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Introduction
The physical growth of infants and children has long been 

recognized as an important indicator of health and wellness 
(1,2). Growth charts have been used for at least a century 
to assess whether a child is receiving adequate nutrition and 
to screen for potentially inadequate growth that might be 
indicative of adverse health conditions. Traditionally, atten-
tion has focused on undernutrition. However, in the past few 
decades, concerns about excessive weight gain have increased, 
and growth charts have been used to screen for overweight, 
including obesity.

In April 2006, the World Health Organization (WHO) 
released a new international growth standard for children aged 
0–59 months (3). Similar to the 2000 CDC growth reference 
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Summary

In April 2006, the World Health Organization (WHO) released new international growth charts for children aged 0–59 months. 
Similar to the 2000 CDC growth charts, these charts describe weight for age, length (or stature) for age, weight for length (or 
stature), and body mass index for age. Whereas the WHO charts are growth standards, describing the growth of healthy children 
in optimal conditions, the CDC charts are a growth reference, describing how certain children grew in a particular place and 
time. However, in practice, clinicians use growth charts as standards rather than references.

In 2006, CDC, the National Institutes of Health, and the American Academy of Pediatrics convened an expert panel to review 
scientific evidence and discuss the potential use of the new WHO growth charts in clinical settings in the United States. On the 
basis of input from this expert panel, CDC recommends that clinicians in the United States use the 2006 WHO international 
growth charts, rather than the CDC growth charts, for children aged <24 months (available at https://www.cdc.gov/growthcharts). 
The CDC growth charts should continue to be used for the assessment of growth in persons aged 2–19 years.

The recommendation to use the 2006 WHO international growth charts for children aged <24 months is based on several 
considerations, including the recognition that breastfeeding is the recommended standard for infant feeding. In the WHO charts, 
the healthy breastfed infant is intended to be the standard against which all other infants are compared; 100% of the reference 
population of infants were breastfed for 12 months and were predominantly breastfed for at least 4 months. When using the 
WHO growth charts to screen for possible abnormal or unhealthy growth, use of the 2.3rd and 97.7th percentiles (or ±2 standard 
deviations) are recommended, rather than the 5th and 95th percentiles. Clinicians should be aware that fewer U.S. children will 
be identified as underweight using the WHO charts, slower growth among breastfed infants during ages 3–18 months is normal, 
and gaining weight more rapidly than is indicated on the WHO charts might signal early signs of overweight.

(4,5), these growth charts describe weight for age, length (or 
stature) for age, weight for length (or stature), and body mass 
index (BMI) for age. WHO growth curves include BMI for age 
starting at birth, and CDC growth curves include BMI for age 
beginning at age 2 years. CDC and WHO growth charts also 
include a curve for head circumference for age; CDC provides 
values for children aged <36 months, and WHO charts include 
a head circumference curve for those aged <60 months.

Because two sets of growth curves exist for assessing child 
growth, clinicians in the United States need guidelines indicat-
ing which curves should be used and for which children. This 
report provides guidance on the use of the WHO and CDC 
growth charts and is intended for health-care providers and 
others who measure and assess child growth.

Methods
During June 29–30, 2006, CDC, the National Institutes of 

Health (NIH), and the American Academy of Pediatrics (AAP) 
convened a meeting in Hyattsville, Maryland, to review scien-

mailto:lxg8@cdc.gov
http://www.cdc.gov/growthcharts/
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tific evidence and obtain opinions regarding the use of the new 
WHO growth charts in clinical settings in the United States. 
The participants at the meeting were selected on the basis of 
their expertise in child growth, statistical methodology, clini-
cal application, and maternal and child health policy. CDC, 
NIH, and AAP each had numerous representatives; additional 
experts from academia, clinical professional groups, and other 
government agencies were invited.

Participants were provided background documents describ-
ing the development of both sets of curves. At the meeting, 
CDC made presentations on the methods used to create the 
CDC growth charts, and a principal investigator for the WHO 
Multicentre Growth Reference Study (MGRS), which gener-
ated the data used for the WHO growth curves, made a presen-
tation on the methods used to create the WHO charts. CDC 
conducted a statistical comparison of the charts and presented 
the results to participants. Meeting discussions focused on the 
numerous factors involved in the selection of a chart, includ-
ing the assessment of child growth using references (i.e., how 
certain groups of children have grown in the past) compared 
with standards (i.e., how healthy children should grow in ideal 
conditions), differences between the growth of breastfed and 
formula-fed infants, the methods used to create the CDC and 
WHO charts, and implications of using the charts in clinical 
practice. At the time of the meeting, WHO was developing 
but had not released growth charts for head circumference for 
age; therefore, these charts were not discussed. The charts have 
since been released and are available at http://www.who.int/
childgrowth/standards/hc_for_age/en/index.html.

