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Abstract

Low or restricted energy intekes reduce the amount ¢ inizr.si ‘y
of physiczl activity of infants, preschool and schooi child
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This can occur within a few cays as a compensalary res;o“se
to meintain energy balance while preserving crowth. If en=rgy
intake becomes adequate again zilsr a shortt:me, it mzv have
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no important morphologic, functlo..al or behavioral conse suen
ces. Conversely, a prolonged dictary deficit may resuit in
sustained decrease in physical activity thatcan!limt orrede:
the child’s physical fitness, social interactions and exploratic:
of the immediate environment. This is more evidentin younge
children who are less influenced by sccial constrzinis ang paet
pressure, and emong children who are encourzg:d {0 pzr-
ticipate in physically cemanding gamss and sporis, r v h2
must work or perform chores that result in relat'vely h',h
energy expenditures. A reduced physical activity czn zlzo ccn-
tribute to a decrease in Iongltudmal andlean body mzss cn.w.h
which, together with a decrease in maximal cxygen consump-
tion, may limit maximal work output. All this mey hinder tha
child's potential for biological, behavioral and socizl cevelop-
ment. Therefore, the reduction in physical activity dus to iow
dietary intakes may be an adequzate compensatory resp or 2
in the short term, but it cannot be considered a desn
adaptation because of its actual or poiential cons eqdences ln
the long term.
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1. Introduction

Apart from the energy needs for growth, energy expenditure
determines the dietary energy requirements of children. Within
limits that allow physiological accommodation or metabolic ad-
apteation, there tends to be a balance, such that expenditure
influences inlake and vice versa. In order to maintain that
balance, a decreasz in energy inlake would have to reduce some
or zll the components of energy expenditure and/or reduce
rowth.

| The effect of low energy intake on the growth of children is
widely recognized.. However, it only becomes evident after a
period of several weeks or months, depending on the child's age.
Furthermore, this reduction in growth is one of the deleterious
end-results of low intake and, as such, cannot be considered a
desirable adaptive response.

A reduction in energy expenditure might be an adequate
metebolic response, as long as it does not limit the child’s func-
tion or behavior. This could be manifested by a decrease in basal
metabolic rate (BMR) while the child is growing adequately, or by
a greater efficiency in the performance of energy-demanding
activities. The latter has not been adequately studied and the
former is not known to occur, as a decrease in BMR has been
demonstrated only afier growth is already impaired.

Physical activity becomes a major component of energy ex-
penditure &after early infancy. From that age onward, a decrezse
in energy intake could be expected to induce a compensatory
reduction in activity. This paper will review the evidence that such
rzduction occurs, and it will analyze whethzsr this is a suitable
rssponse or an undesirable effect with negative consequences
for the child.

. Infants and children under two years of age

CHAVEZ and collaborators (1972) conducted a longitudinal study
in a rural Mexican community of about 300 families to assess the
influence of nutritional conditions on various physical and be-
havioral functions. Forty-one women received a daily supplement
of milk, vitamins and minerals, beginning on the second month
of pregnancy and continuing through lactation untii they became
pregnant again. Their babies were also supplemented with milk
and strained foods.

These children grew better than their non-supplemented coun-
terparis and they were significantly heavier by 11 and taller by
17 ?onths of age. The differences continued increasing gradually
with age.
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. Physical activity was assessed for one yezr at 2- or 2-month
intervals in 19 supplemented and 17 non-supplementad children,
whose ages ranged between 4 and 12 months at the beginning
of the study (CHAVEz et 2/, 1972). They were obszarved on ore cay
for 10 minutes every 2 hours, betwesn 8 a.m. and 8 p.m. The
observer recorded the number of steps taken by the child 2uring
that period and, in babies who did not walk or wera lying down,
ﬂje number of kicks or other foot contacts with the floor, ma*¢ress,
sides of the crib, and walls. Physical aclivity was cuantifiad in
terms of 'foot contacts’ in 60 minutes. Figure 1 shcws tha resulls
of 47 sixly-minute observations in each group. Betwsen 13 rd
24 months of age, the supplemented children were 3 to 6 times
more active that the controls (p <0.01).

_ Other observations in the children's homes 2t 2- to 6-month
intervals also suggested that the beiter-nourished wara mora
active (CHAVEZ and MARTINEZ, 1979):

— After 40 weeks of age, the supplemented group tended to slag;
less during the day. By 1 year of age, they slept appreximeiely
25% less and were out of their cribs more ofien that 1=2
non-supplemented controls.

— Ataround 8 months of age, the supplemented chiidren glrezly
tended to spend more time ouidoors. According io Chzvez
and Martinez, this did not depend orly on the mothe:s' z:i-
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Figure 1. Physical activity of supplemented (x ) and non-supplemen-

ted ( o ) children, assessed from contacts of feet with supporting surface
or surrounding objects. From CHAvEZ et al, 1972.
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Figure 2. Spontarieous displacement within a fenced quadrangle
during 10 minutes, of two 2-year-old children with different nutritional
conditions. From CHAvez and MARTINEZ, 1979.

tudes but elso on the children’s independent movements and
demancs.

