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ABSTRACT: Clinical intervention trials and animal studies indicate that increasing dietary intakes of long chain n-3 FA or reducing linoleic acid intake may reduce aggressive and violent behaviors. Here we examine if economic measures of greater n-6 consumption across time and countries correlate with greater risk of
homicide. Linoleic acid available for human consumption was
calculated from World Health Organization disappearance data
for 12 major seed oils in the food supply for the years 1961 to
2000 in Argentina, Australia, Canada, the United Kingdom, and
the United States (US). Homicide mortality rates, adjusted for age,
were obtained from the central judicial authority of each country.
Apparent linoleic acid intake from seed oil sources ranged from
0.29 en% (percentage of daily food energy) (Australia 1962) to 8.3
en% (US 1990s). Greater apparent consumption of linoleic acid
correlated with higher rates of homicide mortality over a 20-fold
range (0.51–10.2/100,000) across countries and time in an exponential growth regression model (r = 0.94, F = 567, P < 0.00001).
Within each country, correlations between greater linoleic acid
disappearance and homicide mortality over time were significant
in linear regression models. Randomized controlled trials are
needed to determine if reducing high intakes of linoleic acid by
seed oils with alternative compositions can reduce the risk of violent behaviors. These dietary interventions merit exploration as
relatively cost-effective measures for reducing the pandemic of violence in Western societies, just as dietary interventions are reducing cardiovascular mortality. Low linoleate diets may prevent
behavioral maladies that correctional institutions, social service
programs, and mental health providers intend to treat.

ply in developed countries during the 20th century. In the
United States in 1909, soy oil accounted for approximately
0.02 en% (percentage of daily food energy) of all calories
available for food consumption compared to 20 en% in 2000
(5). High dietary linoleate can depress tissue and membrane
levels of the n-3 FA EPA and DHA by competing with α-linolenic for conversion to 20- and 22-carbon highly unsaturated
FA (HUFA) (6). We previously proposed that the increase in
linoleic acid in Western diets, especially relative to EPA and
DHA intake, has been a risk factor contributing to the increasing
rates of major depression and violence in the 20th century (7).
The observation that greater intakes of seafood rich in EPA
and DHA correlated with lower rates of homicide mortality
across 36 countries (r = –0.63, P < 0.00001) (8) is consistent
with observational studies reporting that lower tissue levels of
EPA and/or DHA predict greater hostility measures among
4,000 subjects in the CARDIA epidemiological study (9),
among aggressive cocaine addicts (10), and violent prisoners
(11). Homicide mortality data are robust indicators of violence,
have clear diagnostic criteria with unequivocal importance,
and have been prospectively collected. We postulated that
greater consumption of seed oils, the major dietary source of
linoleic acid, would correlate with greater rates of homicide
mortality across time and among Western countries with similar
socioeconomic and background seafood intake levels. The
positive association reported here is striking.
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METHODS
For 2–3 million years of human evolution, diets rich in seafood
and range-fed animals likely provided appreciable amounts of
the n-3 essential FA eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (1,2). As both n-3 and n-6 FA are essential, diets are dominant determinants of the proportions of
essential FA in brain and body tissues. DHA is selectively concentrated in synaptic neuronal membranes and is necessary for
optimal neuronal function (3,4). Seed oils, including soy, corn,
and canola, are rich in the n-6 FA linoleic acid, and these oils
have displaced other dietary fats and calories in the food sup*To whom correspondence should be addressed at Section on Nutritional
Neurochemistry, LMBB, NIAAA, 31 Center Drive, Building 31/ 1B 58,
Bethesda, MD 20892. E-mail: jhibbeln@mail.nih.gov
Abbreviations: DHA, docosahexaenoic acid; en%, percentage of daily food
energy; EPA, eicosapentaenoic acid; WHO, World Health Organization.
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Data on age-adjusted homicide mortality were obtained from
the U.S. Department of Justice (12), the United Kingdom Office of National Statistics on Criminal Justice (13), Statistics
Canada (14), the Argentina Ministry of Justice (15), and the
Australian Bureau of Statistics (16). Seed oils, in particular
soybean oil, are the dominant sources of the linoleic acid in the
United States. Economic data on the disappearance of 12 primary seed oils as a percentage of available food energy for all
commodities from 1961 to 2000 were obtained from the World
Health Organization (WHO) Statistical Information Services
(17). Disappearance (apparently used for human consumption)
was defined as production plus imports plus existing stocks
minus exports and remaining stocks (5). The nutrient content
of each seed oil was calculated using version 13 of the National
Nutrient Database of the United States Department of Agriculture (5). For each year, linoleate availability from each food oil
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was summed and expressed as a percentage of total calories
(en%) from all food available for human consumption. No seed
oil disappearance or mortality data available for these countries
were excluded and no adjustments were made for possible food
wastage. Both the food commodity and the homicide mortality
data were prospectively collected, and they reflect changes for
the whole population of each country. Statistical analyses included both simple linear Pearson’s regressions using Statview
5.0 (SAS Institute, Cary, NC) and iterative curve fitting for linear and nonlinear regressions using Sigma Plot 8.0 (SPSS Inc.,
Chicago, IL).
RESULTS
Linoleic acid from seed oil sources, in apparent consumption
as food, ranged from 0.29 en% (Australia 1962) to 8.3 en% (US
1990s). Rates of homicide mortality nearly tripled in the United
States and in the United Kingdom from 1961 to 2000. Time
trends were first considered separately by country. Greater linoleate disappearance was correlated with greater homicide
mortality over time in linear regression models for the United
States (r = 0.61, P < 1.0 × 10–6), the United Kingdom (r = 0.89,
P < 1.0 × 10–14), Australia (r = 0.74, P < 1.0 × 10–10), Canada
(r = 0.53, P < 0.0004), and Argentina (r = 0.75, P < 0.0001).
When data from all countries and time points were combined,

