Fasting and cognition in well- and undernourished schoolchildren:
a review of three experimental studies'?
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ABSTRACT This paper reviews three experiments on the
effects of an overnight and morning fast on attention and memo-
ry processes among 9-11-y-old children. Two of the experiments
focused on middle-class, well-nourished boys and girls in the
United States; the third involved boys from low-income families
with and without nutritional risk in Huaraz, Peru. All experi-
ments used the same crossover design and followed similar
experimental procedures to control the subjects intakes and
motor activity during the study period. The children were admit-
ted to a research center on two different evenings, =7 d apart.
After arrival the children ate dinner, played table games or
watched television, and went to bed. They were awakened at
0730 and, by design, were either served breakfast (=2301 kJ) or
not. At 1100 they took psychologic tests that assessed recall from
working memory and competence in discriminating visual stim-
uli. At 1200 the children were discharged. The consequences of
the overnight and morning fast, particularly among the children
who were nutritionally at risk, included slower stimulus discrim-
ination, increased errors, and slower memory recall. We propose
that these alterations result from a state of metabolic stress in
which homeostatic mechanisms work to maintain circulating
glucose concentrations. Am J Clin Nutr 1998;67(suppl):
779S-84S.
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INTRODUCTION

This paper reviews three experiments that tested the effects of
an overnight and morning fast on cognition among 9-11-y-old
children. The experiments tested the working hypothesis that
such an extended fast interferes with attention and working mem-
ory processes (1). The first two focused on well-nourished, mid-
dle-class boys and girlsin the United States and were exclusively
concerned with the cognitive effects of an overnight and morning
fast; the results were published in the early 1980s (2, 3). The third
experiment examined both well- and undernourished boys in the
Andean town of Huaraz, Peru. Along with afield trial, this exper-
iment was part of an evaluation of the Peruvian National Break-
fast Program launched by the Peruvian government in 1993. A
complete report of the data from experiment 3 isin press (4); the
results of the field trial have been published (5). The evaluation
was published as a book in Spanish in 1996 (6).

The comparative analysis presented here takes advantage of
the crossover design of the experiments, the similarity of their
protocols, and the inclusion of subjects of similar age who con-
sumed a breakfast of about the same energy value. Because
experiment 3 used computerized cognition tests that were not
availablefor the first two experiments, itstest outcomes are more
exact than those of experiments 1 and 2. In addition, whereas the
experiments 1 and 2 studied children of both sexes, experiment
3 restricted its sample to boys.

The three experiments used the working hypothesis that the
effects of an extended fast on cognition can be observed in par-
ticular aspects of information processing and can also be exper-
imentally activated by stimuli presented over short periods (sec-
onds). There was neither a theoretical reason nor an empirical
basis for an assumption that the extended fast would affect the
complex mental abilities that are generally included as compo-
nents of intelligence.

EXPERIMENTS 1 AND 2
Subjects and Methods

Unless otherwise noted, the following description applies to
both experiments. The subjects were 9-11-y-old children meet-
ing the following criteria: height and weight between the 10th
and 90th percentiles of the US National Center for Health Sta-
tistics (NCHS) standards (7), no history of hypoglycemia or of
any other metabolic disease, and good health. There were 23
girlsand 9 boys in the first experiment, and 20 girls and 19 boys
in the second. Self-selection explains the difference in the num-
ber of boys and girlsin experiment 1. A notice for recruitment of
subjects was published in a university newsletter.

All subjects were admitted to a clinical research center on two
evenings =7 d apart. At the first admission, medical personnel
recorded complete medical histories and conducted physical
examinations for all subjects. On both admissions, the subjects
ate dinner at 1700, went to bed at =1900, and were awakened at
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0720 the next morning for breakfast, served between 0800 and
0830. The nutritional composition of the breakfast meals is
shown in Table 1. The investigators randomly assigned the sub-
jects to either breakfast (BR) or a placebo (NBR) on the morn-
ing of the first admission, and reversed the treatments on the sec-
ond. The children engaged in quiet activities (eg, watching
television or playing table games) until 1115, at which time two
psychologists, blinded to the treatment, administered a series of
behavioral tests. Afterward the investigators took blood samples
(15 mL) and discharged the children at 1200.

