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‘ ~ The use of NCHS and CDC growth charts in nutritional
assessment of young infants

In May 2000, the Centers for Disease Control and Prevention (CDC) released a revision

of the NCHS 1977 childhood growth charts. These revised growth charts have become the
standard of care for assessing the approprlateness of growth for the approx1mately 82 million
chlldren under the age of 20 in the Umted States Because growth durmg 1nfancy is dlrectly '
determined by good nutrition, it is not'surprising that growth charts Za1je' ti;skﬁed“to evaluate' the
‘adequacy and appropriateness OT breastmilk substitutes. In this p'a'pef‘ we foeus on similarifies N
and differences between the NCHS 1977 growth charts and the revised CDC 2000 charts, with
particular emphasis on the pornon of the curves from birth to 6 months of age We also will

discuss various statistical i 1ssues in their use and mterpretatlon ’

The basie characteristics; of the growth cUrVes were not altered"in the revised' growth
curves. Both sets of curves cover the same indieatqrs (weight—for—age, len'gthffdr4age, weight-
for-length, and head circumference-for age). Both sets of curves are sex-specific. Both sets of
curves are expected to be used for all U.S. populations regardless of race/ethnicity, parental
anthropometry, or infant feeding modality; Both sets of curves represent “references” rather than
“standards,” in that they should be interpreted as the actual growth ofother infants in the Us. ,

not how infants optimally should grow. Both sets of curves represeiit attained size, and do not

describe rates of growth as might be represented in :inerelhentzil or ldngitu&i‘ﬁélﬁéfé\iifﬁ'éﬁéfts;'"" S

Finally, both sets of curves utilize percentile rankings to describe the relative size of a given =~

child.




The most important chahge in the infaht' growth charts (aged OLS'S‘Vmbhthé),ivas that the
population that the charts were based on was changed from a local, relatively homegeneous
study to a nationally representaftivé study. In the' neﬁonally represehtative data, the infants
included come from a broader spectrum of racial/ethnic groﬁps, socioeconomic beekgrOunds, '

and modes of infant feeding,

Data Sources

The data used to constr@ct the NCHS 1977 gr'ovi/th:ehéfté: [Hamlll etal. 1977, '197’9j'ar'1d |

studies. The infant charts in 1977 were developed usmg 10ng1tud1nal data from the Fels
Research Institute, collected in Yellow Springs, Ohio betweenl929 and 1975 [Roche 1992]. |
While tﬁe Fels data had many technical strengths as a study of child growth, its sample was
acknowledged to be quite limited in geographic, cultural, socioeconomic and genetic variability.

Basic characteristics of the Fels"fS“mdy' are summarized in Table 1.

Data for the infant portions of the CDC 2000 charts were derived from a number of
different sources, including the Natlonal Health and Nutntlon Examlnatlon Surveys (NHANES) o
National Natality Files, Natahty Files in Wisconsin and Mlssoun the CDC Pedlatrlc Nutntlon

Surveillance System, and the Fels Research Institute child growth study.

 Third National Health and Nutrition Examination Survey. The primary source of data for
the infant charts up to age 6 months was NHANES III. Table 1 shows the basic characteristics

of the NHANES III alongside those of the Fels Study. In designing the NHANES IIT, the



National Center for Health Statistics intentionally oversampled children under the age of si)r
years in order to generate data for arevised set of growth charts based ona representatrve U.S.
sample [NCHS 1994]. However because the NHANES III d1d not mclude measurements of
infants younger than 2 months of age, addmonal data were needed to create growth curves
beginning at birth. For each growth indicator, different datasets were used to supplement the

NHANES 1II data in extending the curves downward to blrth (Flgure l)

National Natality Files. In constructmg welght—for-age curves, the d1str1but10n o’f L
birthweights from the national ﬁle of bu'th certlﬁcates was used Only blrth years correspondmgk
to the years in which NHANES chzldren 0-3 years old would have been born were included
(1968 80 and 1985-94). In total 82,375,312 blrths with blrthwelght >1500 grams were mcluded.
To ensure that inclusion of this data point would not introduce a d1s1unct10n in the curves
- comparison was made to the birthweights of children included in NHANES 111, for whom the |
survey data were linked to birth certiﬁcate data on an indtvidual basis. No substantive
differences in the birthweight disﬁibutiOn were noted Therels uo standardiaation of procedures
for l,mekasuring birthweight in hospitals and a w1de variety of eqtripment are employed. However,
because weight is a relatively straightforward measure, this was not considered to be a critical

data quality problem.

