Table sugar (i.e., sucrose, a glucose-fructose disaccharide) has a negative overall reputation in North
America. For example, although it has only been shown to be directly linked to tooth decay, the general
public erroneoudly regards sugar as a contributor to several other conditons, such as heart disease and acne
[1]. Sugar is aso commonly believed to influence behavior adversely [2]. In particular, it is popularly
reputed to cause hyperactivity in children, especially those with a predisposition to hyperactive behavior
[1]. This paper first presents experimental evidence which serioudly challenges the alleged correlation
between sugar intake and elevated activity levelsin children. Then it discusses some likely reasons for the
evolution and maintenance of this widespread misconception.

The Weight of Scientific Evidence does not Suggest that Sugar Disrupts Behavior, Even in "Hyperactive'
Children

When clinicians describe a child as being "hyperactive' they are refering to a condition known as Attention
Deficit Hyperactivity Disorder (ADHD). ADHD is a preadolescent syndrome which is estimated to afflict
3% of al U.S. children [3]. Some of the diagnostic indicators of ADHD are: restlessnessin class,
distractibility, atendency to interrupt or intrude on others, excessive talking, and impatience. Of course, all
children exhibit one or more of these symptoms from time to time. However, as described in The
Diagnostic and Statistical Manual of Mental Disorders, in order to be diagnosed with ADHD, a child must
display at least 8 of the 14 listed behaviors for a minimum of six months.

In theory, sugar intake could trigger ADHD symptoms by at |east three mechanisms. First, hyperactive
symptoms might result from hyperglycemia, which immediately and transiently follows sucrose ingestion.
Second, these symptoms might develop due to reactive hypoglycemia, which can develop several hours
post-ingestion. Third, allergic responsiveness to sucrose might conceivably be an underlying cause of
childhood hyperactivity [4].

However, the available data fail to implicate any sugar-related mechanismsin the behavioral problems of
hyperactive or nonhyperactive children. These data generally come from studies which use a"dietary
challenge" design. In such studies, children consume afood item containing sucrose (the sucrose challenge
condition) or an artificial sweetener (the placebo condition) and then are assessed for any effects on
cognitive or behavioral functioning. With few exceptions, experiments of this type have been unable to link
sugar to either behavioral or cognitive dysfunction. A meta-analysis of 16 different investigations which
addressed this issue over the past 15 years found no evidence for arole of sugar in compromizing any
measured intellectual or behavioral qualities of children [5].

But despite these resoundingly consistent results, the subject remained unresolved because many of the
studies had been criticized for, among other objections, using only asingle dose of sucrose. To avert this
and other shortcomings, Wolraich et a. carried out the definitive study, which used three-week diets (rather
than a single challenge dose) high in either sucrose, aspartame, or saccharin [6]. The results were
concordant with those of earlier work -- neither aspartame nor sucrose was found to cause measurable
effects on any of the cognitive or behavioral tests evaluated.

The Sugar-hyperactivity Misconception Originated from a Study Published in 1980

The possibility of a causal relationship between dietary sugar and ADHD was first supported empirically
by Prinz and coworkers [7]. These investigators compared hyperactive (as defined by their parents)
children (4-7 years old) to a group of nonhyperactive, age-matched controls. The variables measured were
intake of various dietary ingredients, which were recorded in a 1-week food diary, and several behaviors,
which were observed in a simulated playroom. Of special interest here was the finding that consumption of
sugar products was positvely correlated with "destructive-aggressive” and "restless’ behaviorsin the
children previously characterized by their parents as "hyperactive". Subjects in the control group also
demonstrated a positive correlation between grams of sugar consumed and playroom behavior, but not in
terms of destruction-aggression or restlessness. Instead, control children had a sugar intake that was
positively correlated with their number of "quadrant changes", which was used as a measure of movement
about the playroom setting. Thus, for both groups of children, activity levels -- as manifested by



destruction-aggression, restlessness, and quadrant changes -- appeared to vary directly with sugar levelsin
the diet.

However, Prinz and colleagues interpreted their data conservatively, stating, " The results suggest that the
effects of sucrose consumption on the behavior of hyperactive children need to be further investigated."
Since no experimental manipulation was performed (the children were free to choose the foods they ate),
the direction of causality was not addressed. For instance, this study could not rule out the possibility that
more active subjects preferentially select sugary foods. Alternatively, athird factor may have promoted
both the levels of sugar intake and playroom activity.

