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Objmtiw: We lested the hypothesis that growth falterng e rerzl Guziomals stacts easiler thag benvecn 30
manths of lifs as geneipliy asnumed,

Methods: The samnle inchuded children Fom the INCAP long:iedinal wial (1962-1977Y, wha had adeguate birth
waight {2 —1sd) (r=T79) Twa groups were formed aceosding o weighi-for-age (WAZY at 5 vi Group A:
WAT = -2 5.4 {mrowth-reterded), and Grovp B WAZ = —2 od Weight increments were computed and sex-
and gender-speuific deficits i weight intrements fTom (=36 months wers caleulated by comparing values of the
WHOMCDC reference dzta For the period berwesn (12 months, weight increments wers 2lse compared
velpeiny standards: (1) the Fels data and {2) the WHO srowth curves for breast fad infznts.

Resuits: At3 y of age, growtheratarded children wers 3.4 kg smelier than the WHO/CDC median, Depending on
tha :-.-';Ia,-:._.cn data -.._«,e.d___ berween 19 and 34% of the deficit at 3 v of pe wes dug to failure (o theive dunmg e
first 3 months of zn zdditional 12-19% cooured betwesn 3 and § months aed 32-23% between 6 and &

.nr:rnts,a By 12 rmrfrts of age, infairs bad acoursulated 45800 :
E. childrés from groun A had orester morbidity during their ficst @ months of 1ife, and their

Comparsd tue prour

124 of their todsl deficit in weight at 3 v of Hge

modhers had poorer nuttitions] stanis at 3 monthe nosmarcam. There were ndications that children from group A

cane Fom more deprived Tamiiies

Corelusivans: Growth falienng starts soon afier birth in mural Gua
be Is:gm:u 0 mothers and their infant 25 cariy &s ]}D‘-SIbe ik E the
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Iniroduction

Growth retardstion in developing counities i3 assumed to
start hetween 4—0 months after birth, when low-gualiry and
often contaminated foods are introduced in children’s diets
(Martorell ef af, 1994; Beaton, 1993; Weterlow, 1988).
High rates of infections and substitution of breast malk by

“foods of low outrient density are thought td be the maia

determinants of growth faltering in the first vear of life
{(Mactorell and Habicht, 1986). It iz generally thoueks that
in courntries lixe Guatemala whers exclusive or predomi-
nant breast feeding 18 almost universal, the early posi-natal
growth of infants with adeguate birth weight is comparable
ta that of infanty from dev L,ﬂped COuntTies

Cross-sectional anslyses of data from rurzl Guafamﬁia
suggest that growth retardation is alreadv highly prevaien
among 3 month old infants (Ruel ef of, 1993}, znd that up tl:l

2y

4% of chitdren hawve T \\’ﬁil:'r:t..f-:)l'_age at 3 monthe of

age._The purpose of the present research was to smdy
longitudinally the timing of crowt¥ retardation amone
Guaremalan children who were Botn with adequats
welght, but who became growth-retardsd durine their firsr
thres vears of life, =

Recuved

Y5RG: revigsd T Oeinber 1094, azcented 27 Dember 1956

a and thus, ¢ffestive interventions shoald
F*’"' VEET,
-~ IDEE*ﬁﬁ} sad by the Pew Chantable

Methods

D and sample

The dats vers coliected by The Instivase oF Numition of

Central America and Pasama (INCAP) during a longitu-
dinal suppismentation trist conductad In rural Guatemala
between 1969 and 1977, Detailed deseription of the shedy is
presenied elsewhere (Habicht and Marorell, 1992); 2 brief
surnmarny foilows.

