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Glossary 
 
BCPE The Box-Cox power exponential distribution. 

µ The median of the Box-Cox power exponential distribution. 

σ The approximate coefficient of variation of the Box-Cox power 
exponential distribution — related to the variance. 

ν The power of the Box-Cox transformation (to the normal 
distribution) of the Box-Cox power exponential distribution - 
related to the skewness. 

τ The power exponential parameter of the Box-Cox power 
exponential distribution — related to the kurtosis. 

λ The power of the age (or starting weight) transformation. 

δ A constant value (delta) added to weight increments. 

Box-Cox transformation A power transformation to the normal distribution. 

Coefficient of variation The ratio of the standard deviation to the mean. 

Cubic spline A piecewise third-order polynomial function that passes through 
a set of m (or degrees of freedom) control points; it can have a 
very simple form locally, yet be globally flexible and smooth.  

Cut-off A designated limit beyond which a subject or observation is 
classified according to a pre-set condition.  

Degrees of freedom (df) The number of control points used to fit the cubic splines. 

Kurtosis An attribute of a distribution describing "peakedness". A high 
kurtosis portrays a distribution with fat tails in contrast to a low 
kurtosis, which portrays a distribution with skinny tails. 

P-value The probability of falsely rejecting the hypothesis being tested. 
In this report all p-values were compared to a level of 
significance set to 0.05. 

Q-test A statistical test which combines overall and local tests 
assessing departures from the normal distribution with respect to 
median, variance, skewness and kurtosis. 

Skewness A statistical term used to describe a distribution's asymmetry in 
relation to a normal distribution. 

Standard deviation score (SD) See z-score. 

Worm plots A set of detrended Q-Q plots — plots that compare the 
distribution of a given set of observations to the normal 
distribution. 

Z-score The deviation of an individual's value from the median value of 
a reference population divided by the standard deviation of the 
reference population (or transformed to normal distribution).  
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Executive summary 

In 1993, the World Health Organization (WHO) undertook a comprehensive review of the uses and 
interpretation of anthropometric references. The review concluded that the National Center for Health 
Statistics (NCHS)/WHO growth reference, which had been recommended for international use since 
the late 1970s, did not adequately represent early childhood growth and that new growth curves were 
necessary. The World Health Assembly endorsed this recommendation in 1994. In response, the WHO 
Multicentre Growth Reference Study (MGRS) was implemented between 1997 and 2003 to develop 
international growth standards for children below 5 years of age. The MGRS is unique in that it was 
purposely designed to produce a standard by selecting healthy children from diverse ethnic 
backgrounds living under conditions likely to favour the achievement of their full genetic growth 
potential. Furthermore, the mothers of the children selected for the construction of the standards 
engaged in fundamental health-promoting practices, namely breastfeeding and not smoking. The first 
set of the WHO Child Growth Standards for attained growth based on length/height, weight and age 
was released in April 2006. The second complementary set, based on head and arm circumference and 
subscapular and triceps skinfolds, followed a year later.  

A key component in the MGRS design was a longitudinal cohort of children who were examined in a 
sequence of 21 visits starting at birth and ending at 24 months of age. Such frequently collected and 
well-controlled data are highly unusual. A principal rationale for the MGRS longitudinal component 
was to allow for the development of growth velocity standards. The increments on which the velocity 
standards are based were calculated using the longitudinal sample of 882 children (428 boys and 454 
girls) whose mothers complied fully with the MGRS infant-feeding and no-smoking criteria and 
completed the follow-up period of 24 months. The children were measured at birth; at weeks 1, 2, 4 
and 6; monthly from 2–12 months; and bimonthly in the second year.  

On the recommendation of a consultative expert group it was decided to develop velocity standards for 
the following anthropometric variables: weight (the most commonly used measurement and the most 
responsive to short-term influences), head circumference (the next most-used measurement in clinical 
settings), and length (potentially useful since stunting originates in the first two years of life, and early 
detection of changes in velocity may be beneficial for prevention). It was hypothesized that body mass 
index (BMI) velocity might be useful in predicting changes leading to extremes of adiposity. However, 
unreliability in BMI increments is a composite of measurement error from various sources. Moreover, 
BMI peaks during infancy and then drops through the second year. These characteristics make BMI 
velocity difficult to interpret, and there is little knowledge of its prognostic utility. Therefore, BMI 
velocity standards were not developed.  

Another recommendation by the consultative expert group on the construction of the velocity curves 
was to explore other distributions in addition to the one used to construct the attained growth standards 
(the Box-Cox-power-exponential — BCPE). This investigation was carried out in an effort to identify 
the most appropriate methodology for handling anticipated negative increments specifically in relation 
to weight. The findings favoured the application of the BCPE distribution with some methodological 
adjustments only in the case of weight conditional on age. The steps followed to select the best models 
to fit the data for each indicator were comparable to those used to construct the attained growth 
standards.  

Before the BCPE could be applied to the weight increments conditional on age, it was necessary to 
add a constant value, delta, to all weight increments to shift their distribution above zero. Afterwards, 
the predicted centiles were shifted down by the pre-added delta. By the MGRS design, the latest  
3-month increment that could be calculated based on observed measurements was from age 11 to  
14 months. The 3-month velocities were constructed for the full age range (birth to 24 months) using 
the parameter curves estimated for the 2-month (birth to 24 months), the 3-month (birth to 14 months) 
and the 4-month (birth to 24 months) intervals jointly in a cubic spline surface. All velocity standards 
required the modelling of skewness. In the interest of keeping the z-score calculation formula simple 
and considering the fact that adjustment for kurtosis had negligible impact on the final predicted 
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centiles, it was decided not to fit kurtosis (i.e. models were restricted to the LMS class). The 
diagnostic tools used iteratively to detect possible model misfits and biases in the fitted curves 
included tests of local and global goodness of fit, such as Q-tests and worm plots. Patterns of 
differences between empirical and fitted centiles were also examined.  

Following wide consultation with different potential users of these standards (e.g. paediatric 
endocrinologists, neonatologists, lactation counsellors, managers of child health programmes, and 
researchers), the increments presented in this report are those considered to be most useful clinically. 
The WHO velocity standards for weight are presented as 1-mo increments from birth to 12 months, 
and as 2- to 6-month incements from birth to 24 months. In addition, weight increments are presented 
from birth to 60 days in 1-week and 2-week intervals that coincide with the measurement schedule in 
the MGRS. The velocity standards for length are presented in 2- to 6-month increments from birth to 
24 months. For head circumference, 2- and 3-month increments are presented from birth to 12 months, 
and 4- and 6-month increments from birth to 24 months. One-month increments for length and head 
circumference were not considered clinically useful as the measurement error over such a short period 
exceeds the 5th centile as early as 6 months of age. For similar reasons, the 2- and 3-month increments 
for head circumference go up to 12 months of age only. The overall choice of intervals is in line with 
those proposed by other authors. Electronic copies of the full set of velocity standards are available on 
the Web: www.who.int/childgrowth/en. 

