
INTRODUCTION
Differential growth patterns among formula and exclusively

and predominantly breast-fed infants was among the major rea-
sons for the World Health Organization (WHO) undenaking a
major initiative to develop new growth references for infants
and young children (1-2). Typically, infants who are exclusively
or predominantly breast-fed for 4-6 mo with continued breasl-
feeding through the first year appear to grow more rapidly than
do formula-fed infants during the first 2-3 roo and less rapidly
from 3 to 12 roo (3-5). Less is known, however, about the sensitivity
of breast-fed infants' growth patterns to me differential timing of
introduction and type of complementary foods (6). This study
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ABSTRACT

Background: Growth patlems of exclusively and predominantly
breast-fed infants differ from those of non-breast-fed infants, but
less is known about associal.ioos among growth patterns and dif-
ferent durations of exclusive ~-feeding and the types and fre-
quency of complementary foods.
Objective: We examined these associations, particularly
between 4 and 6 roo of age, using data from a unique longitOOinal

7-country study.
Desip: Data from the World Health OJ!anization Multinational
S~udy of Breast-feeding and Lactational Amenorrhea on infants
living in geaeraUy favorable environments were used. Multilevel
analyses described growth and the relation between growth and
variables related ~o feeding.
Results: Small differences in growth that were statistically signi-
ficant but probably DOt biologically important were noted among
infants in whom complementary foods we~ introduced at differ-
ent times. Weight gain was mo~ sensitive to feeding frequencies
than were gains in length. but lhe cumulative 100wk differences
were small. The most extreme differences were equivalent to = 10

centiles of the weight and height distributions at 6 roo of age.
Condu.Joos: ~ ~ do ncx provjck: ccxnpelling evidence ofbeD-
cfit or risk related 10 growth and die timing of intnxkJctim of c0mple-
mentary f~ 8: any ~ tinw; bd:ween 4 arMi 6 OK) of age. Thus,
postnatal growd1 ~ to nc-. be ~ k> die ~ bm81g of
introductioo of 001 ~ f~ ~ to differential types aOO fre-
quencies of complementary foods in t.:althy infants living in envir0n-
ments wi~ major eI:(XOnic ~ and ~ raa=s of ~ Thc.,r;
resuJts. ~. ~ ~ ... gIUWdI di&.--a-~ in ~ liv-
ing in JXn" envinXImeIU. Am J Clin NIIl, 2002;76:620-7.

KEY WORDS' Breast-feeding, infant growth, growlh
references. infant feeding practices. anthropometry, weight,
recumbent length. child health. child nutrition
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sought to address 2 questions: I) What are the associatioes
between the timing of introduction of complementary fO<xIs and
growth in weight attd length (attained and velocity) in breast-fed
infants? and 2) What are the associations between the type of coID-
plementary foods and the frequency of both breast-feeding and
comple~tary foods and growth in weight and length (attained
and velocity) in breast-fed infants? The WHO Multinational Study
of Breast-feeding aDd Lactational Amenorrhea (7-9) provided a
unique data set to addnss these questions. Representation from
7 countrics from diverse geographic regions was a particularly
valuable feature of this data set. Answers to these questions
assisted in the selection of the population from whom the new
growth reference win be developed and in evaluating the rot.Ist-
ness of the reference to the differential timing of introduction of
complementary foods after 4 mo of age.

SUBJECfS AND METHODS

Data

The WHO Multinational Study of Breast-feeding and Lacta-
tional Amenorrhea was conducted at 7 sites (Chengdu. China;
New Delbi; Guatemala City; Sagamu. Nigeria; Santiago. Chile;
Uppsaia, Sweden; and Westmead, Australia) from April 1989 to
December 1992. Five to seven bundred women and newborns
~ recroited at each site through government or private or uni-
versity hospitals. except in Chengdu. where women in rural town-
ships were recruited by a government research institute (7). Entry
criteria required that women intended to breast-feed for ~ 6 mo.
breast-fed a previously born infant for ~ 4 mo. 8Id were between
20 and 37 y of age. parous. literate. and of normal nutritionaJ sta-
tus (ie. neither obviously malnourished nor obese on the basis of
kxal criteria). W~ were excluded if die gest8:ional age of tJw::iT
newborn was < 37 wk or if dley used contraception immediately
after delivery. All study sites except Chengdu were urban. and
die median educatiooallevels of participating mothers were high
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GrowdI cones for each infant were generated by using random-
coefficient modeling. This modeling incorporated categorical
and continuous covariates that might influence infant growth,
accounted for missing growdl meas~ments. and estimated the
variability amoog infants in attained growth. growth velocity. aDd
time of meuurement. after the covariates were BCCOU.nted for. Pre-
liminary analyses indicated that a quadratic or cubic polynomial
were the maximum orders needed to describe the shape of growth
curves. For most analyses. OOwever. a straight line was adequate
to c~ ditfelaJces between the feeding groups.