The panel was not asked to arrive at a consensus. At the end 
of the meeting, CDC asked all participants to provide written 
opinions on which curves should be recommended, at which 
ages, and for which children. After the meeting ended, CDC 
worked with NIH and AAP to develop these CDC recom-
mendations based on the meeting proceedings.

Creation of the WHO and CDC 
Growth Curves

History
Until the late 1970s, clinicians used various growth charts 

to assess child growth (6–9). In 1977, the National Center for 
Health Statistics (NCHS), which became a part of CDC in 
1987, published a new set of growth charts for children aged 
<18 years based on data from the Fels Longitudinal Growth 
Study and nationally representative surveys (10). In 1978, 
CDC extrapolated the published percentiles to compute z 
scores, allowing for the generation of more extreme cutoffs, 
including 2 and 3 standard deviations below the median (11). 

WHO then recommended that these z scores be used as a global 
reference for the definition of malnutrition. The curves began 
to be used worldwide.

In spite of their widespread use, there were numerous con-
cerns about these charts, including a lack of racial diversity in 
the infant sample, an infant sample composed of infants who 
were almost all formula fed, and the disjunction in length and 
stature measurements when transitioning from the charts for 
younger children to those for older children. Therefore, while 
planning the third National Health and Nutrition Examination 
Survey (NHANES III), NCHS decided to oversample children 
aged <6 years so that the 1970s growth charts could be revised. 
After data collection was completed in 1994, CDC began 
revising the curves, and the new charts were released in 2000. 
In 1997, WHO launched the MGRS to collect data on the 
growth of children worldwide based on strict inclusion criteria. 
Data collection was completed in 2003, and the growth charts 
were released in 2006.

Growth Reference Versus Growth 
Standard

The CDC and WHO growth charts differ in their overall 
conceptual approach to describing growth. The WHO charts 
are growth standards that describe how healthy children should 
grow under optimal environmental and health conditions. The 
curves were created based on data from selected communities 
worldwide, which were chosen according to specific inclusion 
and exclusion criteria. Deviation from the WHO growth 
standard should prompt clinicians to determine whether sub-
optimal environmental conditions exist, and if so, whether 
they can be corrected.

Whereas the WHO charts describe growth of healthy chil-
dren in optimal conditions, the 2000 CDC growth charts are 
a growth reference, not a standard, and describe how certain 
children grew in a particular place and time. The CDC charts 
describe the growth of children in the United States during a 
span of approximately 30 years (1963–1994).

Sample Populations
The reference populations used to create the 2006 WHO and 

2000 CDC growth curves vary with respect to inclusion and 
exclusion criteria, geographic location, frequency of measure-
ments, and sample size (Tables 1 and 2).

WHO
The 2006 WHO growth curves for children are based 

on data from the WHO MGRS, a study conducted during 
1997–2003 in six sites: Pelotas, Brazil; Accra, Ghana; Delhi, 
India; Oslo, Norway; Muscat, Oman; and Davis, California 

http://www.who.int/childgrowth/standards/hc_for_age/en/index.html
http://www.who.int/childgrowth/standards/hc_for_age/en/index.html
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TABLE 1. Comparison of sample populations used to create the CDC and WHO growth curves for children aged <24 mos

Characteristic CDC growth reference (2000)* WHO growth standard (2006)†

Data sources National vital statistics (birth weights)
Missouri and Wisconsin vital statistics (birth lengths)
Pediatric Nutrition Surveillance System (lengths, 0.1 to <5 mos)
NHANES I (1971–1974) (12–23 mos)
NHANES II (1976–1980) (6–23 mos)
NHANES III (1988–1994) (2–23 mos)

MGRS longitudinal component, with sites in the following 
locations:

Pelotas, Brazil
Accra, Ghana
Delhi, India
Oslo, Norway
Muscat, Oman
Davis, California

Type and frequency of 
data collection

Cross-sectional data on weight and length starting at age 2 mos, with 
mathematical models used to connect birth weights and lengths to 
survey data

Longitudinal data with measurements of weight and length at 
birth; 1, 2, 4, 6, and 8 wks; and 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 
18, 20, 22, and 24 mos

Sample size 4,697 observations for 4,697 distinct children 18,973 observations for 882 distinct children

Exclusion criteria Very low birth weight (<1,500 g [<3 lbs, 4 oz]) Low socioeconomic status
Birth at altitude >1,500 m
Birth at <37 wks or ≥42 wks 
Multiple birth
Perinatal morbidities
Child health conditions known to affect growth
Maternal smoking during pregnancy or lactation
Breastfeeding for <12 mos
Introduction of complementary foods before age 4 mos or after 
age 6 mos 