Natality Files in Wisconsin and Missouri. Injconstructing length-for-age and weight-for-
length curves, birth length data from the birth certificate files from these two states were used.

National Natality Files do not 1ncIude blrth length In total 869 128 blrths with a brrthwelght o

>1500 grams were included. The drstnbutlon of brrthwelghts in these two states were compared




to birthweights in the national data and found to be quite similar, indicating the appropriateness

of including them in the curves. There is no standafdiiation of proc'edures for measuring birth
length in hospitals in either Wisconsin or Mlssoun and a wide vanety of equlpment are
employed. The data quahty of tlus measure is therefore problematlc ‘but no alternatlve datasets

were identified.

Pediatric Nutrition Surueillance System. After initial consnfuetion of the growth curves, |
the curves were tested against a number of external datasets, tncluding the Chicago grth study
[Binns et al 1996], the WHO breastfed data‘séf[WHO“I‘é‘gzlt;'1‘9f9“‘5"]’,“éﬁd";hé‘?édié&ié Nut;ﬁt"i‘dh, .
Surveillance System data [CDC 1998]. While gfewth patterns in the external datasets generally
matched those of the new curves, a noticeable difference Wa‘s obServed in the length-for-age
curves between birth and 6 months—f-the rate of increase in length betweenb’it‘th"and3“ months

was consistently slower than observed in all three external datasets Upon rev1ew it was

beheved that the lack of length data between birth and 3 months (NHANES 1 only had data for o

~35 two-month-old infants) was responsible for this aberration. As a result, length data from the
CDC Pediatric Nutrition Surveillance SystemG’edNSS)werealsomcluded between birth and 5

months of age.

Data in the PedNSS are collected in federally funded public health clinics across the U.S..

primarily from the WIC program. Because the PedNSS“is not repfesentativeof the U.S.
population and comes from 1ow-1ncome children only, a hmlted subset of the PedNSS was
included. This subset was selected by including only clmlcs in Whlch the mean standard |

deviation, and skewness of both tength and weight closely matched that found in the NHANES



datasets for infants 3 to 11 months. A total c‘f”z‘fl'3’?PédN,SfS"Tc;1'ih‘ié“é'ii)éfé"s’él‘é‘c’%éd,‘ having a total
of 14,846 observations between birth and 5 months. There is no national program of
standardization of the weights ‘and heights in PedN: SS, although WIC staff are regularlytramed -
in anthropometric techniques, which often include 'éiandardiiation exeryciﬂses. ‘Because only
clinics matching the national di};stcihut‘ion‘ Were;i/ncluding, the re'sul,‘tingh data quality in the

PedNSS data used for the growth charts is not considered to be problematic.

Fels Research Institute. In constructing the head circumference-for-age curves, no large

datasets containing head circumference at birth were identified other than in the Fels data,

described above and in Table 1. Thefefofe, theheadc1rcumferencedata at birth from Fels were =~

utilized in constructing these curves.

First and Second National Health and Nutrition E)édih’indiibth’u?v‘ey; While NHANEST
and NHANES II did not contribute any data in the age range of birth to 6 months, they did
contribute data for construction of the infant curves at older ages. Because the curves were

smoothed across age, the data pomts at older ages have some 1nﬂuence on the ﬁnal placement of

the growth curves for the younger infants. NHANES s 1 (conducted 1976-80) began at age 6
months, with approximately 30 observations per single month of age [MCDowell etal 1981].

NHANES I (conducted 1971-74) began at 12 months of age, with approximately 25 observations

per single month of age [NCHS ,‘»'1‘97’3]“.“Dﬁe‘““t“o"fhe\‘iis‘e of :s‘,yan1ple wéights;"‘tﬁé"’fé’ié{tfv‘é .

contribution of NHANES II and I1I is approxunately equal at6-11 months of age and the relatlve ‘

contribution of NHANES 1, II and 1T is approx1mately equal at 12-35 months of age. All three =~



surveys were nationally representatiVe at the time they were conducted. As a result, the earlier

surveys include a smaller percent who were breastfed than did the NHANES III.