The psychologic test battery included the Matching Familiar
Figures Test (MFFT) (8) and the Hagen Central Incidental Test
(HCIT) (9). The MFFT assessed competence in discriminating
among similar visual stimuli. The number of correct responses
(out of six or eight displayed alternatives) was the main indica-
tor of performance. The two levels of difficulty were determined
by the number (ie, six or eight) of stimuli that the child was
asked to assess and judge on each trial. Other studies have shown
that errors in the MFFT are correlated negatively with educa-
tional achievement test scores (10) and positively with anxiety
(11). For example, in the experiment we are describing, the cor-
relations between MFFT errors and scores in the lowa Test of
Basic Skills (12), after controlling for reaction time, were —0.40
(P <0.01) for 9- and —0.47 (P < 0.01) for 11-y-old children.

The HCIT taps attention processes related to those assessed in
the MFFT and adds a memory component. The test consists of
six cards presented sequentially, each with a drawing of an ani-
mal and an object (eg, car). Once all the cards are presented, the
child is shown a single card with a picture of only an animal, and
the child is asked to identify the serial position occupied by that
animal in the first presentation of the series. At the beginning of
the test the child is told to pay attention only to the animals, as
the objects are incidental to the task.

Two scores are generated: central (ie, correct recall of ani-
mals) and incidental (correct recall of objects). In other studies,
incidental scores correlated positively with anxiety (11) and neg-
atively with age (13). A test of verbal intelligence [ie, Peabody
Picture Vocabulary Test (PPVT) (14)] was included in experi-
ment 1, whereas experiment 2 used the Slossum Intelligence
Scale (15).

The investigators in experiment 1 tested blood samples for 3-
hydroxybutyrate (BHB), glucose, lactate, and fatty acids. Mea-
surements were obtained at 2100 the evening of the admission
and again at noon the next day. Experiment 2 restricted the bio-

TABLE 1
Nutritional composition of dinner and breakfast in experiments 1 and 2*
Meal composition Experiment 1 Experiment 2
Dinner
Carbohydrate (g) 145 105
Protein (g) 40 31
Fat (g) 25 27
Energy (kJ) 4016.6 3292.8
Breakfast
Carbohydrate (g) 75 65
Protein (g) 15 12
Fat (g) 20 16
Energy (kJ) 22384 1874.4

1 From references 2 and 3.

chemical determinations to glucose and insulin. Blood samples
were again collected on the evening of admission and at noon the
day of the two experimental treatments.

Experiment 1: results

The mean concentration of BHB (in nmol/L) on the evening
before BR (0.114, P < 0.05) was significantly lower than the
same measurement obtained at 1200 the day of the fast (0.37).
This latter measurement was also significantly greater than that
obtained at 1200 after BR (0.068). Mean glucose concentrations
(in mol/L) on the morning of NBR (4.26) were significantly dif-
ferent from those of the BR day (4.44); however, there were no
significant differences between this latter value and that of the
preceding evening (4.69). Regarding lactate (in mol/L), the only
significant difference observed was between the NBR (1.3) and
the BR (1.5) conditions. Fatty acids (in mmol/L) were not mea-
sured in the evening; however, the difference between the mea-
surements at noon was statistically significant. Glucose, as noted
below, was associated with cognitive test performance; however,
the other metabolic indicators were not (see Figures 1 and 2).

In this experiment, the interaction between treatment (BR or
NBR) and intelligence quotient (1Q) accounted for a significant
portion of the variance in errors on the MFFT. In subjects with
an 1Q below the median for the group, performance of the five
easy tasks of the MFFT was poorer (P < 0.05) for those who had
been fasting. In addition, the magnitude of the differencein glu-
cose concentrations at 1200 between those who ate breakfast and
those who did not was negatively associated with a change in the
number of errors; as glucose concentrations dropped, the number
of errorsincreased (P < 0.05).

