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Background—High dietary intake of linolenic acid is associated with a lower risk of cardiovascular disease mortality.
However, little is known about the association between linolenic acid and subclinical atherosclerosis.
Methods and Results—To examine the association between dietary linolenic acid measured by food frequency questionnaire
and calcified atherosclerotic plaque in the coronary arteries (CAC) measured by cardiac CT, we studied 2004 white
participants of the National Heart, Lung, and Blood Institute (NHLBI) Family Heart Study aged 32 to 93 years. The presence
of CAC was defined on the basis of total CAC score of ⱖ100. We used generalized estimating equations to estimate odds
ratios for the presence of CAC across quintiles of linolenic acid. The average consumption of dietary linolenic acid was
0.82⫾0.36 g/d for men and 0.69⫾0.29 g/d for women. From the lowest to the highest quintile of linolenic acid, adjusted odds
ratios (95% CI) for the presence of CAC were 1.0 (reference), 0.61 (0.42 to 0.88), 0.55 (0.35 to 0.84), 0.57 (0.37 to 0.88),
and 0.35 (0.22 to 0.55), respectively (P for trend ⬍0.0001), after we controlled for age, gender, education, family risk group,
smoking, fruit and vegetable intake, history of coronary artery disease, hypertension, diabetes mellitus, and statin use. When
linolenic acid was used as a continuous variable, the multivariate adjusted odds ratio was 0.38 (95% CI, 0.24 to 0.46) per gram
of linolenic acid intake. Use of different cut points for CAC score yielded similar results.
Conclusions—Consumption of dietary linolenic acid is associated with a lower prevalence of CAC in a dose-response
fashion in white men and women. (Circulation. 2005;111:2921-2926.)
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C

oronary artery disease (CAD) is the leading cause of
death in the United States. Early identification of people
at risk is important for primary and secondary prevention.

more prognostic information on hard CAD end points (ie,
myocardial infarction and coronary death) than angiography
in symptomatic CAD patients.5,6 Dietary ␣-linolenic acid
(ALA) has been associated with a lower rate of fatal and
nonfatal coronary events.7–10 ␥-Linolenic acid has been
shown to lower blood pressure11,12 and triglycerides, raise
HDL, decrease platelet aggregation and serum thromboxane
B2, and enhance vascular production of prostacyclin.13–15 It is
not known whether total linolenic acid (ALA plus ␥-linolenic
acid) influences the rate of atherosclerosis progression or is
associated with subclinical atherosclerosis as measured by
cardiac CT. Previous studies have indicated that ALA might
inhibit cytokine production (interleukin-1␤ and tumor necrosis factor-␣)16 and therefore slow the progression of atherosclerosis. In addition, ALA is a precursor of eicosapentaenoic
acid, which can inhibit arachidonic acid metabolism compet-
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Calcium deposition in the arterial walls occurs early during
the atherosclerotic process. With the formation of atheroma,
the calcified atherosclerosis plaque component is designated
as a type Vb lesion in the American Heart Association
classification.1 Histological studies have indicated a high
correlation between the extent of calcified atherosclerotic
plaque in the coronary arteries (CAC) and total burden of
atherosclerotic plaques2,3 and the likelihood of vulnerable
plaques.4 CAC can be measured noninvasively by multidetector CT, which uses ECG gating. Studies have demonstrated that CAC extent measured by cardiac CT provides
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itively via enzymatic pathways, thus preventing the production of proinflammatory markers.17 The metabolism of ␥-linolenic acid yields antiinflammatory products such as
prostaglandin E1 and 15-hydroxy-dihomo-␥-linolenic acid.14
If this is true, one would expect less CAC among subjects
consuming higher concentrations of dietary linolenic acid.
In the present study we used data collected on 2004 white
participants of the National Heart, Lung, and Blood Institute
(NHLBI) Family Heart Study (FHS) to determine whether
dietary consumption of total linolenic acid (ALA plus ␥-linolenic acid) is associated with a lower prevalence of CAC in men
and women.