— During the second semester of life, the supplemented infants
were carried, wrapped in a shawl on their mcother's backs, 30%
iess time thezn the controls. This seemed partly due to in-
creased restlessness of the children, and partly to the greater
burden imposed on the mothers by their heavier body weights.

~ 'Play’ activities were recorded in several supplemented bzabies
beg:nning &t 6 months cof age, whereas they began 12 weeks
lzter in most of the conirol group.

CHAavez and MARTINEZ (1279) also showed exploratory and
behavioral differences betwsen the suppl!emented and non-
supplemented children. A child was placed in the center of a
square of 3 x 3 m, surrounded by a 90 cm fence and with perpen-
dicular lines drawn as a grid on the floor at 30 cm intervels. The
child's mother stood outsice the fence in the middle of one side,
toys were placed inside the fenced area on the opposite side, and
two observers stood outside the fence in the middle of the other
two sides of the square. The child's movements within the square
and its behavior were recorded during 10 minutes by both observ-
ers. Figure 2 shows that a supplemented 2-year-oid child moved
around more, played with the toys, approached the unknown
observers and did not cry, in contrast with a non-supplemented
counterpart.

The increased activity seen in these studies among the sup-
plemented chiidren could be due to many factors, including the
child's greater and more advanced motor development with
better nutrition, the mother's attitude towards a healthier-looking

338

3.2.

baby and other behaviorzl modifications among the femi'y
members induced by the supplemeniation program. Neve::he-
less, a causal eifect of the higher food (i.e., energy) intake cannzt
be ruled out.

. Preschool children

3.1.

Short-term study in a cliniczl setting

A direct effect of food intake on activity was clearly cemoersiratad
in short-term studies of well-nourished Guetemalan chiigrznv.ro
had fully recovered from protein-energy mzalnutrition, be‘ars 2ad
after taking them oif the high- energy, high-prctein her~p=u‘..c
diet (VITERI and TORUN, 1981). A minute-by-minute iims-mc:icn
technique was used under controlled clinicel conditions to rscord
the activities of 5 boys, 1.5-4.5 years cld, on 4 deys orior ¢o, end
in the last 4 cays of a week during which dietary inizke m..s
reduced from 120-150 kcal and 3-4 g protein/kg/d to the 70-
90 keal and 1.8-2.0 g protein/kg/d provided by the home dJists of
most children {from poor Guaiemezlan families. Supplamsnizticn
with vitamins and minerals ¢id not change.

Table 1 and Figure 3 show thzt the time spzart in the M2
energy-demanding activities was reduced, on the averacs, 5y 17
to 56%. In contrzst, the time spent lying down in ths camas' racra.
either resting or in sedentary play, increzsed twefcid.

Basal melabolic rate remained consiant at S3x5 '“d
53+4 kcal/kg/d (mean £+ SD), before and on2 week e*=2r ¢
dietary change, respectively. Using indirect celorimeiric TEESJFE-
men*s for some ac*wmes and estimates of Lhe er: ;y ceost

{
a
in energy balance dunng 1he two weeks with s?anda'd d;—'\- aiiars
of 19 and 27 kcal’kg/d, respectively. Mezan weerly weight c"a" 2s
decreased from 25+1.2 to —0.54+0.6 g/kg/d. The m=zzn wsicht
cain expected in healthy children of the same ages end I‘°| ;".‘.:.
eatmg home diets with about 100 kcal/kg/d, is ap:-roximzisly
0.6 g/kg/d (US-NCHS, 1976; FAO/WHO/UNU, 1985).

This study showed that changes in activity paitern occur witk'n
a few days of the reduction in dietary energy intake. It is unlire'y
that this was due to the concurrent decrease in proisin intzke,
as even the lower diet contained more than the recommended
safe levels of protein (FAO/WHO/UNU, 1985).

Longer-term study in a clinical setting

Five boys, 25 to 40 months old, participated in a longer-term
study, also under strict supervision at INCAP's Clinical Center
(ToRuN and VITERI, 1981a). Dietary modifications only invclved
decrezses in energy density, without changes in protein, vitamin
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Changes in time allocated to dillerent physical activilies by 6 preschool children afler diclary intake was reduccd

from 120-150 to 70-90 kcal’kg/d (mean of 4 days)

Change relalive
lo initial lime
allocalion
Minules/day

% change

Source: Vitert and Torun, 1981,
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Figure 3. Reducticn in tir-2 spent by preschool chiidren in g-2-2y

-
demznding activities after decrezsing dietary ensicy {-om '::-'5:)
(Contro!) to 70-90 (Experimental) kcal/kg/d. From VITERI ana TL=aN, 1251,

and mineral contents, and the energy recuctions we2 :{ a
smaller magnitude than in the precading study.

The children first ate a diet that provided net or ms!zb 2l
energy (i.e., food energy minus fecal energy, meesured ty
cc.lorlmetry) equivalent to 80+3 kCaI/kg/d wiich hz 50
shown to be the requirement of similar chilcren I.nng at I\C~='s
Clinical Center (VITERI et &al., 1981; TGRUN and VITERY, “g31z). "h2
energy content of the diet was then reduced twice at <0-3zy
intervals. During these experimental periods the chilzren &l2 he
equivalent of 82+4 and 71+4 melabolizable kcal'kz/3. “re
lower of those levels of intake is often found in digtary sunszys
among low-income preschool children in Guatemala.

