.65 (0.53; 0.80) 

EPA 

Q1 (0.02-0.07) 1 (reference) 1 (reference) 
Q2 (0.07-0.09) 0.99 (0.84; 1.17) 1.01 (0.84; 1.21) 
Q3 (0.09-0.11) 0.84 (0.70; 0.99) 0.85 (0.70; 1.04) 
Q4 (0.11-0.14) 0.87 (0.73: 1.04) 0.88 (0.73; 1.07) 
Q5 (0.14-0.50) 0.71 (0.60; 0.85) 0.75 (0.61; 0.92) 

R1 (EPA/AA) 
Q1 (0.06-0.18) 1 (reference) 1 (reference) 
Q2 (0.18-0.23) 0.96 (0.80; 1.14) 1.05 (0.87; 1.28) 
Q3 (0.23-0.29) 0.82 (0.68; 0.98) 0.90 (0.74; 1.10) 
Q4 (0.29-0.38) 0.66 (0.55; 0.79) 0.82 (0.67; 1.00) 
Q5 (0.38-2.00) 0.57 (0.47; 0.69) 0.77 (0.62; 0.95) 

R2 (DHA/AA) 
Q1 (0.10-0.50) 1 (reference) 1 (reference) 
Q2 (0.50-0.64) 0.86 (0.72; 1.02) 0.85 (0.70; 1.03) 
Q3 (0.64-0.80) 0.86 (0.72; 1.02) 0.96 (0.79; 1.15) 
Q4 (0.80-1.05) 0.65 (0.55; 0.78) 0.79 (0.66; 0.96) 
Q5 (1.05-6.00) 0.56 (0.47; 0.67) 0.74 (0.61; 0.91) 

R3 (EPA + DHA)/AA 

Q1 (0.59-1.28) 1 (reference) 1 (reference) 
Q2 (1.28-1.58) 0.88 (0.74; 1.04) 0.91 (0.75; 1.10) 
Q3 (1.58-1.89) 0.78 (0.65; 0.92) 0.89 (0.73; 1.08) 
Q4 (1.89-2.33) 0.65 (0.55; 0.78) 0.80 (0.66; 0.97) 
Q5 (2.33-10.73) 0.55 (0.46; 0.66) 0.75 (0.61; 0.92) 

R4 (EPA + DPA + DHA)/AA 

Q1 (0.04-0.12) 1 (reference) 1 (reference) 
Q2 (0.12-0.13) 0.85 (0.71; 1.01) 0.90 (0.75; 1.09) 
Q3 (0.13-0.14) 0.78 (0.66; 0.93) 0.90 (0.74; 1.09) 
Q4 (0.14-0.16) 0.69 (0.58; 0.82) 0.84 (0.69; 1.03) 
Q5 (0.16-0.30) 0.57 (0.48; 0.69) 0.79 (0.64; 0.97) 

R5 (EPA + DPA + DHA + ALA)/(LA + AA) 
Q1 (0.03-0.10) 1 (reference) 1 (reference) 
Q2 (0.10-0.11) 1.12 (0.93; 1.34) 1.00 (0.82; 1.23) 
Q3 (0.11-0.12) 1.21 (1.01; 1.45) 1.09 (0.89; 1.33) 
Q4 (0.12-0.13) 1.18 (0.99; 1.42) 1.09 (0.89; 1.33) 
Q5 (0.13-0.24) 1.06 (0.89; 1.28) 0.91 (0.74; 1.12) 

R6 (EPA + DHA + ALA)/(LA + AA) 
Q1 (0.25-0.70) 1 (reference) 1 (reference) 
Q2 (0.70-0.88) 1.11 (0.92; 1.33) 1.08 (0.88; 1.32) 
Q3 (0.88-1.10) 1.20 (1.00; 1.44) 1.12 (0.92; 1.37) 
Q4 (1.10-1.41) 1.12 (0.93; 1.35) 1.10 (0.90; 1.34 
Q5 (1.41-8.00) 1.07 (0.89; 1.28) 0.97 (0.79; 1.18) 