Methods
Study Population
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Participants in this project were members of the NHLBI FHS in
whom coronary calcified plaque was measured by cardiac gated
multidetector CT (cardiac CT). A detailed description of the NHLBI
FHS has been published.18 Briefly, families in the study had been
chosen randomly (random group) or on the basis of a higher than
expected risk of CAD (high-risk group) from previously established
population-based cohort studies. Between 1993 and 1995, groups of
individuals participating in each of the parent studies were selected
at random and invited to furnish an updated family health history that
contained information on their parents, children, and siblings. Of
4679 individuals contacted, responses were obtained from 3150
(67%); their family members were then contacted, and self-reported
health data were obtained from a total of 22 908 individuals (86% of
those contacted). From the families responding to the health questionnaire, 588 families were chosen at random, and 566 families
were selected on the basis of higher than expected risk of CHD. The
high-risk group was defined on the basis of a family risk score,
which compares the family’s age and sex-specific incidence of CHD
to that expected in the general population.19 All members of these
families were invited to come to one of the 4 study clinics for an
⬇4-hour clinical evaluation. The evaluation consisted of a detailed
medical and lifestyle history, obtained through interview. All interviewers were trained centrally and required periodic certification;
standardization of interviews was facilitated by periodic review of
taped interviews and by frequent circulation of the distributions of
responses obtained by different interviewers and different centers.
During the initial clinic visit (1993–1995) at one of the study centers,
a detailed medical and lifestyle history was obtained through
interview, and laboratory measurements were done.

Follow-Up Examination
Between 2002 and 2003, approximately two thirds of the families
(largest families available who also had genome-wide anonymous
markers typed by the Mammalian Genotyping Service) of the
NHLBI FHS were invited to participate in a clinical examination that
included measurement of CAC with cardiac CT. In addition to the
initial study centers, an all-black center, University of Alabama,
Birmingham, was recruited from the Hypertension Genetic Epidemiology Network study. Participants of the latter center also underwent clinical evaluation including cardiac CT. This report is restricted to the initial NHLBI FHS because dietary data were not
available among subjects from the Alabama field center.
Family members were invited to attend a brief clinic visit, where
medical and personal history questionnaires were obtained, blood
pressure and anthropometric measurements were taken, and blood
samples were collected for a lipid profile. After this examination,
participants underwent CAC measurements as described below. The
current analyses are based on 2004 white participants with complete
data on diet and CAC score. Each participant gave informed consent,
and the study protocol was reviewed and approved by each of the
participating institutions.

Measurement of CAC
Cardiac CT examinations from the 4 FHS CT sites that had previous
data on diet are part of this analysis, and cardiac CT devices capable of
4 or 8 slices were utilized. The specific systems were General Electric
Health Systems LightSpeed Plus and LightSpeed Ultra, Siemens Volume Zoom, and Philips MX 8000. Examinations were performed with
the use of the same protocol as that used in the Multi-Ethnic Study of
Atherosclerosis of the NHLBI.20 The scans were performed with the use
of prospective ECG gating at 50% of the cardiac cycle, 120 kV, 106
mA, 2.5-mm slice collimation, 0.5-second gantry rotation, and a partial
scan reconstruction resulting in a temporal resolution of from 250 to 300
ms. Images were reconstructed with the use of the standard algorithm
into a 35-cm display field of view. All participants were imaged with a
calcium calibration standard within the imaging field (Image Analysis).
For participants weighing ⱖ100 kg (ⱖ220 lb), the mAs was increased
by 25%. The scan through the heart was repeated after a 1-minute pause
during the same examination, resulting in 2 sequential scans for
measurement of CAC. The effective radiation exposure for the average
participant of each coronary scan was 1.5 milli-Sievert (mSv) for men
and 1.9 mSv for women.
CT images from all sites were sent electronically to the central CT
reading center at Wake Forest University Health Sciences, Winston
Salem, NC. Trained CT analysts using dedicated hardware (GE
Advantage Windows Workstation) and software (GE SmarScore)
identified CAC in the epicardial coronary arteries, and an Agatston
score modified to account for slice thickness was calculated with the
use of a 130 CT number threshold and a minimum lesion size of
0.9 mm (ie, 2-pixel connectivity filter). In this report the sum of the
vessel plaque is reported as the total CAC score. The total CAC
scores from the first and second measurements were then averaged.
For these analyses, we dichotomized the distribution of CAC score
at an Agatston score of ⱖ100 for the following reasons: (1) we
desired a level of plaque burden that would likely result in a degree
of luminal narrowing as manifest at coronary angiography5; and (2)
pending results from the Saint Francis Heart Study indicate that an
Agatston score threshold of 100 resulted in a 10-fold increase in risk
of events (A. Guerci, unpublished data, 2003; data also presented at
the American College of Cardiology, 2003). Nonetheless, we conducted sensitivity analyses to assess the robustness of our findings to
different cutoff points (CAC score of 0, 50, and 150) to define the
presence of calcified atherosclerotic plaque.