Weight-for-length measurements >3 standard deviations above 
or below study median for sex

Breastfeeding among 
infants in sample

Approximately 50% ever breastfed
Approximately 33% breastfeeding at 3 mos

100% ever breastfed
100% predominantly breastfeeding at 4 mos
100% still breastfeeding at 12 mos
Complementary foods introduced at mean age of 5.4 mos

Abbreviations: MGRS = Multicentre Growth Reference Study; NHANES = National Health and Nutrition Examination Survey; WHO = World Health Organization. 
* Source: Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC growth charts for the United States: methods and development. Vital Health Stat 2002;246.
† Sources: World Health Organization. WHO child growth standards: length/height-for-age, weight-for-age, weight-for-height and body mass index-for-age: Methods 

and development. Geneva, Switzerland: World Health Organization; 2006. Available at http://www.who.int/childgrowth/publications/technical_report_pub/en/
index.html. Accessed June 1, 2010; and WHO Multicentre Growth Reference Study Group. Enrolment and baseline characteristics in the WHO Multicentre Growth 
Reference Study. Acta Paediatr Suppl 2006;450:7–15.

(12). The criteria for selection of the communities included 
1) socioeconomic status that does not constrain growth of the 
child (based on infant mortality rate; prevalence of under-
weight, stunting, and wasting; subpopulation size; and access 
to safe water), 2) low altitude (<1,500 m [4,921 ft]), 3) low 
enough population mobility to allow for a 2-year follow-up, 
4) at least 20% of mothers in the community willing to fol-
low international feeding recommendations, 5) existence of a 
breastfeeding support system (typically in the form of lactation 
consultants), and 6) existence of a research institution capable 
of conducting the study (12). The international infant feeding 
recommendations in effect at the time of the study included 
exclusive breastfeeding for at least 4 months (although pre-
dominantly breastfed infants were also included in the study), 
introduction of complementary foods by at least 6 months but 
not before 4 months, and continued breastfeeding for at least 
12 months. Study participants were provided breastfeeding 
support as needed and were counseled on complementary 
feeding, with an emphasis on timing, energy density, feeding 
frequency, and micronutrient content.

Exclusion criteria for mothers and infants included maternal 
smoking during pregnancy or lactation, birth at <37 weeks or 
≥42 weeks, multiple birth, substantial morbidity, low socioeco-
nomic status, and unwillingness of the mother to follow feeding 
criteria (12). Weight-for-length measurements of >3 standard 
deviations from the overall study median were considered to 
be outliers and excluded from the final sample.

The WHO growth curves for children aged <24 months were 
based on the longitudinal component of MGRS, in which 
cohorts of newborns were measured from birth through age 23 
months (Table 1). Longitudinal data were collected at birth, 
1 week, and every 2 weeks for the first 2 months after birth, 
monthly through age 12 months, and bimonthly from age 14 
to 24 months. Of the initial 1,743 enrolled participants, six 
were excluded because of substantial morbidities. A total of 
882 infants (50.8%) (range: 21.4%–69.2% among sites) met 
the feeding and maternal nonsmoking criteria and completed 
the 2-year follow-up; these participants were included in the 
growth curves (3). For the 855 infants who did not meet the 
feeding and maternal nonsmoking criteria, only the birth mea-

http://www.who.int/childgrowth/publications/technical_report_pub/en/index.html
http://www.who.int/childgrowth/publications/technical_report_pub/en/index.html
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surements were used. A total of 18,973 distinct measurements 
of weight and length were included in the data set. Data on 
participants who were not included in the data set were not 
available to meeting participants.

A primary study hypothesis of MGRS based on previous 
research (13,14) was that all young children have the potential 
to grow similarly, regardless of their ethnic group or place of 
birth, if they are in a healthy environment and receive adequate 
nutrition. This hypothesis was confirmed; the mean length 
measurements of children aged <24 months in the six country 
sites were virtually identical (Figure 1).

The WHO growth curves for children aged 24–59 months 
were based on the cross-sectional component MGRS, in which 
groups of children at specific ages were measured at a specific 
point in time; the cross-sectional data represented 6,669 chil-
dren (Table 2). Data were collected in the same communities as 
those used to create the curves for children aged <24 months, 
typically just after completion of the longitudinal study. Other 
than the infant feeding criteria, the inclusion criteria used for the 
cross-sectional data collection for ages <24 months and 24–59 
months were the same. The infant feeding criteria were much 
less stringent (breastfeeding for at least 3 months and no require-
ments for the timing of complementary feeding). Mothers of 

children aged 24–59 months years did not receive assistance to 
ensure that the children received optimal nutrition.