AA , arachidonic acid; ALA , alpha-linolenic acid; BMI , body mass index; CI , confidence interval; DHA ; docosahexaenoic acid; DPA , docosapentaenoic acid; EPA , 
eicosapentaenoic acid; HR , Hazard ratio; LA , linoleic acid; PUFA , polyunsaturated fatty acids; Q , quintile (with ranges of values). 
Model 1 included baseline age and sex; Model 2 included the variables of model A and duration of schooling, smoking, physical activity, waist circumference, body 
mass index, alcohol intake, hypercholesterolemia, hypertension and diabetes mellitus. 
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Figure 2 

Upper panel: Radar plot of the median intake of selected foods and beverages in the highest and lowest quintile of adipose tissue fraction 
of EPA + DHA and EPA/AA within the subcohort, relating differences in fatty acid tissue fraction to differences in food intake. The dots 
represent the percent interquintile differences in relation to the median intake of the specific food in the cohort. Lower panel: Differences 
between the highest and lowest quintiles in either the EPA + DHA fraction or in the EPA to AA ratio in the various classes of food intakes 
investigated by the dietary questionnaire. 
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Table 3. Additive predictive power, measured by Harrel’s C-index, of marine n-3 PUFAs fractions and ratios of n-3/n-6 PUFAs in relation 
to development of myocardial infarction 

Reference models Model 1 Model 2 

0.658 (0.644; 0.672) P -value 0.725 (0.712; 0.738) P -value 

�C-index (95% CI) 
EPA + DPA + DHA 0.003 (0.000; 0.006) .026 0.001 (-0.001; 0.002) .376 
EPA + DHA 0.005 (0.002; 0.009) .005 0.001 (-0.001; 0.003) .222 
EPA 0.006 (0.002: 0.009) .003 0.001 (-0.001; 0.003) .176 
R1 (EPA/AA) 0.010 (0.005; 0.015) < .001 0.002 (0.000; 0.004) .026 
R2 (DHA/AA) 0.012 (0.006; 0.017) < .001 0.002 (0.000; 0.004) .043 
R3 (EPA + DHA/AA) 0.012 (0.006; 0.017) < .001 0.002 (0.000; 0.004) .030 
R4 (EPA + DPA + DHA)/AA 0.010 (0.005; 0.015) < .001 0.002 (0.000; 0.003) .048 
R5 (EPA + DPA + DHA + ALA)/(LA + AA) 0.001 (-0.002; 0.003) .571 0.000 (-0.001; 0.002) .559 
R6 (EPA + DHA + ALA)/(AA + LA) 0.001 (-0.001; 0.003) .493 0.000 (-0.001; 0.002) .544 

AA , arachidonic acid; ALA , alpha-linolenic acid; BMI , body mass index; CI , confidence interval; DHA ; docosahexaenoic acid; DPA , docosapentaenoic acid; EPA , 
eicosapentaenoic acid; HR , Hazard ratio; LA , linoleic acid; PUFA , polyunsaturated fatty acids. 
Model 1 included baseline age and sex. 
Model 2 included the variables of model A and duration of schooling, smoking, physical activity, waist circumference, body mass index, alcohol intake, hypercholes- 
terolemia, hypertension and diabetes mellitus. 

of the ratios over the fractions could be related to the 
dietary intake of foods rich in n-6 FA, thus strongly sug- 
gesting that dietary competition between food categories 
rich in n-3 and n-6 FA occurs and this influences the fu- 
ture risk of MI. 

To our knowledge, this is the first study investigating 
and reporting associations of ratios of marine n-3/n-6 PU- 
FAs in adipose tissue with the long-term risk of incident 
MI, and to explore the predictive performance of these 
ratios in comparison with n-3 PUFA fractions. 