Seperate analyses were conducted for each of 2 peri~: 1-16
and 17-32 wk. For each period. the associations between the tim-
ing of introduction of complementary foods and growth charac-
teristics are reported as differences in growth attained at the mid-
dle of the designated period (ie. in mm or g) and in the rate of
change over the entire designated period (ie. velocity in mm/wk
or g/wk). For the 17-32 wk period. attained "growth was adjusted
for the growth attained during the 1-16-wk ~od. Estimates for
the intervals 1-8.9-16. or 25-32 wk were compared with those
obtaiued for 17-24 wk. The ana1yses were stratified by sites. and
the results were combined across sites, weighting for samp1e sizes
and random variation among sites. This procedure accounted for
potential site differences in the patterns of breast-feeding and
introduction of comple~ntuy foods. Seperate analyses for each
site also permitted the modeling of 2 (ie, individuals and time)
rather than 3 levels of variability, which substantially reduced
model complexity.

Type aad r.~--y ~ ~~ r.-k aDd bl'eMt-reediD&

Growth measurements were adjusted for previous growth per-
formance and selected covariates. This awroacb is useful for
studying the associations of time-varying covariates such as
breast-feeding frequency or past illness. Two subsets of infants
from all 7 sites were included: 751 and 205 wants who were
1xeast-fed predominantly and exclusively, respectively. to 2: 16 wk..
Data from weeks 1-8,9-16, 17-24, and 25-32 were analyzed sep-
arately; 4-wk increments for length and 2-wk increments fOr
weight were estimated. Length and weight gains were regressed
on means of covariates estimated from observations at the begin-
ning of designated intervals and the 2 wk before these intervals.

Preliminary analyses showed that variables specific to individual
infants (eg. birth weight and mothers height) and sites were not
important determinants of changes in growth. These influences ~
a<:(:OOQted for by adjustments for previous growth performance.
r-l-=te:;)ft;, growth ~ts for all infants aOO sites ~ combined
(ie. pooled) into a single multiple linear regression. Breast-feeding
frequency, ie, the average number of total breast-feedings per day
for the designated intervaL was incl\Mled in each ~ion analysis.

Se~"eral other covariates were included in these regressioo
ana1yses. Covanates for feeding frequencies of non-eoergy-con-
raining fluids. milk fluids. other energy-containing fluids. and
solids and semisolids (average number of feedings per day) were
inc1udcd as permitted by the distributions of the frequencies. The
age of the infant (in wk.) and the age at the time of discontinuation
from the study were included to control for age differences in
growth velocity and for effects related to the length of follow-up.
The illnesses of the infants were included to examine the associ-
ation of prcvious illnesses with subsequent growth velocity. ~
was defined as 0 if illness occurred in neither of the previous 2-wk
peri~. 0.5 if any illness occurred in one of the previous 2-wk
periods, and I if any illness occulTed in both periods.

(9). The populations were ethnically homogeneous at each site.
except in Westmead (9). The stUdy infants were heaJthy single-
. tons with a weight-for-age at the time of entry into the stUdy
of ~ 10 centile of the local standard (or ~ 2500 g if a local stan-
dard was not available).

Emollmeut occuned between 72 h and 7 d after delivery. The
obstetric and breast-feeding history. education level. socioeco-
nomic status. and standing height of the mothers were ascertained
at enrollment. The weights and lengths of the infants were also
measured at that time. on average at 5 d (7). Each mother-infant
pair was visited at ho~ every 2 wk until the mother experienced
2 consecutive normal menstruations or became pregnant. The
infant's weight was measured at each visit. and length was meas-
ured fortnightly (Chengdu. Santiago) or monthly (all other sites).
The modIers were asked whether the infants had any episodes of
illness in the past 2 wt and. if so. funher informanoo was obtained
about diarrhea. respiratory infection. and other illnesses. The
infants' feeding status was ascertained at each visit from daily food
records kept by the mothers. Feeding status was categorized at
cacb visit as I) exclusive ~-feeding. 2) predominant breast-
feeding (Iweast milk + non-energy-coataining liquids + 001« fO(xjs
as tastes only). 3) partial breast-feeding (breast-milk + energy-
containing liquids or foods) Of. 4) weaned (ie, no longer breast-
fed). The duratiou of exclusive and predominant breast-feeding
was determined 011 the basis of the visit with the first transitiOll to
a different feeding statUs. The median duration of exclusive ~t-
feeding was 1 wk in Guatemala City. Santiago. Sagamu. and New
Delhi; 6 wk in Uppsaia and Westmead; and 10 wk in Chengdu (7).
11\e median dUIatioo of predominant breast-feeding was I wk. in
Guatemala City. Santiago. and Sagamu; II wk in New Delhi; IS wk
in Uppsala and Wcstmead; and 27 wk in Cbengdu. The protocol
was approved by the WHO and the participating institutions.