To eliminate the effect of overweight children on the weight 
distributions in the WHO curves for children aged 24–59 
months, weight measurements of >2 standard deviations above 
the study median were excluded; a total of 226 (2.7%) weight 
measurements were excluded.

CDC
The CDC growth curves for children aged <36 months were 

based on cross-sectional data from various sources (Table 1). 
The curves were anchored at birth using national birth weight 
data obtained from U.S. birth certificates from 1968–1980 
and 1985–1994 and birth length data from Wisconsin and 
Missouri birth certificates (the only states with these data avail-
able on birth certificates) from 1989–1994 (5). Birth data were 
based on 82 million birth weight measurements and 445,000 
birth length measurements.

The curves for children aged 2–59 months were primarily 
based on data from NHANES; no NHANES data were avail-
able for infants aged <2 months. NHANES is a continuous 
cross-sectional survey of the health and nutritional status of 
the U.S. civilian, noninstitutionalized population. Participants 

TABLE 2. Comparison of sample populations used to create the CDC and WHO growth curves for children aged 24–59 mos

Characteristic CDC growth reference (2000)* WHO growth standard (2006)†

Data sources NHANES I (1971–1974)
NHANES II (1976–1980) 
NHANES III (1988–1994) 

MGRS cross-sectional component, with sites in the following locations:
Pelotas, Brazil
Accra, Ghana
Delhi, India
Oslo, Norway
Muscat, Oman
Davis, California

Type and frequency of data collection Cross-sectional data Cross-sectional data

Sample size 9,894 6,669 

Exclusion criteria None Low socioeconomic status
Birth at altitude >1,500 m
Birth at <37 wks or ≥42 wks 
Multiple birth
Perinatal morbidities
Child health conditions known to affect growth
Maternal smoking during pregnancy or lactation
Never breastfed or breastfed for <3 mos
Multiple birth
Preterm birth
Weight-for-length measurements >3 standard deviations below or >2 

standard deviations above study median for sex

Breastfeeding among infants in sample Approximately 50% ever breastfed
Approximately 33% breastfeeding at 3 mos

100% ever breastfed
100% breastfeeding at 3 mos

Abbreviations: MGRS = Multicentre Growth Reference Study; NHANES = National Health and Nutrition Examination Survey; WHO = World Health Organization. 
* Source: Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC growth charts for the United States: methods and development. Vital Health Stat 2002;246.
† Sources: World Health Organization. WHO child growth standards: length/height-for-age, weight-for-age, weight-for-height and body mass index-for-age: Methods 

and development. Geneva, Switzerland: World Health Organization; 2006. Available at http://www.who.int/childgrowth/publications/technical_report_pub/en/
index.html. Accessed June 1, 2010; and WHO Multicentre Growth Reference Study Group. Enrolment and baseline characteristics in the WHO Multicentre Growth 
Reference Study. Acta Paediatr Suppl 2006;450:7–15.

http://www.who.int/childgrowth/publications/technical_report_pub/en/index.html
http://www.who.int/childgrowth/publications/technical_report_pub/en/index.html
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are selected through a complex, multistage probability design. 
All NHANES surveys include a household interview and a 
detailed physical examination that includes anthropometric 
measurements. Data from NHANES III (1988–1994) were 
used to create the curves for children aged 2–5 months; 
NHANES II (1976–1980) and III for ages 6–11 months; 
and NHANES I (1971–1974), II, and III for ages 12–59 
months. In addition, supplementary length data from clinics 
that participated in the CDC Pediatric Nutrition Surveillance 
System (PedNSS) (1975–1995) and had data for older infants 
and children that were similar to the NHANES national 
surveillance data were used for the length-for-age charts for 
ages 0.1 to <5 months (15).

For the cross-sectional data for children aged 2–23 months, 
there were 4,697 data points. At age 2 months, 72 weight mea-
surements were available (representing 38 boys and 34 girls), 
and approximately 200 measurements (each measurement 
representing one child) per month were available through age 
5 years. Data from approximately 35,000 infants aged 0.1 to 

<5 months from the PedNSS clinics were used. To create curves 
for children aged 24–59 months, data from 9,894 children, 
were used. From ages 5–59 months, sample sizes for length 
were similar to those for weight.

Because the growth of infants with very low birth weight 
(VLBW) (<1,500 g [<3 lbs, 4 oz]) is distinctly different from 
that of infants with higher birth weights, data for VLBW 
infants were excluded from the charts for children aged <36 
months (5). No other exclusion or inclusion criteria (such as 
breastfeeding) were used. Approximately 50% of the infants 
in the data set had ever been breastfed, and 33% were still 
breastfeeding when they reached age 3 months. No overweight 
measurements were excluded.