Unfortunately, the lay press did not exercise the same caution that the authors did in interpreting their
study. Soon the notion was popularized that sugar-laden foods may not only affect overt motor behavior in
children but also more subtle behavioral dimensions such as cognitive, social, and academic performance
[8,9,10,11,12,13]. The absence of any research demonstrating the actual bases for ADHD and other
behavioral abnormalities presumably would have fostered such unwarranted claims.

In addition to the general public, teachers, who occasionally are called upon to counsel parentsin
modifying their child's behavior, came to believe in the adverse effects of sugar [14]. DiBattista et al.
showed using questionnaries that primary school teachers overwhelmingly considered sugar to have
unhealthy behavioral effects. For instance, 90.7 % of respondents chose sugar from among alist of food
items as an ingredient which exacerbates the behavioral problemsin hyperactive children. Further, 89.7%
indicated that sugar has an activating influence on the behavior of normal (i.e., nonhyperactive) children.
Perhaps more disturbing, was the finding that the teachers' biases led them to provide misinformation to the
parents of hyperactive children. In fact, 65.8% had advised the parents of hyperactive childrento try
lowering the child's sugar intake, and 78% of these parents were known to have complied.

Like teachers, physicians often serve as a trusted source of information; and many medical practitioners
also adopted the unsupported connection between sugar and agitated behavior [15,16]. Consequently,
dietary intervention, in the form of low-sugar or sugar-free meals, was often touted as the solution to
hyperactivity in children [17].

There are Multiple Psychological Explanations for the Persistance of the Perceived Sugar-Hyperactivity
Relation

It may be the case that a small percentage of children have a response to sugar that involves hyperactivity.
However, given that the weight of scientific literature does not find sugar to be responsible for disordered
behavior in either hyperactive or normal children, why might the mistaken notion have persevered and
remained so widespread? One possibility is sugar's image as a high energy food. Perhaps one might assume
that a high sugar intake naturally resultsin atendency to "use up" the caloriesit provides, by increasing
behavioral activity. If thisisin fact a"logical" deduction to alay person, then the notion that sugar isthe
cause of hyperactivity may just be intuitive to the general public, especialy in the abscence of any other
proven culprit.

There are several ways in which a pre-existing intuition about the unhealthiness of sugar may be reinforced.
First, parents, teachers, and others may observe that children are often more active during situationsin
which sugar is being consumed (e.g., birthday parties, school recess) and misattribute the change in
behavior to sugar, rather than to some inherent characteristic of the situation itself, such as a lack of
structure [18]. Second, people who expect sugar ingestion to be followed by disordered behavior, may take
special note of and remember only those instances in which the two events occur in sucession, and
disregard those instances in which sugar intake preceded normal behavior. This effect results from the
psychological phenomenon known as"The Illusory Correlation” [19]. Third, parents may be more
comfortable with, and therefore, more inclined to identify their child's agitated behavior as a symptom of an
external and emotionally neutral factor, like sugar, instead of a more personal factor like genetics or
upbringing. Fourth, pre-existing biases about sugar may prompt observers to perceive children as being
overly active, even when they are not. Hoover and Milich performed an experiment which lends credence
to this fourth possibility [20]. In their experiment, all children received drinks containing the nonsugar



sweetener, aspartame. However, parents who were misled into believing that their child had consumed a
sugar-sweetend drink rated their child as being significantly more active, compared to the ratings given by
parents who were told the truth. In asimilar experiment in which all children consumed a drink sweetened
with sugar, Spring and Alexander found that parents perceived their child as more active, impulsive, and
fidgety only when led to believe that sugar (not aspartame) was used as the sweetener. In other words, these
latter two studies demonstrated that it was the parent's expectation about whether their child consumed
sugar, not whether or not the child actually did, that determined how the child's behavior was perceived.

In summary, the image of sugar as an aggravating influence on child behavior will probably be hard to
extinguish, even if the public were exposed to the experimental research on thisissue. Lay intuitions
regarding sugar tend to be confirmed by its frequent co-occurence with situations in which children are
more active, and are further compounded when these co-occurences are selectively remembered. Moreover,
individuals may be prone to "see" hyperactive behavior, even when it is absent, following periods in which
sugar was consumed; and for emotional reasons, may be unlikely to seek explanations for their
"observations' that are more personal than the sugar-hyperactivity relation.