StatisticalaaaJyses

Data leJated to 5{X:cific sires. indivi<hJal infants, and d1e timing of
selected feeding milestones ~ as distinct ~ of poceotial vari-
ability and explanatory power. Thus. multilevel ~ng was imple-
mented in SAS PROC MIXED, version 6.12 (10). This pocedure
accommodates categorical and continuous covariates, incomplete
series of ti~ ~ts. aIxI die a«kIed variability introduced by
the multiple levels repesented by sites. Individuals, and time.

The assessment of and adjustment for potential selection biases
due to loss to folJow-up was an important analytic issue. It was
particularly important. for example, to account for differences in
the growth of infants born to women with--'lb~rt compan:d with
long durations of lactational amenorrhea. Thus, the analyses were
done for subsets of mother-infant pairs with a specified minimum
follow-up, and the time of discontinuation was included as a
covariate in completely separate analyses. This approach was
shown previously to account for selection bias effects (II).

Timing of intnJcludloD of complementary foods _d growtll

Data were available for 1252 predominantly (including exclu-
si\'ely) breast-fed infants from 5 sites who were followed for~32 wk
to examine the association of the timing of introduction of com-
plementary foods with infant length and weight for weeks 1-16
and 17-32. The number of Guatemalan and Nigerian infants with
a sufficiently long duration of predominant breast-feeding was
too small for these analyses. There were not sufficient numbers
of infants with a long duration of exclusive breast-feeding to con-
duct a similar analysis on the timing of exclusive breast-feeding.
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TABLEJ
Descriptim or the ~Iy (i-=ludinC exclusively) blast-fed sample at enrollment 10 the sawJy

- -

Site

OM:ngdu
(n = 195)

UppsaIa
(n = 299)

Watme8f
(n = 366)

Santiago
(n = 255)

NewDeUli
(II = 137)

M~
Age (y) _9:t 3.4' 31.1 i: 3.2
Educaaion level (y) 14.6 i: 2.8 14.6 i: 2.6
[)ur8tion of ~icMJs puIomi_t breast-feeding (mo) 4.9i: 1.5 53 i: 1.5
PIqP8IK:y~(wk) -W.7i:1.2 ~.9i:1.1
Home cklMry (yesino) _2
Good general health (yesino) 0.79
Slnoting daily (yesino) -
~ use (yes/DO) O,a)
~ ~ 8R (yesi8») -
Height (cm) 167.5 i: 5.7
Weight (kg) 66.7 i: 8.0
Suppl~t use (yesitM» 0.12

N~-'
InterVal between deliWTY UId stan of breast-feeding (h) 1.0 i: 0 - -

Total ~t reedings (no.ld) 11.6:t 6.9
Pac;ilier UK (yesino) 0.79
Breast ~ siJKe delivery (yes/no) 0.41
~ c.- DuM! given siJK:e S18t of t.f:asI-fecd8Ig (yes/nol Q.37
Female infant (yesino) 0.44
Infant weight (kg) 3.75 i: 0.42
1nfant lenp (cm) '1.8 i: 1.7
Infant head cmmfereIKe (cm) 35.9 i: 1.2
Infant dICSt ciJt:UrnfemM:e (cm) 35.1 i: 1.8
M.aemaJ ann ci~m~ (cm) 27.4 % 2.5

---~ .,. ~-~~-_. -

1:i:t:SD.
1 Meam a..s ~ ~ ~ ~1MiCd in die table when alley wee es-=rci8Dy -
~Between 72 h and 7 d after del~. 1M! am'age at 5 d.