Curve fitting
Both the NCHS 1977 and the CDC 2000 curves were developed by fitting parametric or

semi-parametric curves to the chosen indicators as a functlon of age (er length in the case of
weight-for-length). However, the chosen procedures were somewhat different for the two sets of

curves, as will be described in this section.

Percentile curves and z-scores

The original publication of the NCHS 1977 charts included only percentile

representations of the growth parameters, presenting only 7 “main pvercentyiles’; at the 5“‘, 10“‘,
25™ 50% 75" 90" and 95™ perc'en'tilesf These 'pefeentile curves are considered the official
NCHS growth curves and were esed', for all the graphic representations of the growth charts used
clinically up until 2000. o .

Subsequent to the pubhcatlon of the growth charts, leley and colleagues [1 987a]
published a “normalized” versmn  of the NCHS reference for the welght and length based
indices. Bneﬂy, these authors calculated the dlstanee between the publ;shed 5“? and 50™
percentiles and divided by | 1.65 to eetimate the standard deviation of a normal distribution that
would exactly match the smoothed 5™ and 50 percehtiles; Similariy, the distance between the
10" and 50" percentiles was divided by 1.28 and the distance between the 25® and 50

percentiles was divided by 0.67. These three estimates of the Sten,detdijdeviatiqn,béieﬁv;the B

~ median were averaged to generate the standard deviation of the lower half of a normal



distribution. In a similar Way; the Standard deviation of btlle ‘Ku‘plaer’half vof a nonnal tlistril)'utienl |
was estimated using the published 95™ 90" and 75kth percentiles. Because length-for-age is
essentially symmetrically distributed, the upper and lower standard ydeviati'o'knsl were averaged to
create a truly normal distribution. Standard dev'iatieﬁ‘ scores, or zy’-‘s'cer'es could Ttyhie’n'bke eempiited
for any given measurement, u_sing the lower stahdard deViatiOﬁ below,the mediari and the upper
standard deviation above the medlan Also any percentlle not Just the 7 nlam percentlles could
be calculated although the percentlles would not exactly match the ongmally publlshed ones,
except at the 50™ percentile. ThlS normahzed” reference was 1ncorporated mto many software |
packages, including CASP, ANIHRO, and Epi-Info an‘a' is geﬁefally used in any computer
application of the growth charts. Furthermore, the WHO aaeﬁted'fliis' normalized reference as
the international growth reference [WHO 1978]. o

Only one version of the CDC 2000 growth ’chaﬂé’eiiSts; aﬁd‘thé ﬁereentile‘and Z-SCere
representations of them are identical. The statistical smoothing procedures first generated

smoothed percentile curves, but then computed normalization pa;ametgers to es’lin}a;elhesew

smoothed curves. The published centile curves were then based on the normalized parameters,

not on the first stage smoothing, in order to ensure an exact match between the two
representations. While the publication of the growth charts and the graphics made available only

include “major percentiles” (3", 5%, 10%, 25®, 50®, 75", 90%, 95% and 97 the parameter

estimates are also published such that any desired 'éer‘ffi"lc can be C‘rllculatyé‘d andgraphed e

Whereas the normalized NCHS cur"vesqued distinct values of the standard deviation

above and below the median to account fof'a,SIightl;}'/ right skewed weight distribution, the CDC

2000 curves accounted for skewness in a smoother fashion, The selected measures were first

transformed into a symmetric distribution using a Box-Cox transformation [Box and Cox 1964].



The power was denoted by a parameter “L”. ‘Then the mean “M” and the coefficient of variation

“S” were estlmated for thlS transformed distribution, The L, M and S parameters were esti e.,d,_u_ e

as the best solution (mtmmum sum "of squared errors) toa system of equatlon based on the nine

previously smoothed empirical oentlle curves as descnbed in th :

methodology was applied to all of the curves o generate both 2-scores and percentile [Cole

1988, 1990; Cole and Green 1992].