The intrinsic biological complexity of the dynamics of human growth makes the use and interpretation 
of the standards presented in this report more challenging than that of the attained growth standards. 
Growth progresses at a rapidly decelerating rate from birth, reaching a near-plateau by the end of the 
first year, and continues to taper off gently through the second year. This is the expected overall 
pattern of growth under conditions of adequate nutrition and psychosocial care. However, growth 
velocities of individual children are characterized by very high variability in consecutive growth 
intervals. It is not unusual for a child to grow at the 95th velocity centile one month and at the 20th the 
next while continuing to track on the attained weight-for-age chart. Correlations between subsequent 
increments are typically low; this reflects both a natural pattern of saltatory growth and possible catch-
up or catch-down growth that contributes to overall narrowly canalized patterns in the attained growth 
trajectories of individual children. 

The 1-, 2-, 3-, 4- and 6-month increment tables are independent of each other and the clinician should 
use the one that most closely approximates the interval over which the child is seen. For example, the 
centile corresponding to an increment between age 2 and 3 months is not associated with the centile 
corresponding to half of the increment in the 2-month interval between ages 1 and 3 months. This is 
because one cannot expect the growth rate in a given 2-month period, except perhaps at the median, to 
be the sum of the two corresponding 1-month intervals. With specific reference to weight, negative 
increments, which generally occur after 6 months of age, are captured in the lowest centiles. They 
coincide with the weaning period, when children are more exposed to food contamination, and when 
they become more active and start to explore their environment.  

The tables of weight velocity from birth to 60 days present physiological weight losses that occur in 
the early postnatal period but are not usually included in available reference data. It was not possible 
to estimate from these data precisely when infants should recover their birth weight following weight 
loss that is common in the first few postnatal days. Net increments at the median (0 to 7 days) are 
positive for both boys and girls, suggesting that recovery of birth weight could be achieved in less than 
one week. Considering the 25th centile (0 g increment from birth to 7 days), the data suggest that 75% 
of newborns recover their birth weight by day 7. It is understood that recovery depends on what 
percentage of birth weight was lost and the successful initiation of lactation. However, rather than 
focus only on weight gain, it is important to adopt a holistic approach that looks at the child's overall 
health status and clinical signs, which are key to maintaining successful infant nutrition. This includes 
also assessing mother-child interaction, indicators of successful breastfeeding such as infant 
breastfeeding behaviour and the timing of stage II lactogenesis, and breastfeeding technique. Centiles 
are presented for both net increments and velocity in g/d. When mother-child dyads experience 
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breastfeeding difficulties in the early postpartum period, lactation performance and weight gain are 
monitored every few days, hence increments per day are likely to be handier to use than weekly or 
fortnightly increments. However, even in the absence of such difficulties, visits to the clinic take place 
at random ages, and these daily increments offer a flexible option for evaluating growth over fractions 
of the tabulated time blocks.  

Measurements of growth are subject to error from multiple sources. Faulty measurements can lead to 
grossly erroneous judgements regarding a child's growth. The accuracy of growth assessment is 
improved greatly if measurements are replicated independently and the values averaged. Although the 
high level of reliability achieved in the MGRS is unlikely to be reached in routine clinical 
measurement in primary health care settings, measurements need to be taken with reasonable care and 
accuracy as the calculation of increments involves two measurement errors.  

Ideally, velocity assessment should be done at scheduled visits that coincide with the ages and 
intervals (1, 2, 3, 4 and 6 months) for which the centiles are presented. In practice, however, the timing 
of clinic visits is dictated by uncontrollable factors, and ingenuity will be called for in applying the 
standards. The discussion section of the report provides overall guidance on interpreting increments 
that are beyond the allowable range of variation around the intervals, or observed intervals that are on 
target (say exactly 2 months) but with starting and ending ages that do not coincide with those 
tabulated in the standards.  

There are some fundamental differences between velocity and attained (distance) growth that affect 
how the increment standards should be used and interpreted. Chief among them is the lack of 
correlation between successive increments in healthy, normally growing children. For individual 
attained growth curves, the variability in successive z-scores tends to be minimal over short periods 
(there are high correlations between successive attained values). This "tracking" is not usually seen for 
successive individual growth velocities. In the WHO standards, the probability of two consecutive  
1-month or 2-month weight increments falling below the 5th centile is 0.3%. If the 15th centile is 
chosen, this probability increases to only 2% and 1.8%, respectively. Normally growing children can 
have a very high z-score one month and a very low one the following month, or vice versa, without 
any underlying reason for concern. Thus, a single low value is not informative; only when velocities 
are repeatedly low should they cause concern. Nevertheless, very low z-score values, even if observed 
only once, should raise the question of whether there is underlying morbidity within the holistic 
clinical assessment of the child.  

During periods of severe illness (e.g. prolonged diarrhoea) one would expect very low velocity 
followed by compensatory high velocity (catch-up). During catch-up growth, one would expect 
successive increments to be repeatedly in the higher ranges. An important difference with attained 
growth is that single extreme values of increments are comparatively less worrisome. Ultimately, 
growth velocity must always be interpreted in conjunction with attained growth, since the position on 
the attained growth chart is essential to interpreting the growth rate. 

The velocity standards presented in this report provide a set of tools for monitoring the rapid and 
changing rate of growth in early childhood. Future research will need to determine what patterns of 
successive velocity thresholds over which specified intervals have the best diagnostic and prognostic 
validity for specific diseases. 
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1. INTRODUCTION 

The WHO Multicentre Growth Reference Study (MGRS) was implemented between 1997 and 2003 to 
develop growth standards for children below 5 years of age. The MGRS collected primary growth data 
and related information from 8440 healthy breastfed infants and young children from diverse ethnic 
backgrounds and cultural settings (de Onis et al., 2004a). The first set of the WHO Child Growth 
Standards based on length/height, weight and age that describe the attained growth of healthy children 
was released in April 2006. The second complementary set, based on head and arm circumference and 
subscapular and triceps skinfolds, followed a year later (WHO Multicentre Growth Reference Study 
Group, 2006a; 2007). The standards are based on a prescriptive approach using well-defined criteria, 
rigorous data-collection methods, sound data-management procedures, and state-of-the art statistical 
methods (de Onis et al., 2004b; Borghi et al., 2006).  

A key component in the MGRS design was a longitudinal cohort of children who were examined in a 
sequence of 21 visits starting at birth and ending at 24 months of age. Such frequently collected and 
well-controlled data are highly unusual, especially given the study's rigorous inclusion criteria (de 
Onis et al., 2004b). A principal rationale for the MGRS longitudinal component was to allow for 
development of velocity growth standards. 

