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T e

An Evaluation of Infont Growth

PREF ACE n preparation for the WHO Expert Commit-
Itee meeting on Physical status: the use and

interpretation of anthropometry, a Working
Group on Infant Growth was established to as-
sess the growth patterns of infants following cur-
rent WHO feeding recommendations, and the rel-
evance of such patterns to the development of
growth reference data.

This document presents the full report of the
analyses carried out, which were the basis for the
Working Group’s recommendations to the Expert
Committee. The information is being made avail-
able to the scientific community to encourage and
support further research on the questions raised
by the Txpert Committee afier its evaluation of
present knowledge about infant-growth assess-
ment.

In providing this information, the Working
Group secks to improve the nutritional manage-
ment of infants and children by motivating the
development of new scientific information that will
fill gaps in knowledge and resolve a number of
crucial issues raised by the Group's analyses.
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1. INTRODUCTION

n the preparatory process for a WHO Expert

Committee meeting in November 1993 on

Physical status: the use and interpretation of
anthropometry (1), the WHO Nutrition Unit es-
tublished a Working Group to evaluate infant
growth with the objective of (2) developing rec-
ommendations for the appropriate use and inter-
pretation of anthropometry in infants — for indli-
viduals and populations — in various operational
settings; (b) identifying and/or developing refer-
ence data for anthropometric indicators; (c) pro-
viding guidelines on how to use these reference
data; and (d) identifying crucial issues and gaps
in knowledge needing further development. The
Working Group focused most of its attention on
two issues not covered in previous WHO reports
concerned with anthropometry during infancy: (a)
the characterization of the growth patierns of in-
fants following current WHO feeding recommen-
dations, and (b) the relevance of such patterns to
the development of growth references for infants,

WHO recommends that infants should be fed
exclusively on breast milk from birth to four-to-
six months of age; that is, they should be given
no other liquids or solids than breast milk, not
even water, during this period. After this initial
4-to-6 month petiod of exclusive breast-feeding,
infants should continue to be breast-fed for up to
two years of age or beyond, while receiving nu-
tritionally adequate and safe complementary foods
(2,3). The origin of WHO's infant-feeding recom-
mendation is the technical review and discussion
undertaken 1979 in connection with a joint
WHO/UNICEF meeting on infant and young child
feeding (4). The meeting's statement and recom-
mendations were subsequently endorsed in their
entirety by the World Health Assembly ().

Anthropometric indices are used to follow the
general health and, more specifically, the nutri-
tional status of individual and groups of infants.
Examples of assessments of individual infants in-
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clude growth monitoring and promotion, timing
of introduction of complementary foods, mater-
nal lacation performance, detection of growth
faltering, failure-to-thrive and excessive growth.
Examples of population asscssments include pre-
diction of general emergencies, equity of distribu-
tion of economic resources, suitability of weaning
practices, screening and follow-up of at-risk
populations. In either type of assessment, indi-
vidual or population, the usual expectation is that
anthropometric indices of appropriate-for-gesta-
tional age infunts gencerally track distribution per-
centiles established in the first few months of in-
fancy. In the care of individuals, sustained sig-
nificant positive or negative deviations from those
early measures often signal a «needs to intervence,
Interventions vary from simple advice to the care-
taker for closer monitoring to prescriptions for
change in the infant’s diet or more comprehen-
sive diagnostic procedures followed by appropri-
ale treatment.

The increased recognition of the health, nu-
trition and fertility benefits of breast-feeding made
the focus of the Working Group especially rel-
cvant because anthropometric indices are often
used s the principal criteria for assessing dietary
and growth adequacy in infancy. These criteria,
however, have become difficult to apply as the
scientific and clinical community has come to
understand that growth patterns observed among
presumably normal infants demonstrate a variabil-
ity that apparently is diet-dependent (6) and sig-
nificant healthy deviations from presently accepted
references have become increasingly evident. This
is especially problematic when differences in
growth lead to inappropriate decisions to intro-
duce other foods to fully breast-fed infants, a po-
tentially dangerous dictary change since comple-
mentary foods are often contaminated or of poor
nutritional quality in many settings. The prema-
wure introduction of complementary foods may
increase the risk of infectious illness and decrease
contraceptive protection for the mother. On the
other hand, their undue delay may result in wast-
ing and stunting.
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The importance of these issues to infant health
and well-being led the Working Group to study
the growth of breast-fed infants living under fa-
vourable environmental conditions. Specifically,
it examined whether weight-for-age (WA), length-
for-age (LA), and weight-for-length (WL) indices
and the corresponding Z-score of breast-fed in-
fants differed substantially from accepted interna-
tional references, and whether any differences
found were of relevance to clinical and public
health practice.