Statistical smoothing.
For both sets of curves, the first step of smoothlng con51sted of empmcally calculatmg

the major percentrle values among all the observatlons at each distinct age (5th 10 25 50th

75™ 90" and 95™). In the NCHS 1977 curves, the ages were 51mply those used i 1n the ongmal
study (Birth, 1,3, 6, 9, 12 months, etc.) For welght-for-length curves, the data were grouped 1nto
2-centimeter-wid,e intervals for computation of the observed main Pem?n“ﬂe,s- A curve Was then |

fit through each of the points of a given centile. The curve was a cubic spline, defined as a series

of cub1c polynormals in which the polynomlals must meet at the “knots” and in which the first

and second derivatives of the polynomlals to the left and rlght of the knot must match For

example, in the case of weight-for-age, knots were placed at blrth 6 months 18 months and 36

months, so a cubic polynomial was fit for the data between birth and

onths, another cubic

polynomial was fit for the data between 6 and 18 months, and a third was fit

18 and 36 months. These polynomials were fit with the ¢

at6 and 18 months and the first a_nd seco s had to be equal at 6 and 18 months The

placement of knots was somewhat bltrary, but followed a few key pr1nc1p1es 1) the authors

strove to use as few knots as possible, glven that growth is generally qu1te smooth 2) knots




should be placed where the curve showed the most change, particularly where second and third

derivatives changed sign, and 3) knots were placed at endpoints. The same knots wereused for

all 7 centile curves for a given chart to improve parallelism between the curves. Knots forhead

circumference were the same as_fork wqightffdr4§g¢f Knots for length-for-age were at birth, 9, 24
and 36 months. Knots for weight-for-length were at 49, 72 and 90 em. o »’

In the CDC 2000 curves, infants were grouped together i!l9?1?"@99‘?%98‘?,in?femems wp
to 12 months of age and in 2-centimeter length increments for the weight-for-length curves.

Again, observed main percentiles were calculated for each age or length group, although 3 and

97" centiles were also included (3%, 5, 10%, 25%, 50", 75", 90, 95" and 97"). For all three

curves indexed by age, the empirical centiles were smoothedusmg a family of 3»-pgkra,rvr'1etc,rw linear

models that have been used previously to describe infant growth [Guo et al 1988, 1990, 1991]:

Weight (f) = a+ b * In(¢+0.5) + ¢ (¢+0.5)*7
Length () =a + b * In(t+1) + ¢ (¢++1)*°

" Head circum () =a+ b * In(t+2) + ¢ (t+2)°'5

Where a, b, and ¢ are independent parameters that determine the placement of eachcurveand?

represents age in months. The weight-for-length centiles were smoothed jointly with the weight-

for-stature centiles of older children using a kSt?‘-degﬁrgg" polynomial. For the weight-for-age and
length-or-age curves, additional smgg’ghing steps were taken to merge them with the’
corresponding weight-for-age and stature-for-age curves for children two years of age and older,
but because these steps have minimal impact on the curves under 12 monthsof age, we will not

describe these steps here.
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Advantages and disadvantages

The revrsed CDC 2000 growth charts are consrdered to be a srgmﬁcant 1mprovement o

representative of all (non-VLBW) infants in the U S.,nota select group ¢ of mrddle—class whrte -

infants in a small U.S. communlty Second although the extent of bre tfeedrng in the

NHANES III sample is not hlgh (m terms of erther duration or exclusrvrty) itis certarnly greater -

than was the case for the Fels sample and thus comes closer fo the growth of breastfed 1nfants o

than did the previous curves. The CDC 2000 curyes were created xby poolrng the data from . R

breastfed and non-breastfed infants parrng the old and

es agamst a dataset ,

of breastfed 1nfants _compiled by the WHO, the new curves match the pattern of growth for

breastfed infants better on length—for—age and werght-for-length but not for werght—for—age

Third, the percentile curves used clinically and the z-score curves more often used in research are,_ R

identical in the CDC 2000 curves, but Were not rn the NCHS 1977, curves.

One disadvantage of the revised CDC 2000 curves is, the poohng of multrple datasets to | -

construct the curves. Although the growth charts worklng group took great care to ensure the ,
comparability of the datasets berng pooled we cannot rule out the possrbrhty that the shape of
the curves was affected by using different datasets at drfferent ages

Both the NCHS 1977 and the CDC 2000 curves are con i standards.v |

Other than the exclusion of VLBW 1nfants (<1500 g) no exclusmns were made to limitthe

sample to healthy infants growing optimally. The curves potentrally 1nclude mfants who were. | -

inappropriately fed, had mfectrous or chromc drseases or were growmg up i 1n substandard hvmg

conditions. If used simply as a point of reference for comparmg drfferent populatlons, thrs may |

11



not be considered a disadvantage. Butin evaluatmg the growth of mfants, the use of reference

curves could lead to .inappropriate conclusrons that ild is growmg normally when he/she is

not or 1s not growmg normally when he/she is. Curves developed spemﬁcally to deﬁne healthy
growth, as are being developed by the WHO ‘may be more approprrate to this purpose [WHO

1998; Victora et al. 1998].