greater apparent consumption of linoleic acid correlated with
higher rates of homicide mortality over a 20-fold range
(0.51–10.2/100,000) in an exponential growth regression
model (r = 0.94, F = 567, P < 0.00001) (see Fig. 1). A significant correlational relationship remains (r = 0.51, F = 20.5, P <
0.00001) in a similar three-factor exponential growth model
after exclusion of the United States.
DISCUSSION
This comparison indicates a striking correlation between greater
apparent consumption of linoleic acid from seed oils and
greater risk of homicide mortality across time, from 1961 to
2000, among five Western countries (see Figs. 2–6). These
findings suggest, but do not demonstrate, that increased availability of linoleic acid might be a causal factor contributing to
the increased rates of homicide during the last half of the 20th
century among these five countries. To our knowledge, this is
the first examination of a risk factor for homicide across both
countries and time. Greater linoleic acid consumption is not
proposed here as a sole determinant factor for greater homicide
mortality, but as a readily modifiable potential risk factor.
These findings may be due to secondary hidden covariates,
which are fairly well established factors that increase the risk
of homicide. For example, the availability of firearms is a rea-

FIG. 1. Homicide rates and linoleic acid disappearance for human consumption among five
countries, 1961–2000. The following symbols indicate dates within each country for the years
1961–2000: l, Australia; l, United Kingdom; s, Canada; t, Argentina; s, United States. The disappearance for human consumption of linoleic acid from 12 seed oils [18:2n-6 (en%)/cap/d]
was derived as a percentage of energy available from all commodities available for use as
human food, from the Food and Agriculture Organization/WHO database as indicated for
each year. Other dietary sources of linoleic acid are not included. Corresponding homicide
rates were adjusted for age, expressed per 100,000 population, and obtained from criminal
justice statistics for each country. Iterative curve fitting for three-factor exponential growth
equations resulted in the following fit: f = 1.02788 – 0.162742x + 0.145575x2, r = 0.94, r2 =
0.87, F = 567, P < 0.00001.
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FIG. 2. Homicide mortality and consumption of linoleic acid from seed oils, 1961–2000, in
the United Kingdom. The o symbol indicates dates 1961–2000 within the United Kingdom. A
linear regression model resulted in the following fit: r = 0.89, r2 = 0.80, F = 150.6, P < 1 ×
10–14.