The children were encouraged, but not forcad, 1o pa-licicale
in active play several times each day. Their energy expendiiuie
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wes calculz'ed every 20 days from individuzl czlibrations cf heart
re*e 10 oxygen consumption reletionship and heart rate monitor-
ing during the cay, and {rom their basal metzbolic rates at night.

Table 2 shows that the reduction in enercy intake from 90 to
82 kcal/kg/d wes accompanied by a decrease in total daily
energy expenditure (p <0.025) without affecting weight gain. An
acditional reduction of intake to 71 kcal/kg/d cid not significantly
gifect expenditure, but weight gain was markedly reduced
(p<0.01). Crowth in height was not atfected.

Energy balance was calculaied from gross dietary energy
(bomb calorimetry), minus fecal energy (bomb calorimetry),
minus urinary energy (estimated at 5 kcal/g urinary nitrogen),
minus sweat losses (esumated at 0.1 kczal/kg/d, based on 8 kcal/g
sweet nitrogen), minus total energy expenditure. Table 2 shows
thzt, on the aiverage, the children were rear equilibrium and there
were no Jdifierences in the mean energy bezlances with the dif-
ferent levels of digtary energy intake. Since BMR did not change
throughout the study, energy balance was maintained through
a reduction of energy expenditure in aclivity afier the first dietary
mod.ficetion, and mostly through weight loss or a decrease in
weight ¢zin zfter the second digtary energy reduction.

. Community-based studies
. Uganda

R.7 sHAUS=R and WHITEHZAD (1972) used a modilied time-motion
method to svaluzte the physical activity of 23 black, under-
nourished children a2nd 5 well-nourished children of European
parents, 1.5 10 3 years cld. The black children weighed less and
wsre shorier than the Eu'opeans Their dietary energy intake was
©7 =14 kcal/kg/d, or 33% lower than current recommendeations
(FAO/WHO/UNU, 19€3). Dietary intakes mezsured in two of the
expatriz:e children averaged 1039 kcal/kg/d.

During two consncutlve 5-hour daytime periods, an observer
recorded the activities performed by a child and classified them
into six calegories. Table 3 shows that the African children spent
significantly more time sitling and standing, and less time walking
and running than the European children.

Applying the energy cost of activities of older children and
adulls (PAsSMORE and DURNIN, 1855; DURNIN and PASSMORE, 1967)
to the time allocations shown in Table 3, Rutishauser and White-
head estimated that the Ugancan children had a daily expen-
dilure of 78 kcal/kg/d, while the European children spent
S8 kecal/kg/d. Using the energy cost of activities measured in pre-
school children to avoid the errors of applying data from adults
(ToRUN 1983; TORUN et al, 1983), the daily energy expenditure of
the Ucandan and European children can be calculated as 74 and
79 kcal/kg/d, respectively. This left the latter with more dietary
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Table 2. Toial enercy expenciture, enargy balance and we'g*t cain of
S children with successive recuction in energy iniizke (Mean : s‘ar::'a:d
devizt'on)*
Net cietary erergy (kczutg'o)®
&J €2 11
Erercy expenditure (kcal/kg/c) e3=5 7c+3 223
We'ght gain (g/kg/c) 08=04 0.2+03 003"
Erergcy balance -3+6 6110 —g=5
® Eraroy expenoiture celculzted from heart rate 2ns the correspo- oing Feznt
ra:e {0 encrgy expanditure reletionship curing the day. na {*c Sh= zt
right. Energcy talanca ceaiculzted from cross snergy intzks ‘ooms sz'oki-
m.siry) ~ fecal enercy (bomb calorimetry) —estimzied urine &r3 svea' ensrzy
- energy expenditure.
® Net dietary energy = dietary — fecal enercy, mezsured by borb calorimstry.
Diiizrs from t%2 two other levels of intzke: * p<0.0::. n<0.C1.
Source: Torun and Vrrza, 1981a.
Teble 3. Estimated time allocation cf nztive Uganc‘ zn &g Zuropszn
children, 1.5-3 ysars 0.4 (mean £ standard devietior)
Time gllocaed (minulss
Activity " Afncan Zyrcrezn
In bed* 600 10 720 €30 10 ")
Lying down £1=867 TS =ER
Seing carried 7+17 " =28
Sitting 303:64" =3
Sianding 285=63" =3=I4
Walking 108 =25 ot =4
Running 17 %17 - fa=F52

! Ranges estimzied from mothers’ informztion.
Mezns differ: * p<0.05; ** p<0.01.
Source: Calculated from RuTisHausza and WHITEHEAD, 1872,

energy available for growth and for physiczl activity durirg the
unsupervised hours of the study.

3.3.2 Guatemala

ToRUN and CHew (unpublished) studied €9 boys and girls, 2-
6 years old, who lived in a poor neighborhood in the ou'zki~s of
Guatemala city. The activities that they performed betweza 8 a.m.
and 5 p.m. were recorded and timed on two separate v v-ekc'eys
using a modified time-motion technique (TORUN, 1224). Tne
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o5 aclivities recercsd were classiti2d In SiX C&21€GOres O1 pnysical
eifert, irom segentary 10 very heavy (Teble 4).