Measurements
Careful procedures for training and measurement standard-

ization were followed, and high-quality instruments were used 
for weight and length (or stature) measurements. In the WHO 

FIGURE 1. Mean length measurements of children aged <24 months in six sites worldwide — World Health Organization Multicentre Growth 
Reference Study, 2006
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study, anthropometrists took two measurements independently 
and repeated measurements that exceeded preset maximum 
allowable differences. NHANES anthropometrists took mea-
surements once. In general, both WHO and CDC assessed 
length (measured lying down) for children aged <24 months 
and stature (measured standing up) for children aged 24–59 
months. A subset of children were measured both recumbent 
and standing (at ages 18–30 months for WHO, at ages 24–36 
months for CDC) to assess the discrepancy between the two 
measurements and allow for connection of the curves before 
and after age 24 months. Detailed descriptions of these proce-
dures and instruments have been published (4,16,17).

Calculation of Percentiles 
and z Scores

Optimal data entry and cleaning techniques were used. For 
both sets of curves, the data analysis treated each data point 
independently, even if two data points were taken for a single 
child. Although there were some differences in the statistical 
smoothing techniques used to create the WHO and CDC 
charts, both used a variant of the lambda-mu-sigma (LMS) 
statistical method to describe both percentiles and z scores 
(standard deviation units) (5,18–20). Because no data (other 
than length for age) were available to connect the birth data to 
the cross-sectional data after age 2 months in the CDC curves, 
a 3-parameter linear mathematical model was used to smooth 
the weight data from 0–35 months (5).

Rationale for Recommendations
Use of Growth Reference or Growth 
Standard in Clinical Settings

Opinions of the participants varied about whether the use 
of a growth standard or a growth reference would be best 
for clinical settings in the United States. Several participants 
explained that identification of growth that is unhealthy (i.e., 
indicates an underlying adverse health condition) or abnormal 
first requires a definition of healthy growth, thus a standard 
is needed. Other participants countered that because many 
children do not live in ideal environmental conditions, inter-
preting their growth by comparing them to a growth standard 
might not be appropriate. Likewise, some children who live in 
optimal conditions deviate from the normal growth curve but 
are not unhealthy. Participants acknowledged that adoption 
of a standard for assessing growth in children would create a 
substantial need for the education of clinicians but would also 
create an opportunity for clinicians to identify and address 
environmental conditions that might be negatively affecting 

growth. Meeting participants agreed that in practice, clini-
cians often use growth references, such as the CDC growth 
charts, as a standard to evaluate healthy growth rather than a 
reference as intended.

Children Aged <24 Months
Available Data

The meeting participants were concerned about the paucity 
of data for the first several months of age in the data set used 
to create the 2000 CDC growth charts, as well as about the 
effects of combining various disparate data sets (e.g., birth 
records, NHANES national survey data, and PedNSS clini-
cal surveillance data) to generate the charts. In contrast, the 
WHO charts for children aged <24 months were created with 
longitudinal data that were collected more frequently than the 
data used for the CDC charts, especially during the first few 
months of life when children grow the most quickly. However, 
the panel also was concerned that the exclusion of weight-for-
length data that were >3 standard deviations from the median 
from the WHO charts was inappropriate because these data 
represented children who were part of the actual distribution of 
observed physiological growth. The data for the WHO growth 
charts were generally considered to be strong during the first 
several months of age.

Breastfeeding and Growth Patterns
When the WHO growth curves were created, the difference 

in growth between primarily formula-fed infants and primar-
ily breastfed infants was an important consideration (12). 
The WHO charts were based on the premise that the healthy 
breastfed infant is the standard against which all other infants 
should be compared. This is consistent with U.S. dietary 
reference intakes, in which norms for infant intakes of most 
nutrients are determined on the basis of the composition of 
human milk and the average volume of human milk intake 
(21). In the WHO charts, 100% of the reference population of 
infants were breastfed for 12 months and were predominantly 
breastfed for at least 4 months. In contrast, approximately 50% 
of the infants in the CDC data set had ever been breastfed, and 
33% were still breastfeeding when they reached age 3 months, 
rates that are lower than those for infant cohorts born today. 
Data from the CDC National Immunization Survey indicate 
that in 2007 in the United States, 75% of infants had ever 
been breastfed, and 58% had been breastfed for at least 3 
months (22). In addition, the composition of infant formula 
has changed considerably during the preceding 35 years (23). 
Therefore, the current growth of U.S. infants might not be 
the same as the growth of infants used in the creation of the 
CDC growth curves.
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The expert panel universally agreed that breastfeeding is the 
optimal form of infant feeding and recognized that the growth 
of breastfed infants differs from that of formula-fed infants. 
The panel also recognized that AAP has stated the breastfed 
infant “is the reference or normative model against which all 
alternative feeding methods must be measured with regard to 
growth, health, development, and all other short- and long-
term outcomes” (24).