Dietary Assessment
We used a semiquantitative food frequency questionnaire developed
by Willett et al21 to collect data on dietary linolenic acid and other
dietary information. The reproducibility and validity of this food
frequency questionnaire have been documented elsewhere.22,23 The
intake of specific nutrients was computed by multiplying the
frequency of consumption of an item by the nutrient content of
specified portions. Composition values for total linolenic acid and
other nutrients were obtained from the Harvard University Food
Composition Database derived from US Department of Agriculture
sources24 and manufacturer information. Major sources for dietary
linolenic acid were salad dressing and canola oil in this population.

Blood Collection and Assays
All participants were asked to fast for 12 hours before their arrival at
the study center. Evacuated tubes without additives were used to
collect samples for lipids; blood samples were then spun at 3000g for
10 minutes at 4°C. Sera were stored at ⫺70°C until shipped
periodically to a central laboratory at the Fairview University
Medical Center in Minneapolis, Minn, for processing.
Triglycerides concentrations were measured with the use of
triglycerides GB reagent on the Roche COBAS FARA method. In
this method, free glycerol is eliminated in an initial blank reaction
that differs from the final reaction only in the omission of lipase and
4-aminophenazone. The initial reaction is followed by enzymatic
hydrolysis of triglycerides with lipase and determination of the
liberated glycerol by an enzymatic, colorimetric reaction of peroxide
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and 4-aminophenazone to form color that is directly proportional to
the amount of triglycerides present in the sample.
Serum total cholesterol was measured by a commercial cholesterol
oxidase method on a Roche COBAS FARA analyzer. HDL cholesterol quantification was performed with the aforementioned cholesterol method after precipitation of non–HDL cholesterol with magnesium/dextran. For samples with triglycerides concentrations
⬍4.5 mmol/L (400 mg/dL), LDL cholesterol was calculated with the
Friedewald formula.25 For subjects with higher levels of triglycerides, LDL cholesterol quantification was performed on EDTA
plasma by ultracentrifugation.
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150); (2) level of educational attainment (up to high school graduate,
some college, college graduate, and more); (3) ratio of n-6 to n-3,
using median value as cut point; and (4) reported frequency of
weekly fish consumption (0, 1, ⱖ2).
We also evaluated whether our findings were influenced by the
presence of cardiovascular disease. For these analyses, we excluded
subjects with (1) history of myocardial infarction and/or PTCA and
(2) history of myocardial infarction and/or PTCA, hypertension, or
stroke. Significance level was set at 0.05. All analyses were
performed with the use of SAS, release 8.02, Windows version 5.1
(SAS Institute Inc).

Other Variables
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Information on cigarette smoking, alcohol intake, and education was
obtained by interview during the clinic visit. The type of salad
dressing consumed and the frequency of fish intake and fruit and
vegetable consumption were obtained from the food frequency
questionnaire. Level of physical activity during the previous year
was estimated through self-reports. Anthropometric data were collected with participants wearing scrub suits. Diabetes mellitus was
present if a subject was taking hypoglycemic agents or if a physician
had told him/her that he/she has diabetes mellitus or if fasting
glucose was ⬎7 mmol/L. Individuals were defined as a case of CAD
if there was a self-reported history of myocardial infarction, percutaneous transluminal coronary angioplasty (PTCA), or coronary
artery bypass graft or if abnormal Q waves (Minnesota codes 1.1 to
1.2) were detected on a resting 12-lead ECG. All variables used in
these analyses were ascertained during the follow-up examination
except dietary linolenic acid and education, which were only
collected during the initial examination.

