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Abstract

Two experiments are rcported in wioieh cardiac habituation and
dishabituation to pure tone stimuli were studied in well and mal-
nourished Guatemalan infants., 1In both studies the magnitude of the
orfenting response was found to be attenuated or completely absent
in infants suffering from nutriticnal insult, The findings were
taken as evidence of a basic learning deficit that might account for
the often reported poor performance of malnourished children on

standard psychological tests.



THE EFTFECT OF MALNUTRIT TON ON AUTONOMIC REACTIVITY
TO AN AUDITORY STGHAL:  SOME PRELININARY FINDINGS
Barry Leatarx

Studies relating nutritional status to mental development
generally have been conducted with preschool and school-age children.
Few attempts have been made to assess the cffects of malnutrition on
behavior within the first two years of life. Morcover, those studies
which have focused on infancy have been concerned with reporting pross
differences in behavior particularly as measured by standard infant
scales (Chase and Martin, 1970; Cravioto and Robles, 1965; Monckeberg,
1968; Stoch and Siythe, 1968). While Infant developmental scales are
useful as descriptors of overall psycho-motor functioning, unfortunately,
they do not specify the underlying psychological processes that may
be affected by malnutrition,

On the other hand, specific psychological deficits are one chavac-
teristic feature of the clinical syndrome of malnutrition. The infant
suffering from nutritional insult is universally found to be un-
respousive to stimulus changes in the environment. The exploratory
behavior, curlosity, and activity so typlcal of the normal infant is
dramatically reduced or absent among malnourished infants. TFor example,
so marked Is this condition of apathy that one‘of the hallmarks of
recovery from malnutrition is the reappearence of the smile,

The purpose of .the present resecarch was to provide an experimental
test of the hypothesis that the infant s ability to rcspOnd apprOpriatoly“
"lto impinging environwﬂntal stlmulation iq affected by nutritional insult- 

w»:Two studics aro reported in whi»h orientation and habituation to an

1?6ﬂdi¢°ry,st1mu1us are compared in 1n.ants;Qfevaryina«nUtritionalxstatuSs'x~‘“”'3
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The first experiment was a pilot study to determine the utility
of the habituation paradign for assessing differences due to malnu-
tvition. The subjects for the study were sixteen male infants with a
wcan age of 13 1/2 wonths. Subjects were drawn from State run in-
stitutlons In Guatemalia City, Cuaterala, where they were supposedly
rehabilitated from malnutrition, In fact, eight of the infants were
suffering from second or third degree malnutrition whereas the remain-
ing {nfants were better nourished, suffering from first degree mal-
nutrition,

These grades of malnutrition are based on the weight for age norms
established by Gomez (1956) from a sample in Mexico City. tVeight is
considered to be the key antiropowmetric measure, particularly at
younger ages, as welght loss Is one of the first signs eof malnutrition.
According to the Gorexz (1956) scale, {irst degree malnutrition refers
tu body weight between 767 to 907 of the established norm for the
child's age. For sccond and third degree malnutrition body welght is
below 767 and 617 of the average weipht for age, vespectively, Table 1
shows the means for weight, height, head circumference, and age for
these two groups of infants, one of which 1s relatively well nourished
while the other 1is clearly malnourished,

The infants were scated in a sound attenuated chamber and pre-~
sented with forty trials of a purce tone stimulus. The ferty trials
cﬁn#isted of twenty trials of a 750 llz tone followed by ten trials of
a 400 Hz tone and ten rore trials’of,tnc 750 lz tone. The tohesvwere,f

prcsented at 90 dH for fivo ﬁcconds uith a randomized inter triql in-

: 7terva1. The dependent variable vas hea rt rate calculated as a change.'f'“'

"score in cardiac activity from prebtimulus to stimulus onset periods.f

——...-—_-n.._--«‘...._‘_u_-..——_....
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Fl{gure 1 shows the mean heart rate deceleration to the three

tone sequences for the well and malnosurished {infants. A t test reo-~

vaaled that the mean heart rate deeeleration to stinulus onset, or

trial 1, was larger in the well nourished than in the malnourished

infants {e(l4) = 3.67, p < .01]. Likewise, the well nourished infants

showed larger heart rate decelerations than the malnourished infants

to the two dishab{tuation stirull on trial 21, [t(14) = 1.76, p < .05],

and on trial 31, (t{l4) = 1.77, p < ,05}.