Proponents of the use of growth velocity consider it a superior quantitative measure of growth 
compared to attained size for age (Tanner, 1952; Roche and Himes, 1980; Baumgartner et al., 1986; 
Guo et al., 1991). They point out that, whereas pathogenic factors affect growth velocity directly, their 
impact on attained size becomes evident only after the altered rate of growth has had time to produce 
its result (Tanner, 1952). In other words, examining velocity should lead to earlier identification of 
growth problems than would the examination of attained growth only. Despite their hypothesized 
advantage, there are far fewer velocity references than there are for attained growth, in part due to 
scarcity of appropriate longitudinal datasets. 

This report presents the WHO growth velocity standards and describes the methods used to construct 
the standards for weight conditional on age, weight conditional on age and birth weight, length 
conditional on age, and head circumference conditional on age. Strictly speaking, velocity is a change 
in value expressed in units per time period (e.g. g/time), while an increment is a change in value 
expressed in units (e.g. grams). Nevertheless, since the increments presented in this report refer to 
specific time periods (i.e. 1- to 6-month intervals), the terms velocity and increment will be used 
interchangeably.     

As part of the preparatory work for the construction of the standards presented in this report, an 
advisory group met in March 2007 to review uses of growth velocity standards in clinical practice, 
public health programmes, and research settings and to discuss available strategies and related 
methods for the construction of the velocity standards. Two background documents were prepared to 
guide the advisory group's discussions, one on technical and statistical issues (Himes and Frongillo, 
2007) and another on the presentation and application of such standards (Wright, 2007).  

Among technical issues discussed, the first was whether to model increments (i.e. using measurements) 
or changes in z-scores. The complexity in applying growth velocity using available presentation 
formats associated with the z-score scale was recognized.  

The second technical issue concerned which approach to statistical modelling to use for the increments, 
i.e. GAMLSS (Rigby and Stasinopoulos, 2005) or multi-level (ML) (Goldstein, 1986) modelling. The 
consensus was in favour of GAMLSS over ML modelling because it had been used more extensively 
in growth curve construction and its capabilities and associated diagnostic tests were better understood. 
Multi-level modelling was believed to be potentially extremely complex given the large number of 
growth intervals in the WHO standards data that would have to be modelled. In addition, use of the 
GAMLSS method as recommended by the background document on statistical issues (Himes and 
Frongillo, 2007) provided consistency with the methodology used to construct the WHO attained 
growth standards. Technical aspects regarding presentation and application included the choice of 
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variables and intervals, and whether data should be displayed as tables or curves. The need for 
guidance on the use and interpretation of velocity standards was also recognized. It was decided to 
develop velocity standards for the following anthropometric variables: weight (the most commonly 
used measurement and the most responsive to short-term influences); head circumference (the next 
most-used measurement in clinical settings, mainly by neonatologists and others caring for infants); 
and length (potentially useful since stunting originates in the first two years of life, and detecting 
changes in velocity during this period may be beneficial in terms of prevention). It was hypothesized 
that BMI velocity might be useful in predicting changes leading to extremes of adiposity. However, 
unreliability in BMI increments is a composite of measurement error from various sources. Moreover, 
BMI peaks during infancy and then drops through the second year. These characteristics make BMI 
velocity difficult to interpret, and there is little knowledge of its prognostic utility. Therefore, BMI 
velocity standards were not developed. The final choice of variables (weight, length and head 
circumference) is similar to other published velocity references (Falkner, 1958; Tanner et al., 1966a, 
1966b; Roche and Himes, 1980; Tanner and Davies, 1985; Baumgartner et al., 1986; Roche et al., 
1989; Guo et al., 1991; van't Hof et al., 2000). 

When selecting measurement intervals, account should be taken of the fact that the calculation of 
increments involves two measurement errors; hence data are usable only if the measurements are taken 
with reasonable care and accuracy. Measurement intervals should be wide enough that expected 
growth exceeds measurement error (Tanner, 1952; Cole, 1995; Himes, 1999). In some cases, velocity 
reference data (conditional on age) have been presented in yearly intervals (Tanner et al., 1966a; 
1966b; Prader et al., 1989), usually from early childhood to early adulthood. However, such intervals 
cannot be used to detect nascent growth problems with a view to initiating timely corrective action. 
Falkner (1958) presented reference data for length, weight and head circumference in intervals ranging 
from three months in the first year to six months in the second year, and one interval from age 2 to  
3 years. Baumgartner et al. (1986) published data for 6-month increments from birth to 18 years. 
Roche et al. (1989) presented centiles of monthly weight and length increments from the Fels 
Longitudinal sample (birth to 12 months). Two years later, Guo et al. (1991) published reference 
values of g/d or mm/d in variable (1- to 3-month) intervals. Following wide consultation with potential 
users of these standards (e.g. paediatric endocrinologists, neonatologists, lactation counsellors, 
managers of child health programmes, and researchers), the increments presented in this report are 
those considered to be the most useful clinically.  

The WHO velocity standards for weight are presented in two output types. The main output concerns 
increments conditional on age, presented as 1-month intervals from birth to 12 months, and in 2- to 6-
month intervals from birth to 24 months. The second output presents empirical centiles of increments 
from birth to 60 days in 1-week and 2-week intervals that coincide with the measurement schedule in 
the MGRS: birth to 7 days, and 7-14, 14-28, 28-42 and 42-60 days. These data are presented both as 
net increments in grams and as g/day velocities over each index period. It is expected that they will be 
especially useful for lactation management purposes during this critical period for establishing 
breastfeeding.  

The velocity standards for length are presented in 2- to 6-month increments from birth to 24 months. 
For head circumference, 2- and 3-month increments are presented from birth to 12 months, and 4- and 
6-month increments from birth to 24 months. We did not consider 1-month increments for length and 
head circumference to be clinically useful as the measurement error over such a short period exceeds 
the 5th centile as early as 6 months of age. For similar reasons, the 2- and 3-month increments for head 
circumference go up to 12 months of age only. The Technical Error of Measurement (TEM) in the 
longitudinal study of the MGRS was 0.38 cm for length and 0.24 cm for head circumference (WHO 
Multicentre Growth Reference Study Group, 2006b). Growth standards should allow for low velocities 
(e.g. 5th centile) to be detected with some certainty if they are to be clinically useful in detecting 
growth problems. The overall choice of intervals is supported by approaches suggested by other 
authors (Himes, 1999).  
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An important consideration regarding the presentation of standards relates to whether centiles are 
presented as curves or tabulated values. Curves for attained growth are commonly used to track 
individual growth patterns, but they cannot serve an equivalent purpose for growth velocity. High 
levels of intra-individual variation in velocity are normal, and it is not unusual for an infant whose 
increment at one interval was on the 5th centile to gain at the 75th centile during the next interval. 
Correlations between subsequent increments are typically low, reflecting a natural pattern of saltatory 
growth (Lampl et al., 1992) as well as possible catch-up or catch-down growth that contribute to 
overall narrowly canalized patterns in attained growth trajectories of individual children. For users 
habituated to attained growth curves, the interpretation of velocity curves presents a counter-intuitive 
logic: children are not expected to track on a fixed velocity curve (Healy et al., 1988) except perhaps 
in the median range (Tanner et al., 1966b). For example, a child whose weight velocity tracks on the 
3rd centile from 5 to 16 years of age would be lighter at 16 years than a 5 year-old (Baumgartner et al., 
1986). On the other hand, a child following the 97th centile from pre-school age would, by maturity, be 
pathologically enormous (Tanner et al., 1966b). 