Twenty-ore children were considered millly malnourished,
based on we'chis-for-height between 81 and 20% of tha NCHS/
VHO mecian velues, whereas 43 hed between 91 and 110%, and
5 betwesn 112 end 119% of the standard weighis-for-height.

Cormr pa-ed with the well-nourished children, the malnourished
sperit 11.2% more time in sedentary activities, end 4.8, 1.7 and

Tebie 4. Aciivilies performed by preschool children in 2 marginal area
o‘ Guzatemela, and clzssified according to effort. The enargy costs of the
grouped ectivitics were estimzled s multiples of basal metabolic rate

Sedentay [Lignt Moderzate Mode-stely [Heavy Very
heavy heavy
12xBMR J2Cx MR |225xBMR |25 xBMR |30xBMR |4.0 x BMA
Carried by |[Szine, wash |Climb up Bounce Carny Run, hop
somsone and down |on bed gerkbzge or {and jump
weter pail
cat eSS, Hang Climb tree Cut firewdod |Run with a
uns-sss clothes iced
Hurl stones  |Ham™~er Misce'.a- Dance, Housachores | Run uphill
v.:h siing whilz siing  |neous play [hooie-hoop sjuaiting
Lie and play L4 TI'gnt Pun and Jump from a |Run~ng Welk fast
ch.=Cis s:2p (with a |jchair tal-games |uphiil
kball)
L2 or sit Opan doo-s |Slide Ride scodier {Swing sus-
quietiy or czwers pensend
from arms
Nap Push a Sg'm around [Ride tricycie [We'k {ast,
hammock or bicycle level ground
Play guilar |Push or pull |Stand and  |Somarsauks
aczt carry some-
thing
Sit and play |Push or pull |Sweep floor |Walk with a
a kght ioy load
Sit ang carry [S3uat or Walk slowly [Walk slowly
something  {craw level ground |uphill
Sit on swing |Si2nd and  |Walk with Wrestle
piay stick and
hoop
Sleep late Throw a ball |Wash
ciothes
Stand quietly {Walk with
pauses
Siand and sit

Source: Toaun end Crew, unpubiished observations.

344

[] wt-tor-he>209/0 {aaiz
wi-{er-h1 <8335/5 {==2%)
A 8 CATEGORIES
c/o cf
cztime
L ]
~ . .
N - =
‘\"" v-:_-' = I =
Lizht Wed.- Heavy WVery
hezvy beavy
* p<L.0S
*¢* p<C.01
©f cf
CETA E: 3 CATEGORIES

Sed. & Moderzie Hesvy
lipht

Inzep £65.€3
Figure 4. Proportions of observed time devoted by weli-nourick=2 214

milcly malnourished preschool children to activilies that require cifizr=-t
amounts of effort. From ToRun and CHew, unpublished.

clearer, when the activities were classified in only three czteZories
of physical effort (Figure 4B).

Energy erpenditure was estimated applying energy-cost
factors of 1.2, 2, 2.25, 2.5, 3 and 4 times bzasal metzbolic rzie
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Change in we'ghi-for-height

8 Increzsed Nere Decrezs=d
n=23 n=27 n=%J
- T
T D Sedentary
4 - = -I- and light
hioderate
. 2
Chznp2 in '
¢'c of " /::T S Heavy
<ime V'.F-
a!?:l'::‘d 20 ﬁ '[ s.£.m
e Zx
aczivities -2 - l il
=47 * p<0.D5.
-6 - l 1% 5 <0.01
- 8 -J : — ** e
— 4 y e

Figure 5. Changss in proportior:s of time &l'ocatsd by preschool chil-
iren 1o activitss of Jifferent physical eifort &s their nutritional status
changes. From Toaud and CrEw, unpublished.

(X BMR) to the six categories of activities observed. Baged on
information provided by the mothers, sieeping time was _aoded at
1.0 X 3MR, and an energy expenditure of 1.52 or 1.43 X BMA was
essumed for the balanca of 25 hours. The children with weight-
tor-hzight >93% of tha NCHS median hed an estimated expen-
diture of 81 kcal’ka/d, compared with 77 kcal/kg/d among the
milcly malnourished. _

Sixty cf the €3 children were studied again, 2 and 4 months
afler the beginning of a nutritional education ard supplementa-
tion program, on 2 separais weekdays each time (TOBUN end
CHzw, unpublished). At the end of the 4-month perod, welght.-ior-
height had increzsed by 3% or more in 23 children, remained
stable within £3% in 27, and decreased more than 3% in
10 children. An anzlysis was done of the time that those three
groups of children dedicated before and after the intervention to
activities that demanded different levels of physical etfort.

