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ph?mtt: the recovery due to suppls
ientary feeding in wasted u:h:ldren
Methods. Recovery rates were
btained ' in -mild  to- moderately
qasted | Be o to d8:month-old rural
'atémaian children me i
Iiagi:. : ch:ldmn i t'l.'-"q villages
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etween the Sroups was: El;msadnbu
ble benefit. The net f.upp'!emcm
tion ammsnt&d (8] 11% of the remm- >
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tation, ‘and daration of diarchea, but'
"notwith chronicity of wasting.
Conclusions. Supplementation’s
effectivencss can be improved in
similar populations by programs tar-
geted according 10 these lindings.
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The Recévery of Guatemalan Children
vithiMild to Moderate Wasting:

T

Factors Enhancing the Impact of

Supplementary Feeding

Juan A. Rivera, PRD, M5, and Jean-FPierre Habiche, MDD, Phid, MPH

Introduction

The prevalence of moderate (o se-
vere wasting (percentage of children who
are two o more slandard  deviations
below the Mational Center for Health
Statistics weight-for-height median) has
béen estimated to range from 2,79 1o
18.8% in differcnt regions of developing
countries, with important  diferences
among regions. The highest prevalences
occur in Asia {18.8%0) and Africa (10,15,
whilc the lowest is found in Latin America
{2.79).) However, even in Latin Americs,
prevalences in some countrics or rogions
and in certain apge groups arc relatively
high. A national surecy in 1988 showed a
prevalence of 6,39 in children under 5
years of age in Mexico

Mildly to severcly wasted childeen
are often referred to supplementary feed-
ing programs. A large number of pre-
school children in developing counirics
participate 1o soch programs, and the
resources used are substantial, Foroox-
ample, in 1985, in Central Améernca alone,
al least 633 000 children were beneficia-
rics of supplementary feeding in maternal
and child nutrition programs. This num-
ber of children amountisd o gbout 16% of
the population wnder 3 years of age in
Lizetral Armerican countrics that year
The cost of the food disteibuted in these
programs was almost 312 million (Insti-
tute of Matrition of Central America and
Panama, vopublished data, 19800, 1o o
review of 104 programs in 19 Latin
American and Caribbean countries, Mus-
growe? found that more than 3 1.6 billion s
spent anoually to subsidize or provide
fond for the more than 80 million people
supposecdly at risk of malnsateition (21% of
the population), However, food distribu-
tion. programs have often failed w im-
prove the mudritional stales of their
Benaficiaries becatse they are not always

targeted to the childven who are most
likely to benefit?

We have shown thal supplementary
feeding can he effective in curing mild o
moderate wasting in a free-living popula-
tion with inadequate home dietary in-
takes.” This article identifies factors in the
same popolation that increase or diminish
the effeets of supplementary feeding on
recovery from wasting. The resulls can be
uscd for planning and targeting supple-
mentary feeding programs or other inter-
ventions aimed at improving the nutri-
tional status of wasted children through
dietary improvements.

Methods

The analysis was carried out on data
collected during a controlled supplemen-
tation trial condueted in rural Guatemala
between 1969 and 1977, Detailed descrip-
tions of the design, the sample, and the
miethods and quality control of the data
collection  have been published else-
where ® A brief description follows. Four
rural Guatemalan villages that were sémi-
lar in population (500 1w 1000 inhal-
ants), ethnicity, development, and peo-
araphical ares were selected for the study.
Two of 1he villages were randomly allo-
cated fooreceive 4 moderate-cnergy (378
kb T L), high-protein {63 g/ 100 mL}
deink (Ade ) The remaining twe villzges
wele assigned to reecive a low-enerey
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(13806 kIS 100 mL), nonprotein supple-
ment (Fresco). The two supplements
contained similar amounts of vitamins
and minerals. Preventive and curative
health services were alfered in the four
villages.” The supplements were distrib-
uted centrally in supplementary feeding
centers and were available, oo a voluntary
basis, 10 all members of the COM ULy
during twe daily 3-hour sessions. Indi-
vidual intakes of children 0 to 7 years old
were measured aond recorded ai each
sesslon o the nearest 10 ml. As o result
of the differences in the content of energy
and nutrients between Atle and Freseo,
the wsual diet of children in the Atole
villages was supplemented in significant
armounty, while the diet of children io the
Fresco villages was not supplemented
significantly,’