The lack of correlation between increments makes it difficult to define what constitutes a normal or 
abnormal sequence of increments, leading to the recommendation that velocity be examined always in 
conjunction with related measures of attained growth (Tanner, 1952). Different variants of charts 
combining the concepts of attained size and velocity have been developed and proposed for clinical 
use, particularly in the United Kingdom (Wright et al., 1994; Cole, 1997; Cole, 1998; Wright et al., 
1998). However, those tools do not appear to have gained currency even when incorporated into 
computerized applications. 

The models used in developing the WHO growth velocity standards produce centiles on a continuous 
scale, but the final centile values are presented in tabular format only for the specific age intervals 
described earlier. Graphic diagnostic outputs with point estimates linked as curves (not model-based 
curves) are presented throughout the report to facilitate comparisons between fitted and empirical 
centiles. Electronic copies of the full set of velocity standards are available on the Web: 
www.who.int/childgrowth/en. These standards provide a set of tools for monitoring the rapid and 
changing rate of growth in early childhood.  
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2. METHODOLOGY 

2.1 Design of the WHO Multicentre Growth Reference Study 

The MGRS (July 1997–December 2003) was a population-based study undertaken in Davis, 
California, USA; Muscat, Oman; Oslo, Norway; and Pelotas, Brazil; and in selected affluent 
neighbourhoods of Accra, Ghana and South Delhi, India. The MGRS protocol and its implementation 
in the six sites are described in detail elsewhere (de Onis et al., 2004a). Briefly, the MGRS combined a 
longitudinal component from birth to 24 months with a cross-sectional component of children aged 
18–71 months. The longitudinal sample with visits planned at target ages allowed for the construction 
of growth velocity standards, which are the focus of this report. Mothers and newborns were screened 
and enrolled at birth and visited at home a total of 21 times on weeks 1, 2, 4 and 6; monthly from  
2–12 months; and bimonthly in the second year. Data were collected on anthropometry, motor 
development, feeding practices, child morbidity, perinatal factors, and socioeconomic, demographic 
and environmental characteristics (de Onis et al., 2004b). 

The study populations lived in socioeconomic conditions favourable to growth where mobility was 
low, ≥20% of mothers followed WHO feeding recommendations and breastfeeding support was 
available (de Onis et al., 2004b). Individual inclusion criteria were: no known health or environmental 
constraints to growth; mothers willing to follow MGRS feeding recommendations (i.e. exclusive or 
predominant breastfeeding for at least 4 months, introduction of complementary foods by the age of 
6 months, and continued partial breastfeeding up to at least 12 months); no maternal smoking before 
and after delivery; single term birth; and absence of significant morbidity (de Onis et al., 2004c).   

As part of the site-selection process in Ghana, India and Oman, surveys were conducted to identify 
socioeconomic characteristics that could be used to select groups whose growth was not 
environmentally constrained (Owusu et al., 2004; Bhandari et al., 2002; Mohamed et al., 2004). Local 
criteria for screening newborns, based on parental education and/or income levels, were developed 
from those surveys. Pre-existing survey data for this purpose were available from Brazil, Norway and 
the USA. The enrolment and baseline characteristics of the WHO Multicentre Growth Reference 
Study are described in detail elsewhere (WHO Multicentre Growth Reference Study Group, 2006c). 

Term low-birth-weight (<2500 g) infants (2.3%) were not excluded. Since it is likely that in well-off 
populations such infants represent small but normal children, their exclusion would have artificially 
distorted the standards’ lower centiles.  

2.2 Anthropometry methods 

Data collection teams were trained at each site during the study's preparatory phase, at which time 
measurement techniques were standardized against one of two MGRS anthropometry experts. During 
the study, bimonthly standardization sessions were conducted at each site. Once a year, the 
anthropometry expert visited each site to participate in these sessions (de Onis et al., 2004c). Results 
from the anthropometry standardization sessions have been reported elsewhere (WHO Multicentre 
Growth Reference Study Group, 2006b). For the longitudinal component of the study, screening teams 
measured newborns within 24 hours of delivery, and follow-up teams conducted home visits until 
24 months of age (de Onis et al., 2004b). 

The longitudinal component of the MGRS included data on weight, recumbent length (referred to 
subsequently as length) and head circumference, for which growth velocity standards are presented in 
this report. Observers working in pairs collected anthropometric data. Each observer independently 
measured and recorded a complete set of measurements, after which the two compared their readings. 
If any pair of readings exceeded the maximum allowable difference for a given variable (weight, 100 g; 
length, 7 mm; head circumference, 5 mm), both observers once again independently measured and 
recorded a second and, if necessary, a third set of readings for the variable(s) in question (de Onis et 
al., 2004b).  
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All study sites used identical measuring equipment. Instruments needed to be highly accurate and 
precise, yet sturdy and portable to enable them to be carried back and forth on home visits. Length was 
measured with the portable Harpenden Infantometer (range 30–110 cm, with digit counter readings 
precise to 1 mm). Portable electronic scales with a taring capability, calibrated to 0.1 kg (i.e. UNICEF 
Electronic Scale 890 or UNISCALE), were used to measure weight. A self-retracting, 0.7 cm-wide, 
flat metal tape with a blank lead-in strip (calibrated to 1 mm), was used to measure head 
circumference. Metal tapes were chosen because they are robust and accurate, and stay in a single 
plane around the head. They were replaced on a regular basis when the grading marks faded. Length 
and head circumference were recorded to the last completed unit rather than to the nearest unit. To 
correct for the systematic negative bias introduced by this practice, 0.05 cm (i.e. half of the smallest 
measurement unit) was added to each measurement before analysis. This correction did not apply to 
weight, which was rounded off to the nearest 100 g. Full details of the instruments used and how 
measurements were taken are provided elsewhere (de Onis et al., 2004c).  

2.3 Sample description 

A total of 1743 children were enrolled in the longitudinal sample, six of whom were excluded for 
morbidities affecting growth (4 cases of repeated episodes of diarrhoea, 1 case of repeated episodes of 
malaria, and 1 case of protein-energy malnutrition) leaving a sample of 1737 children (894 boys and 
843 girls). Of these, the mothers of 882 children (428 boys and 454 girls) complied fully with the 
MGRS infant-feeding and no-smoking criteria and completed the follow-up period of 24 months (96% 
of compliant children completed the 24-month follow-up) (Table 1).  