An analysis of the incidental scores on the HCIT was restricted
to the first day of admission because of the potentia transfer of
learning associated with repeated measures. As expected, the inci-
dental score was significantly higher after NBR than after BR.
However, the HCIT yielded an unexpected finding; recall of the last
central item in the series was significantly better after the overnight
and morning fast than after breakfast consumption. Moreover, the
subjects whose glucose values fell bel ow the median for the respec-
tive distribution were also more likely to show the recency effect
than those with glucose values above the median.

Neither the 1Q test nor the continuous performance task
showed any effects of treatment. The sex of the subjects also had
no effect on the scores on any of the tests administered.

Experiment 2: results

The mean glucose concentration (5.19 mol/L) at 1200 after BR
was significantly higher than the same value after NBR (4.75
mol/L). The difference in the respective insulin values on those 2
d (BR: 20.1; NBR: 17.1 mol/L) was also statistically significant.

Independent of the subjects’ 1Qs, the overnight and morning fast
influenced performance on the MFFT: errors were significantly
greater (P < 0.05) after NBR than after BR. Errors after NBR also
showed a statistically significant (P < 0.05) negative correlation
with insulin (r = —0.41) and glucose (r = —0.28) values.

The results of experiment 2 on the HCIT agreed in part with
those of experiment 1. After NBR, incidental scores were higher
than after BR, and insulin was negatively correlated with inci-
dental recall (r = —0.40; P < 0.05). On the day of BR, neither
glucose nor insulin concentration correlated with performance.
The recency effect in memory observed in experiment 1 was not
observed in experiment 2.
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FIGURE 1. Mean plasma biochemical values determined at 2100 preceding breakfast (BR) and at 1200 on the day of treatment for both breakfast
(BR) and no breakfast (NBR) conditions. Blocks with different letters are significantly different from each other.

As in experiment 1, intelligence test scores in this second
study did not discriminate between the BR and the NBR condi-
tions, nor did they moderate the effects of treatment on the other
cognitive tests or show any sex effects on performance.

EXPERIMENT 3
Subjects and methods

This experiment included well- and undernourished children
whose parents, unlike those of the participants in experiments 1
and 2, had neither a college education nor a middle-class
income. The families were lower-middle class by Peruvian stan-
dards. The subjects were 23 undernourished and 29 well-nour-
ished 9-11-y-old boys. Criteria for sample selection were as fol-
lows: 1) male sex [girls were excluded to avoid the potential
confounding effect of early menarche on cognitive function
(16)]1, 2) enrollment in the fourth or fifth primary school grade,
3) adequate nutritional status (no risk) (height-for-age > —1 SD
and weight-for-height > 0 SD of NCHS standards) or at-risk
(height-for-age < —1 SD and weight-for-height < —0.5 SD), 4)
no signs of poor vision, delay in neuromotor development, or
seizures, and no history of reactive hypoglycemia, and 5) a score
of one or two on the sexual maturation scale (17), to avoid the
possible confounding effect of puberty.

As with the first two experiments, experiment 3 used the sub-
jects as their own controls. The procedures in experiment 3
closely followed the same protocol as the others but with small
variations in the motor activity schedule.

Breakfast consisted of a small cake (80 g) and a beverage
similar in taste and color to milk (50 g) (Amilac; Instituto de
Investigacion Nutricional, Lima, Peru). The nutritional content
of the breakfast provided, for an average primary school child
(aged 5-10 y), 30% of energy requirements as defined by the
World Health Organization (18), 60% of dietary allowances for
minerals and vitamins, and 100% of iron. A diet soda without
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FIGURE 2. Mean glucose and insulin concentrations for both break-
fast (BR) and no breakfast (NBR) conditions determined at 2100 the pre-
ceding day and at 1200 on the day of treatment. Blocks with different
letters are significantly different (P < 0.05) from each other.
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TABLE 2

Outcomes of expected and observed recall in visual memory and working memory: summary of findings of three experiments involving school-age chil-

dren with and without nutritional risk*

Visual attention Working memory
MFFT? STD® HCIT* SMST®
Correct Time Correct Time Incidental correct Central correct Time Slope
(n) ©® (n) ©® Q) ©®
Expected Results B >NB NB >B B > NB NB >B NB >B B > NB NB > B B =NB
Experiment 1 (2), n = 32 BS>NB’” NB=B NB > B’ NB > B8
Experiment 2 (3), n =39 B > NB’ NB =B NB > B’ NB =B
Experiment 3 (4)
Nutritionally at-risk, n = 23 NB =B NB < B NB=B NB=B
Nutritionally adequate, n = 29 NB =B NB > B’ NB>B” NB=B

1B, breakfast treatment; HCIT, Hagen's Central Incidental Test; MFFT, Matching Familiar Figure Test; NB, no breakfast treatment; SDT, Stimulus Dis-

crimination Test; SMST, Sternberg Memory Search Test.
2 Outcomes are number of errors and response time.