A previous cross-sectional study suggested correlations 
between imbalance in the ratio of serum n-3 to n- 
6 PUFAs—mainly EPA/AA—and the occurrence of an 

acute coronary syndrome. 33 Retrospective studies have 
reported associations of a reduced ratio of (EPA + DHA) 
to AA with early-onset acute coronary syndrome 34 or of 
the EPA/AA ratio with the complexity of coronar y arter y 
lesions. 35 Largely because of the uncertain relation of n-6 

PUFAs with CV risk—found for LA to be also inverse and 

directionally similar to n-3 PUFAs, 12 , 36 , 37 for uncertain- 
ties in describing metabolites of n-6 PUFAs as tout-court 
proinflammatory, and for uncertainties in expressing n-3 

to n-6 PUFAs ratios for FAs differing in chain length and 

differing number of unsaturations (reviewed in 

38 ), the 
entire concept of the n-3 to n-6 PUFAs ratio has been crit- 
icized. 38 Our study now, however, advances this research 

area in precisely defining several types of ratios, compar- 
ing these metrics with fractions of n-3 PUFAs, and relat- 
ing such metrics with the long-term occurrence of MI 
in an extended follow-up. Additional important strengths 
of our study are the use of measurements of n-3 and n-6 

PUFAs in adipose tissue aspirates—proven to be stable 
over years 39 and considered a gold standard biomarker 
of their long-term dietary intake 40 , 41 —and with only a 
few subjects lost to follow-up. Outcome data derive from 

the nationwide Danish national patient register and were 
validated through a review of medical records to ensure 
a correct diagnosis of MI according to current cr iter ia. 
In addition, study participants were extensively charac- 
terized at baseline, and we could perform an extensive 
adjustment for potential confounders. A final strength is 
the correlation of the interquintile differences of the adi- 
pose tissue fraction of EPA + DHA and of the EPA/AA 

ratio with differences in food intake, providing a transla- 
tional message for possible dietary advice. 

We also recognize limitations. Disadvantaged popula- 
tion groups tend to have a less healthy diet, and are often 

underrepresented in cohort studies requiring active par- 
ticipation, as in the Diet, Cancer and Health study. 21 Fur- 
thermore, we excluded all participants with MI before 
the study period, but not participants with other CVD 

who may have been at increased risk of MI. We did not 
have access to plasma or cells (eg, red blood cells), so 

we were unable to compare the fraction of n-3 PUFAs in 

adipose tissue with that in plasma or cells. The content 
of PUFAs in adipose tissue is considered the best long- 
term biomarker of intake of PUFAs reflecting the intake 
over 1 to 2 years, whereas content in plasma or erythro- 
cytes may reflect intake over days to few months. 16 Lim- 
ited data exist on the relationship between the content of 
PUFAs in plasma or cells and adipose tissue, but previous 
findings in adults (n = 75) suggested a high correlation 

between content of EPA (r = 0.57) and modest correla- 
tions between AA (r = 0.32) and LA (r = 0.27) in plasma 
phospholipids and adipose tissue, while no appreciable 
correlation was found for DHA. 42 Also, another study in 

adults (n = 27) reported high correlations between con- 
tent of PUFAs in plasma nonesterified fatty acids and adi- 
pose tissue. 43 However, it should be emphasized that the 
markedly lower time frame that circulating biomarkers 
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in plasma and cells reflect PUFA consumption compared 

with adipose tissue implies that correlations between PU- 
FAs in these lipid fractions will not be very high. 