Figure 5 shows that the children whose nutritional status
improved, reduced the time dedicated to sedsniary and I:ght
activities and significantly increased the time in moderate activi-
ties. On the other hand, the children whose nutritional status
deteriorated, increasad the time devoled to sedentary activities by

reducing heavy activities.
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The comparison belween grougps (Figure £), showed that *w
chilcren whose weight-for-height improvad: (2) recuce ] tha im
spent in sedentary and light activities, in contrast with 1hs c'he
two groups, (b) increased the performance of moderz!s payses
aclivities, and (c) continued with the same proportion f ke
activilies, in contirast with the children who lost weighit-icr-heig b,
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School-age children

}‘

Spurr and collzborators (SPURR et al, 1935; SPUAR and S
1957, 1283a, b, c, 128¢a) did a series of siudies in a t

300 boys and 148 ¢irls between 6 and 16 yezrs old, wko Jiv
economically deprived urbzn areas of Czli, Colombia. Thev wzr
classified as nuiritionzlly normal (ccnirols) whzn wsighi-“cr
height and weight-for-age wers betwezn 25 and 110%% of Caio's
bizn standards, end as marg.nzliy undernourishad when bo:!
indicetors were <©5%% of the stancards. Totzl daily energy =x-
penditure was calculated from individual heart rz*a o cxvgen

| W
M
PR ¢ | I P

consumption calibrations when hezart rate was absve 3 orit-z!
value, from resting metzbolic rale whan heart rale wes bsiow -zt

value, end from EVR &t night.

In many of these children, enersy expenditure wzs 2'so ¢
culated at specific times curing the cay irom minutz-ny-m'-v:
heart rate measurements. This allowsd ths =.sluztic= ¢! cansr
of ectivity of different intensity (SPusR and Rzina, 19520, c)
the lime spent in activities with energy ccais scuivalznt iov ar
multiples of SMR (SPURR and RzInA, 12222).

During the school yezr, there were no corsisien: di¥sranzs
releied 10 nutritional status in the pattarns of activiiy levals (Srus=
&nd REINA, 1938b). However, whan a group cf boys 12-12
old were studied during an ordinary schoo!Jay, and agzin z>-u
6 months later in a summer camp, where they were encourazs
to participate in supervised sports {soccer, baskatszll, calisthzn-
ics, foot races, efc.) and play (wzalks, swimming, games), imoor-
tant ditferences were observed between the margi~z"y Lndsr-
nourished and the controls (SPURR and RzINA, 1988¢). As ¢nown
in Figure 6, the controls increased their zctivity ievsl in the
summer camp, compared with the schoolday. In contrest, t-2
undernourished boys did not show marked changces Sziwezn
summer camp and school, except for a transient inzrezs2 in
aclivity level in the early aiternoon. Consequently, tre zifferznc
between the two nutritional groups became more azceriusted
summer camp. Table 5 sheows that the estimated tctzl &
energy expenditure did not diifer between groups on schooldz,s.
but it did during the summer camp (p<0.01) due to the rcrezszd
expenditu-e shown by the control group in relation to the energy
they expended on schooldays (p <0.05).
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DURING SCHOCL DAY

Kd/m.n
12 - Contral {n=14)
E e s = UnZernourished {n=19)
10 ~ FF\_J_l—L
sl i .
6} ey
L1 I B 1 ] L L 1 11
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Fizura 8. Avarads energy expenciture of well-nourished and margin-
&.y undarnouristzd 10- to 12-vear-oid boys, measured in 3J-minuie
neriods during a schoolday and 6 months later in a summer camp where
more physical activity was enccuraged. From SPuRR and REINA, 1685¢.

Table 5. Total deily energy expenditure cf 10- to 12-year-old boys,
measdJred during the school year and about 6 menths later in a summer
camp (mesan £ siandard devietion)

Enerzy expenditure (=) Wi-for-ht t-for-nt
(kzai/3) <259% 25-110%
(n=13) (n=14)
Total daily E=
Szhool dey 16264378 2,008 4421
Summer camp 19794311 2452490
»<0.01 E <0.05

Source: SPuRR and Rz=ma, 1258¢c.
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TINE EPENT IN ACTIVITIES CF DIFFERENT INTENSITIES
(A= Age, NG wm Kutritional group; § w= Sex. From Spurr and Reirs, 188E)
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Figure7. Tire spentin aclivities of different intensity by cort' 31 (C) -
rarginally uncernourished (U) chiidren. Trerswssnoede t of ~omin -
el group (NG} wtan &ll egss (A) and sexes (€) v.ere considsrsd, o .15
6- to 8-year-old boys and 3irls s-ant more time "n ligkt or rozz-zt
activilies &nd iess in heavy aclivities. From SPURR and nzina, 18222,

Wt

Using the minute-by-minute hzzt rate ‘echnicus, thes
tigators also calculated the time spent during cz,tims
and girls 6-8, 10-12 and 14-16 yez"s cld, in zctivitizs
moderaie, high and very high intensity (SPURR and Rzr.a, -
Overall, they found no effec's of nuiritionzl s*ztus on ¢+
allocated to the various levels of activity. Kowever, if crz "aok
at the time allocations separatzsly for each aze and s=a 51oun,
there are diiferences betwzen the undernourished zn3 sonirol
children aged 6 10 8 (Figure 7): the undernourished 5ys s==-
more time in light activities and less in activities of h'sh and vy
high intensity, compared with the control group. S.mizr'y, the
undernc urished girls spent more time in moderate znd iess in
heavy activities than their well-nourished counierpar:s.