3 Part of the Cognitive Abilities Tests developed by Detterman (20). Outcomes are number of errors and decision time.
4 Outcomes include scores for correct recall of incidental and central stimuli.
5 The two main outcomes are intercept and coefficient of slope of decision time on block size. Intercept is a measure of scanning time, and slope reflects

the temporal increment from block to block.

6 The effects of the treatment were modified by 1Q. Among those with an 1Q below the median of the respective distributions, the number of correct

responses was higher under the BR than under the NBR condition.
7 Predicted results were observed.

8 The direction of the difference does not refer to the total central recall score. The difference in favor of the NBR condition was restricted to the last

item in the card series, indicating a stronger recency effect for NBR.

caffeine was used as a placebo for the NBR subjects. For glu-
cose determinations, blood samples were taken at 1130 after the
two treatments.

The battery of psychologic tests included three paper-and-pencil
tests [number discrimination, PPVT, and the Raven Progressive
Matrices (19)] and three computerized tests [Simple Reaction Time,
Stimulus Discrimination (SDT), and Sternberg Memory Search Test
(SMST)], which are included in the Cognitive Abilities Test battery
developed by Detterman (20). The SDT and SMST discriminated
between treatments and are described below in greater detail.

The SMST requires the subject to memorize one or more stim-
uli per trial and decide whether a new stimulus is present or
absent (144 trials). According to the size of the ensemble (up to
four stimuli), thetrials are classified into blocks. Theory predicts
that increments in the size of the ensemble predict time incre-
ments from one decision to the next. Thus, the outcome of the
test is measured in speed rather than retrieval errors. In particu-
lar, the outcomes include the intercept and the slope of the
regressions of decision time on block size (separately for new
stimulus present or absent).

The SDT task was to select a match for one geometric stimu-
lus out of six possible choices. The subject had to correctly score
72 trids by the end of the test. Outcomes were decision time,
movement time, and number of errors.

Results

Performance on the SMST was adversely affected by the
NBR treatment among the at-risk children; their speed in scan-
ning memory was comparatively slower than that of the BR
group after the overnight and morning fast. However, the at-risk
subjects showed no treatment differences in increments of deci-
sion time as afunction of block size, and the intercept generated
from the differences between treatment conditions was signifi-
cantly different from zero. Performance on the SDT test was

also affected among the nutritionally at-risk subjects; decision
time was shorter on the day they ate breakfast than on the day
they fasted.

In contrast to experiments 1 and 2, the treatment in experi-
ment 3 had no detrimental effects on cognition among the well-
nourished children; contrary to expectations, the scores in the
SDT and PPVT were better (P < 0.05) after NBR than after BR.

Comparisons among experiments

The expected and observed results of the three experiments
are compared in Table 2. The four tests of cognition have been
classified into visual attention and working memory, whereas the
PPVT, Raven Progressive Matrices and Slossum Intelligence
Scale have been excluded. The analysis is therefore restricted to
16 comparisons (slope; see Table 2). Eight of the comparisons
followed the expected direction, whereas two yielded unex-
pected results. Contrary to predictions, the subjects in experi-
ment 1 showed a higher recency effect after NBR than after BR,
and the subjects without nutritional risk in experiment 3 were
comparatively quicker after NBR on the SDT. Finaly, six com-
parisons showed no directional effects.