sonable confounding variable that could account for the findings reported here. Unfortunately, data on availability measured by per capita ownership or the percentage of households
with firearms is not readily obtainable or reliable across countries in the time periods examined. Alternatively, data are more
uniformly available expressing homicides attributable to
firearms as a percentage of total homicides. This parameter also

has the advantage of being a more direct assessment of the use
of the firearms in the commission of homicides than surveys of
availability or percent household ownership (18). In Canada,
both firearm availability and the percentage of homicides related to firearms decreased during this time as the result of progressively restrictive gun legislation in 1977, 1991, and 1995
(19). In Australia, the percentage of homicides related to

FIG. 3. Homicide mortality and consumption of linoleic acid from seed oils, 1961–1999, in
the United States. The s symbol indicates dates 1961–1999 within the United States. A linear
regression model resulted in the following fit: r = 0.65, r2 = 0.43, F = 27.7, P < 0.000001.
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FIG. 4. Homicide mortality and consumption of linoleic acid from seed oils, 1961–2000, in
Australia. The lsymbol indicates dates 1961–1999 within Australia. A linear regression model
resulted in the following fit: r = 0.74, r2 = 0.54, F = 44, P < 1 × 10–10.

firearms significantly decreased from 1960 to 2000 (20). Homicide rates by all methods rose in these countries, but, in general, for the period between 1960 and 2000 the percentage of
homicides attributable to firearms decreased over time in
Canada or Australia and changed little in the United Kingdom
(21) or the United States (22). Since the availability of firearms
as measured by their use in homicides has a negative or neutral

trend in this analysis, availability is unlikely to be a hidden
causal factor underlying the positive relationships between
greater linoleate intake and greater homicide mortality in these
countries over time. Since the United States has a higher rate
of firearm availability and a higher percentage of firearm-related homicides, it may be a driving force confounding the
cross-national relationship. However, a significant correlational

FIG. 5. Homicide mortality and consumption of linoleic acid from seed oils, 1961–2000, in
Canada. The ∆ symbol indicates dates 1961–2000 within Canada. A linear regression model
resulted in the following fit: r = 0.53, r2 = 0.28, F = 15.1, P < 0.0004.
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FIG. 6. Homicide mortality and consumption of linoleic acid from seed oils, 1960–1981, in
Argentina. The t symbol indicates dates 1961–1985 within Argentina. A linear regression
model resulted in the following fit: r = 0.75, r2 = 0.56, F = 23.2, P < 0.0001.

relationship remained after excluding the United States. The
magnitude of the relationships between homicide rates and linoleate disappearance (r = 0.93 including and r = 0.51 excluding the United States) reported here is similar to, or greater
than, the magnitude of the relationship between firearm availability and homicide mortality in a cross-national analysis of
26 countries (r = 0.69 including and r = 0.25 excluding the
United States) (23). In summary, it is unlikely that the correlational relationships between linoleate availability and homicide
mortality are caused by differences in the availability or use of
firearms when examined across countries and across time.
We do not propose that increased linoleate consumption
during 1961 to 2000 can be isolated from many other societal,
cultural, economic, or nutritional factors that might contribute
to increased risk of homicide. However, the epidemiological
associations in this report can help support a rationale for designing future controlled clinical intervention studies that directly alter linoleate intake and test for changes in aggressive
behavior. The large differences in homicide mortality rates
among the five countries suggest that many societal and economic factors contribute to greater risk of homicide (24). The
American Academy of Pediatrics and five other prominent
medical societies (25) cited exposure of youth to violent media
via videogames, cable television, and the Internet as a contributing factor to societal violence. In the 40 years spanning
the data examined here this media exposure has increased.
These years have included the perception that the integrity of
social systems declined in the United States and other countries, accompanying progressively higher divorce rates, a possible marker of disintegration of the family unit. In addition,
drug and alcohol use have become widespread, along with
gang behaviors, teenage pregnancy, sexually transmitted dis-