This coincides with the separate (SPu=3 et al, 1935; S>u33a- 1
REINA, 1988b) or aggregate (SPURR and REINA, 19E25) isports ¢n
the total caily energy expenditure of these end other Cciombizn
chiidren: on the average, undernourished boys €-3 &~4 10-
12 years old spent 18 and 10% less energy than their cor:sspond-
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5.1.

ing controls, respactively (p <0.01). Mzen energcy expenditures
iended 1o b2 lower than in the cenircls, but the diiferences wers
not significant (p>0.1) among th2 14-18-yezar-old beys (§%) and
the girls aged 6-8 (7%), 10-12 (635) and 14-16 (1%).

The sex-reiated differences in enargy expenditure were ex-
plained by SPURR and REINA (1288b) &s being cue to cultural &t-
tituJdes, whereby giris are less active than beys. We inlerpret the
ace-relatad dilferences as being dua to socizl and peer pres-
sures that increase as children grow clcsr. The younger well-
nourished boys are probzbly more prone to exert their physical
aclivity without restraint during their daily routire, thereby in-
creasing the difierence from their urZernourished peers, very
much like what occured in summer camp (SPURR and REINA,
1688¢). This is corsistent with tha nutrition-related differences in
physical activity observed among preschool children in Uganca
(RUTiSHAUSER and WHITEHEAD, 1972) and Cusatemala (TORUN and
CHEW, unpublished).

Short- and long-term effecis

The studies that have looked at the eflec!s cf low or rasiricted
energy intzkes on the activily of iniants and children, glthough
sT.2ll in number, coincide in that reduced intake leads to shorter
duration or lovwer iniansity of physical ctivity. This occurs within
a few days zfter dielary energy dacreases (ViTsRl and TGCRULN,
1251). initially, it s2ams 12 be a compensatory responsa 10 main-
tain energy belancs without comprising growth. Sut if the dietary
restriction is l2rge enough, ths dacrease in aciivily and overzll
ersroy experditura is net suificient 10 presenve growth (TOFUN
ar.d viTza, 13312).

Adaptztion and accomodation

Children with a chronically low energy intake that s not so
extrem2 as to produce the clinical signs and metabolic changes
of severe melinutrition, maintain a slate cf energy balance. In
discussing the implicelions of this balance, it is necassary 10
d.iferentiz'e between what may be calied adaptation and acco-
modation.

We spezk of adaptation when metabolic 2and behavioral modi-
ficztions allow a more efficient use of the energy available without
producing undesirable effec!s (e.g.. reducing BMR or performing
mechznical work with less costly movements). This has a different
connotation from metabolic and behavioral modifications that
permit survival and function at the expans2 of actually or poten-
tially undesirable eifects (e.g., increased risk of disezses and
severe malnutrition, or limitations to perform activities that are
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Feelthy or eccnomicaily and socially dssirzble). This cz1 ba
referred 1o &s eccomodetion (Samskaw and Youhs, 833
BENGCA et 2/, 1€£9).

Recuction In energy expenditure

A cacrease in BMR in the etsence of reduced growth re‘e or n
improvement in mechzniczal eifliciency hes nct Lsen czmen-
strated in undernourished children to explain the reduciion in
total energy expenditure shown in tha studies discusszd 20ave.
Even if these pheromena had occured without bsingy 2z'zcie3,
they could not be the sole explanation {3r the reduciicn iz e~sroy
expenditure. Infan's, preschocl children and schecel-223 chiidren
did b=come less active and engaged less or no lengsr in cezin
aciiviiies (CHavez et al, 1972; CHavzz and WMARTNED, 1379;

RuTisHAUSER and WHITEHEAD, 1972; ViTeRl and TCRUN, 1531: TC3u::
and CHzw, unpublished; SPUaR end Reina, 18823).

Th:s was more evicant in y ounger children. probakly beczus
they were subject ‘o I2ss soc'zl censtraints ard pesr prazsu-a. |
the case of chiléren who go to schod), it ssems thet the sz
routirie, which occupies a large proportion of deytme zr3 -
tricts iree physical activity, tends to mask 1~ notent'a! £ “*arsr 25
in ectivity reiated 10 nutritional status. T2 diffsrences ma;
become evicsnt when children are g'ven the ccporiuaiy a-2 =-2
encouraged 12 ba more physiczlly active, 2s seen in the semmir-
camp studies ¢f SPURR &1d RENA (1385¢2).

th €
(_J_

Behavior and socizal performanca

CrHavez end MasTINEZ (1979) showed enharced takaviorz! 2-
exploralory activities associated with increzsed p-asics
in the bstiier nourished yourg praschool children. F
studies of preschooiers in Uganda and Guzatzmaia it
inferred that children whe had sdequate enercy intah:
spent less time sitting or lying down and more time wzlki-
moving eround, had more frequant interactions wiith ik2'r

NI T
€L LK @ L

L
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subjective appraisal of the irvestigators and staif who :z:-
ticipeled in the clinical and communily siudies in GLa'z~2'a.
Other investigators have also suggestad that low enzroy i=:z
and expenditure are like'y o decrease the interactio-s k3tnz2
children and their immediale environment (CRAvVES, 1276, 187 3;
Ricciu, 1981; BEATON, 1983).