27.9:t ).8
S.5:t 1.8
8.3:t 3.9

39.8:tt.t
0.66

~4~4.0
9.9 % 2-'
4.1 ~ 3.2

395:t. 1.2

0.68
0.158
0.26

0.87

0.61
0.14

164.7:t: 6.2
66.9:t: 9.1

0.21

0.'-

I S4.O :t; 4.3

il.o:t; 5.2
155.1 :t5.1
oW.4 :t 4.6

6.74

1S4.2 :t ~.6
49.9:t 6.9

0.8.i: 1.$
9.2.i:1.6

0.32
0.57
0.31
0.46

3.63 * 0.47
51.8*2.1
3S.5.i:l.4
3S.8.i:4.1
27.4 * 3.0

40.0
9.9

0
0
0
0

3.36
49.2
33.6
32.&
24.0

7.3:t 3.4
13.2:t 7.9

o.:zo
0.27
0.49
0.46

3..2 :t 0.39
so.S:t 1.7
3S.2 :t 1.8
34.5:t 2.1
24.6:t 1.6

6.4:t s.6
13.0:t 2.7

0.42
0.40

3.00 :t 0.39
49.7:t 2.1
34.3 :t 1.3
33.1:t 1.7
23.1 :t 2.0

RFSULTS
Description or sample

Selected characteristics of me 1252 mothers who predomi-
nantly (including exclusively) breast-fed their infants and were
followed for;?; 32 wk are shown in Table 1; this sample was used
to determine the a...sociations between the timing of introduction
of complementary foods and growm in weight and length (atlained
and velocity) in the breast-fed infants. Means and proportions that
were essentially zero were not included in the table. The diffaent
geographic sitespiovided considerable diversity among the fac-
tors of interest. Maternal education was highest in Uppsala and
Westmead. The duration of previous pn:OOininant breast-feeding
was highest in Chengdu. Smoking was freqncnt only in Santiago,
and alcohol use was frequent in Uppsala. Westmead, and Santi-
ago. Recreational drug use was reported only in Westmead. The
frequency of breast-feedings was lowest in Westmead and
Chengdu. Pacifier use at enrollment was highest in Uppsala.
Maternal height and weight were highest in Uppsala and West-
mead. Infant weight at enrollment was highest in Uppsala and
Westmead and lowest in New Delhi; enrollment lengths were
highest in Uppsala and Westmead and lowest in Cbengdu. The
proportions of females were lowest in Cbengdu and New Delbi.
M~t of the women at all sites breast-fed on demand. The interval
between delivery and tbe start of breast-feeding was long in
Chengdu; in both Cheogdu and Santiago, alnKJSt all of the infants
were given some food or f1uid before the first breast-feeding (7).
Througbout the period of follow-up, breast-feeding frequencies

were lowest in Uppsala aDd Westrnead. primarily because of a
lower frequency of night feedings. At me other 3 sites. nearly all
of the women provided unrestricted access to the breast at night.
The frequency of non-energy-containing and milk feedings was
highest in New Delhi. The frequency of energy-containing feed-
ings was highest in Sanriago. The frequencies of solid fO(xjs was
highest in Westmead aDd lowest in Chengdu. The proportion of
women working outside the home was highest in UppsaJa and
Westmead (data not shown). Unadjusted average values for
attained weight derived from observations between I and 16 wk.
were lowest in New Delhi; infant length for the same period was
lowest in Cbengdu (data not shown). Reported illaesses were low-
est in Chengdu; respiratory illnesses (ie. cold. runny nose. and
cough) were more common than was diarrhea at all sites (data not
shown). The 2-wk incidence of diarrhea was low. being < 6% at
all sites except New Delhi (II %; data not shown).

Enrollment factors were similar between those subjects
included (n = 1252) and those excluded (n = 1649) from these
analyses with one exception. The maternal weight of the included
sample was 0.4-2.6 kg less (depending on site) than that of the
sample e~cluded from these analyses.

Timinc of introdudion of COIRplemeDtary foods and growth

The mean length and weight attained during the 1-I6-wk study
period were smaller in infants whose complementary feeding was
initiaJed before 17-24 wk than in those w~ comple~ntary feed-
ing was initiated between 11 and 24 wk. (TIbk 2). The mean 1cnglb
velocity was smaller only at weeks 1-8. whereas the mean weight

2S.6 :t 3.0
9.5 :t 4.0
5.3:t.2.1

39.' :t. ,.3

*.ml
*.2.6
.14
,02
~
l41
*. 0.37
*.2.0
*.IA
*.1.8
*. 1.8
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11me«"-~«"
-~wy fCMMII

Mot
piQawcb~ Dig"",~ SE

1-16 wk;1
Attained length (an) 1-1

9-16
2S-32
1-1
9-16
2S-J2
1-1
9-16
2S-32
1-1
9-16
2S-32

-1.83

-2.368

-0.63tJ

-0.192

0.010
-0.021

-41.1
-56.6

3U
-1.7
-6.1

2.1

0.311
o.m
o.m
0.C8J
0.071
o.aJ9

21.2
15.0
37.6
2.19
2.5S
2.(5

0.001
0.001
0.564
0.049
0.-
0.659
0J»8
0.002
0.397
0.524
0.029
0.410

l.eIIgtb vekx;ity (um/wk)

Attained weight (J) :

I!
,A

WeiJllt velocity (JIwt)

I17-31ft4
Attained length (mm) 1-8 0.902 0.443 o.~

~16 1.486 0.283 0.001
2S-32 0.4S9 0.917 0.681

l.e8gtb vekK;ity (nwWwt) 1-8 0.004 0.032 0.918
~16 -0.116 0.106 0.369
2S-32 -0.151 0.038 0.001

Aaai8tAI weiIIII (&) 1-8 49.6 18.5 0.028
~16 51.6 16.8 0.012
25-32 19,8 20.9 0.437

Weipt vd(x;ity (J/Wk) 1-8 3.0 1,17 0.035
~16 2.2 2.25 0.423
2S-32 -3.6 2.6S 0.265