DISCUSSION

The overnight and morning fast induced in the three experi-
ments did not result in a blood glucose concentration associated
with clinical symptoms of low blood glucose. However, the
intraindividual changes in lactate, BHB, and fatty acid concen-
trations observed in experiment 1 suggest that the extended fast
was stressful. It was associated with a negative correlation
between glucose and BHB (r = —0.29, P = 0.05) and a positive
correlation (r = 0.78, P < 0.01) between BHB and lactate and
between BHB and fatty acid (r = 0.36, P < 0.05). None of these
correlations was observed on the day the subjects ate breakfast.
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The pattern of correlations in the fasting state is consistent with
a relative elevation in adrenal corticosteroid and catecholamine
and arelative drop in plasmainsulin concentrationsin those chil-
dren with the lowest blood glucose concentrations.

In the discussion of the report in experiment 1, Pollitt et al (2)
proposed that the elevation in fatty acid and BHB concentrations
reflected a shift toward an aternative fuel source (fat) to com-
pensate for reduced availability of carbohydrates (hepatic glyco-
gen). The quantitative aspects of the metabolic profile suggest
that fasting had, relative to the BR condition, diminished plasma
insulin concentrations and elevated plasma cortisol and cate-
cholamine concentrations. In agreement with this suggestion,
experiment 1 showed that the subjects’ insulin concentrations on
the day of fasting were significantly lower than those on the day
of breakfast consumption.

Briefly, the combination of elevated catecholamine and corti-
costeroid and reduced insulin reflects a state of stress that is
either causally related to, or associated with, other metabolic
changes that account for the alterations observed in attention and
memory. It remains to be determined whether the metabolic
changes observed in well-nourished US children are similar to or
more severe than those in nutritionally at-risk children, such as
the subjects in experiment 3. Of anecdotal importance is that, in
experiment 3, glucose was not associated with performance on
any of the administered cognitive tests. This lack of consistency
in the relation between glucose and performance in the three
experiments also places into question the validity of the meta-
bolic explanation for the observed effects. But the results of the
SMST for the nutritionally at-risk children in Peru also suggest
that metabolic changes mediate the effects of fasting on cogni-
tion. Sternberg (21) determined that the rate of scanning from
working memory is higher than that for covert speech and, on
this basis, concluded that memory search is not conscious.
Whereas we did not try to replicate this finding, informal obser-
vations of the speed of test responses suggest that the childrenin
Peru were not aware of the scanning process.

At least two factors justify the conclusion that attentional
processes are particularly vulnerable to the metabolic changes
induced by fasting. First, the subjects’ performances on the
MFFT in experiments 1 and 2 were better on the day they had
breakfast, and their incidental scores were higher on the day of
fasting. In the third experiment, fasting delayed the subjects
responses on the SDT. In each of these three tests (HCIT, MFFT,
and SDT) performance depends in part on the selection of visual
information. Secondly, the increased recall time for incidental
stimuli in the HCIT in the first two studies showed that an
extended fast led to poor discrimination between meaningful and
irrelevant cues to the task at hand.

Experiment 3 showed that recall in the SMST was delayed in
the fasting state. Other investigators have also shown that work-
ing memory is sensitive to fasting (22) and that the administra-
tion of glucose benefits memory function (23). However, as
noted, we found no evidence of an association between glucose
concentration and memory function.

Experiment 3 found that nutritionally at-risk children were
more vulnerable to the adverse effects of fasting than well-nour-
ished children. This finding concurs with a previous report on the
poor performance of malnourished schoolchildren on a working
memory test in Jamaica (24). The data from our experiment
agreed with those of the Jamaican study in the absence of effects
of fasting among well-nourished children. Future studies are

called for to determine the moderating role of nutrition status in
the relation between fasting and cognition.

In the United States, the children participating in experiments
1 and 2 were probably representative of their peers at the schools
they attended in Cambridge, MA, and Houston, respectively.
This was not true for the children of Huaraz, where we had dif-
ficulty finding children who met the anthropometric criteria of
no nutritional risk. The no-risk children were thus rather atypi-
cal. We would have to learn their sociopsychologic, medical, and
nutritional history to better understand their resilience to the
effects of fasting.

In our comparative analysis of the three experiments, the data
suggest, although inconclusively, that an overnight and morning
fast among schoolchildren has adverse effects on attention and
memory processes—effects that may be mediated by metabolic
changes in plasma glucose regulation in the brain.
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