Table 1 Total sample and number of compliant children in the longitudinal component 

Complianta Site N Boys Girls Total 
Brazil 309 29 37 66 
Ghana 328 103 124 227 
India 301 84 89 173 
Norway 300 75 73 148 
Oman 291 73 76 149 
USA 208 64 55 119 
All 1737 428 454 882 

a Compliant with infant-feeding and no-smoking criteria and completed  
the 24-month follow-up. 

Based on the compliant children's data, 1-, 2-, 3-, 4- and 6-month increments were calculated for 
weight, length and head circumference. For weight, a total of 10 184 1-month increments (4909 for 
boys and 5275 for girls), 14 410 2-month increments (6950 for boys and 7460 for girls), 9294 3-month 
increments (4476 for boys and 4818 for girls), 12 690 4-month increments (6114 for boys and 6576 
for girls) and 10 999 6-month increments (5299 for boys and 5700 for girls) were calculated. Shorter 
interval increments were also calculated between birth and two months following the MGRS design 
for use in lactation management programs (see section 3.2). For these shorter intervals, there were 
2014 weight increments for boys and 2088 for girls. For length, a total of 14 520 2-month increments 
(7016 for boys and 7504 for girls), 9411 3-month increments (4545 for boys and 4866 for girls), 
12 803 4-month increments (6183 for boys and 6620 for girls) and 11 097 6-month increments  
(5358 for boys and 5739 for girls) were calculated. For head circumference, a total of 14 517 2-month 
increments (7005 for boys and 7512 for girls), 9405 3-month increments (4536 for boys and 4869 for 
girls), 12 807 4-month increments (6178 for boys and 6629 for girls) and 11 100  6-month increments 
(5353 for boys and 5747 for girls) were calculated. 
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2.4 Data cleaning procedures and correction to target age 

2.4.1 Data cleaning 

Weight 

Distributions of 1- and 2-month weight increments, not surprisingly, included negative increments 
(about 4.1% for the 1-month and 3.4% for the 2-month increments). In most cases, these were 
associated with reported morbidity and occurred mainly towards the end of Year 1 and in Year 2. Over 
99.5% of negative increments were retained, as they are part and parcel of normal growth. Of the 
16 403 weight values available, 57 (0.35%) with reported morbidity that entailed losses greater than 
250 g per month were set to missing. Four additional weights (0.02%) without reported morbidity but 
with losses greater than 350 g per month in Year 1 or 1 kg per month in Year 2 were also set to 
missing. The threshold was set at approximately 10% of the median birth weight for the first year, and 
at about 10% of the median weight of a child at 12 months for the second year. In routine paediatric 
care, large weight losses, even in the absence of reported morbidity, are a sign of underlying problems 
(sub-clinical illness or psychosocial problems) that normally trigger diagnostic investigations. It is 
important to note that weights and not increments were excluded, which means that the large negative 
increments and the usually large positive increments immediately following them were both excluded. 

Length and head circumference 

In the case of length and head circumference no values were set to missing. 

2.4.2 Correction to target age 

The actual ages at which the measurements were made were at times delayed (or advanced on a few 
occasions) compared to the target ages. This resulted in some measurement intervals being either 
longer or shorter than planned by the MGRS design (e.g. 61 days for a 2-month interval). The data 
were corrected to target age as shown in Table 2.  

Table 2 Maximum tolerable differences in days between planned and actual measurement 
ages. 

Age range 
(months) 

Maximum tolerable difference 
(Diff = Actual measurement age - target agea) 

0-6 ± 3 days 
6-12 ± 5 days 
12-24 ± 7 days 

a Target ages of the MGRS schedule were 0, 28, 61, 91, 122, 152, 183, 213, 
244, 274, 304, 335, 365, 426, 487, 548, 609, 670, 731 days 

The correction method was applied as follows: 

• when the Diff was positive and greater than the tolerable difference indicated in Table 2, the 
measurement (i.e. weight, length or head circumference) corresponding to the target age was 
estimated by linear interpolation using measurements at the immediate previous visit and at the 
actual measurement age corresponding to the interval of interest. For example, if a visit was 
done at day 100 the weight measurement for the target visit age (91 days) was derived by 
interpolating between the weights at age 61 days and age 100 days.  

• when the Diff was negative and greater in absolute value than the tolerable difference indicated 
in Table 2, the measurement (i.e. weight, length or head circumference) corresponding to the 
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target age was estimated by linear interpolation using measurements at the actual age 
corresponding to the interval of interest and the immediate subsequent age that corresponded to 
the next planned visit. For example, for a visit at age 80 days, the estimated weight for age 91 
days was based on weights at ages 80 and 122 days.  

The correction to target age was applied to less than 10% of all measurements. The final numbers of 
observed increments used in the construction of the WHO child growth velocity standards are shown 
in Table 3.  

Table 3 Number of increments available for the construction of the WHO child growth 
velocity standards by sex and anthropometric indicator 

Indicator Interval Girls Boys Total 
1-month 5242 4869 10 111 
2-month 7419 6889 14 308 
3-month 4789 4440   9229 
4-month 6537 6058 12 595 

Weight 

6-month 5662 5247 10 909 
2-month 7504 7016 14 520 
3-month 4866 4545   9411 
4-month 6620 6183 12 803 Length 

6-month 5739 5358 11 097 
2-montha 5316 4947 10 263 
3-month 4869 4536   9405 
4-month 6629 6178 12 807 Head circumference 

6-month 5747 5353 11 100 
a Number of available head circumference 2-month increments up to 14 months (see Chapter 5). 

The fact that visits in the second year took place at 2-month intervals was a limitation when it came to 
constructing the 3-month velocity standards. The latest 3-month increment that could be calculated 
based on observed measurements was from age 11 to 14 months. The approach proposed to construct 
3-month velocities for the full age range (birth to 24 months) was to use the parameter curves 
estimated for the 2-month (birth to 24 months), the 3-month (birth to 14 months) and the 4-month 
(birth to 24 months) intervals jointly in a cubic spline surface (described in section 2.5). In the case of 
head circumference, it was not necessary to apply this approach because the 3-month interval centiles 
were presented only up to age 12 months.  

2.5 Statistical methods for constructing the growth velocity standards 

The underlying methodology used for constructing the weight, length and head circumference velocity 
standards was the same used to construct the attained growth standards, i.e. the Box-Cox-power-
exponential distribution (BCPE — Rigby and Stasinopoulos, 2004) with a cubic spline smoothing 
function. The growth curve fitting method and diagnostic tools used to select the best models for each 
of the indicators are described in detail in the report on the WHO child growth standards (WHO 
Multicentre Growth Reference Study Group, 2006a; 2007). In sum, the diagnostics included the Q-
tests (Royston and Wright, 2000) and worm plots (van Buuren and Fredriks, 2001) for local and global 
goodness of fit. Patterns of differences between empirical and fitted centiles also were examined. 