---~-
~l~i ~ in ~~~~-~~~tbc time period (ie, djstaII(:e in D8U lad I> for 8"XIpI to ~ compte-

meI8y fcxxIs - ~ 8iDI1-8 (II = 471). 9-16 (II = 2A3). m 25-32 (II = 173) wk ~ wid! GIriDg 17-24 wk (n - 365).
J Adju8d fm n8iI* c<w.-m... 1m e8:b JIOWtb ~ by ~ a-f4..'S ~.
JM(xieIs - fit for e8:b - iqIrII--.tj - d1eIIlhe dio':'4eme5 wae iXiI-.'ned. CG.-.'~ iD die mcxIeIs, if dIeIe was _'i"~- ~Iky in a p8r-

ticular site, were as folk>Ws: maI£ma1 aae; (kntioo (y) of ~s~; ~ MIIIeIY iD nM)dJer (yes fX 00); DIImi8 of pevious bB:ths; ckntion (roo)
of full brast-feeciiDI of JXeYOISIy IJc.1I ~ ~ of pqII.x:y; moda"'s 1IeaIdI aeaenIIY IDI.t (yes m 00); ~:-- ~ lxast ~ (yes
m 110); fr¥*r's ux d ~ ckvp, m ~ St-~~-ov:~ (yes m 110); -rm of times DW;8t - ~ by ~ per week; ~'s height atMi
weigM; ~ delivery of infaDt ~ or 110); medic8riO8 - during fX 8ftI:r deIjvery (yes moo); (Ke&naI¥;y complications (yes m 110); ~ interval before

tint ~-feeding; (o(xI ai- to infant befwe fint ~-feediDg (yes moo); ulvestrictcd access by infant to die breast (,yes IX' 00); kItal mlmber of breast-
~ per day; iDr..'s ~ of a P8cifie8' (yes m 00); J.-u ~ (yes oc -); and KX of in~. CovariafeS ia die IOOdeIs. io ~ to those CO¥8riates ~ ~ - die -. of die foIkJWiIIg ra:us ~ m.ma weeks 1-16 of follow-
up: infant ~ atMi _i~ ma-=maJ and i8faDt illJIeSs; ~ of ~ s-*iIII. ~ driDtiftI, dnIJ -. ... ~ IXIt of Ihe J..ne; -
stricted KceSS by infa.- to Ibc mu.; exp.-ioo of ~ milk; n\8Dbers of ~-feedinas, ~ feeds, mjlk oc focmula feeds, cakIric fuds, and solid
fO<.t feeds: .-.ifiel' ~; eaIin, ~ by ~ and mIIaDaI micronutrieat ~",..ant8IiOIi.

'I

I
I
I

velocity was smaller only at weeks 9-16. Although statistically
significant (the CIs f(K these differel¥:es did DOt ~~ap zao), the
maximal differences in the groups' attained weights, 1eDgdls. and
growth velocities were small (-2 mm f(K at1aiDed length. -SO g
for attained weight. -0.2 ~wk for length velocity, and -7 g/wk
for weight velocity). Infants in whom complemattary foods were
introduced betWeea 25 and 32 wk did not differ significantly in
weight aOO length (distance and velocity) from infants in whom
complementary foods we~ introduced between 17 and 24 wk.

During the 17-32-wk period (adjusted for growth in the
previous period), infants introduced to complementary foods
before 17-24 wk were -I mm longer and 50 g heavier and
had a slightly higher weight velocity during weeks I -8 than
did infants introduced to complementary foods between 17
and 24 wk. Attained length or weight and weight velocity
were not significantly different between infants who had
complementary foods introduced between 25 and 32 wk and
those who had complementary foods introduced between 17

and 24 wk. but the former group bad a slj,b!ly lower length
velocity (0.15 mm/wk).

1)pe and fftqueIIC:y of CCRDI*IDenIary roc. and b~-feedina

III/ant" p~dominil1llly b~QSt-fedfor ~ 16 wk

Tbe associations of breast-feeding frequency, frequency of
non-energy-containing fluids, infant age, and infant illness with
the length and weight velocities of the infants who were pre-
dominantly breast-fed f(H" ~ 16 wk are shown in ~ 3. A~ the
periods 1-8, 9-16,17-24, and 25-32 wk. associations of age wid!
lengdt and weight gain were negative aIxi ~ in 1DagninJde.
Associations of illness, ~-~ng, and freq~ncy of oon-energy-
cootaining fluids with txJdIicngth BOO weight velocities during 1-8 wk
were In si gnifi<:aDt.