Some U.S. clinicians who are currently using the CDC charts 
might be unaware of or not understand the growth pattern of 
exclusively breastfed infants, which differs from that of formula-
fed infants. These clinicians might inappropriately recommend 
that mothers supplement breastfeeding with formula or advise 
them to wean their infants from breastfeeding completely.

The WHO and CDC charts show different growth pat-
terns that might lead clinicians to different conclusions about 
variations in growth. Healthy breastfed infants typically gain 
weight faster than formula-fed infants in the first few months 
of life but then gain weight more slowly for the remainder 
of infancy (25,26). Therefore, in the first few months of life, 
WHO curves show a faster rate of weight gain than the CDC 
charts for boys and girls (Figures 2 and 3). Use of the WHO 
charts in the United States might lead to an increase in the 
misperception of poor growth at this age.

Beginning at approximately age 3 months, WHO curves 
show a slower rate of weight gain than the CDC charts, both 
in weight for age and weight for length. Because WHO curves 
are derived from infants who breastfeed through 12 months, 
infants who are still breastfeeding at approximately age 3 
months are more likely to maintain their percentages on the 
WHO growth charts but to decrease in percentages on the 
CDC charts. In contrast, if WHO charts are used to assess 
the growth of formula-fed infants, these infants might be 
identified as growing too slowly during the first few months of 
life but then be identified as gaining weight too quickly after 
approximately 3 months.

Children Aged 24–59 Months
CDC curves allow for a transition period from 24–35 

months when children can be assessed using either the charts 
for children aged 0–36 months or for persons aged 2–19 years. 
Children in this age range can have their measurements plot-
ted on the chart for younger children to show continuity with 
previous growth and on the chart for older children to show 
continuity with subsequent growth. For weight for length (or 
stature) and length (or stature) for age, assessing children using 
both curves requires measuring the child both recumbent and 
supine and therefore is not a common practice.

The meeting participants raised concerns that weights >2 
standard deviations above the median should not have been 

deleted in creation of the WHO curves because they were part 
of the full weight distribution of the study population. They 
also noted that the methods for selecting the study participants 
for this age range was not substantively different between the 
WHO and CDC charts. CDC and WHO growth charts for 
ages 24–59 months were both based on cross-sectional data, 
and compared with the methods used to create the growth 
curves for children aged <24 months, the methodological dif-
ferences between CDC and WHO in creating growth curves 
for ages 24–59 months were minor. For these reasons, the 
expert panel found little reason to recommend a change from 
the current use of the CDC curves among older children.

transition from WHO to CDC Charts
The panel discussed the possibility of using the WHO charts 

for children aged <24 months but the CDC charts for older 
children. During these discussions, participants explained that 
transitioning from one chart to another might create a disjunc-
tion by changing how a particular child’s growth is classified. 
For example, a child aged 24 months who is classified as over-
weight according to the WHO charts might be classified in the 
normal range on the CDC charts at the same age. Regardless, 
both the WHO and CDC growth charts already have some-
what of an internal disjunction because length measurements 
switch from recumbent to stature measurements when children 
are aged 2 years; measurements of length are greater (0.7–0.8 
cm) than measurements of stature. Therefore, a child aged 2 
years might seem to be approximately 1 cm shorter when a 
clinician transitions from using length to stature measurements, 
potentially leading to a change in the plotted percentile.

Because CDC charts are printed on separate pages, clini-
cians must switch charts when they switch from length to 
stature measurements at age 24 months. Likewise, clinicians 
would switch to a separate page if they were to transition from 
the WHO to the CDC charts at age 24 months. Thus, if the 
WHO charts were to be used for infants and the CDC charts 
for older children, transitioning at age 24 months seemed to 
be the most feasible age to switch.

Selection of Percentiles
Predetermined percentiles on growth charts are used to iden-

tify children who might not be growing normally. Traditionally, 
the 5th or 95th percentiles have been used with the CDC 
charts; however, they are arbitrary statistical values and are 
not based on analysis of health outcomes. Likewise, the WHO 
percentiles (2.3rd and 97.7th, or ±2 standard deviations) also 
are arbitrary and not based on health outcomes. Using the 
WHO-recommended percentiles with the WHO curves in 
the United States would result in a prevalence of short stature 
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and overweight that is similar to the prevalence from the CDC 
curves using the 5th and 95th percentiles (27). Therefore, in 
pediatric practice, the number of children identified for addi-
tional follow-up because of short stature and overweight would 
be similar to current numbers. In contrast, use of the 5th and 
95th percentiles with the WHO weight charts would result in 
10% of the WHO growth curve population being categorized 
as underweight or overweight, even though the population 
comprises healthy children who were fed according to inter-
national recommendations. The population used to create the 
CDC charts includes children with various health problems 
and children who were not fed according to international rec-

ommendations. Use of the 5th and 95th percentiles with the 
WHO curves to assess the U.S. population might overestimate 
the prevalence of short stature, underweight, and overweight in 
the United States. For example, the mean stature included in the 
WHO and CDC charts is similar, but the WHO charts have 
less variability than the CDC charts among children aged <24 
months, leading to an increased prevalence of both shortness 
and tallness for children aged <2 years when the 5th and 95th 
percentiles are applied (Figures 4 and 5).