Inscrt Figure 1 about here

N a v . e o o A " -

Furthermore, whercas the well nourished i{nfants showed clear
recognition of the changes in tonal frequency, the malnourished {in-
fants appeared not to. Within group t tests between each dishabituation
trial and the {mrediately preceding trial revealed that for the well
nourished infantg the rmean heart rate deceleration was larger on
trial 21 than on trial 20, [t(17) = 2,16, p < ,05], and was larger
on trial 31 cthan on trial 30, [t(7) = 2,18, p < .051. For the wal-
nourished infants, similar comparisons were uot significant. Fipally,
rean differences in prestimulus heart rate between the two groups
were not slgnificant suggesting that these results were not an arti-
fact of haseline differences In autonomic activity.

These preliminary findings suggested that the experimental tech-

nique of habituation was sensitive to the carly effects of nutritional

Ain$u1t; Specifically, the 01ienting responsc appearcd to be diminished

1n infants sufforing from malnutrition._ However, bogause of the possiblej‘

jronfounding effects of institutionali?ation and the small sample size,_ 

‘”a more comprehensive study was plannpd.ﬂf

Thu subgects for tho wain study wore forty ma}o, one vear old

infants from the lower socioeconomic class of Guatenala City. The
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infants were full-tern, full birth weight, clinically normal, and
suffered no najor {llincsses as of the time of testing. Their mothers
reported no pregnancy or bivth compiications, nor were they sedated
during the birth of the child, 1ilalf of the {nfants were suffering
from second or third degrece malnutrition according to the Gomez (1956)
norms whereas the remaining twenty infants had an average or slightly
below average welght fer their age. The age and anthropometric charac-
teristics of the sample are presented in Table 1.

The experimental procedure was identical to that reported in
the first study with the following exceptions. Tirst, twenty rather
than ferty trials were presented. Second, the design was balanced
for the order of stimulus presentation., Thus, twenty subjects were
randomly assigned to one order which consisted of ten trials of a 750
Hz tone followed by flve trials of a 400 Hz tone and five trials of the
750 Hlz tone. For the other half of the sawple, this order was reversed.
As an analysis of vartance revealed no effects due to the order of
stimulus presentation, the order conditions were collapsed resulting
In twenty subjects per nutrition cell.

A third difference from the first experiment is that infants in
the present study were tested while scated in their mother's laps.,
The mothers were prevented from hearing the tones by listening to pre-

recorded music through a set of head phones. Finally, all infants

were tested while in an awake and alert state.

The results from this study are presented in Figure 2 which shows

- the mean heart rate deceleration to the three tone sequence for the
s well‘and”ﬁalhouiiShed:infants. 'Nocc_thc otddr~cond1tions hto~c0mbined~_,,,,'§

~in the figure. For the well nourished {nfants amalysis of variance = =

Insert Figure 2 about here

- T o e ik ot i e g 8 i i 8 e o o o
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showed a response decrement in heart rate deceleration to each tone
sequeace, F(9,153) = 8,78, p < 005 for tone A; T (4,68) = 12.55,

p < .005 for tone B; and F(4,64) = 6,25, p < .005 for the sccond
sequence of tone A, In other words, cach tone produced a large initial
orienting response followed by rapid habituation. The analysis for

the malnourished infants, on the other hand, rcvealed no significant
trials effect for any of the tene sequences. The minimal heart rate
decelerations for these infants remained constant throughout the en-
tire experimental saession.,

Similarly, whereas the well nourished i{nfants evidenced substantial
fncrements in heart rate decelerations to tite two dishabiftuation
stimuli,the malnourished infants did not veact to the changes in tonal
frequency. Analysis of variance for the well nourished group showed
that the magnitude »f heart rate deceleration was larger on trial 11
than on trial 10, F(1,18) = 27.88, p < .005, and was larger on trial
16 than on trtal 15, F(1,16) = 32.38, p < .005., For tho walnourished groun,
the dishabituation stimuli did not result in increases in the magni-
tude of heart rate decelerations.