The fraction of n-3 PUFAs in adipose tissue depends 
not only on dietary intake but also on conversion from 

other FAs and on the metabolism and distribution of FAs 
into different tissues in the body. However, humans can 

convert ALA, a shorter essential n-3 PUFA mainly derived 

from plants, into EPA and DPA to only a very limited de- 
gree, and further conversion to DHA is even smaller 44 ; to 

this regard, previous data have documented correlations 
between EPA, DHA and AA dietary intake and adipose 
tissue fractions. 16 Also, the conversion of LA to AA only 
occurs to a limited extent in humans, and tissue levels are 
likely mainly determined by food sources rich in AA, such 

as meat and eggs. 45 Another limitation is that changes in 

diet (and lifestyle habits) during follow-up may not be 
captured by analyses on a single biopsy specimen taken 

at the beginning of the follow-up, but this limitation is 
most important when examining dietary exposures than 

FA tissue incorporation, which objectively reflects the 
average dietary intake on an extended time period (1-2 

years), 16 We also recognize that the “fraction” of n-3 FAs, 
here analyzed in contrast with several ratios of n-3 and 

n-6 FAs as to its relation with the incident risk of MI, is 
itself a “ratio,” being a percentage of the n-3 FA analyzed 

over the total FAs. Still, for practical purposes, the “n-3 to 

n-6 FA ratio,” when expressed in specific terms, appears 
to be a useful concept to describe relationships with out- 
comes and dietary patterns. Finally, albeit the predictive 
performance of ratios here investigated proved to be sta- 
tistically superior to that of fractions alone, differences in 

predictive performance were small when considering es- 
tablished risk factors for MI, probably reflecting the pre- 
dominant negative association of n-3 PUFAs over the ef- 
fect of n-6 PUFAs and the possible intercorrelations of 
risk factors themselves with dietary habits. 

Another limitation was that we did not have informa- 
tion on lipid profile and were therefore not able to ex- 
plore mechanistic insight into associations between n-3 

PUFAs or ratios of n-3/n-6 PUFAs and plasma lipoproteins. 
LA has been associated with lowering of low-density 
lipoprotein cholesterol (LDL-C), while marine n-3 PUFAs 
obtained through dietary sources may lower tr iglycer ide 
levels, but not have no appreciable effect on plasma LDL- 
C. Few studies have suggested that marine n-3 PUFAs may 
increase and improve the functionality of high-density 
cholesterol (HDL-C). 46 However, the clinical implications 
of potential HDL-C raising effects of marine n-3 PUFAs on 

CVD risk are uncertain as HDL-C raising drugs have not 
proven to reduce CVD and recent Mendelian randomiza- 
tion studies have suggested that HDL-C is not causally 
associated with CVD risk. 47 

The radar plot depicting dietary intakes in extreme 
quintiles of the FA metrics investigated, offered a descrip- 
tive insight into the underlying dietary pattern of the in- 

dividuals analyzed. As expected, between-quintile differ- 
ences for EPA + DHA fraction and the EPA/AA ratio were 
minor. Both interquintile differences are characterized by 
differences in consumption of fatty fish. The 2 metrics, 
however, differ in that the EPA/AA ratio appears more re- 
lated than the EPA + DHA fraction to intakes of vegetable 
oils and mayonnaises, margarines, butter and animal fat, 
processed meat and fruit and vegetables, which are food 

categories that reflect the intake of n-6 PUFAs as well as 
intake of saturated fat. These differences are not large but 
suggest that not only a high consumption of fatty fish, but 
also a low consumption of some n-6 FA-containing foods 
affect the risk of developing future MIs. 

Conclusions 

Subjects from a general population with higher ratios 
of EPA/AA, DHA/AA, (EPA + DHA)/AA, total marine n-3 

FA/AA or with high EPA and EPA + DHA fractions in adi- 
pose tissue had a lower future occurrence of MI in this 
large case-cohort study, providing an answer to the orig- 
inal research question. The selected ratios showed im- 
proved prediction of future MI, also after multiple adjust- 
ment for covariates, over metrics of n-3 FA fractions in 

adipose tissue alone. The interplay between n-3 and n-6 

PUFAs in the diet and in membrane incorporation should 

therefore be considered in future studies for better risk 

stratification, and also in intervention studies with n-3 

PUFAs, such as the recent REDUCE-IT trial, 48 to predict 
subjects with a higher response to treatment in reducing 
risk of future MI and—possibly—of other atherothrom- 
botic events. 
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