Four viliages were randomly assigned to receive either 4
high-caiorie, Digh-protein doink {4role, which contained
381 kJ (9% keal) and 6.1 g of protein per 100 mL), o &
low-calorie, non-protein drink {Fresco, which contained
123 kf (32 kcal) per 100 L and no proiein). The sopple-
men wers made available a2t o cenral locaiion to all

orognant znd lactating women and to ail childen 7 ¥ oF

A28 G VOUDLCT.

en whe received the drofe supplement orew sig-
-|1‘= Caiily Lmncr rtpn childzen i the Fresco 'l.l'.]]a_L_Fﬁ.'_‘,
herefore, ooly children who received
2 uu.ﬂ were mcliided 3o the ara_.ﬂm
beczoss the oum eetive of te TRERENT ~.1u.__-, was g
nspal perierme of growih teardation inothis populat
Sl of Freseo coptributed only marginelly o
Ui dailv eperey wleke of children, providing on everape
3ok (15 Kesld per day, Thus, the zs T“':." consisted of
hildren from the Freseo villages whosa birth weight was
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1 Sars Enn b e o
. i a3
E’ greafer thanp —1 =.d. fromn the 1?1':6-.'_..:1'2131 -:-.-‘ the *'n_‘v’E-ID,’C.DC phtzined ~using fhe. differénce berwoen median weisht i
! ceference data (WHL, 1979, angd who had compleie weighs values for the reference population, Deficilts in weicht
data from birlh o 56 monihs of age (=t 1] sge poinis: birth - imcrements relative o expectad wers then obisined for
5.6, 9 12, 15, 18 21, 24, 30 and 36 mouths; n="T5). cach child and each ape intasval, The WHOMC DO referenoe
[nfanis with low birik welght (fow) were excluded from the data for atained weight were used 45 onpossd 1o velosity
j analyses hecanse !hwt infanrs uswaily bave a different standards (Roche e ai, 198%; -WHO Warking Gronp on
patternt of sarly post-natal growth than infants with ade-  Infant Growth, 1994). because the laker only provide datz
guate birth weight (Villar ef ol, 1982, 1984: Tenovuo ef af,  for the first 12 months of age. For this period. however, we
19ET. compared waight incrénenls o the velocity standards
developed by Roche and collaborstors (15ED) using the
p i Te Fels dztz, znd with the tecently developed srowsh curves
3 B i - n L L i 3 A x
Trammed feld workers recorded the infanss' weight and for breast 1_::;{ infants (WHU x"'ﬂf}fﬂlg Group on ksant
; Jength (1o the nearest 10 g and 1 mm, respeetively), using Growth fl?bf;}}:iem“f*‘ L[“’r” e .:m fﬁm available T
[ slatderdized orocedurss (Lobman er o, 1588 Habichi, the 91 i nths A Sither WIG}"W standards, e
| $976). & i : average of the ?—3 nonth values were sxtrapelated over the
{(ther variabies used in the analyses includad: braast 03 E.HEET‘” F:E’_‘_"?ﬂ; y st S s
feeding duration (in months), as reporied by the mother biniesenoss, e ﬁ‘j’:fufbfl""rﬁ_’immfi:
during bi-weeldly home visirs {this refers o any breast oo and i childand i ERA OISR IS WERE LSy
faeding); home dict: medn daiy enerey intake from home At
dist {iid), estimated by multiple 24 b recalls conducted
with mothers every fhrze months between 1536 months of
age; morbidity: percent days i with diarrhea, respiratory  Resuils
infections, or fover berween birth and 3 y of age, colictted g0 wrecants the main characteristios of the sample, by
by foll e 2 A ]“’k.'m.e' s mal.cr?az nutritionz] status at 3 yoof aze. As expecteds the groups
.ar_ithr??ome;-jr {welght, heighi, and body mass index were statistieally significantly different in all three indica-
(BMI)), parity, number of years of scheoling; and family o0 of nypitiopal stams at 3y of age. Growth-rotarded
Mg b ‘eius derived from Prineipel Copponenis  wigren afsn tended to have lower mean binh weighs,
anglysis nsing data on housing guakiy and fenidy posscs- lower encrey iniake for home dist, greater morbidily
siods (Rivere et al, 1995). ffever and Eiﬂrﬂl&ﬁ}, shiorter mothers, larger fazmily sizg
end tower snciosconoiric sttus than children fTom group
Arglvtical methadalogy B, hut caly differcuces in fover and fmmnbly size were
The sample was divided into two groups, based on chil- stazistically sipmificaat,
dren’s nuimitional srams at 36 months of age. Children with Figure 1 shows that the growth of childrea fom group &
weight-for-uge below -2 s.d. of the medizn of the WHO/  followed the same pattern as the WHO/CDO reference
CDC reference population formed moup A forowth-  berween birth end 3 months of age, siarted to deviae
setarded), and the rest of the sample formed eroup B between 5 and 6 months and showsd a frank deterioration
(less prowtheretarded). Mean attained weight at every age  after 6 months of age. Children who weze sTowin-retarded
poimi was compared betwesn the groups, and with the at 3y of spe {Group A) however, showed & marked
WHO/CDC reference data, Weight increments were com-  departure [rom the Tefercnce lae slready by 3 monds of
puied for the following age 1mtervals (0-3, 36, 68, B-12, age. At 6 months of age, they were approximately 1 ke
12215, 15-18, 18-21, 21-24, 2430 and 30-36 months.  ‘smatler than children from group B, and the size of (his
Gendor- and  age-speciic expected Imeremenis were  difference remained relatvely conslant therealier.
Table | Charastedstics of the sample, by child outritonal stems &0 3 v of ase
Fariahia Girop A (=25 Groyn 5= 3
Erowthrarded ez mow i-rgrm dad
P e e P (it =—3x5d)
MICET (5.0 B
Birth weight [ke) R el { ) R
WAL BE 3y (zscoTes 40 (T, R (T
LA a1 5.7 {5oores) A8 -2 (DB
WEZA ap oy (c-soores) 2 — 0 S
Brexst feeding duration {mo} 1920050
Thizt (miman BNd: 5340w A EE)
Thasrhes [T &5 0-36 o) : i
R (%5 ¢ 036 mo)
Fover (90 d; (34 mo!
Wietermal Bright {onn)
Fiastmal parizy
) %0 (267
Farily spcipsconomio slats” —01F (1)
*Abbreviations LAZ = reage Z-seores WAL mweiaht-Tar-zpe z-soores; WLl
gcn?cz; 'i -—::s;:_ir&mr'.-
r1egl {0,053
*A sncioecomomic SARES oo (steodardized vistahle mean=0 sd =1} was demved By Prscpel
Compozens Azshesis seing iz bn beusing gualine and Tarmtly gosiessioag,
i Ehsa bt Al 2oin Y P [ S O TN, . e 30 N il 1
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Figure 1 Patems of wowth of nrel Guatemeian childres, with {group
A) and withew (erovp B) growth reterdation o1 3 v of ape (g
< —2 240, cemapared {o the medizn of the WHOCDU refe
i57%,