A higher frequency of illness was associated with higher mean
length velocity during 9-16 wk, but the magnitude of the assocj-
ation was small. The difference in length velocity between infants
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TABLE 3
Associations of length and weight vekJcitjes with breast-feeding frequency. frecpJCnCy of noo-energy-cootaining and 00w:r fluids. age. ud illness in infants

who were breast-fed predominandy for?c 16 wkl== -c- c=-===~= ~ -"--'-==-=== ==-~~===cc-~- -c==,-~~"'. cc-=-=-=,---==cc- -=ccc~~ ==~c :c

--~ ~n~~~(~~~)- ~~$:~_vel~~ ~~~
Coefficient Crefficient

~ ~ ~
pp

Weeks I~
Constant 11.167 O.(XX) 262.541 O.(XX)
A&e (wk) -0.111 0.023 -IS.614 O.(XX)
nIne~s 0.~1 0.868 O.sSO 0.941
Breast-feeding frequency -0.039 0.453 0.077 0.931
F~uency ofnon-energy-containing fluids -O.ISS O.sso 1.305 0.791

Weeks 9-16
Constant 6.490 O.(XX) 148.843 O.(XX)
A&e (wk) -0.229 0.(XX) -6.626 O.(XX)
Illness 0.771 0.003 -3.5IS 0.469
Breast-feeding frequency 0.040 0.326 -- 1.401 0.058
Frequency ofnon-energy-conuining ftujds o.~ 0.863 S.}38 0.090

Weeks 17-24
Constant 4.8S5 O.cm 120.649 O.(XX)
Age (wk) -O.ICKt 0.<X1J -3.~ O.(XX)
Illness -6.162 0lXX} -11.376 0.015
B~-feediog fJeq\IeIX:Y 0.002 0.9S8 0.129 O.87S
F~uency ofnon-energy-CCXItaining fluids -0.131 0.247 -4.900 0.042

Weeks 25-32
Constant 2.721 0.(XX) 109.520 O.cm
Age (wk) 0.012 0.756 -3.361 O.(XX)
filness -0.163 0.418 -1.669 0.}24
BJeast-feeding ~ -0.020 O.BJI -1.863 0.044
F~uency of ~-comajning fluids -0.053 0.523 -1.428 0.488
F~uency of milk ftuids2 0.144 0.309 0.986 0.802
~uency of energy-containing ftuids2 O.<XKI 0.98' -7.5 } 3 ()318

F~uency of solid fooIJs2 0.341 0.001 0.451 0.871
-~ ~~~ -~-- ~~ ,~---~ --- ~-

I n = 751. Differences ill velocity of length aJxi weight associated wid! the covariates were obtained dIrough multiple linear regressioo. 1be table presents

unstandardized regresssion coefficients and corresponding P values. The unit for e.:h of the feeding covari.-es (ie. breast-feeding. .-I-eIIeIgY-conWning
fluids, milk ftuids, eneIgy-i:Ol1Wning ftujds, aod solid foods) WE the DUmber of fecdings per day. so tbt: regression coefficients for dIese covariates ~-
sent the diff~nces in length or weight velocity usociated wid! an adcitional feec\ing per day. 0Jness wa.~ coded 0 if die ill~ occuned in neither of the
previous 2-wk peri<xis. 0.5 if any illness occuned in ODe of the FeYioos 2-wk periods, and 1 if any illness occuned in both periods.

1 Sufficiently ~t to be included in the analysis.

Only a higher rate of illness in the preceding 2-4 wk was asso-
ciated with a higher subsequent length velocity during 1-8 wk
(a difference of 1.7 mm/wk betWeen those with some illness in
both previous periods and those with no illness in either period).
A higher number of illnesses during the preceding 2-4 wk was
a...sociated with a lower weight velocity during weeks 17-24 and
25-32 (-27.2 and -20.1 g/wk. respectively). Only a higher fre-
quency of use of energy-containing fluids was associated with
lower weight gains (-21.0 g/wk per additional feeding per day)
during 25-32 wk.

The percentages of the variability in weight or length velocity
explained by these regression models were small, ranging between
I % and 6%. The SDs of the residuals after the covariates were
accounted for ranged from 2.3103.4 mrn/wk for length and from
79 to 97 g/wk for weight.

with no illness and those who were ill in both previous 2-wk peri-
ods was 0.8 rom/wk. Length velocity during that period was Dot
associated with either breast-feeding patterns or the frequency of
use of non-energy-containing fluids. Weight velocity was not ass0-
ciated with frequencies of illness, breast-feeding, or feeding of
non-energy-containing fluids during 9-16 wk.

Between 17 and 24 wk, a higher frequency of illness was
associated with both lower length and lower weight velocities
(-0.9 rom/wt. and -11.4 g/wk, respectively) and a higher feed-
ing frequency of non-energy-containing fluids was associated
with a lower weight velocity (-4.9 g/wt. per additional feeding
per day). Only the frequency of solid foods was associated posi-
tively with length velocity between 25 and 32 wk (0.3 mm/wk per
additional feeding per day). For weight. only breast-feeding fre-
quency was associated negatively with weight velocity.

Infants exclusively breast-fed for ~ 16 wk

The associations of frequency of feeding, infant age, and ill-
nesses with the length and weight velocities of infants who were
breast-fed exclusively for t!: 16 wk are shown in Table 4. Across the
periods 1-8. 9-16, 17-24, and 25-32 wk, the associations of age
with weight velocities were negative and progressively decreased.
becoming less negative. This pattern was not observed for length.