Statistical Analyses
Of the 5710 white participants in the initial FHS Study, data on
linolenic acid were available on 4883; of those, 2268 had data from
a cardiac CT. We excluded 264 subjects from the analyses because
of (1) history of coronary artery bypass graft surgery (n⫽143)
(because of the likelihood that existing grafts may be occluded and
calcified, thus leading to higher CAC score) and (2) probable errors
on food frequency questionnaires (n⫽121) ([a] answers on the food
frequency questionnaire judged by the interviewer as unreliable or
⬎18 items left blank on the dietary questionnaires [n⫽55] or [b]
energy intake outside a priori ranges [acceptance range⫽3347.2 to
17 572.8 kJ for men23 and 2510.4 to 14 644 kJ for women26]
[n⫽66]). Thus, 2004 white subjects were included in subsequent
analyses.
Because energy intake and dietary patterns differ between men
and women, we initially conducted sex-specific analyses, but because we observed an inverse association in both sexes, we have
presented the data combined for men and women. We used generalized estimating equations to calculate prevalence odds ratios for the
presence of CAC across quintiles of linolenic acid. This method
corrects the variance for familial clustering. The initial multivariate
model controlled for age and sex. A second model controlled for age,
sex, risk group (random versus high risk for CAD), smoking, and
history of CAD, diabetes mellitus, and hypertension. The final model
also controlled for education, fruit and vegetable consumption, and
statin use. Additional adjustment for energy intake (quintiles),
household income, field center, body mass index, waist-to-hip ratio,
physical activity, LDL and HDL cholesterol, -6 fatty acids, and
alcohol consumption (yes/no) did not alter these findings (data not
shown). To assess confounding, we compared different models using
partial likelihood ratio tests and change in point estimate, where 10%
change in odds ratio was considered meaningful. The final tables
present the most parsimonious models beyond which adding additional variables did not change the results. Probability value for
linear trend was calculated with the use of a continuous variable in
a regression model to which the median value of each quintile of
linolenic acid was assigned. We tested for interaction between
dietary linolenic acid and risk group, center, sex, age, education, and
intake of long-chain -3 fatty acids. We tested the sensitivity of our
findings to (1) different cut points for defining CAC (using 0, 50, and
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Results
Of the 2004 white participants included in the analyses, 845
were men and 1159 were women. The mean age was 56.2⫾13.1
years for men and 58.2⫾12.7 years for women. The average
daily consumption of total dietary linolenic acid was 0.82⫾0.36
g for men (range, 0.23 to 3.48 g/d) and 0.69⫾0.29 g for women
(range, 0.17 to 2.29 g/d). Table 1 shows the baseline characteristics by quintiles of linolenic acid. A higher intake of dietary
linolenic acid was associated with male gender; younger age;
higher waist-to-hip ratio, energy intake, fruit and vegetable
consumption; and higher diastolic blood pressure and lower
prevalence of hypertension.
Because (1) we observed an inverse association between
dietary linolenic acid and CAC in both men and women and
in both the random group and the high-risk group and (2)
there was no interaction between linolenic acid and gender or
risk group, we present combined data in this report.
Our data showed an inverse and dose-dependent relation
between dietary linolenic acid and prevalent CAC. From the
lowest to the highest quintile of linolenic acid, prevalence
odds ratios (95% CI) for CAC were 1.0 (reference), 0.61
(0.42 to 0.88), 0.55 (0.35 to 0.84), 0.57 (0.37 to 0.88), and
0.35 (0.22 to 0.55), respectively, in a model adjusting for age,
sex, risk group, education, fruit and vegetable consumption,
smoking, history of CAD, hypertension, diabetes mellitus,
and statin use (P for linear trend ⬍0.0001; Table 2). Additional adjustment for body mass index, waist-to-hip ratio,
exercise, energy intake, household income, field center, LDL
and HDL cholesterol, -6 fatty acids, alcohol consumption,
and history of stroke did not alter these findings (P for linear
trend ⬍0.0001; data not shown).
When analyzed as a continuous variable, each additional
gram per day of dietary linolenic acid was associated with a
62% lower prevalence of CAC (odds ratio⫽0.38; 95% CI,
0.24 to 0.46) in a full model, as above.

