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Countries above the median in corn con-
sumption have significantly higher homicide rates 
than countries below the median in corn 
consumption. Research from a variety of sources 
suggests the hypothesis that populations 
consuming corn-based diets may have high 
homicide rates due to a reduction in brain 
tryptophan and/or serotonin. 

Cross-national differences in homicide rates 
are traditionally attributed to socio-cultural 
factors, especially cultural values condoning and 
prescribing violence in response to insult or 
frustration (Wolfgang and Ferracuti, 1967; 
Ferracuti and Newman, 1974; Anderson, 1976), 
and culture-conflict engendered by rapid social 
change (Clinard and Abbott, 1973). However, the 
origin of these value differences remains 
unexplained 
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by the first of these hypotheses, and cultural 
values strongly opposed to violence have been 
reported in one exceptionally aggressive South 
American tribe (Bolton, 1973). Furthermore, 
contrary to the hypothesis of culture conflict, 
some developing countries have low rates of 
homicide. 

While many factors undoubtedly contribute to 
these rate differences, such as the availability of 
firearms (Gillin and Ochberg, 1970), the possible 
influence of biologic factors has so far received 
little research attention. Altered glucose 
metabolism and various forms of brain pathology 
have been implicated in homicide, but most 
authors concur that such factors only apply in 
rare individual cases (Shah and Roth, 1974; 
Goldstein, 1974; Moyer, 1976; Hellon, 1975). A 
more general role for biologic factors in criminal 
violence can be suggested, however, in which 
dietary factors, amino acids, and brain 
neurotransmitters are implicated. This 
preliminary report, linking corn consumption and 
cross-national homicide rates, provides additional 
tentative support for such a view. 
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Tryptophan, Serotonin, and Aggression 
There is a convincing body of evidence that the 
brain neurotransmitter serotonin (5-
hydroxytryptamine; 5-HT) inhibits aggressive 
behavior (Valzelli, 1974; Daruna and Kent, 1976; 
Sheard and Davis, 1976; Greenberg and 
Coleman,  1976) and induces sleep (Jouvet, 
1973; Koella, 1974). The synthesis and 
metabolism of 5-HT depends on the availability 
of the precursor amino acid L-tryptophan 
(Fernstrom and Wurtman, 1971; Fernstrom, 
1977), with the transport of tryptophan into the 
brain being regulated by a ratio of free plasma 
tryptophan to neutral amino acids (Fernstrom  
and Wurtman, 1972). The inhibitory and 
soporific effects of tryptophan on behavior 
appear to be similar to, and to be mediated by, 
changes in brain 5-HT (e.g., Hartmann, 1977; 
Taylor, 1976; Smith et al., 1976; Marsden and 
Curzon, 1976; Geyer et al., 1976). Tryptophan is 
obtained exclusively from the diet; diets con-
taining low amounts of this amino acid have been 
shown to lead to a depression of brain 5-HT and 
to behavioral responses known to be closely 
associated with aggression. Corn contains low 
amounts of tryptophan, and rats fed corn-based 
(tryptophan-deficient) diets have significantly 
lower brain 5-HT levels than control animals fed 
diets containing normal amounts of tryptophan 
(Fernstrom and Lytle, 1976). Rats fed the tryp-
tophan-deficient  diet  (0.03   percent  tryptophan 
per gram) also show an increased sensitivity to 
electric shock (Lytle et al., 1975; Messing et al., 
1976), which is known to be associated with 
aggressive behavior and to be partially under 
serotonergic control (Harvey et al., 1976). These 
biochemical and behavioral effects can be 
reversed by injections or dietary supplements of 
tryptophan (Fernstrom and Hirsch, 1975; Hirsch 
and Fernstrom, 1976). 

Hypothesis 
These observations suggest that human 

populations consuming corn-based diets may 
have reduced brain tryptophan and/or 5-HT 
levels and may be prone to aggressive behavior, 
as evidenced by comparatively high rates of 
homicide. Corn-based diets are consumed   in    
many   Latin   American 

countries, and these countries are known to have 
exceptionally high homicide rates compared to 
most European, African, and Asian countries 
(Wolfgang and Ferracuti, 1967; Ferracuti and 
Newman, 1974; Clinard and Abbott, 1973; 
Anderson, 1976). Considering that homicides in 
developing countries, particularly in rural areas, 
are frequently underreported, the difference in 
homicide rates between Latin American and 
European countries (in which homicide statistics 
are more accurate) is likely to be even greater 
(Clinard and Abbott, 1973). 