DISCUSSION
This study is tbe first international comparison-using data

collected according to a common protocol-of the relations
between the growth of breast-fed infants in several continents and
the timing. type. and frequency of complementary foods. Small
significant differences in growth were observed between infants in
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Weeks 1-8
ConstaDt 5.m 0.(1)0 234.137 0.(XX)
Age (wk) -0.256 0.684 -J6.489 0.(XX)
DJness ].673 0.032 18.669 0.225
~-feeding ~ 0.107 0.264 2.650 0.159

Weeks 9-16
Coostant 6.3(X) 0.(XX) 196.875 O.(XX)
Age (wit) -0.296 O.(XX) -6.959 O.(XX)
Dlness 0.406 0.367 -8.82S 0.366
Breast-r~gfrequency 0.073 0.211 -1.104 0.427

Weeks 17-24
Constant 5.197 O.(XX) 136.1OS O.(XX)
Age(wk) -o.~ 0.150 -4.245 0.003
Dlncss -0.739 0.076 -27.195 0.005
Breast-feeding fIequerK:y -0.047 0.481 -1.215 0.454

Weeks 25-32
Constant 3.361 O-(XX) IJ7.958 O.(XX)
Age (wk.) -0.072 0.264 -2..568 0.067
Dtness -0.666 0.075 - 2().115 0.033
~-feedingfleq~ -0.005 0.936 -1.010 0.503
Frequency of non-energy-containing fluids -0.338 0.234 -3.934 0.S98
~uency of milk flui~ -0.126 O. 7~ -6.650 0.550
Frequency of eIIergy-cootaining fluids2 -o.OSI 0.892 - 21.042 0.045

-~-~~ ~---~~.~~- --~~--- O.~
'n = 205. Diff- in vekx:icy of lengdiBIMI wag'- 8S&(x;iafed wid! die ~ - obtained dtrougb multiple linear regression. The table presents

unstand8Idi1%d ~ coefficients and ~q P vaIucs. The unit f« eacb of die feeding covariates (ie, lMast-feccJing. non-energy-containing
ftui&. milk. ftuids, enagy~ning ftui&. aI¥I ~id ~) was die oumber of feedinp per day. so die ~ coefficients for dIese coYariltcs repre-
sent the differences in Iea1gdI or weight wklcity associated widt an 8kJi1iooal feeding per day. DI- was coded 0 if the illuess ~ in neither of the
previous 2-wk periros, 0.5 if any illness occurred in (JOe of die ~ous 2-wk. periods, aIKi 1 if any ilblrSs ~ in both periOOs.

2 Sufficiently frequent to be included in die analysis. ;

~~

I

controlled for. Control for {X'eVious growth is especially important
to minimize the likelihood of 2 potential sources of bias, reverse
causality and regression to the mean (13).

These results agree with those found in the literature. Most pre-
vious studies differ from this one in that they targeted infants from
lower SES groups who bad greater exposures to infectiou.~ agents
(13-20). In the available studies, expected growth differences at
4-6 mo of age among groups introduced to complementary foods
at different ages should vary with the group's SES status and expo-
sure to infectious illness. That is, the less favorable a group's SES
status and the more likely its infectious disease exposure, the
greater is the expected growth difference among feeding groups.
The less favorable the circumstances, the greater is the expected
protection of growth by predominant or exclusive breast-feeding.
This is consistent with die underlying biology of lactation and the

protection that breast-feeding affords infants (21).
A Controlled trial dial assessed the relation between growth and

complementary feeding ~ces also provides evidence in line with
our results (22). Conducted in a population with a lower SES than
that in the present study. the results showed small. nonsignificant dif-
ferences in monthly length and weight gains associated with longer
exclusive breast-feeding between 4 and 6 mo of age. The absence of
growth differalCes between the partial and exclusi'Ye breast-feeding
groups between 4 and 6 mo, in contrast with what would ba'Ye been
expected given the population demographics, is explained by the
j:iI~-epared commercial baby foods used to avoid the potential iDtlu-

whom complementary foods were introduced at different times
between 4 and 6 mo of age. These differences, however, were too
small to be of likely biological significance. The most extreme
differences among the various groups whose growth was com-
pared were equivalent to -10 centiles of growth distribution at
6 mo of age. Thus, these results do not provide any compelling
evidence of benefit or risk related to growth and the timing of
introduction of complementary foods at any specific time between
4 and 6 roo of age in infants who are healthy, live in environments
without major economic constraints, and have klwrates of illness.
In these populations, postnatal growth does not appear to be sen-
sitive to the differential timing of introduction of complementary
foods. These results should not be extrapolated to populations
who live in environments less supportive of physical growth.
However, die results do support the expectation that growth ref-
erences derived from healthy populations who exclusively or pre-
dominantly breast-feed their children up to?4 mo of age should
not be affected by the differential timing of introduction of com-
plementary foods thereafter.