The data used in this report were
collected as follows. Weight was obtained
at birth, and length was obtained at 2
weeks of age. Both measurements were
made every 3 months thereafter for the
first 2 wears of life and, subscquentiy,
every b months until 4 years of age. Home
dictary intake, oblained by a 24-hour
dictary recall method, was collected [Tom
18 to 24 months of age every 3 months.
Information on breast-feeding was oh-
tained from biweekly homs interdews
with the mothers. In the same intervicws,
maothers were asked aboul the presence
and duration of diarchea, signs of respira-
tory discase, and fever during the previous
2wcks,

The method used for analysis of the
effcct of supplementary feeding on recoy-
ety from wasting has 'been described in
detail elsewhere® Briefly, children were
classified as belonging to a given weight-
for-lenpth category at the beginning of an
ape interval. The wasting category thresh-
olds (usually 209 weight for length) were
based on Lhe Mational Center for Health
Statistics—World Health Organization rel-
erence weight-for-lengih median as 1005
aof the expected wvaloe, A child was
considercd to have experienced recovery
il, at the end of & specilicd time interal,
b or she Bad gamed coough weight
cross the initial weight-for-length calegony
threshold. For example, for children in
the less than 909 weight-for-length cat-
cgory, recovery was considered to be
reached when the children had crossed
the 8996 threshold at the end of the study
period, Recovery rates of wasted children
whose diets were not improved (Freseo,
ar nonsupplemented, group) were sub-
tracted from the rares of wasted children
whose diets were improved TAlole, or
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suppleméented, group). The difference in
rates between supplemented and non-
supplemented groups {the difference at-
tributable o supplemeniation) was consid-
ered the attnbutable benefit.

Tt method was applicd for the
assessmentt of effects of supplementation
on reconveTy from wasting in subgroups of
children according to calegorics of age,
nutritional status, duration of supplemen-
tation, duration: of wasting, and prescoce
of diarrheal disease. 11 was suspected that
all of these variables influence the effec
of supplementary feeding on recovery
{rom wasting: thus, they are referred to
here as potential elfect modifiers.

True dictary supplementation was
considered o be achieved when o child's
average supplement intake was above
0% of the recommended dietary intake
for encrpy based on age. Depending on
the particular age interval and eategory of
pitential eflect modifier, between 379
amd 54% of the children from the Atale
villapes achieved this level of supplemen-
tation, These groups are referred to here
as supplemented  proups, Supplements
were available on demand, and mothers
of children with high rates of participation
wire self-selected. Therefore, as a means
of controlling for selt-selection, the Freseo
groups used for compurison with the
supplemented groups (i.c., for estimating
attsibutable benefits) were composed of
children in a comparable upper distribu-
tion af intake of Freseo (upper 37% to
54% of the distribution of intake, depend-
ing on the particular group studied).
These groups of children, referred to as
the nonsupplemented groups, were consid-
ered o be comparable to the supple-
mented proups cxeept for their supple-
mented dictary intakes, The difference in
cnergy imlake between the suppiemented
anct the non-supplemented  groups was
[4.7% of the recormmended intake. Home
dictary intake Jid not differ bavercen the
twio groups, Nodnformalion was svatlable
abaut the quantitivs of breast milk con
sumad; howewer, childven in the non-
suppdemented grovn were bresst-fod fora
longer period. Adter the possible cxira
cnergy intake fromy breast milk in the
nensupplemented group had been Laken
into acenunl,® the net increase in cnergy
intake in the supplemented groups was
atrond 11% of the recommended intake,
with little differences between age catego-
rics. The differcnces in energy intake
were accompanied by cven lasper differ-
encis inprotein and smaller differences in
other nutrients