rence dzia,

Table 2 presents mean weight increments, a5 well a3 the
defiirg in weight increments compared 1o the WHO/CDC
median, by age mierval and group, Weight increments were
consiztently smaller in group A compared fo group B,
except at ages 12-15 and 1821 months. Differsnces
were statisticaily significantly differsat al 4 v Intervals,
inchuding the -3 aad the 3-6 mentls nterval, Deficits in
weight incraments among group A were markediy larger in
the first 9 monihs of e, comperad fo later ages. At S v of
age, children from group A bad sccunmidated 2 total weight
deficit of 3.6 kg comperad to e WHO/CDE population:
Tahle 2 shows that up to 19% of this dedci: was dus 1w
growth faitering between 0 end 3 months of sge. and an
sididonzl 19% was due to faltering between 3 and 6
moenths of eze. By 9 months of age, children bad accumu-
lated up to 62% of the toral deficit in weight observed 213 v
of age. Similer pateins of early faltering occurred among
children from groap B, elthoush the deficits were generally
of smaller magnitnde, and some catch-up occuzred afier 24
mionehs of age (as indicated by the nesative deficits {Teble
0.

Figure 2 campares the resules obtamed for group A using
the WHO/CDL standards with those obtsined when velo-
city standards wers used. It shows the cumulative percen-
tage of total deficit acouired st different age intervals,

the hressgets of Teicrenus data psed. The
werght deficits among our semple of growtheretarded chil-

drem wers consistentdy erester when the Roche standards
wers used compared to the oiher mvd reference daia
Accerding 1o the Roche siendards, up o 80% of the walai
daficit at 3 of ape was acquired by 12 monts of age,
eomipared to 53.5% when the WHO growth curves for
breast fed infants (WHO-BF) were used. Imrespective of the
refereace standands used, bebwesn 19 and 34Y% of the
weinht deficat af 3y of age was explained by growd
reterdazon dunmg the firsr 3 months of life, and an addi-
tiorel §3=-19% was dus te poor gowth betveen 3 and &
rmonths of life. Ax 12 months, botwesn 45 and 8050 of the
wotal daficit seen &t 3 v of age was acguired.