Sensitivity Analyses
The Figure presents odds ratios of prevalent calcified atherosclerotic
plaque according to different cut points of CAC score. Although the
observed effect was minimal with a cut point of 0, it was intermediate with a cut point of 50 and was highest for a cut point of either
100 or 150. In addition, an inverse association between linolenic
acid and CAC was observed across categories of n-6/n-3 ratio, fish
consumption, and educational attainment (Table 3). Furthermore,
exclusion of subjects with (1) history of CAD (n⫽134) or (2)
history of CAD, hypertension, or stroke (n⫽827) did not substantially alter the association (corresponding odds ratios per gram
increase of linolenic acid were 0.39 [95% CI, 0.24 to 0.62] and 0.22
[95% CI, 0.10 to 0.46], respectively). Finally, stratification by age,
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Baseline Characteristics of 2004 Study Participants in the FHS Study
Quintiles of Dietary Total Linolenic Acid (Ranges in g/d)
0.17– 0.47
(Low)
(n⫽391)

Characteristic
Dietary linolenic acid, g/d

0.48 – 0.61
(n⫽409)

0.38⫾0.07

Male, %

0.55⫾0.04

28.9

Age, y

0.62– 0.75
(n⫽394)
0.68⫾0.04

37.9

0.76 – 0.95
(n⫽415)

0.96 –3.48
(High)
(n⫽395)

P*

0.85⫾0.06

1.25⫾0.30

⬍0.0001

40.9

48.0

54.9

⬍0.0001

59.1⫾12.4

57.7⫾12.9

57.6⫾13.0

56.5⫾13.0

55.8⫾13.2

0.005

5.1

4.4

4.8

4.6

6.3

0.75

14.8

13.9

15.9

11.7

14.2

0.53

Body mass index, kg/m

28.5⫾5.9

28.5⫾5.3

29.3⫾5.6

28.9⫾5.6

29.3⫾5.9

0.10

Waist/hip ratio

0.89⫾0.11

0.90⫾0.09

0.91⫾0.09

0.91⫾0.09

0.93⫾0.09

⬍0.0001

Less than high school, %
Household income ⬍$25 000/y, %
2

27.7

23.8

0.56

Energy intake, kJ

Strenuous activity, %

4678⫾1198

23.0

6056⫾1274

25.2

6968⫾1566

23.9

8275.7⫾1756

10 354⫾2198

⬍0.0001

Fruit and vegetable, servings per day

2.88⫾1.43

3.17⫾1.70

3.39⫾1.73

3.47⫾1.86

3.60⫾1.96

⬍0.0001
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Regular salad dressing, %

40.8

40.3

46.6

49.6

61.5

Creamy salad dressing, %

65.2

75.1

73.9

73.9

79.1

Fish -3 (EPA and DHA)

0.16⫾0.14

Fish consumption , %

0.20⫾0.19

67.8

Linoleic acid, g/d

0.22⫾0.19

68.5

4.24⫾1.75

0.24⫾0.22

72.1

5.99⫾2.52

69.9

6.76⫾2.26

8.75⫾3.21

0.27⫾0.28

⬍0.0001
0.0006
⬍0.0001

73.4

0.36

11.51⫾4.22

⬍0.0001

Linoleic/linolenic ratio

11.44⫾4.6

11.0⫾4.7

9.9⫾3.3

10.3⫾3.9

9.4⫾3.2

⬍0.0001

Systolic blood pressure, mm Hg

121.0⫾20.0

120.7⫾20.3

121.4⫾20.2

119.6⫾19.5

119.9⫾20.5

0.70

Diastolic blood pressure, mm Hg

68.3⫾9.6

69.9⫾9.7

69.9⫾10.0

69.4⫾9.4

70.2⫾9.6

0.03

38.1

44.0

42.4

33.5

37.0

0.02

CAD, %

5.9

6.4

8.4

7.0

5.8

0.59

Diabetes mellitus, %

4.6

5.6

6.1

6.8

8.4

0.26

Hypertension, %

Current smoking, %

44.0

40.3

36.6

40.5

42.3

0.28

Statin use, %

19.7

17.7

19.6

19.1

15.0

0.42

Current alcohol drinking, %

56.0

51.8

48.5

50.6

46.3

0.08

Data are mean⫾SD unless otherwise specified.
*P values were obtained with the use of 2 for categorical variables and ANOVA for continuous variables.