Although dte study's design precludes assigning causative rela-
tions, the large sample size and intense longitudinal follow-up
provided sufficient statistical power to estimate the magnitude of
associations between feeding practices and growth in both sbort-
and longer-tenD intervals while multiple possible confounding
factors and selection effects (12)-such as site, previous growth
perfonnance, maternal size, and socioeconomic status (SES}-are

I



626 WHO WORKING GROUP ON THE GROwrn RFJO'ERENCE ~OL

These results were produced as part of the preparatory wort
for this endeavor and indicate that postnatal growth in length
and weight is not sensitive to the differential timing of intro-
duction of complementary foods or tbe type and frequency of
complementary foods. This study evaluated these factors &monS
mother-infant pairs from populations that were generally
bealthy, living in good environments, and bad low rates of ill-
ness. The results are bighly applicable to the protocol for tbe
new international growth reference but may not indicate bow
these factors affect growth in environments with high levels of
microbiologjcal contamination. .

Mo..scripl ~rwti-: EdW81I Fn-.giDo. ~ de ~ and CUI-
bcno Gatza.
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Salaam. T-..nia). a8d R Yip (UNICEF, BcijiDI).
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eKe of higher nIOfbidity or nutrient ckficieDcy in the infants who
~ived solid foods.

The data set ~ also (XOvided significant advantages in asess-
iog relations between growth and the type of complementary feeding
and its frequency and dial of bteast-feeding. Altbougb our analytic
approach did not eliminate the possibility of all bias from reverse
causality, it did minimize this coocern substantially. NOIIedJeJess. we
have seen mixed ~ts; ~ are ~t widl the known biology
of feeding, whereas othen are more difficult to interpret. For
example, (MIe would expect to ~ effects 00 weight velocity bef«Xe
effect.~ on length velocity because die former is likely a more acute
effect and would be easier to detect. This was what we observed. Nei-
ria the freqUelx:y of~-feeding rwr d)e f~ of ~~Ut8y
f(XMl$ was ~ significandy widl IeIIgdI ~ in my of d)e
4 periods examined in infants who were eittrer prmorninantly or
exclusively breast-fed for ~ 16 Wk, with one noIable exception. The
~ of feeding solid fotxIs was U5OCi8Sed ~tively widllengtb
~ty, but not widl weight velocity during weeks 25-32 in infants
wbo were predominantly breast-fed for ~ 16 wk. It is difficult to
explain both findings parsimoniously; dlus, one must be cautious in
intaprering these results.

Caution is suggested by odler inconsistent findings related to
~ght Ydocity. NegaIi\Ie associatioos between weilht velocity and
the frequency of f~ rKX1-aJergy-CODtaining fluids were (i)5erved
i", weeks 17-24 and between weight velocity and the frequeocy of
breast-feeding in weeks 25-32 in infants who were predominantly
brust-fed for ~ 16 wk. Had feeding non-eoergy-containing fluids
influenced wei~ gain by interfering with breast-feeding, a rela-
tion between breast-feeding f~uency and weight gain might be
anticipated. This was not observed. Similarly, among the infants
exclusively breast-fed for ~ 16 wk. die only significant associa-
tion was a negative one between the frequency of feeding energy-
containing fluids and weight velocity in weeks 25-32. However,
weight velocity and the frequency of feeding solid foods were not
significantly associated.

Difficulties in interpreting dIese data reflect that feeding fTe-
quencies may be an inadequate indicator of the quantity and qual-
ity of what the infant is being fed. The published literature offers
similarly conflicting data (23-25). In most cases, either the poten-
tial of reverse causality is a major limitation or dlere is inadequate
infonnation regarding quality, quantity, or frequency. These lim-
itations are exacerbated by the strong likelihood that an increase
in the consumption_of energy-containing complementary food.,
decreases the consumption of human milk (19, 22). Gaining fur-
ther understanding ~bout possible influences of tbe type, fre-
quency, quantity, and quality of complementary foods on growth
will be challenging because an adequate sample of infants whose
intake of breast milk and complementary foods is measured in
detail frequently over time is needed.

An international effon initiated and coordinated by the WHO is
under way to develop a new growth refere e (I). The goal is to col-
lect longitudinal data from a large sample of infants who are breast-
fed throughout the first year of life, live in bealdly envinHunents d1at
do not limit dteir genetic growth ~tial, and represent a di\lerSity
of ethnic and racial backgrounds (26). At the time of this writing,
data collection is under way in 6 countries (Brazil, Ghana. India,
Norway, Oman, and United States) representing all of the major
world regions. The new World Health Organization growth refer-
ence will include data from birth to 5 y of age, based on longitudi-
nal data (rom 0 to 24 mo and cross-sectional data thereafter. The
new reference is envisioned to be available in the year 2005.
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