POLLITT (1987) has pointed cut the conceptual 2rd msih-
odological problems thet do not allow mzking cefinit've siz!z-
ments about the influence of dietary energy deficiency ¢n ¢:3-
nitive and socioemotional development. One of the mzjor ck:iz-
cles is the diificulty — if not impossibility - of isolating the ruiniio~-
al components from other factors that afiect the behavior ard

Ch |
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developmenit of children. Nevertheless, the evicence that beiter
nutrition zallicws more activity supports the suggestion of a
secuential czuse-eifect linkage bstween aceaqusate energy intake
— enhanced physical activily = more interaction with people
znd the envircnment — betler social performance and cognitive
development.

Low physical activity and growth

Fhys.cal activity is markedly reduced in malnourished children.
Vitzal (1873) used en animal model to cemonstrate that this
reduced ectivity contributed, by itself, 1o growth impairment.
Weznling rats were fed either 50 or 73% of the food normally
ezizn by rets of the same age. When they were inactive, living in
smzll metabolic cages, growth in length and weight gain were
significantly less {(p <0.0G1) than in pzir-fed animals who lived in
lercer cages end were forced to run in a revolving drum twice
deily.

The negative effect of inactivity on the growth of malnourished
animals and the positive effect of exercise can be reversed, as
shown in anothar experiment with a cross-over design with rats
fed 60% cf ihe normal food intake (ViTEll and TORUN, 1981).
Whsther the anime!s were inactive from the beginning of ths
study or bacame inactive afler an initial period of forced activity,
growth raie decreased. Conversely, an increment in aclivity
produced bater gre wth in length and weight.

Tha pesitive rolz of activity was further confirmed in the course
of the r:utritionzl rehabilitation of malnourished 2- 1o 4-year-old
childrzn (TORUN &t &/, 1976, 1979). When a group of patients were
encouraced 10 participate in games that involved running after
a tall, walking up a slepa, climbing stairs and rolling and tum-
bling, thay grew morg in lencth end lezn body mass than a control
group of patients who continued with the usual, limited activities
customary in most nutritional rehabilitation canters. BEased on
individual weekly calibrations of heart rate {0 oxygen consump-
tion and hezart rai2 monitoring, mean enercy expanditure during
the cdaytime was czlculated as 1.7 X BMR in the more active
childran, cempared with 1.70 X BMR in the conirol group.

In & more recent study using a similar program of physical activ-
ity in 2 hospital for malnourished children in Guatema!a, but with
focd inteke ad likitum, preliminary results indicated that the more
active patients reached normal weigth-for-height earlier than their
less aclive counterparts (URizaR and TORUN, unpublished).

it has not been shown whether physical activity has similar
efiects on the growth of chilcren with mild and moderzle dietary
energy dsficiency, but there are no reasons to believe that they
would ditfer in this respect from the more severly malnourished
chi'dren, As to the cuestion of “"How important is big?”, we cen
answer that larger muscle (protein) and energy (fat) reserves

s
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might g¢ive poor, underprivileged children bet'er prolectizn
ecainst a recurrence cf prcigin-energy mainuirition. Furtbzprora,
as c'scussed below, smell body size can limit maximzl work
outp.t.

Peduction in physical fithess

Physical fitness may influence the type of activities
chilcren and the time zlloceted 1o those thet ¢
nergy. Only a few stulies have besn done ¢n the cverzll physs
fitness cf undernourished child-an or on i's mo<¥sztian witn
changes in nutritionzl conditicns. These hava bezn -zs23 21

mT)
]

gerobic tests and on maximal oxygen corsumption.

Physical fitress is reducsd in children with ezi2are preisin-
energy malnutrition. When adequate treaimant is given, covsiczl
filness increases with improvement of nuirtion conzitiors
shown by TORUN et &l (1976, 19723) in ct''Zren batwezn 2 2~
4 years old. Figure 8 shows thet, s r._intiorzl rekzhi™zticn

W
e W

sich coefficients of cxygen consumption on hezrt ~2'2, waich
iné’c&i€s &n increase in asrobic celacily.

Submaximal exercise tests have o2en dons using 3 ‘rezi~il
or sicycle ergometer in 8-yser-old Colombian child-zn ( !
gl, 1878) and in chiidren cf school-ag2 in Ethiopia A=
gl, 1933), Tanzania (Davizs, 19733, b), India (StTyeras
et &l, 1879), end Brezil (Dzsal et al, 19€3). Nz .imz! :
corsumption while waiking on a treadmil, hes be=: z
in Colombian boys and girls between 6 arnd 15 yez-s
and RzZINA, 1983b; other studies summarized by Sp.rr, “528
1257). The resulls cbtained in mc¢st ¢f those studies inc:
undsrnourished children had lower meximzal cxygsen :
tion values, compared to children with betiar autritionzl
background from their own couniry, or from the U-ilsd Sizizs
and Europe. This is illustrated in Figure 9. Howevzr, the &

L~

3
A
h
[}

W)

C
L (_'I 'EJ (Y
]

the physiological potential to perform physical work is mz'n
in children with mild or moacdere!e melnuirition, but ther s~ z!zr
size limits the maximal etfort thzt they are cepabia o
consistent with the ok-ervations and conclusions of Vi==3
and SPURR (1983, 18E7) in unZzrnourished edulls with r
meximal oxygen consumption, largely due 10 their ce
muscle mass.