Finally, analysis of variance were performed between the two
groups for each tone scquence. As might be expected, the analysis for
each tone sequence ravealed a significant nutrition by trials inter-
action, F(9,324) = 5.61, p < .005 for tone A; F(4,132) = 5.56, p < .005
for t6ne B;’ and F(4,132) = 4.78, p < .005 for the sccond sequence of

tone A. This interaction was due to the 1arge heart rate deceleration

- to the first trial of each tone "equencn 1n the vell nourished groun.,k;’
S ~In fact between grouﬁ differences were no- longor significant when  »

”f the first trial of each tone SQQUhnce was eliminated Erom the analysis.
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Once again, there weré no group differences In prestimulus heart
rate. Furthernore, while 1t might be suspected that the malnourished
infants reactod to the tones as a fear producing stimulus, this sus-
picion did not gain emplrical support; there were no differences in
llieart rate accelerations to any of the tone sequences between the
wall and malnourtshed infants.

Tihe results from this study reveal a clear nutritional effect
on the infant's ability to respond to and process impinging novel
stimulation. Infants suffering from malnutrition were found to evi-
dence an attenuation or complete absence of the orienting response
when presented with repeated trials of a novel stimulus as well as
qualitative changes in that stimulus. These results support the
clinical observations of Bireh (1970) and others that stimulus recep-
tivity 1Is affected by nutritional insult and further suggest that
this lack of receptivity is due to the absence or attenuation of the
orienting responso,

Recent studies by Zeiner and Schell (1971) and Ingram and Fitz-
gerald (1972) have reported a relation between mapnitude of the orien-
ting response and rate of acquisition of a conditional discrimination.
If magnitude of the orilenting response does, indeed, predict condition~
ability then absence or attenuation of the orienting response may be
indicative of a learning dcficit. This suggests that the kinds of
deficits observed in the'present study, if they persist into child-

hood, "can account, at least partially, for Lheyéften rcpottcd'poor per=

formance offmainoﬁriShed:childten on standard pSYChologicai'tests”(Bircﬁ' f, >

~and Gussow, 1970).
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Obviously, whether or not those effects are reversible camot
be determined from the present study. Research with animals has
shown that a.lnutrition can lead to structural damage to the central
nervous system. Dobbing (1970) has proposed that ic any specles,
brain developmnent may be most vulnerable to damage 1f malnutrition
occurs during the period of rapid brain growthi. In terms of such an
hypothesis, the human brain would be most sensitive to nutritional
insult frem the last trimester of pregnancy through the first few
vears of life. Studies with humans have, in fact, shown that the
effect of nutritional insult on intellectual functioning 1s rost
severe when malnutrition {s suffered early {n life.

Thus, the timing of the onset of malnutrition may be a deter-
minant of the reversibility of the dfects of malnutrition. This im-
plies that for developing countries, such as Guatemala, nutritionat
rchabilitation programs should pay partiecular attention to the period
of infanecy, especially where early weaning on protein deficient diets

often leads to malnutrition within the filrst year of life.
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Descriptive bata

Pilot Study

- ——ee e e i e e i b i £ e i A i T e A Sl Ak 2 et e e

Groups Age Velight Height  Head Circumference
e fmOsL) (lbs.) (ems,) (ems.)

Well nourished X=13.75 X=17.40 X=71.85 X=44.57

(=8) SD= 7.81 She 5,28  SD= 5.81 Sp= 2.07

s e i s o e A8 P s e s o

Malnourished X=13.25 X=14.71 X=68.42 X=43.14

(N=8) Sh= 3.10 Sh= 3.03 Sb= 5.3% SDh= 1,46

i i k- e £ e 4 e - — . ke ¢ e A e o e o e e A A i e ot e o AR A e T i e e e s = e & A

Main Study

e et A A s = e A o e M i o 7 et St A it -

Groups Age Weight Height Head Circumference
_Amos.) __(ibs.) _(ems.) lems.)

Well nourished X=12.38 X=20.76 X=72.19 X=45.48

(N=20) 5Db= 1.30 SD= 1.92 SD= 2.87 Sh= 1.34

———— e e e e e e S e e o n s i e % S i e A 0 ey

Malnourished X=12.28 X=15,44 X=67.77 X=413,87

(N=20) SD= 1,34 Sh= 1.42 Spb= 2.89 SDh= 1.35
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