Several observations implicate tryptophan and 
its metabolism in criminal aggression. Many 
maize-eating populations have historically been 
prone to the deficiency disease pellagra (Roe, 
1973; Goldsmith, 1975; Gopalan and Rao, 1975). 
Research on pellagra indicates: reduced plasma 
tryptophan levels (Trusswell etal., 1968), reduced 
5-HT concentrations in platelets, reduced urinary 
excretion of 5-HIAA, and reduced 5-HIAA 
concentrations in cerebrospinal fluid (Raghuram 
and Krishnaswamy, 1975), suggesting decreased 
brain 5-HT activity in this disease. Furthermore, 
there are numerous reports of increased 
irritability, antisocial behavior, mania, and 
aggressiveness among the symptoms of both 
clinical and subclinical pellagra (Green, 1973; 
Roe, pp. 5, 38, 143, 145, 153, 1973; Goldsmith, 
pp. 583, 586, 1975; Gopalan and Rae, p. 506, 
1975; Hoffer, pp. 204, 217, 220-221, 1973). At 
least two authors have noted a relationship 
between pellagra and violent crime (Wood, 1912; 
Hoffer, 1973). In one report of 1,150 persons 
accused of a crime and subjected to a medical 
examination, 206 (18 percent) suffered from 
pellagra. Of these, 118 (57 percent) were 
involved in crimes of violence, including 56 
cases of murder or manslaughter. Over one-third 
of all the murderers diagnosed as insane had 
pellagra (Hoffer, 1973). 

It has been suggested (Hoffer, 1973) that even 
the poorest North American diet contains about 
twice the Recommended Daily Allowance (RDA, 
500 mg/day) of tryptophan (Food and Nutrition 
Board, 1968), a fact which, if true, would 
seriously weaken the hypothesis that tryptophan 
deficiency ac- 
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counts for some of the variation in homicide 
rates. However, although 500 mg/day may be 
sufficient to prevent pellagra, it could well be too 
low with regard to "psychic balance," since it has 
been found that normal subjects consuming twice 
the RDA of tryptophan  over  a  one-year  period  
"improved psychologically," whereas no such 
change occurred in another group in which the 
intake of tryptophan was not increased 
(Cheraskin etal., 1972). Moreover, although the 
requirement for tryptophan is low compared with 
other essential amino acids, it is possible   that   
chronic   ingestion   of   a marginally deficient 
diet could  have  untoward effects, in spite of the 
absence of any classical symptoms of deficiency 
disease, manifested as subtle disturbances of 
body, mind, and behavior.  In fact, it has been 
suggested    that    subclinical    pellagra 
associated with aggressive tendencies could be 
widespread in North America among dis-
advantaged   groups   consuming   high-car-
bohydrate and  low-protein diets (Green, 1973). 
About 10 percent of all patients attending the 
medical clinic of a large Indian community in 
Saskatchewan, Canada, were found  to  have  
subclinical   pellagra,   the symptoms   of  which   
included   increased irritability and 
aggressiveness. Both perceptual and behavioral 
disturbances responded rapidly to dietary 
supplements of vitamin B3 (Green, 1973). 

As a preliminary test of the hypothesis linking 
corn consumption and homicide, annual homicide 
rates were calculated from data published in the 
United Nations Demographic Yearbook 
(1972), and mean per capita corn intake was 
calculated from the USDA's Foreign 
Agriculture Circular: Grains (U.S. Dept. of 
Agriculture, 1976). Measurements were available 
for 53 countries, utilizing the most recent 
published figures for each country. Corn 
consumption per capita was determined by 
subtracting the published figures for animal feed 
consumption from the total (animal and human) 
consumption, multiplying by 39.4 to convert 
metric tons to bushels, and then dividing the 
quotient by the total population. Population 
figures (see United Nations  Demographic  
Yearbook,   1972) 

usually lagged a year or two behind the homicide 
figures. In some cases this discrepancy was 
reversed, and occasionally more pronounced. 

It was found that of these 53 countries, those 
above the median in corn consumption (Md = 
1.30 bushels per capita) had significantly higher 
mean homicide rates (10.69 per 100,000 
population) than countries below the median in 
corn consumption (4.31 per 100,000 population), 
by t test (t = 2.168, d.f. = 51, p = .0348). 

Conclusion 
Although this very preliminary finding 

provides modest support for the hypothesis 
linking corn intake and homicide rates, it does not 
of course establish that the two variables are 
causally related via a dietary deficiency in 
tryptophan. A complete dietary analysis is 
therefore indicated, controlling for numerous 
factors, including total caloric intake, given that 
periods of famine and general protein-
carbohydrate malnutrition have historically been 
associated with dramatic increases in criminality 
(Sorokin, 1975). In this way it will be possible to 
determine the relationship between violent crime 
and the intake of tryptophan per se. The present 
finding does, however, provide a starting point 
for dietary-cum-physiological theories of 
homicidal behavior and a possible means of 
explaining data that are not satisfactorily 
explained by socio-cultural factors alone. 