The approach adopted by the Working Group
to examining anthropometric references differed
substantially from any used previously, The Group
evaluated the merits of using references that are
hased on groups following current health recom-
mendations versus references based on whatever
current practices happen to be, Current references
are commonly based on samples of a statistically
representative «healthys population.  The opera-
tional definition of the qualifying criterion, ie.
health, is usually the absence of identifiable dis-
ease. The Working Group examined the
documentable rationale for expanding this defini-
tion 10 include the adoption of recommended
health and feeding practices-. Because existing
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data in the literature suggest that the mode of feed-
ing significantly influences infant growth patterns,
the Working Group decided to focus its attention
on recommended feeding practices.

In 1977 the United States National Center for
Health Statistics (NCHS) published the results of
its compilation of large-scale child-growth stud-
ies, which established a reference for comparing
anthropometric data. The recommendation that the
NCHS data set become the common yardstick led
to its being referred to as the NCHS-WHO refer-
ence and adopted for international use (7).

The NCHS-WHO reference for infants is hased
on the Fels Longitudinal Stdy, conducted in Yel-
low Springs, Ohio, from 1929 to 1975. There are
several limitations in these reference data,  First,
the sample was limited to Caucasian infants from
predominantly middle-class families. Sccond, the
measurements were taken every 3 months rather
than every month, which is not ideal for charac-
terizing the shape of the growth curve, particu-
larly during the first 6 months of life. Third, most
of the infants in the Fels study were bottle-fed; of
those who were breast-fed, very few were breast-
fed for more than 3 months.




2. OQOUTLINE OF THE
WORKING GROUP'S
ANALYSES

he Working Group divided into three com-

ponents its anatyses based on data obtained

from seven longitudinal studies of infant
growth (N=453)8-14). The first component cx-
amined {a) the consistency in growth patterns of
breast-fed infants in different geographical areas,
(b) the influence on growth of breast-feeding du-
ration, supplementation with infant formula or
other milks, and age at introduction of solid foods;
and (¢) the magnitude of discrepancy between
the growth of breast-fed infants and the current
NCHS-WHO reference.

The second component was restricted to ex-
amining the growth patterns of a subset of 226
infants who were exclusively breast-fed for at least
4 months and breast-fed the remainder of the first
year or possibly longer, and therefore following
current WHO feeding recommendations.  These
data are referred to as the «12-month breast-fed
pooled dat sev. Growth charts and tables of
weight-for-age (WA), length-for-age (LA), weight-
fordength (WL), head circumference-for-age Z-
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scores, and age-specific weight and length incre-
ments for the first year of life were derived from
this data set. The variances of anthropometric
indicators were examined closely. Of special con-
cern were the implications of the observed vari-
ance and of the point estimates at £2 standard
deviations (SD) of anthropometric indices of in-
terest, which are the cut-off values commonly used
to assess nutritional well-being and screen for
problems influencing infant growth,

The third component compared the growth
patterns of breast-fed and formula-fed infants from
various populations with those derived from the
second component of the analyses. Data from
several dest populations were evalualed against
both the «12-month breast-fed pooled data set- and
the current NCHS-WHO reference. The test
populations were breast-fed infants from low so-
cioeconomic populations in India’ and Peru (15),
breast-fed infants from a range of sociveconomic
backgrounds included in the WHO Human Re-
production Programme (HRP) study conducted
in seven centres in five countries (16), and for-
muta-fed infants from affluent populations in-
cluded in the DARLING (8) and EURQNUT
(F.Haschke, personal communication, 1993) stud-
ics.