Supplementation in Children

Since some children experienced e-
peated episodes of wasting, contributing
more than one ohservation in the sample,
and a number of siblings were included in
the group of wasted children, observa-
tions in the estimation of recovery rates
from child intervals were not indepen-
dent. As & resalt, the variances of the
recovery rates wers [ikely to be biased
owing to cluster effects, As a means of
avoiding potendial biases in the estimation
of variances, household intorvals were
used ws units of analysis instcad of child
intcrvals. Within-houschold recovery ratey
were obtained, and the means of these
rates and their variances were used for
caleulating attnbutable benefits, The mean
household recovery rates of wasted chil-
dren in the nonsupplemented groups
wore subteacted from the mean house-
hold recovery rates of wasted children in
the supplemented proups (o obtain the
househald altributable benefit (hercafter
referred 1 simply as attributable benefit),
Attributable benefit variances and 95%
confidence intervals were computed and
are presented here, along with the recoy-
CTY THiCs.

The categorics used for the assess-
ment of cach potential eflect modifier
were constrected as follows. The age
catepory involved child intervals betwesn
b and 24 months of age and child-intervals
between 24 and 48 months of age. The
wasling categories were hased on the
percentaze median weight for length of
he: Mational Center for Health Statistics-
World Health Organization reference: (1)
less than Y096, (2) 90.0% through 94.9%,
and (3} 95,0% through 9909, Interval
sinee the onset of wasting was defined as
short term (less than 3 months since
onset) or leng term (3 or more moaths
since onset), Duration of supplementa-
tion wus  categorized  inte 3-month,
temonth, and [ 2-month intervals; Time
with diarrhea was exprossed in the follow.
ng categories (according 0 pumber of
days with diarrhea during 3-nonth inter
vals): (1) without diarchea, (23 between 1
and 25 daws with diarchea, and (35 more
than 25 days with diarrhea.

The magnitudes of the attributable
benefit among cateporics of potential
effect modifiers were compared, and the
differences were formally tested. For
potential  modifiers that iovoleed 1w
caleporics, a test of differences® was used;
for those imolving three cateaories, twe
distinct tests of differences were per-
formaed. The first test was used to com-
pare the two extremne groups. This test for
linzar trend was followed by a test that
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i e e
TABLE 1—Recovery Rates of Supplemented and| Nonﬁupplemented Guatemalan Children wnth Wﬂﬁlinﬂ and Attributable Benefit
for Different Categories of Effect Modifiers: o ohi, P T e HIELTI
Treaiment Group e B e
Supplementead Nensupplemented Altritutable Benefit Attributable
i PP [95% Confidence Benefit among
Patential Efect Modifier R, Recoverny Rate Mo, Recovery Rate Interval) Categorias
Aga, ma
B-24 35 O.7B 42 a1 0.37 (015, 0.55) =05
24-48 32 0.73 72 0.65 0.08 {—0.02 0.25) A
Degres of wasting, %
weight for length
< 80 35 0.78 47 a1 0,37 (018, 0.55)
a0-—54 34 0.39 35 .13 0,26 {0,171, 0.4 4 1)
95-04 70 013 74 .08 010 {—0.00, &.20)
Duration of supplemen-
f tation, moc
| 3 T2 1.5% = .41 018 (3.06, (.30)
& &g 062 Ta 0.37 0.25 {011, 639 <. 05
o a5 s 42 O.dt 037 (018, 0.58)
Chronicity of wasting
Short term &1 056 73 038 0.20 {004, 0.37) .05
Lorig term 49 .55 64 039 24 {008, 0.47) 1
Time with diarrhea, d
0 28 053 ae 037 16 {-0.08, 039
125 44 053 &7 n.3s 0.25 (006, 0.41) =05
=25 20 051 16 018 0.33 (0.08, 0.56)

evatuated departure from the linear trend
Iy contrasting the walues of the wo
extreme categories with the value at the
center® The tests of departure from
lmearity were never statistically significant
and are not discussed farther.