Use of growth charts 1n the evaluatlon of infant formula

Group means and individual data.

As a reference that describes the growth of infants across the U.S., the growth chartscan

be used to compare aggregate data for groups of infants, or to assess the growth of individual

children. In dealing with groups, population means orhth‘eg percent falling beyond outer

percentiles can be used. If the age of all the 1nfants is the sarne, then the mean of the growth

parameter itself can be computed, and th1s value compared to the growth charts However 1f

ages vary, the owth parameters should first be converted to z—scores, before computm means

(percentile values cannot be averaged) [Dibley 1987b]. Group means will have greater statistical

power than will percentages that fall in the tails of the growth distribution, but fail to recognize

aberrant growth that occurs ‘i;}hboth directions. For example, if an infant formul:

increased weight in some children (because of a higher fat content) but decreased weight in
others (because of intolerance to the formula), the mean weight for the population may appear

perfectly normal.
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Meaningful increments in daily growth

‘Neither the NCHS 1977 nor the CDCW2OOOU growth references mcluded 1ncrementa1

growth charts, so differences in 1nd1v1dua1 growth that is 3 g/dy faster for one chlld than for e

charts are needed [Roche and Himes 1980; Baumgartner etal 1 9‘86]. However, such

comparisons can be made for group means Whrle the deﬁmtron of a “substantrvely 1mportant

difference between two groups is a subjective dec151on a common, rule of thumb is that WO

distributions are substantlvely dlfferent if they drffer by more than one- ﬁfth ofa standard o

devratron from each other. To illustrate the 1mpact of thrs magmtude of drfference cons1der two

4.6% of the second population would fall below the3" percentile Oftheﬁfst 7% \W°u,1d fall, .

below the 5™ percentile of the first, and 14.0% would fall below the 10™ percentile of the first.

Thus, a one-fifth standard deviation shift in the distribution corresponds roughly to a 50%

increase in the percent of the population falling in the tails (i.e. what we normally consider
aberrant growth).
For boys in the CDC 2000 growth curves, the standard deviation of weight at 5.5 months

of age is approximately 0.850 kg below the median and 0.966 kg above the median (using

Dibley’s method for calculation of the standard devranon) Thls dlfference in standard .
dev1at10ns 1mphes that somewhat larger differences in growth above the 50th percentrle mlght be
tolerated, because of the right skewnessrn weight. However the drscrepancy is not large. Also,

because group means will tend to be closer to the 50‘h percentrle the drstmctron between the o

upper and standard dev1at10n is in most cases unlmportant For our purposes 1t is reasonable to

average the standard deviations (0 908). Thus, for two groups startlng at brrth w1th a mean

13



roughly at the 50™ percentile, an average daily gain of 1.1 g/dy lower in one group than the other

- (.908/167 days * 0.2) would yield a one-fifth standard deviation lower mean at 5.5 months,

which is arguably substantively important. For girls, the corres-ponding yyalue would be 1.0 g/dy.

In summary, gender-specrﬁc cnterla do not appear to be warranted, but the 1988

| recommendation by CON/AAP to only consrder drfferences greater than 3 g/dy appears to be too

generous.

The above calculations were;madekasﬁsurniyng that the infant groups were followed ’frorng
birth to 5.5 months. If the age at follow-up were younger than thls the standard deviation would
be smaller, as would the number of days that the total werght gam was averaged over. In B
general, the drfference in average daily gam that is substantlvely 1mportant would be hlgher than

that calculated above, but the calculations should be redone to compute the actual rate of gam

pertinent to the study design. If, on the other hand, the age at study enrollment were later but

follow-up were still to occur at 5.5 months, the substantive ‘Adifferer;tial rate,of dally Welght gam

would clearly nse, simply because the number of days of follow-up over which the total weight

 gain is to be averaged would be smaller _Again, the actual dlfferentlal in rate of gain would need

to be recalculated for the specrﬁc study desrgn Put dlfferently, 1t is the dlfference in attained

weight at the end of the study that is more relevant in dete

between two groups than is the average daily rate of gain.