energy intake, and household income also showed an inverse
association between linolenic acid and CAC within each group
(data not shown). When analyses were repeated with the use of
covariates obtained during the initial examination (instead of those
obtained during the visit when cardiac CT was done), we observed
similar results (data not shown).
TABLE 2.

Discussion
In this study we demonstrated that higher intake of dietary
linolenic acid was associated with a lower prevalence of CAC
as measured by cardiac CT in both men and women, after
adjustment for confounding factors, in a dose-response fashion. This association was independent of age, education,

Prevalence Odds Ratios of CAC According to Dietary Linolenic Acid
Odds Ratios (95% CI)

Quintiles of Dietary
Linolenic Acid, g/d

n

Cases

Q1 (0.17– 0.47) (low)

391

126

1.0

1.0

1.0

Q2 (0.48–0.61)

409

113

0.73 (0.51–1.04)

0.64 (0.44–0.93)

0.61 (0.42–0.88)

Q3 (0.62–0.75)

394

108

0.66 (0.44–0.97)

0.60 (0.39–0.91)

0.55 (0.35–0.84)

Q4 (0.76–0.95)

415

113

0.68 (0.46–1.01)

0.64 (0.43–0.98)

0.57 (0.37–0.88)

Q5 (0.96–3.48) (high)

395

89

0.44 (0.29–0.69)

0.40 (0.25–0.63)

0.35 (0.22–0.55)

0.0004

0.0003

⬍0.0001

P for trend

Model 1*

Model 2†

Model 3‡

From the lowest to the highest quintile of dietary linolenic acid, mean⫾SD values were 0.38⫾0.07, 0.55⫾0.04,
0.68⫾0.04, 0.85⫾0.06, and 1.25⫾0.30 g/d, respectively.
*Model 1 controls for age and sex. Coronary calcification was defined as total coronary calcium score of ⱖ100.
†Model 2 controls for age, sex, risk group (high vs low CAD risk), smoking status, and history of CAD, hypertension,
and diabetes.
‡Model 3 controls for variables in model 2 plus education, statin use, and fruit and vegetable intake.
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Odds ratios and 95% CIs for prevalent CAC per gram increase
of dietary linolenic acid according to different Agatston score
cut points.
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income, energy intake, ratio of n-6 to n-3 fatty acids, and fish
consumption.
Although dietary linolenic acid has been associated with a
lower risk of fatal and nonfatal coronary events7,9,27 and
carotid intima-media thickness,28 limited data are available on
the underlying biological mechanisms. To our knowledge, no
previous study has examined the relation between dietary
linolenic acid and CAC in a community setting. Calcium
deposition in the arterial walls occurs in the early stages of
atherosclerosis just after fatty streak formation29 and has been
shown to correlate closely with the total burden of atheroma,
both calcified and noncalcified.2,3 Furthermore, calcified
atherosclerotic plaque measured by cardiac CT is a prognostic factor for coronary end points.5,6 There is substantial
evidence that inflammation plays a key role in all phases of
atherosclerosis,30 and it is possible that linolenic acid might
decrease the risk of coronary calcification through its antiinflammatory properties. Published data on the effects of
TABLE 3. Odds Ratios of CAC (per Gram Increase of Linolenic
Acid) Stratified by Ratio of n-6 -to n-3, Fish Consumption, and
Education Among 2004 Participants in the FHS Study*
n

Cases

Odds Ratio (95% CI)

1003

282

0.45 (0.25–0.80)

1001

267

0.23 (0.11–0.48)