Conclusion

Sugar continues to be condemned as a source of hyperactivity in children. When | casually asked 10 of my
fellow medical school classmatesto tell me their opinions on the sugar-hyperactivity issue, seven of them
described at length the detrimental powers of sugar on childhood behavior. Clearly, these attitudes need to
be corrected so that they are not communicated to future patients. Again, there is no available evidence that
sugar precipitates or even contributes to elevated activity in children who are normal or those who suffer
from ADHD. Accordingly, it would be inappropriate and unnecessarily burdensome to pursue a sugar-free
diet in the hope of ameliorating a child's disordered behavior. In fact, in light of the foregoing discussion, it
is probably safe to conclude that withholding sweet food from youngstersis probably more likey to
provoke disruptive behavior than serving it to them.

REFERENCES
1. Canadian Sugar Ingtitute, Sugar Tracking Study. Sugar Vernacular Study. Toronto, 1989.

2. Hamilton, E.M.N., Whitney, E.N., & Sizer, F.S. Nutrition: Concepts and Controversies. St. Paul, MN:
West.

3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Washington
D.C.: APA, 1987

4. Wender, E. Review of Research on the Relationship of Nutritive Sweeteners and Behavior. In: Diet and
Behavior. Washington, D.C.: National Center for Nutrition and Dietetics, 1991: 65-80.

5. Woalraich, M.L., Wilson, D.B., & White, JW. The Effect of Sugar on Behavior or Cognition in Children:
A Meta-Analysis. JAMA 1995; 274(20): 1617-21.

6. Wolraich, M.L., Lindgren, S.D., Stumbo, P.J, Stegink, L.D., Applebaum, M.I., & Kiritsy, M.C. Effects
of Diets High in Sucrose or Aspartame on the Behavior and Cognitive Performance of Children. New
England Journal of Medicine 1994; 330(5): 301-7.

7. Prinz, R.J., Roberts, W.A., Hantman, E. Dietary Correlates of Hyperactive Behavior in Children. Journal
of Consulting and Clinical Psychology 1980; 48(6): 760-9.

8. Conners, K.C., Feeding the Brain: How Foods Affect Children. New Y ork: Plenium Press, 1989.

9. Schoenthaler, S.J. Nutritional Policies and Institutional Anti-Social Behavior. Nutrition Today 1985; 20:
16-24.



10. Ketcham, K., Mueller, L.A. Eating Right to Live Sober. New Y ork: Signet, 1983.

11. Colbin, A. Food and Healing. New Y ork: Ballantine, 1986.

12. Diamond, H., and Diamond, M. Living Health. New Y ork: Warner, 1987.

13. Null, G., The Complete Guide to Health and Nutrition. New Y ork: Delacorte Press, 1984.

14. McLoughlin, J.A., Nall, M. Teacher Opinion of the Role of Food Allergy on School Behavior and
Achivement. Annals of Allergy 1988; 61: 89-91.

15. . Bennet, F.C., Sherman R. Management of Childhood "Hyperactivity" by Primary Care Physicians.
Journal of Developmental and Behavioral Pediatrics 1983; 4: 88-93.

16. Varley, C.K., . Diet and the Behavior of children with attention-deficit disorder. Journal of the
American Academy of Child Psychiatry 1984; 23: 182-5

17. NIH Consensus Development Conference Statement: Defined Diets and Childhood Hyperactivity.
American Journal of Clinical Nutrition 1983; 37: 161.

18. Kanarek, R.B. Does Sucrose or Aspartame Cause Hyperactiviy in Children? Nutrition Reviews 1994;
52(5): 173-5.

19. Nisbet, R.E., & Ross, L., Human Inference; Strategies and Shortcomings of Social Judgement.
Englewood Cliffs, NJ: Prentice-Hall, 1980.

20. Hoover, D.W. & Milich, R. Effects of Sugar Ingestion Expectancies on Mother-Child Interactions.
Journal of Abnormal Chil Psychology 1994; 22 (4): 501-515.