Laopistic regression models, with child
intervals as the units of analysis, were
used Looassess lhe effect of potentially
confounding factors oo atiributable ben-
efits. The dependent variable was a
dichotomous varable indicating recovery
from wasting (as defined earlier). The
independent variables were an indicaror
varigble for treatmenl groups (supple-
mented and neosupplemented) and the
followding potentially confounding vari-
ables: duration of breast-feeding, binth-
weight, age, gender, mitial weight, intial
percentage wiight for length. days with
fever, days with  diarrhea: davs with
respiratory dhisease, and moean dictary
energy intake foom L& e 24 months of age.
Achiusted recovery rates and attributable
benefit values were abtained from the
logistic regression models, anc odds ratios
foor trestment were obtained and starisgi-
calby tested. Since child imtervals were
wsed as unies of analvss [or the loshe
regression models, & corcection factor for
the clustering cfect was conployed

Attributable  benefit values  lower
than 0, 1) were considered nonsignificant
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from a public health perspective, although
in some cases effects of that size may be
biclogically important. Statistical signifi-
cance was declared if the £ value was less
than 05 or the 95% confidence interal
did nol include zero. All results presented
were statistically S]g[!]r("lnt unless slated
otherwise,

Results

Table 1 presents regovery rates for
the supplemented and nonsupplemented
groups, -sample sizes, and attriburable
henefits for the differcnl categories of
effect modifiers. Results of the tests of
differences inatributable henefits among
categories ol elfect modifiers are also
shomen,

Becovery rates of supplemented chl-
dren were similar belbween age calegones
{elifferences were nol stalistically signifi-
cant). In contrast, the attributakle beonafu
value for the vounger ealepory was large,
while the value for the older catcgory wus
sinall and not statistically significant. The
attribugable benefic values were different
across age categories. Children included
in 1his analysis were in the less than 0%
weiphi-lor-length catepory and were cx-
posed to supplementation for 12 months.

The results that follow refer only to
children betwean & and 24 months of age

becanse the atirtbutable benefit values of
older children were small and not statist-
cally significant for all of the catepories of
wasting, length of supplementation, 1ime
since onset of wasting, and. presence of
diarthea tested,

Kecovery rates and actributable ben-
afit values decreased ag the percentage
weighi-for-lenpth category increased. At
tribatable benefit values inthe less than
GO%% and YU theouph B4.9% categories
were slalistically sipnificant, while the
valug for the 95% through B9 94 eatepory
was nol, Resulls refer 1o children suppile-
mentect for 12 months,

Since auribalabde benelitvalues were
larger in the less than 0% weight-for-
length category, 3 threshold often vsed lor
sclection of beneficianies of supplemen-
tary fecding: the remaining resulls are
presenied cnly for this catcgory of wast
TR

Becovery rates of supplemented
proups increased as duration increased.
Also, atrributable benelil values increased
from 0018 20 3 momdhs w 025 at 6 months
and then o 037 at 12 months. The
J-month duration of supplementation 1s
astecl 0 Lhe Tollowing results.

Feecovery rates and attributable ben-
efil values were not statistically differem
Between shor-lerm and long-term wast-
ing. Therefore, the remaining resulis do
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not differentiate between categories of
chronicity,

The attributable benefit was larger
than {10 for all three catepories of days
with diarrbea {without diarrhes, 0.16; 1 to
25 days with diarchea, 0.25; more than 25
days with diarchea, (133) and statistically
sipnificant among those in the two upper
categories bt nol among those in the
without diarrhea catepory. A trend of
mercasing atteiburable benefit valoes as
tine with diarrhea increased was ob-
served, This trend was not statistically
significant (P = 03], probably as & result
of small numbers of children inoeach
CAEZO0Y,

Results [rom logistic regression mod -
cls that controlled for potentislly con-
founding variables (data not presented)
were consisient. with the  attributable
benefit results described carlier. For ex-
ample, the adjusted attributable benefit
values obtained from the logistic models
were 1,20 and 0.3, respectively, for 3 and
& months of supplementation of 6- to
24-month-old children in the less than
S0% weight-for-length catepory (as com-
pared with values of 0018 and 025 in
Table 1), The odds ratios were 4.37 for the
lepistic regression and 2.36 with no con-
trof for confounding; both were statisti-
cally significant, In fact, controlling for
confounding tended to increase the attrib-
utable bencfit values more often than not.