0

595

116

0.33 (0.12–0.93)

1

915

285

0.44 (0.23–0.85)

ⱖ2

494

148

0.30 (0.13–0.68)

ⱕHigh school graduate

675

263

0.20 (0.05–0.82)

Some college

699

155

0.45 (0.29–0.70)

College graduate

627

129

0.73 (0.29–1.88)

n-6/n-3 ratio
ⱕ9.7 (median value)
⬎9.7
Fish consumption per
week

Education†

*Model controls for age, sex, risk group (high vs low CAD risk), education,
smoking status, statin use, fruit and vegetable consumption, and history of
CAD, hypertension, and diabetes.
†Three subjects had missing data on education.
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linolenic acid on inflammation have been inconsistent. A diet
rich in ALA was shown to reduce interleukin-1␤ and tumor
necrosis factor-␣ by ⬇30% among male volunteers.16 Furthermore, in a randomized trial, dietary supplementation with
ALA was associated with a decreased concentration of
C-reactive protein (⬇38%), interleukin-6 (⬇10%), and serum
amyloid A (⬇23%) after 3 months of intervention.31 ␥-Linolenic acid has been shown to decrease serum thromboxane
B2 and enhance vascular production of prostacyclin.13,14 It is
thus possible that the observed lower prevalence of CAC in
subjects consuming higher amounts of dietary total linolenic
acid might be mediated through inhibition of inflammation.
However, contrary to this hypothesis is the lack of an
association between dietary ALA and inflammatory markers
in healthy men and women in one study.32 It is also possible
that linolenic acid might influence the risk of atherosclerosis
through established risk factors. Using the same data, we
previously described beneficial effects of linolenic acid on
blood pressure33 and triglycerides.15 Additional studies are
necessary to elucidate pathophysiological mechanisms by
which linolenic acid might reduce the risk of developing or
propagating calcified atherosclerotic plaque.
In the sensitivity analyses, we observed a minimal effect with
0, an intermediate effect with 50, and a similar and strongest
effect with 100 and 150 as cut point for CAC score. It is likely
that with a lower Agatston score cut point such as 0, cardiac CT
might not have been able to accurately discriminate the presence
or absence of clinically relevant CAC. This might lead to effect
dilution, as observed in this article. Detrano and colleagues5 have
shown that the use of an Agatston score of 0 as cut point to
predict angiographic disease had a poor specificity (ranging
from 13% to 31%), whereas the use of a cut point of 100 had a
sensitivity and specificity of ⬇70% each. The fact that the use of
an Agatston score of either 100 or 150 as cut point yielded a
similar effect suggests that beyond a certain threshold, the ability
of cardiac CT to detect CAC remains constant and accurate.
Our study has limitations. First, nutrients were derived
from a food frequency questionnaire that has been shown to
underestimate energy intake compared with the doubly labeled water technique34; therefore, our estimate of daily
intake of linolenic acid and other nutrients might have been
biased, and such measurement error of linolenic acid might
have introduced a bias in our results. Second, we were not
able to separate ALA from ␥-linolenic acid. However, this
seems reasonable because of the following: (1) the relation of
ALA to CHD was similar to the association of total linolenic
acid to CHD8 and (2) ␥-linolenic acid in the diet is primarily
provided by beef fats or other animal fats, and ␥-linolenic
concentration in these fats is very low.35 Third, because of the
cross-sectional design, we were not able to evaluate the
temporal relation between dietary linolenic and CAC. Although this is a weakness, the impact of diet on the atherosclerotic process is likely to become manifest after a reasonable latent period, and the average of ⬇7 years between
baseline assessment of dietary linolenic acid and measurement of CAC ensures that the exposure precedes the expected
effect. Finally, confounding by unmeasured factors or residual confounding cannot be completely ruled out in our study.
Nevertheless, the large sample size, the availability of data on
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major CAD risk factors, and the wide range of linolenic acid
were major strengths of the study.
In conclusion, our findings indicate that a higher intake of
dietary linolenic acid (range, 0.17 to 3.48 g/d) is associated
with lower prevalence of CAC (AHA type Vb) in white men
and women in a dose-response manner.
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