The estimated prevalences of low weight for age and high 
weight for length among U.S. children differ depending on 
whether the CDC charts (using the 5th and 95th percentiles) 

FIGURE 2. Comparison of World Health Organization (WHO) and CDC growth chart weight-for-age measurements for girls aged <24 months
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or the WHO charts (using the 2.3rd and 97.7th percentiles) 
are used (Figure 6). A substantial difference exists in the 
prevalence of low weight for age, with the WHO standard 
showing a lower prevalence beginning at age 6 months. The 
CDC reference identifies 7%–11% of children aged 6–23 
months as having low weight for age, whereas the WHO stan-
dard identifies <3%. The WHO standard also identifies fewer 
infants (aged <12 months) as having high weight for length 
(5%–9%) than the CDC reference (9%–13%). For children 
aged 18–23 months, the differences in high weight for length 
essentially disappear. The prevalence of short stature is similar 
for both sets of curves.

Recommendations
Use of WHO Growth Charts 
for Children Aged <24 Months

Use of the 2006 WHO international growth standard for 
the assessment of growth among all children aged <24 months, 
regardless of type of feeding, is recommended. (The charts are 
available at https://www.cdc.gov/growthcharts.) When using 
the WHO growth charts, values of 2 standard deviations above 
and below the median, or the 2.3rd and 97.7th percentiles 
(labeled as the 2nd and 98th percentiles on the growth charts), 

FIGURE 3. Comparison of World Health Organization (WHO) and CDC growth chart weight-for-age measurements for boys aged <24 months
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are recommended for identification of children whose growth 
might be indicative of adverse health conditions. The rationale 
for use of the WHO growth charts for this age group includes 
the following: 1) the recognition that breastfeeding is the rec-
ommended standard for infant feeding and, unlike the CDC 
charts, the WHO charts reflect growth patterns among children 
who were predominantly breastfed for at least 4 months and 
still breastfeeding at age 12 months; 2) clinicians already use 
growth charts as a standard for normal growth; and 3) the 
WHO charts are based on a high-quality study, the MGRS.

Continued Use of CDC Growth Charts 
for Children Aged 24–59 Months

Use of the CDC growth charts for children aged 24–59 
months is recommended. The CDC charts also should be 
used for older children because the charts extend up to age 20 
years, whereas the WHO standards described in this report 
apply only to children aged 0–59 months. The rationale for 
continuing to use CDC growth charts includes the following: 
1) the methods used to create the WHO and CDC charts are 
similar after age 24 months, 2) the CDC charts can be used 
continuously through age 19 years, and 3) transitioning at age 

FIGURE 4. Comparison of World Health Organization (WHO) and CDC growth chart length/stature-for-age measurements for girls aged <5 yrs
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24 months is most feasible because measurements switch from 
recumbent length to standing height at the this age, necessitat-
ing use of new printed charts.

Use of Recommended Growth 
Charts in Clinical Settings

CDC recommends the use of modified versions of the 
WHO curves for children aged <24 months that include 
the 2.3rd and 97.7th percentiles and are appropriate for 
clinicians. These curves have been developed and are avail-

FIGURE 5. Comparison of World Health Organization (WHO) and CDC growth chart length/stature-for-age measurements for boys aged <5 yrs
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able at http://www.cdc.gov/growthcharts. Training tools for 
clinicians are being developed and also will be available at 
this website.

Clinicians should recognize that the WHO charts are 
intended to reflect optimal growth of infants and children. 
Although many children in the United States have not expe-
rienced the optimal environmental, behavioral, or health con-
ditions specified in the WHO study, the charts are intended 
for use with all children aged <24 months. Therefore, their 
growth might not always follow the patterns shown in the 
WHO curves. For example, formula-fed infants tend to gain 
weight more rapidly after approximately age 3 months and 
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therefore cross upward in percentiles, perhaps becoming clas-
sified as overweight. Although no evidence-based guidelines 
for treating overweight in infancy exist, early recognition of a 
tendency toward obesity might appropriately trigger interven-
tions to slow the rate of weight gain.