Discussion

The choice of categories for the
definition of wasting and recovery in this
analysis stemmed from the use of catcpori-
cal thresholds as criteria for admission o
and discharee from supplementary feed.
ing programs. Resolts of analyses using
merements of pereentage weight for length
(data not prosented) were consistent with
the results presented.

Past srudies have shown recovery
rates of mildly e moderately wasted
children ranging From 048 1o SOGEH0
ovweover, these studies did nol wuse gom-
parison groups. Therelore, the rates ailed
i these staclies overestimate eflects of
supplemesntation,” Lising appropriale com-
parison groups, we have shown® that the
true ellects of supplementation (i.c., the
altributable benelits) are lower than those
identificd in previous Teports, ranging in
cur population botween 29% and 52%.

Participation in the supplementation
programs in this study was the result of
seif-selootion, The potential confounding
etfeet of self-selection was accounted for
in Lhe analyses by comparing the recovery
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Supplementation in Childeen

Age  (months)

18 1 = ag a5 42 48

FIGURE 1—NMeaan (minus 1 50} of welght-for-length/height and
length/height-for-age z scores between 3 and 48 months in the
nensupplemented greup of children (cross-sectional data).

rateés of children in Atole and Fresco
villages with similar levels of participation
in the supplementation programs.

In our previous report,” we showed a
dose cffect of supplementation between
high and low participation in the Atole
villages (a difference of (.15 i attribul-
able benefit value) and a lack of dose
effect between high and low participation
in the Fresco group, reinforcing the
inference of unconfounded effects of
supplementation on recovery rom moder-
ate wasting. In addition, in the present
stindy, we confmolled for a number of
pulential confounding factors in logistic
regression analyvses,

Morcover, the gverall asribinable
benecht at the village level was 1297 sull
statistically significant but beower than the
attributable benefit walue among  high
participants in the supplemented group
bocause half of the children consumed
small amounts of supplement (less than
10%: of the recommended dictary intake).
These overall effects were obtained with
the village a5 the unil of analysis; henee,
advantage was taken of the randomized
study design. Thus, the probability of
confounding was less than 59,

The combination of the resuls of
analyses that used the village as the unit of

analysis and those of analyses that used
children as units of analysis bat controlled
for confounding represents  conclusive
evidence that the attributable benefit
effect was due to the supplementation
and not e confounding.

Im our previous paper,” we showed
that significant attributable benefit values
were testricted to children who received
10% or more of the recommended dietary
intake from the supplement, The oo
effect of supplementation was aboual 119
of the vecommended dictare intake, a
significant contribution 0 the baseline
dietary intake of about 75% of tha
recommendel,

The elfea of supplementation on
recovery from wasting was restricted (o
children between & and 24 months of ape.
Older children had sttributable beneii
vadues that were no different from zero,
This finding should be viewed in light of
the weight-for-lengthhedght patiern by
ageabserved in the absence of supplemen-
tation. Figure | presenls mean z-scorc
weight-for-lengthfheight values at differ:
ent ages from birth to 42 monoths for
children in the TFresco willages, Mean
zeseore values dechined {from 6 1o 18
maonths, when the lowest value was
reached, From 18 to 21 months, the values
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did not change, and, after 21 months, a
trend of ineressing values 1s ebserved at
subscquent ages in the absence of supple-
mentation, This can cxplain the lack of
effect of supplementation after 24 months.
The incresse in mean z-score weight-for-
lengeh values after this age was not due to
an inerease in stunding o his period, As
shown in Fugare 1, alter 24 months, the
hewghi-for-age 7 scores of the nonsupple-
minled group did not change, indicating
that growth during this period was similar
to-that of the reference population.