Weight velocities conditional on age required adjustment of the methodology to handle anticipated 
negative weight increments resulting from weight losses. The BCPE distribution is defined only on 
positive values. Distributions other than the BCPE were investigated for capability to handle negative 
increments. The two distributions that could be applied with no restrictions were the Sinh-arcsinh 
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(SHASH) distribution (Jones and Pewsey, 2008) and the skew exponential power (SEP) distribution 
(DiCiccio and Monti, 2004). Both distributions are recent methodologies that have not been 
extensively applied and tested on empirical data. However, both are available for application with the 
GAMLSS package (Stasinopoulos et al., 2004).  

A few trials with the SHASH distribution were carried out using the 2-month weight increments 
sample. The modelling proved to be unstable. For example, in using the same approach as applied for 
the attained growth curves to select the best model, many of the models considered either failed to 
converge or did so only after 100 or more iterations. For the SEP distribution, also investigated using 
the 2-month weight increments sample, models would converge only for low degrees of freedom 
producing over-smoothed curves that fitted the data badly. Moreover, the SEP distribution requires 
numerical integration for the calculation of z-scores, which cannot be obtained without a computer. 
This would be a major drawback for the application of the growth velocity standards. Given the 
operational uncertainties around the application of these distributions and the poor results obtained 
when they were applied to the MGRS data, the decision was made to revert to the BCPE (which 
readily simplifies to the LMS method (Cole and Green, 1992) if no adjustment for kurtosis is 
necessary). 

In some cases, there was residual kurtosis after adjusting for the skewness parameter. Conducted 
comparisons demonstrated that adjusting for kurtosis resulted in very slight shifts in the predicted 
centiles. In order to avoid having to apply the necessarily complicated resulting z-score calculation 
formula, the decision was made not to model kurtosis. The velocity data were thus fitted using the 
LMS method. 

Before the BCPE could be applied to these data, it was necessary to add a constant value (termed delta, 
δ) to all weight increments to shift their distribution above zero. The BCPE was swift in fitting the 
data to predict centiles, which were then shifted downward by the pre-added delta. A similar procedure 
was applied in constructing the attained growth standards for length/height-for-age (WHO Multicentre 
Growth Reference Study Group, 2006a). To calculate z-scores, the delta value needs to be 
incorporated into the LMS formula. Delta should first be added to the child's increment and then the  
L, M and S values derived from the model fitted on the shifted observations should be used. When a 
child's increment is less than (-)delta (i.e. the increment is negative and its absolute value is greater 
than delta), the correction applied for the skewed attained growth standards beyond -3SD or +3SD 
applies (such an increment will always lie below -3SD). It was verified that, whereas the modelling 
process for each of these velocity standards was sensitive to the choice of delta, the final centile curves 
were practically unaffected and followed the empirical data closely.  

For each interval for which the weight increment was modelled, a constant delta value was added at all 
ages, but it varied by sex for some of the intervals. The delta values were near the absolute value of the 
minimum observed increment at each interval. In the case of the 1-month interval, delta was 400 g for 
both sexes; for the 2-month interval, it was 600 g for both sexes; for the 4-month interval, it was 500 g 
for boys and 800 g for girls; and in the case of the 6-month interval, it was 350 g for boys and 450 g 
for girls. Exceptionally, three observed losses in the 4-month interval data for girls were between 
600 g and 700 g. These were the result of smaller losses accumulated in two consecutive 2-month 
measurement intervals. Despite their magnitude, these negative increments were not excluded and in 
each case they were followed by compensatory large increments.   

As noted in section 2.4, observed 3-month increments were available only up to 14 months of age. The 
approach proposed to construct 3-month velocities for the full age range (birth to 24 months) was to 
use parameter curves (L, M and S) estimated for the 2-month (birth to 24 months), the 3-month (birth 
to 14 months), and the 4-month (birth to 24 months) intervals jointly in a cubic spline surface.  
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The following steps were undertaken: 

1. For weight, it was necessary to unify the delta across intervals for each sex (650 g for boys 
and 800 g for girls). The final BCPE model specifications for the 2- and 4-month intervals 
were re-applied to the data but using the unified delta values. For length, the final BCPE 
parameter estimates for the 2- and 4-month intervals were used.  

2. For both length and weight 3-month intervals, the search for the best BCPE model was carried 
out using only observed increments (i.e. 1-4mo, 2-5mo,…,11-14mo). To minimize the right 
edge effect, parameter estimates up to 12 months only were used in the analyses described 
below. 

3. L, M and S parameter estimates obtained in steps 1 and 2 were fed into a cubic spline fitting 
exercise (a surface fitting of the parameter as a function of age and interval) that was done for 
each of the parameters separately. The exception was the L values for length, which were 
estimated as constant values for both boys and girls. In this exercise, the ages corresponding to 
the intervals were shifted to their mid-point. The three parameters were each fitted on 
transformed age to the power 0.05 and, in addition, the natural logarithm transformation was 
applied to the S estimates (similar to GAMLSS modelling). 

4. The estimation obtained from the cubic splines for each of the L, M and S parameters allowed 
the prediction of the 3-month velocity from birth to 24 months.  

5. Finally, the predicted L, M and S values were used to construct the centile curves using the 
usual LMS formulae (including delta in the case of weight). 

The Q-test results were interpreted and considered simultaneously with results of worm plots (van 
Buuren and Fredriks, 2001). On a few occasions, the two diagnostic tools indicated significant residual 
skewness for the selected models (e.g. girls' 2-month length velocity conditional on age). Worm plots 
were examined to detect any misfit of the median or the variance, or remaining skewness. Given that 
adjustment for kurtosis was never considered, there were some cases where the plots remained 
depicting non-flat worms (as S-shaped worms). It is worth mentioning that in all cases with significant 
residual skewness, increasing the number of degrees of freedom used to fit the parameter ν did not 
improve model adequacy. The selection of the model in those cases relied more on the goodness of fit 
when comparing fitted with predicted 3rd to 97th centiles. In sum, difficulties experienced in finding 
models of best fit, especially in adjusting for skewness, likely indicate that the smoothing curves 
cannot fully capture the inherent fluctuations across ages, rather than that the BCPE inadequately fits 
the increments at each age. 

It is worth noting that in the case of velocities conditional on age, the variable age as used in the 
modelling exercise and subsequent diagnostic outputs refers to age in months at the end of the interval 
in question. For example, in the case of the 1-month weight velocity, an increment at age 5 months 
corresponds to the weight gain between ages 4 and 5 months. Prior to determining the best degrees of 
freedom for the parameter curves, a search was conducted for the best λ, the age-transformation power. 
For this, an arbitrary starting model (BCPE(x=ageλ, df(µ)=9, df(σ)=4, df(ν)=4, τ=2)) was used and the 
selection was based only on the global deviance values over a preset grid of λ values. The GAMLSS 
package (Stasinopoulos et al., 2004) was used to construct the growth standards.  
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3. CONSTRUCTION OF THE WEIGHT VELOCITY STANDARDS 

3.1 Weight velocities conditional on age 

The objective was to create sex-specific velocity curves for 1-, 2-, 3-, 4- and 6-month weight 
increments conditional on age. Tables generated from the 1-month increment curves contain estimated 
centiles for ages 0-1, 1-2, …, 11-12 months; tables generated from the 2-month increment curves 
contain estimated centiles for ages 0-2, 1-3, …, 22-24 months; tables generated from the 3-month 
increment curves contain estimated centiles for ages 0-3, 1-4, …, 21-24 months; tables generated from 
the 4-month increment curves provide estimated centiles for ages 0-4, 1-5, …, 20-24 months; and the 
tables from the 6-month increment curves provide estimated centiles for ages 0-6, 1-7, …,  
18-24 months. 