Tahiz 3 presenis addiional information to investigate
why growth faltering occurred so emly o Iife this
populaiion. Morbidity from respiratory infections, diasrhea
and fever was zenesally higher ameng children Som group
A during the first 9 months of ife, aithough only the
differsnce in fever batwsen 6 apd O months of age was
statistically significent. Maternal weight and BMi at 3
months postpartum werz also significanidy lower among
children from group A, suggesiing that poor maternal
mtritional saatus mmav heve played a role in ohiidren’s
noio growiin

Triscassion

Cur study shows thet growth faltering sians soon ater
birth, at feast o soms counsrics of the developing world. [n
Guarsmala, depending opn the refercnce standard used,
betwean 19 and 34% of the weight daficit chserved m
srowih-retarded 3 y old children was due to failure to
thrive during the first 3 monpihs of life. By 6 months of
aoe, children had sccumulaied between 33 and 49% of the
total weicht deficii obsgrved 21 3 v of age (3.6 ka). This
resnlt was unexpecied, considering that a1l chiidren were at
least predorminamtly breast fed and that complementary
foods are moi usuaily intoduced before the age of 4
months in this population. Al chiidren In our sample were
breast fad Ior at'least 8 months.

One of the reasons why previous studies have failed to
detect early growth faliering may be becsnse they did not

Tshle 2 “weighrinciemenss and deficiis” i weight ineramenss compared to the WHICDC reforence datz, by 222 Interval azd nutionsl status 2o 3yof

ag

Growp £ fu=28
CFrowth Fetmrded (WAL < =2 54

Dgficic inwaight % total 4
Age Inrerded Feighi increment fncrenient defin increment
fmukihs) (ki fad £ e
03 R (1) e A0
3-8 1,33 10333 0.6 0.3
) i BRI
432 : .33 (0
[2=15 e
1518 036 (0 38)
Te21 4401064 3
2124 Q00T 05
J4-E0 121 sk 101
Ab=30 — 0T -1 PR
Tyt Taad

it in we
ot using di

rements were colouleted compenng weisht incismenis with 2oe- snd gendesspociiic engeoed incremenzs. Rineoted inorsments wess
£ sizes between median weisht vaiuss of the WROMC DO refereper deta
Rimerances beivedn weight inccements were siatistically sfenfieant By rtast (P (018
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Fignre'd Cumulavive pereentags of tots) deficii 3 ¢ 3 ¥ of ane
acquired at difFerent aue imtervals (oronp 4), aseoriing ' thres sefarance
daiz, Roche seftrence daly ars based on the Pals loneitedina] arowth: darn
(Roche er ol 1989 the WHOCDC rafereace dotz ars 2 ned walpes
OWHD, LE78) the WHO-BF dama ers the WHO growth svrves Tar hrosst.
fed infants (WHO Working Groun oo Infen: Grosh, 1994)

solate truly growthoretarded childzea and examine their
EFOwil palters separately. Our study clearly showed that
children whe were gowth-retarded at 3 ¥ oof ags
(WAZ -2 —2 s.d) had differcnt growth patterns than jess
growth-retarded children (WAZ > —3 5.d), particularly
during the early posmatal period,

Ouwr findings challenge curtent knowledse and under-
standing of the utlu::u]c:-g} and timing of growth fzilure in
developing countries. While breast i":mmw 15 known to
protect against infectious discascs (‘Bm-ﬁn el al, 1989,
Victora ¢ ai, TOET; Mamines er ol 1994, 0t does ner
Eppear 1o provent gquh retardation in poor rural Guate.
malan children during the early postaztal pemod. i is
possible that non-opiitnal breast feeding practices such as
the nge of prelacteal ceds, and teas and suzarrﬂ water once
lactation is estzblished imerfere with lactasional perfor-
mance and reduce the infants® breast milk intake. Unform-
nately no information is svailable on the utse of
complementary liquids end foeds before the age of 13
months for this sample.