! Andcrson MA. The relationship between maternal nutzition and child growth in rural India. Doctoral dissertion, Tufts University, 1989
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3. METHODS

survey of 28 investigators from 11 coun-
Atries with data on growth of breast-fed in-

fants was conducted from April to June
1992. The studies were identified in the published
literature and by personal communication. The
criteria for inclusion of specific data sets in the
first component of the analyses were; (a) data
available on growth during the first 12 months of
life tor a sample of at least 20 infants who were
predominantly breast-fed for at least 4 months;
(h) measurement intervals no greater than 2
morniths in the first 6 months of life and no greater
than 3 months in the second 6 months; (¢) infor-
mation on the duration of breast-feeding, vse of
supplemental milk or formulas, and age of intro-
duction of supplemental milks and solid foods;
and (&) documentation of socioeconomic condi-
tions affecting the achievement of growth poten-
tial.

Fourteen data sets were received. Seven were
excluded from further analyses for failing to meet
one or more of the inclusion criteria for the first
component of the analyses, The remaining seven
were examined in detail: wo from the United
Stales (8,9) and one each from Denmark (10),
Sweden (11), Finland (12), the United Kingdom
(13}, and Canada (14). All of the studies used
stancard anthropometric procedures to measurc
infant weight and length.

The countries, number of subjects and recruit-
ment ¢riteria for cach of the seven studies are
shown in Table 1. The number eligible under
column A refers to the number of infants who
met these additional criteria for inclusion in the
first component of the analyses: (a) no solid food
before 4 months and () no formula or other milks
before 4 months of age. These criteria correspond
to the category of «predominantly breast-fed- as
defined by the World Health Organization (17).
However, it should be noted that some infants in
some studies were given other milks or formulas
on an occasional basis (though not daily), and
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investigators generally did not exclude or fully
document such cases. The number eligible under
column B in Table 1 refers to infants who met
one additional criterion for inclusion in the sec-
ond component of the analyses: they were breast-
fed for at least 12 months. In five (8-10,12,14) of
the seven studies, preterm or low-hirth-weight
infants were excluded. Three of these studies
(9,10,12) also excluded large-for-gestational-age
infants.

For the third component of the analyses, the
data from India are from a study (see footnote 1)
in which cross-sectional data for predominantly
breast-fed infants were collected during the first
six months of life. The sample was based on a
stratified random selection of 83 rural villages in
two states: Panchmahals district, Gujarat state
(N=371), and Chandrapur district, Maharashtra state
(N=327). Data on infants in Peru are from a study
conducted in Huascar, a squatter community on
the outskirts of Lima (15). The data used in these
analyses are from a subset of 52 infants who were
primarily breast-fed and were measured every
month during the first year of life. The WHO
Human Reproduction Programme (HRP) provided
data from a study carried out in seven centres in
five countries: Chile, Egypt, Hungary, Kenya and
Thailand (16). The weights of a total of 2478 in-
fants were measured. Of these, 1273 infants were
measured at cach of the planned times: 1.5 months
and 2 to 12 months. Nearly all (98%) infants were
breast-fed two or more times per day until at least
12 months of age.  About one-third (30%) of the
infants were fully breast-fed to at Jeast 4 months
and then partially to at Jeast 12 months. The re-
maining two-thirds (68%) were fully breast-fed for
less than 4 months, but partial breast-feeding con-
tinued for at least 12 months. Data for the for-
mula-fed test population came from two studies:
the DARLING study (8X(N=45) and the EURONUT
study (F.Haschke, personal communication, 1993)
(N=148), and included all infants not breast-fed
for more than three months.

Data were analysed using SAS-PC (18). Aficr
inspecting and cleaning the data sets, the growth
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CHARACTERISTICS OF THE STUDIES PROVIDING DATA FOR THE ANALYSES

STUDY [Ref #) COUNTRY DATES NUMBER NUMBER  NUMBER RECRUITMENT CRITERIA
CONDUCTED  OF SUBJECTS EUGIBIE  ELGIBLE
||A|‘ "Bll
Dewey (8) USA 1986-1991 119 50 47 Singleton, term, birth
weight =2500g, planned o
BF 12+ mo, mother hechhy
Krebs (9} USA 1987-1991 71 59 38 Term, heclthy, AGA*
Michaelsen {10} Denmark 1987-1989 ?1 32 14 Singleton, term, healihy,
birth weigth between 10th
and 90th centiles
Persson [11) Sweden 1979-1980 314 61 9 Healthy
Salmenpera {12) Finland 1981-1932 202 144 68 Singleton, ferm, AGA,
healthy, mother healthy,
non-smoker
Whitehead {13) UK 1984-1989 279 44 7 Singleton, healthy, =35
weeks gestation
Yeung {14} Canoda 19771980 398 63 23 Term, healthy
TOTAL 453 226

*Appropriate fer gestationsl one.

data from each study were interpolated to the
neareslt month of age using cubic interpolation,
and the feeding mode was determined at cach
month, Z-scores for WA, LA, and WL, relative to
the current NCHS-WHO reference data, were com-
puted for each month of age. For the third com-
ponent of the analyses, Z-scores were also com-
puted relative to the growth pattern established
in the second component, 1.¢. from infints breast-
fed for at lease 12 months.