3.1.1 1-month intervals 

Boys 

There were 4869 1-month weight increments for boys. The best value of the age-transformation power 
was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model 
with df(µ)=9 and df(σ)=4 provided the smallest GAIC(3). The next step was to search for the best 
degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom 
for the previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=4 and 
the model BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=4, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A3, section A3.1a. The Q-test results (Table A3.1) 
and worm plots (Figure A3.1) from this model indicated residual skewness in only 1 out of 12 age 
groups. The overall Q-test p-values were all non-significant, indicating an adequate fit of the boys'  
1-month weight increments. Figure A3.2 shows the fitted µ, σ and ν curves (dotted blue line) against 
their corresponding empirical estimates (points in red). There is no evidence of bias in any of the 
parameters. The next three figures (A3.3, A3.4 and A3.5) show no evidence of bias when comparing 
fitted against empirical centiles or centile residuals, except for a minor over-estimation of about 20 g 
in the 50th and 75th centiles.  

Table 4 presents the predicted centiles for boys' 1-month weight velocities between birth and  
12 months.  

Girls 

There were 5242 1-month weight increments for girls, eleven of which were excluded as outliers, 
leaving a final sample of 5231 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=13 and df(σ)=4 provided the smallest GAIC(3). Yet the median fit for 
that model was under-smoothed compared to that of the boys and decreasing the df(µ) to 9 (the same 
as for the boys) resulted in a smoother curve. The next step was to search for the best degrees of 
freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom for the 
previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=1 so the model 
BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=1, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A3, section A3.1b. The Q-test results (Table A3.2) 
and worm plots (Figure A3.6) from this model indicated adequate fit as the overall Q-test p-values 
were non-significant at the 5% level. Figure A3.7 illustrates the fitting of parameters µ, σ and ν (dotted 
blue line) using the final model and their respective empirical estimates (points in red). No bias is 
observed for any of the parameters. Figures A3.8 and A3.9 show adequate fitting of centile curves. 
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Figure A3.10 depicts the distribution of the centile residuals, which indicate a slight over-estimation of 
the 75th centile (average of about 30 g) but no bias otherwise in any of the remaining centiles.  

Table 5 presents the predicted centiles for girls' 1-month weight velocities between birth and  
12 months.  

3.1.2 2-month intervals 

Boys 

There were 6889 2-month weight increments for boys, seven of which were excluded as outliers, 
leaving a final sample of 6882 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=12 and df(σ)=6 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=3 and the model BCPE(x=age0.05, df(µ)=12, df(σ)=6, df(ν)=3, τ=2) was further 
evaluated. 

The diagnostic results are presented in Appendix A3, section A3.2a. The Q-test results (Table A3.3) 
and worm plots (Figure A3.11) from this model indicated residual skewness in only 1 out of 17 age 
groups, and the overall Q-test p-values were non-significant at the 5% level. The fitted curves of the 
parameters µ, σ and ν seemed adequate when compared to the empirical values (Figure A3.12). The 
fitted centile curves and empirical centiles are shown in figures A3.13 and A3.14. Figure A3.15 shows 
the distribution of empirical minus fitted centile differences. There appears to be a slight but 
systematic under-estimation in the 25th centile, averaging about 25 g and countered by an equally 
slight over-estimation in the 75th centile. 

Table 6 presents the predicted centiles for boys' 2-month weight velocities between birth and  
24 months.  

Girls 

There were 7419 2-month weight increments for girls, ten of which were excluded as outliers, leaving 
a final sample of 7409 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=12 and df(σ)=5 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=4 and the model BCPE(x=age0.05, df(µ)=12, df(σ)=5, df(ν)=4, τ=2) was further 
evaluated. 

The diagnostic results are presented in Appendix A3, section A3.2b. The Q-test results (Table A3.4) 
and worm plots (Figure A3.16) from this model indicated residual skewness in only 1 out of 17 age 
groups and the overall Q-test p-values were non-significant at the 5% level. Figure A3.17 shows 
adequate fitting of the parameters µ, σ and ν with the respective sample estimates. Similar to the boys, 
comparisons between fitted and empirical centiles and centile residuals depict patterns of under-
estimation (25th centile) and over-estimation (75th centile) of about 25 g (Figures A3.18 to A3.20).  

Table 7 presents the predicted centiles for girls' 2-month weight velocities between birth and  
24 months.  
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3.1.3 3-month intervals 

Boys 

There were 4440 3-month weight increments for boys, three of which were excluded as outliers, 
leaving a final sample of 4437 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=8 and df(σ)=3 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=1 but df(ν)=2 yielded very similar GAIC(3) value and allowed the ν curve to 
closely follow the patterns observed for the 2- and 4-month intervals. Thus, for the benefit of jointly 
modelling parameter curves for the three intervals, the model BCPE(x=age0.05, df(µ)=8, df(σ)=3, 
df(ν)=2, τ=2) was selected to predict the boys' 3-month interval parameter curves up to age 12 months 
(see step 2 in section 2.5). 

Those parameter estimates were joined to their equivalents obtained from the 2- and 4-month interval 
models (birth to 24 months) using the unified delta value (650 g) and a cubic spline surface was fitted 
for each parameter (L, M and S). The resulting predicted parameter estimates for interval 3-months 
(birth to 24 months) were used to construct the final centiles for boys.  

The diagnostic results are presented in Appendix A3, section A3.3a. Figures A3.21 to A3.23 show 
minor bias (25 g on average) in the 10th and lower centiles (under-estimation) and a slight over-
estimation in the 75th and 90th centiles (less than 50 g on average).  

Table 8 presents the predicted centiles for boys' 3-month weight velocities between birth and  
24 months. 

Girls 

There were a total of 4789 3-month weight increments for girls, seven of which were excluded as 
outliers, leaving a final sample of 4782 observations for the modelling exercise. The smallest global 
deviance value corresponded to the age-transformation power λ=0.05. The search for the best df(µ) 
and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=8 and df(σ)=4 provided the 
smallest GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν 
for skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=4. The model BCPE(x=age0.05, df(µ)=8, df(σ)=4, 
df(ν)=4, τ=2) was selected to predict the girls' 3-month interval parameter curves up to age 12 months. 