An alternative explanation could be that bresst milic is
deficient in some micronuirients which limit growth durdn

b7 2hans Gutlemaies chlldren
J_ 3. f

A g

|.':'
i

nt brops f"-ﬂﬁﬁ'rrr he
mothers of *-']L-'-\LTJ -falt ETINE ehildren bud a 51

e perigd 0f soedomines

fHet thag
mificanthye
lower weigat and BMI indicares 1 poarer sutritions; status,
winch conid effect bresstmilk composition ar vol e, The

fiterature oa this topic, however, indicates that milk valume
and cnergy comian: are tile 2fFected by 1 -n,rgrmm matemnal
gl .nona] starus, gven al BM1 valves much lower then the
Vigidge 27.2'] .I\a_ T JG-u.ar_i m pur study (Brows ef a@f, 19&6:
Preatics er ar; 986} & lower .nfl_m birth weigh: el
migternzl BM3I at 5 month p:::stpa:!u.un among children from
ET0Up A Cies suggest that matemal dist during Pregnancy
and lacieii y have been less thap optimal. Thig, 1
L codlid affest their breast milk copcenteation of serain
vitarmiag, particularly the watsr-zolible vitaming which are
THOTE reipondve 1o material distary imake than mineralz
and m putrienss (Subcommities on Nutrdtion Durng
Latation eral, 159810,

Growth-revarded children alse cams  from poarer
families and spemt 2 larger percentage of davs il during
their first few months of life. Alt mucrh ihe sampie size wes
generally too small to detect statistically significant differ-
ences between groups, e mean values for family socio-
economic stamus, family size, clild dictary intake and
morbidity suozest that growth-remarded children lived i
more deprived conditions end wers more prone 1o infee
ticms diseasos.

Our szmple was pursosely restricted o nfanis with
zdequaze binth weight (> —15d) i order w exclude
intma-utenne  growi-retarded infamis who usually have
dirferent petterns of growih during their first fow mnnths
of posinatzi Jife. We also excluded infants who had Been
exposed 10 the Atole treatment, because these infants arew
better as & result of the intervention, Analyses done on the
roat-resivicted sample, however, showed similar results to
those presented heore, with even sreater deficits acquired
during the first 36 months of life. Thas, we do not f22] that
the resirictions made on the sample biased cur main finding
inat growth Tetardation steris soon affer hirth.

Studies have shown that anthropometry at 3 v of 2ze i3
stongly comeized with attained size at adultbood, body
composition, work performance, intelfectual development
zud reproductive performance (Martorell, 1995). The pra-

2l

Table 3 Advterme] and ohild charasterishos duriaz the fivsr & monthe noaspemim, by child
pltritonel stilus al 3 ¢ nf aps
Varighis Sraug A fr=10 (e & i = 30

growih-retgriod
(A2 — Sy

O R S R
i =Zed)

Child morbidin (3 diays Tii
Respiratory infeoiions

Weean (vl

Migam {5.0)

L3 ma
=6 me
50 mo A0LA R0

Disurhes
0-3 mo B L2055
34 mo 330
58 ma 2N

Fawer
03 g 4 (84 159059
A5 e IR <“-f"1.l -
=it mn a5 (8o

Maiemal entbropamery ot 3 menthr simarium

8.3 [6.2)

",'\-'cm.—l-T |:".|.\ }
8T (kpsm®) P e

(27

’Ah'b:l:v:ana‘ns WAZ = w.:gJ‘r' for-aps
s st (P < 0,05 I

Z-stores; BMl = body mass index,




suatt study shoveed, in tum, that growth during the garly
postnatal period is a cracial determinant of auained size at
3 y of zge. Research is wrgently needed to underetand why
growth retardation occurs so early in THfe. even amoeng
populations whers predominant breast feeding for the first
45 months 15 eimest universal, $imilar analysez should e
replicated 1m other countries where breast feeding patterns
and fevels of malneirition differ in arder to improve oo
understanding of the timing and the etiology of growth
relardation. and to design cost-effective interventions tn
pravent early fellering,
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