Acknowledgements We thank Mr. 
Jerome Rafats, National Agricultural   
Library,   for   bibliographic assistance, and 
Ms. Elizabeth Spannhake, Loyola University, 
for helpful comments. 

REFERENCES 

ANDERSON, T. P.: The social and cultural roots of political violence in Central 
America. Aggress. Behav. 2:249-255,1976. 

BOLTON, Ft.: Aggression and hypoglycemia among the Quolla: A study in 
psychobiological anthropology. Ethnology 12:227-257,1973. 
CHERASKIN, E., RINGSDORF, W. M., MICHAEL, D. W., and HICKS, B. S.: The 
relationship of changes in daily tryptophane consumption to changes in psychologic 
state. J. Orthomolecular Psychiat. 1:113-116,1972. 

                                                                                 229 



ORTHOMOLECULAR PSYCHIATRY, VOLUME 7, NUMBER 4, 1978, Pp. 227 - 230 

CLINARD, M., and ABBOTT, D.: Crime in Developing Countries-A Comparative 
Perspective. Wiley-lnterscience, New York, 1973. 

COWEN, M. A.: An electrophysiological study on the effects of tryptophan and 
Cortisol on schizophrenic and other mentally ill patient groups and on normal 
subjects. Biol. Psychiat 11:389-401,1976. 

DARUNA, J. H., and KENT, E. W.: Comparison of regional serotonin levels and 
turnover in the brain of naturally high and low aggressive rats. Brain Res. 101:489-
501,1976. 

FERNSTROM, J. D.: The effect of nutritional factors on amino acids levels and 
monoamine synthesis. Fed. Proc. 35:1151-1156,1976. 
FERNSTROM, J. D.: Effects of the diet on brain neurotransmitters. Metabolism 

26:207-223,1977. 
FERNSTROM, J. D., and HIRSCH, M.: Rapid repletion of brain serotonin in 

malnourished, corn-fed rats following L tryptophan injection. Life Sci. 17:455-
464,1975. 

FERNSTROM, J. D., and LYTLE, L. D.: Corn malnutrition, brain serotonin and 
behavior. Nutr. Rev. 34:257-262,1976. 

FERNSTROM, J. D., and WURTMAN, R. J.: Brain serotonin content physiological 
dependence on plasma amino acids. Science 173: 149-152,1971. 

FERNSTROM, J. D., and WURTMAN, R. J.: Brain serotonin content physiological 
regulation by plasma neutral amino acids. Science 178: 414-416,1972. 

FERRACUTI, F., and NEWMAN, G.: Assaultive offenses. In: Glaser, D., Ed.: 
Handbook of Criminology. Rand McNally, Chicago, pp. 175-207, 1974. 
FOOD AND NUTRITION BOARD: Recommended Daily Allowances. National 

Academy of Sciences, Washington, D.C., Publication 1694, 7th rev. ed., 1968. 
GEYER, M. A., PUERTO, A., MENKES, D. B., SEGAL, D. S., and MANDELL, A. 

J.: Behavioral studies following lesions of the mesolimbic and mesostriatal 
serotonergic pathways. Brain Res. 106: 257-270,1976. 

GILLIN, J. C, and OCHBERG, F.: Firearms control and violence. In: Daniels, D., 
Gilula, M., and Ochberg, F., Eds.: Violence and the Struggle for Existence. Little, 
Brown, and Co., Boston, pp. 241-255,1970. 

GOLDSMITH, G. A.: Vitamin B complex—thiamine, riboflavin, niacin, folic acid 
(folacin), vitamin B^. biotin. Prog. Food Nutr. Sci. 1: 559-609, 1975. 
GOLDSTEIN, M.: Brain research and violent behavior. Arch. Neurol. 30: 1-34,1974. 
GOPALAN, C, and RAO, K. S. J.: Pellagra and amino acid imbalance. Vitamins and 
Hormones 33:505-528,1975. 
GREEN, R. G.: Subclinical pellagra. In: Hawkins, D., and Pauling, L. Eds.: 

Orthomolecular Psychiatry. W. H. Freeman and Co., San Francisco, pp. 411-
433,1973. 

GREENBERG, A. S., and COLEMAN, M.: Depressed 5-hydroxyindole levels 
associated with hyperactive and aggressive behavior. Arch. Gen. Psychiat 33:331-
336,1976. 