The relationships of WA, LA and WL Z-scores
to breast-feeding duradon, the age of introdue-
tion of solid foods, and the use of infant formula
or other milks were examined within each data
set using repeated measures analysis of variance
cluring the first 12 months of life. The seven prin-
cipal data sets were then joined, and the influ-
ence of feeding categories was re-examined us-
ing repeated measures analysis of variance for the
pooled sample. The duration of breast-feeding
{defined as at least one feed per day) was catego-

rized as 4-5 months, 6-8 months, 9-11 months or
212 months. Timing of solid-food introduction
was categorized as 4-5 months or 26 months. In
most of the studies, use of formula or other milk
was defined as regular use by bottle or cup, not
including small amounts mixed with cereal. In
the study from the UK. (13), the definition in-
cluded only infants given milks by bottle. For the
analyses herein, use of formula or other milks was
categorized as «prior to 6 monthss, «after 6 months
but prior to the termination of breast-feedings, and
«after 6 months and after termination of brcast-
feeding,

Growth curves and Z-score formulas to cl-
culate WA, LA, WL, and head circumference-for-
age Z-scores were determined using the follow-
ing steps:

(1) Means, adjusted means (to account for miss-
ing values, using the LSMEANS command of
SAS PROC GLM), and standard deviations

13
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were calculated by sex and age for weight,
iength and head circumference. To estimate
standard deviations for the WL curve, length
was rounded to the nearest 2 cm, and the
mean and standard deviation of weight were
calculated for each length category.

(2) To create smooth curves for percentile or Z-
score lines, for each sex and anthropometric
variable the relationship between the stand-
ard deviation and age (or length category)
was modeled with a cubic polynomial (SAS
PROC GLM), weighted by the number of ob-
servations used to estimate the standard de-
viation. Models were visually inspected o
determine that the fit was both adequate and
smooth.

(3) To create formulas for generating Z-scores,
for each sex and variable the relationship
hetween the adjusted mean and age (or length
category) was modeled with a cubie polyno-
mial model (or, in the case of head circumfer-
ence, the Jenss-Bayley 1937 model, which
provided a hetter fit), weighted by the recip-
rocal of the predicted variance caleulated in
step 2. Again, models were visually inspected
for goodness of fit and smoothness.

(4) To avoid potential problems associated with
converting the continuous length variable into
a categorical variable for the WL curve, the
model used to describe the relationship be-
tween weight and length was re-estimated
with the original interpolated data, using the
sume order of polynomial that was deemed
appropriate in step 3.
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(5) Z-seore formulas were based on the estima-
tions made in the previous 3 or 4 steps. Al
Z-scores were calculated for the infants in the
pooled data set and were tested with the SAS
GLM and DISCRIM procedures to ensurc that,
for each age (or length category), the Z-scores
had a mean of 0 (zero) and a standard devia-
tion of 1 (one). Z-scores were also assessed
with the SAS UNIVARIATE procedure o de-
termine that they were reasonably normally
distributed.

(6) Because WL Z-scores were significantly posi-
tively skewed, steps 1-4 were repeated using
the natural logarithm of weight as the response
variable, with acceptable results.

(7) For each sex and vaniable, reference tables
and curves were created using the formulas
cstimated in the above steps.

Tables and curves for 1-) 2- and 3-month in-
crements in weight and length were based on
smoothed standard deviations and non-smoothed
adjusted means.

In the third component of the analyses, the
percentage of breast-fed infants from the Peru-
vian, Indian, and HMRP data sets and formula-fed
infants from the DARLING and EURONUT studies
who were below -2 SD or above +2 8D, relative
to the current NCHS-WHO reference and to the
growth patterns described by the «12-month breast-
fed pooled data sets in the second component of
the analyses, was calculated for WA, LA and WI.