For the first 3 months of age, the WHO charts show a 
somewhat faster rate of weight gain than the CDC charts, 
leading to the identification of more infants who appear to be 
growing slowly. Clinicians should recognize that this slower rate 
of weight gain is typical for formula fed infants. For breastfed 
infants identified as growing slowly, clinicians need to carefully 
assess general health issues and ensure appropriate management 
of lactation. Only if there is evidence of lactation inadequacy 
should they consider supplementation with formula.

Differences in the length-for-age WHO and CDC charts are 
small, and clinical differences based on these charts are expected 
to be insignificant. In contrast, when the WHO charts are used 
to assess the growth of U.S. children, fewer children aged 6–23 
months will be identified as having inadequate weight for age. 
Some assert that this might be beneficial because overdiagnosis 
of underweight might damage the parent-child interaction, 
subjecting families to unnecessary interventions and possibly 

unintentionally creating an eating disorder (28). However, 
children who are identified as having low weight for age on 
the WHO charts will be more likely to have a substantial defi-
ciency. Clinicians need to seek out the causes for poor growth 
and propose changes accordingly. For example, poor weight 
gain might result from neglect, substantial morbidities, or other 
medical problems that require immediate attention (29).

Recent WHO Growth Chart Policies 
and Publications

According to WHO, 111 countries had adopted the WHO 
growth standards as of July 1, 2010 (A. Onyango, WHO, 
personal communication, July 26, 2010.). Canada has recom-
mended the use of the WHO growth charts (30), including 
the more recently published charts for children aged 5–17 
years (31). The United Kingdom Department of Health has 
recommended use of the WHO growth standards for children 
aged 2 weeks to 5 years in combination with United Kingdom 
birth weight charts (32–42 weeks’ gestation) (32,33).

In 2007, the AAP board of directors voted to support the 
use of the WHO growth charts for children aged <24 months 

FIGURE 6. Comparison of the World Health Organization (WHO) and CDC growth chart prevalences of low length for age, low weight for age, 
and high weight for length among children aged <24 months — United States, 1999–2004

Source: Data from the National Health and Nutrition Examination Survey, 1999–2004.
* ≤5th percentile on the CDC charts; ≤2.3rd percentile on the WHO charts.
† ≥95th percentile on the CDC charts; ≥97.7th percentile on the WHO charts.
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(D. Burrowes, American Academy of Pediatrics, personal com-
munication, November 7, 2007), with the recognition that 
substantial educational measures are needed to assist with inter-
pretation of the charts. AAP has waited for the availability of 
clinically useable charts to publicize this recommendation.

Various studies have compared the WHO growth standards 
with other growth references (34–37). Researchers also have 
analyzed ways in which use of the WHO standards might affect 
prevalences of wasting, stunting, and underweight worldwide 
(38), as well as the distribution of z scores, a commonly used 
indicator of data quality in international surveys (39). WHO 
has developed an algorithm to convert population prevalences 
that were computed using the previous NCHS, CDC, and 
WHO growth curves (10,11) to those expected using the new 
charts (38). Several studies have conducted field testing of the 
WHO charts in clinical settings worldwide, showing differ-
ences in prevalence compared with existing charts but also 
documenting that the WHO standards generally correspond 
with clinical assessment of malnutrition (36,40,41).

Conclusion
Because the CDC charts are currently in use in clinical set-

tings to assess growth of children, use of the WHO charts for 
children aged <24 months will require training of health-care 
providers and others who measure and assess child growth. 
Training should focus on how to interpret growth on the charts, 
differences between references and standards, the characteris-
tics of the WHO cohort (especially regarding socioeconomic 
status, infant feeding patterns, and maternal lack of smoking), 
the disjunction created by switching from the WHO to the 
CDC curves at age 2 years, growth patterns of children who 
breastfeed compared with those who formula feed, and the 
potential contribution of education and support programs for 
breastfeeding and complementary feeding. Development of 
appropriate guidance based on clinical and applied experience 
is needed so that clinicians can interpret the growth of infants 
and children who do not meet all optimal environmental and 
health criteria (e.g., breastfeeding) used for participants in 
the WHO study. Growth patterns over time using multiple 
data points should be used in conjunction with other medical 
and family history to assess appropriate growth. Training on 
accurate measurement techniques, especially for recumbent 
length, is critical for any assessment to be valid.

The clinical consequences of using the WHO standards com-
pared with the CDC reference should be evaluated over time 
to identify advantages and unforeseen adverse consequences 
of the use of the WHO standards. Research is needed on 
health outcomes related to different growth patterns during 
infancy, particularly with regard to identifying percentiles that 

are indicative of health problems. Finally, research should be 
conducted on the use of BMI measurements based on length 
in infants and toddlers as predictive of future adverse health 
effects.
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