HARTMANN, E.: L-tryptophan: a rational hypnotic with clinical potential. Am. J. 
Psychiat. 134:366-370,1977. 
HARVEY, J. A., SCHLOSBERG, A. J„ and YUNGER. L. M.: Behavioral correlates 
of serotonin depletion. Fed. Proc. 34:1796-1801,1976. 
HELLON, C. P.: Crime, malnutrition, and other forms of cerebral trauma. J. 
Orthomolecular Psychiat. 4:256-260,1975. 

HIRSCH, M., and FERNSTROM, J. D.: Stimulation of brain serotonin synthesis by 

L-tryptophan injection in malnourished, corn-fed rats. Fed. Proc. 35:241,1976. 
HOFFER, A.: Mechanism of action of nicotinic acid and nicotinamide in the 

treatment of schizophrenia. In: Hawkins, D., and Pauling, L, Eds.: Orthomolecular 
Psychiatry. W. H. Freeman and Co., San Francisco, pp. 202-261,1973. 

JOUVET, M.: Serotonin and sleep in the cat In: Barchas, J., and Usdin, E. Eds.: 
Serotonin and Behavior. Academic Press, New York, pp. 385-400, 1973. 

KOELLA, W. P.: Serotonin—a hypnogenic transmitter and antiwaking agent Adv. 
Biochem. Psychopharmacol. 11:181-186,1974. 
LYTLE, L, MESSING, R., FISHER, L, and PHEBUS, L: Effects of long-term corn 

consumption on brain serotonin and the response to electric shock. Science 
190:692-694,1975. 

MARSDEN, C. A, and CURZON, G.: Studies on the behavioral effects of tryptophan 
and p-chlorophenylalanine. Neuropharmacology 15: 165-181,1976. 

MESSING, R. B., FISHER, L. A, PHEBUS, L, and LYTLE, L. D.: Interaction of diet 
and drugs in the regulation of brain 5-hydroxyindoles and the response to painful 
electric shock. Life Sci. 18:707-714,1976. 
MOYER, K. E.: The Psychobiology of Aggression. Harper and Row, New York, 

1976. 

RAGHURAM, T. C, and KRISHNASWAMY, K.: Serotonin metabolism in pellagra. 
Arch. Neurol. 32:708-710,1975. 

ROE, D. A.: A Plague of Corn—The Social History of Pellagra. Cornell University 
Press, Ithaca and London, 1973. 
SHAH, S., and ROTH, L: Biological and psychophysiological factors in criminality. 

In: Glaser, D., Ed.: Handbook of Criminology. Rand McNally, Chicago, pp. 101-
173,1974. 

SHEARD, M. H„ and DAVIS, M.: Shock-elicited fighting in rats: importance of 
intershock interval upon the effect of p-chlorophenylalanine (PCPA). Brain Res. 
111:433437,1976. 

SMITH, J. E., HINGTGEN, J. N., LANE, J. D., and APRISON, M. H.: 
Neurochemical correlates of behavior—content of tryptophan, 5-
hydroxytryptophan, serotonin, 5-hydroxyindoleacetic acid, tyrosine, dopamine and 
norepinephrine in four brain parts of the pigeon during behavioral depression 
following an injection of tryptophan. J. Neurol. Chem. 26:537-541,1976. 

SOROKIN, P. A.: Hunger As A Factor in Human Affairs. Translated by E. P. 
Sorokin. University Presses of Florida, Gainesville, 1975. 

TAYLOR, M.: Effects of L-tryptophan and L-methkxtine on activity in the rat Brit 
J. Pharmacol. 58:117-119,1976. 

TRUSSWELL, A. S., HANSEN, J. D., and WANNENBERG, P.: Plasma tryptophan 
and other amino-acids in pellagra. Am. J. Clin. Nutr. 21: 1314-1320,1968. 

UNITED NATIONS DEMOGRAPHIC YEARBOOK: General Mortality. 26: 582-
598; Population, World Summary 2:120-132,1972. 
U.S. DEPARTMENT OF AGRICULTURE: Foreign Agriculture Circular Grains. 

Foreign Agriculture Service, Washington, D.C., 1976. 
VALZELLI, L: 5-hydroxytryptamine in aggressiveness. Adv. Biochem. 
Psychopharmacol. 11:255-263,1974. 
WOLFGANG, M., and FERRACUTI, F.: The Subculture of Violence. Tavistock, 

London, 1967. 
WOOD, E. J.: A Treatise on Pellagra for the General Practitioner. Appteton and 
Co., New York, 1912. 

230 