eases, and an increasing population of generally dysphoric, discontented youth, each of which is a potential risk to greater social disintegration. Many of these social and cultural factors are
difficult to quantify, and comparable data sets are not available
across time and countries. As direct data are not available on a
yearly basis for all potential risk factors, we do not attempt here
to create a statistical model comparing the relative contributions of each potential risk factor, and thus we do not conclude
that these epidemiological associations constitute causal proof
that increasing linoleate availability increases homicide risk.
There was wide diversity in the apparent consumption of
linoleic acid from seed oils as a percentage of energy, ranging
from 0.29 en% in Australia, in 1962, to 8.3 en% in the United
States, 1985–1992. The disappearance data for comparable
seed oil and other commodities were used to examine the relative differences in apparent linoleate intakes across time and
countries. Clearly, seed oils are the major but not the sole
source of linoleic acid in the diet, and no attempt was made
here to determine the absolute per capita ingestion of total
linoleic acid and total calories. Estimates of linoleic acid that
included other food sources during comparable time periods
were higher in the United Kingdom (26) and lower in the Australian diet (27) than those reported here. Differential degrees
of hydrogenation, waste, spoilage, reports of total calorie disappearance, and oil composition not reflected by the nutritional
composition tables were likely to have increased variability in
estimates of linoleic acid intake as a percentage of energy and
reduced the strength of the robust correlations reported here.
The ecological associations between greater risks of homicide mortality and both greater linoleate intake and lower
seafood intake (28) are consistent with animal studies and controlled intervention trials in humans that reported decreased
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measures of aggression or violence by increasing intakes of long
chain n-3 FA relative to n-6 intake. This proposition that dietary
differences in essential FA status can alter aggressive behavior
has been supported by six placebo-controlled, randomized clinical trials where supplementation with EPA, DHA, or both reduced violent behaviors or measures of aggression (29–33). A
trial using essential FA, multivitamins, and minerals also reported a substantial reduction in aggression among prisoners
(34). Aggressive behavior was also markedly higher among the
adult pups of mothers who were fed diets containing 43 en%
from soy oil throughout gestation (35). Muricidal behavior was
induced in adult rats by diets rich in linoleic acid (36), and DHA
was lower in the brains of rats with isolation-induced muricidal
behavior (37).
One mechanism that may link excessive linoleic acid intake
or deficient EPA and DHA status is a deficit in serotonergic
neurotransmission in the frontal cortex, which has been repeatedly implicated in the pathophysiology of lifelong impulsive
and violent behaviors (38,39). Higley (39) reported that at 2
weeks of age, low concentrations of a marker of frontal serotonergic function, cerebrospinal fluid 5-hydroxyindolacetic
acid, predicted a lifetime predisposition toward aggressive behavior among rhesus monkeys. Dietary deficiencies of n-3 intake during fetal life and early in development resulted in residual deficits in serotonergic neurotransmission (40). This four
fold lower serotonin release stimulated by fenfluramine, measured at 60 days old, could be prevented by restoring dietary
α-linolenic acid, but only if done before 14 days of life (40).
When piglets’ infant formulas were supplemented with arachidonic acid and DHA, frontal cortex concentrations of serotonin, dopamine, and their respective metabolites increased by
nearly 50% (41). Reduction in serotonergic neurotransmission
in the medial prefrontal cortex is one plausible mechanism of
action that can be tested in randomized placebo controlled trials designed to specifically decrease intakes of linoleic acid
and/or increase the intakes of EPA and DHA. Dietary interventions that reduce linoleate intake and improve the tissue status
of n-3 FA and other basic nutrients (34) can potentially become
relatively cost-effective measures for reducing the pandemic of
violence in Western societies, just as dietary interventions are
reducing cardiovascular mortality. Low linoleate diets may prevent behavioral maladies that correctional institutions, social
service programs, and mental health providers intend to treat.
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