Use of indices other than weight

The Institute of Medicine has_, conclude

stature is caused by inadequate nutrition and would respond to appropnate nutntronal

 intervention [Food and Nutrition Board, 1996] They also conclude that although ev1dence is

14
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‘not as clear, head circumference is also afgect%ddlrectlyby nutritional factors, especially in the

: ﬁrst 6 months of life. Itis not ‘know whether t

indices would behave dlfferently from trackmg of welg for purposes of detected dlfferences in |
infant formulas, but these 1ndrces do appear to be alternatlves and may provrde add1t1onal -

information. The standard dev1at10n of length at 5 5 months is 2 56 cm and 2. 53 cm f boys and ‘4 “ |

girls, respectively. The standard dev1at10n of head circumference at 5.5 months is 1 35 cm and

1.30 cm for boys and girls, respectively. Again, separate criteria for boys and girls are probably

not needed,

Use of z-scores in longitudinal studies
The z-score,systerndirectly accounts for gender and age differences in growth.

Therefore, if z-scores are used, it is not necessary to analysis boys and girls separately [Dibley et

combined together for summary indices. Thus, the z-score }system can greatly srmphfy the

handling of growth data in longitudinal studies.

Summary

The revised CDC 2000 growth reference prov1des several 1mportant advantages over the

previous NCHS 1977 reference. The new referﬁenoe ;isgdoonsrdered the standard of care in

pediatric practice in the U.S. However, the way in WhiChNthe. .r.,ef@rence can,be used iS not

dramatically altered from the older curves, and thus the transn'onbfrom old to new should bew o

relatively straightforward. When a new ref,erenc__e:rs avallable from the“WHO based on the o

15




ing fed according to international

growth of infants living in unconstrained environments znd be

C foeding recommendations, there may be reason to judge growth against this new reference.
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Figure 1. Reference Datasets: Birth to 36 Months
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Table 1. Characteristics of the Fels Research Institute
National Health and Nutrition Examination Survey use

data used for construction of the NCHS 1977 growth charts and the third
for construction of the CDC 2000 growth charts

NCHS 1977 (Fels Rescarch Institute)

.| Racial/ethnic background

Characteristic CDC 2000 (Third National Health and
Nutrition Examination Survey)
Location Within a convenient distance of Yellow U.S. nationwide, non-institutionalized
f Springs, OH : population
| Study design Longitudinal followup Cross sectional survey
| Years of data collection 1929-1975 1988-1994
| Exclusion criteria Triplets excluded VLBW (<1500 g) excluded
| Socio-economic background ‘Middle class Representative of U.S.
Caucasian Representative of U.S. — matches census

distribution for non-Hispanic white, non-
Hispanic black, and Mexican American.

| Other racial groups subject to random
| variation.

Ages

Measurements made at Birth, 1,3 and 6
months

Cross-section of population spanning 2 to
6 months of age.

Sample size

867 infants total, number measured varies

by indicator and age
Length Weight

M F M F

| Birth 156 142 300 296
1 1mo 274 251 296 281
13 mo 438 426 496 482
| 6mo 425 409 458 438

Sample sizes for head circumference
"| similar to those for length

| Sample sizes for head circumference
| similar to those for weight

Length Weight
M F M F

|2299mo0 ~ - 38 34
|3399mo 89 118 89 118
14-499mo 104 92 104 93

5-5.99mo 96 99 95 98
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Infant feeding pattern

Nearly all formula-fed

Currently Exclusively
Breastfed (%) Breastfed ( %)
2 mos 56.3 322
4 mos 373 19.4
6 mos 279 9.5

: * Exclusive breastfeeding rates based on

| retrospective reports in phase II only

Anthropometric Data Quality

All measurements well~stz£ﬁdardized. Data
quality considered high. Large

| discrepancies between length and stature

data have raised questions about the

All measurements well-standardized
| [Lohman et al. 1988]. Data quality
| considered high.

1| quality of the recumbent length data.
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