Attributable bencfit values were in-
versehe related to the initial percentape
weight-for-length valoes. The linear trend
observed between the less than 90% and
0% through 9999 weizht-for-length
categonies indicates that, when resources
arc limited, programs should be targeted
to those with the lower weight-for-length
valucs.

Attributable henefit values dig nol
differ aceording 1o the time smes the
onset of wasting. Thus, chrondcily 15 nol
useful for the selection of beneficiares,

Attributable bepefit values were posi-
tively associated with durstion of supple-
mentation, Although effects of supplemen-
tation were statistically significant as carly
as 3 months after supplementation, longer
durations of supplementation (6 and 12
months) delvered  additional  benefies.
The results indicate that mildly to moder-
ately wasted children benefit frone long-
term supplementation.. However, while
the attributable bencfit value during the
first 3 maonths of supplementation was
DR, it dropped to (.10 per trimaster from
3 to 12 months of supplementation,
indicating larger effects durimg the [irst

rimester. Thus, in chonsing the lengih of

supplementation; availability of resources
should  be considered . relative 1o the
number ol childran in cach weight-for-
fenuth catepory, The choice of 3 months of
supplementation may be preferable when
TUSOUTGLES art searce and & large number
of children are below Q0% weight for
fength, However, longer pericds of supple-
mentation may be preferable when a
smaller proportion of children are below
Q0% weight for length.

Attributable benefit vales were Bio-
Iogieslly meaningful for all three calepo-
rezs ol charchea, as was (he lrend of
increasing atlributable bepedic with in-
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creased diarthes, The lack of statstical
significance for the attnbutable beochit of
children with no diarrhea and for the
trend was possibly due to small sample
sizes in the higher and lower diarrhed
categories. A possible reason for a larger
effect of supplementation in children
having more days wnh diarchea is that
after diarchea has ceased, during the
convalescence period, the appetite of
children may increase and catch-up growth
may occur, Children who have extra food
available {supplemented children) may
consume more food during this period
than nonsupplemeanted children, and, as a
result, they may gain more weighl. An-
ather explanation is that days with diar-
thea might be a pood proxy for an
unhygienic envirnnment characiesistic of
poot families, Since malnutrition is more
prevalent in poorer children, & large
proportion of children with low weight for
lgogth living it poor conditions are traly
wasted, while among those in better
conelitions & large proportion with low
welght for length are false posithe., What-
ever the reason, the findings show that
children who have diarrhea during supple-
mentation benefit somewhat more, There-
fore, selecting children who are at risk af
diarrhea may be advised when resources
are scarce.

This paper has examined eilect modi-
fiers of supplementation on recovery from
mild to moderate wasting {curalive ap-
proach), Effect modifiers may be dilfereot
for the effect of supplementation on the
prevention of wasting (preventive ap-
proach) and for the effect of supplementa-
tion on stunting, 2

The results indicate that the preatest
effects of supplementation on mildly o
moderately wasted childeen i popula-
tioms similar to the Guatemalan childzen
studied here are likely to be achicved 1n
young children (6 o0 24 months of ape)
and with inereasing duration of supple-
mentary feeding, A high prevalence of
diacrhea was also assoviated with larger
effects. Duration ol wasting belore supple
mentation did et predict any increase in
henetis from supplementation,

These dindings are probably general
pable tooother populations o the ape
pattern of weight loss in the popaelation is
taken mto account and the quality of the
supplement is similar to that of the Alole®

supplement used in this study, The latter
i usually the case,

This information can be useful for
the design of supplementary feeding pro-
grams aimed at alleviating wasting in
similar populations and  for dmproving
effectiveness by targeting such programs,
accorcing to our findings, loward children
more likely to benefit. O
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