The decrease in maximel aerobic capacity may kavs a n2;
tive impact on the children's abilily io do physical wo'k th
demands high enercy expenditure. In rurzl areas of the devalo
ing world, cuiture and economics ofien demand that ch.'2rzn
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Figure 8. Mean w=ekly increments of oxygen consumption as a func-
tion of heart rate in 19 preschool children trezied for protein-energy
melnutrition. From TORUN ef al, 1979.

scho9l aze and adolescents engage in heavy physical work from
an early aze. Even in societies where child Izbor is not customary,
the small size of undernourished chiildren may have important
consejuencses on physical activity in the long term. It is conceiv-
z¥le that these undernourished children will become small adulis
with depressed physical work capacity and reduced productivity
in heavy work (DesAl ef al, 1984; MIINK ef al, 1284; SATYANA-
RAYANA et al, 1879; SPUAR, 1983; ViTzAl, 1971).
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6. Conclusions

Low or restricted energy intakes recuce the physical activily of
infanls and children, even &t a very early age. \When n's is
transient, it will be reversed rapidly with nut-'ltlora.l Im-'ﬂv-.:*\e. k.
and it may have no important morpholsgic, 1unc.|c*=l ort .!'a\'
ioral consequences. However, a pralonged reduction «n chysiczl
activity due to sustained low energy inteke, may [imit or r::.‘.:
the child’s social interactions and exploration of its e\ o=+ --'.
This is more evident under circumstances where cniis-sn &r3
encouraged or forced to participeie in very energy-Zzmerding
activities. These Include games, sport comipetitions and tha rneed
to work in rural arezas.

. Such limitations may contribute to a slower cogni:'ve csvelop-
ment, suboptimal social performance, smaller body sice and
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reduced productivity in physiczl work. All this, in turn, will hincer
th2 child’s develcpment {o is full biclogical potential, reduce its
quslity ct li'2 in a broad sense, and limit its contributions {0 family
welfara, either in childhood and adolescencs, or in Iater 2dult life.
Thersiore, interventions 1o improve nutrition and function &t an
early ege, and maintaining them through chilchood, will have
important biological, social and economic imglications.

It is thus inappropriate to refar 1o the reduction of physical
activity as an adzptzation to low or restricled energy intzke, as this
lerm has tha connotation ¢f a desirable, positive edjustment.
Uncer the best circumstances, it should only be considered as an
aczguszte but short-term compenszaiory response.
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Discussion (summarized by N. Sclcmons)

The first questicns were zsked to clarily socme methodoicg:zz
aspe~’s of the studies on which Torun had reporiad.

In Guatemala, during recevery from FEM, more active chiidran
showed grnatcr linear grow‘. then less ective children cn tha
same ciet. In a naw stucdy, which is currently ur.dsrwzay, waichi-
for-height is incrzasing mor2 in the more &ctive chilz-en. Tha

individual celibretion cf heart rate agsinst oryc n c"-'s.."r;:-:-n
is possible even in relatively smeall childrzn. In Cueismzla, a
trezdmill end a padiairic {zce-mask wers ..-sed for ihis gcurses,

There is soma coniroversy 2bout ths ussiulness of VO, max
mezsurements. For most work situztions at a submaximal ox 399':
consumpticn level, the measured VO, m.ex doss not ellew predic-

tion of work par.omance Th2 counterargumsnt is thzt hez S
physical work is quile frecuent, &nd thet indivicuals who can o
such heavy work 2t 50% of their VD, mex cza sustzin vis zotivity
longsr. Adjusting VO, for body . |f*“t du\""F :aysne‘zoinzt e
larcer person can perizrm moré work in ab:slw*n t=rms.
The study undsrizken by Rulishauser and \/hilarzzd in
Uga "'a vas criticized beczuse of the ¢ :—:.l campls ses e
b="" e tha two groups of chiidren came frem Gitisrant cullurs
b-ckg'oun,-. which could xpl;—..n. 2t l=ast partislly :
ferent behevior pattern. C:ihe-s empn:s_, .e ollote!
of the stuly which was emong the firs s
activity pziterns could be shssrved under =u""\ eir
Durnin presents 2 graph on relztionsh’'os bsiwe
numbar of measuremanis ~sguired, ang N2 PIWr G y
de'zct pradetermined Gitferences in energy intakes in lan 3 L 3
c."ld crecss-sectionzl studies. The reguirsd sample §2=5 27D8&
ery large; 200 sukiscis, for inglarcs, ars
200 keal cifference in iniake 2s s'atistica I'
By implicat'on, this means t~at many of &
nutritional supolemsntzlion could rot bs ex
tically significant resutts, simply baczus2 o
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