In accordance with step 3 of the methodology described in section 2.5, those parameter estimates were 
joined to their equivalents obtained from the 2- and 4-month interval models (birth to 24 months) 
using the unified delta value (800 g) and a cubic spline surface was fitted for each parameter (L, M 
and S). The resulting predicted parameter estimates for interval 3-months (birth to 24 months) were 
used to construct the final centiles for girls.  

The diagnostic results are presented in Appendix A3, section A3.3b. The concordance between the 
predicted centiles and empirical values was evaluated by the comparisons in figures A3.24 to A3.26. 
Those show a slight over-estimation of about 50 g in the 75th and 90th centiles. 

Table 9 presents the predicted centiles for girls' 3-month weight velocities between birth and  
24 months. 
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3.1.4 4-month intervals 

Boys 

There were 6058 4-month weight increments for boys, two of which were excluded as outliers, leaving 
a final sample of 6056 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=11 and df(σ)=5 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=6 but with negligible difference from that yielded when df(ν)=5. The model 
with the smaller df(ν) was selected, i.e. model BCPE(x=age0.05, df(µ)=11, df(σ)=5, df(ν)=5, τ=2) and 
further evaluated. 

The diagnostic results are presented in Appendix A3, section A3.4a. The Q-test results (Table A3.5) 
and worm plots (Figure A3.27) from this model indicated residual skewness in only 1 out of 15 age 
groups, with an overall Q-test p-value that was only marginally significant at the 5% level and thus the 
model was considered adequate. Figure A3.28 shows the fitted µ, σ and ν curves against their 
corresponding empirical estimates. Although there are notable fluctuations for the σ and ν parameters, 
the fitted curves seem adequate. The next three plots (figures A3.29 to A3.31) show no evidence of 
bias when comparing fitted against empirical centiles or centile residuals, except for an under-
estimation in the 5th and 10th centiles, and an over-estimation in the 75th centile both less than 50 g.  

Table 10 presents the predicted centiles for boys' 4-month weight velocities between birth and  
24 months.  

Girls 

There were 6537 4-month weight increments for girls, four of which were excluded as outliers, 
leaving a final sample of 6533 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=9 and df(σ)=5 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=5 and the model BCPE(x=age0.05, df(µ)=9, df(σ)=5, df(ν)=5, τ=2) was further 
evaluated. 

The diagnostic results are presented in Appendix A3, section A3.4b. The Q-test results (Table A3.6) 
and worm plots (Figure A3.32) from this model indicated residual skewness in 3 out of 15 age groups. 
The overall Q-test p-value was marginally significant at the 5% level (p-value=0.0441). Figure A3.33 
shows adequate fitting of the parameters µ, σ and ν with the respective sample estimates. Comparisons 
between fitted and empirical centiles and centile residuals depict patterns of under-estimation in the 
10th and 97th centiles and over-estimation in the 75th centile by about 50 g (Figures A3.34 to A3.36). In 
sum, the selected model was considered adequate for constructing the 4-month velocity for girls. 

Table 11 presents the predicted centiles for girls' 4-month weight velocities between birth and  
24 months.  
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3.1.5 6-month intervals 

Boys 

There were 5247 6-month weight increments for boys, one of which was excluded as an outlier, 
leaving a final sample of 5246 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=10 and df(σ)=5 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=3. Thus the model BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=3, τ=2) was 
further evaluated. 

The diagnostic results are presented in Appendix A3, section A3.5a. The Q-test results (Table A3.7) 
and worm plots (Figure A3.37) from this model indicated residual skewness in only 1 out of 13 age 
groups, with an overall Q-test p-value that was non-significant at the 5% level and thus the model was 
considered adequate. Figure A3.38 shows the fitted µ, σ and ν curves against their corresponding 
empirical estimates. There are some fluctuations for the parameter ν yet the fitted curve seems 
adequate. The next three plots (figures A3.39, A3.40 and A3.41) show a slight bias (of about 50 g) 
when comparing fitted against empirical centiles or centile residuals at the 5th and 10th centiles (under-
estimation) and at the 75th and 90th centiles (over-estimation).  

Table 12 presents the predicted centiles for boys' 6-month weight velocities between birth and  
24 months.  

Girls 

There were 5662 6-month weight increments for girls, five of which were excluded as outliers, leaving 
a final sample of 5657 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=7 and df(σ)=5 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=4 and the model BCPE(x=age0.05, df(µ)=7, df(σ)=5, df(ν)=4, τ=2) was further 
evaluated. 

The diagnostic results are presented in Appendix A3, section A3.5b. The Q-test results (Table A3.8) 
and worm plots (Figure A3.42) from this model indicated residual skewness in 2 out of 13 age groups. 
The overall Q-test p-value for this parameter was marginally significant at the 5% level  
(p-value=0.0448). Figure A3.43 shows adequate fitting of the parameters µ, σ and ν with the 
respective sample estimates. Comparisons between fitted and empirical centiles and centile residuals 
depict patterns of under-estimation in the 5th and 10th centiles by less than 50 g and over-estimation in 
the 75th and 90th centiles by about 50 g (Figures A3.44 to A3.46). In sum, the selected model was 
considered adequate for constructing the 6-month velocity for girls. 

Table 13 presents the predicted centiles for girls' 6-month weight velocities between birth and  
24 months.  

 



 

 
 

Table 4 Boys 1-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th 
0-4 wks 1.3828 1423.0783 0.22048 400 182 369 460 681 805 1023 1229 1336 1509 1575 1697 
4 wks-2 mo 0.7241 1596.3470 0.19296 400 528 648 713 886 992 1196 1408 1524 1724 1803 1955 
2-3 mo 0.6590 1215.3989 0.19591 400 307 397 446 577 658 815 980 1071 1228 1290 1410 
3-4 mo 0.7003 1017.0488 0.20965 400 160 241 285 403 476 617 764 845 985 1041 1147 
4-5 mo 0.7419 921.6249 0.22790 400 70 150 194 311 383 522 666 746 883 937 1041 
5-6 mo 0.7668 822.1842 0.24854 400 -17 61 103 217 287 422 563 640 773 826 927 
6-7 mo 0.7688 756.5306 0.26783 400 -76 0 42 154 223 357 496 573 706 758 859 
7-8 mo 0.7624 715.6257 0.28677 400 -118 -43 -1 111 181 316 457 535 671 724 827 
8-9 mo 0.7620 684.7459 0.30439 400 -153 -77 -36 77 148 285 429 508 646 701 806 
9-10 mo 0.7659 658.5809 0.32154 400 -183 -108 -66 48 120 259 405 486 627 683 790 
10-11 mo 0.7713 643.4374 0.33882 400 -209 -132 -89 27 100 243 394 478 623 680 791 
11-12 mo 0.7761 639.4743 0.35502 400 -229 -150 -106 15 91 239 397 484 635 695 811 
      
Interval La Ma Sa δ -3SD -2SD -1SD Median 1SD 2SD 3SD
0-4 wks 1.3828 1423.0783 0.22048 400 -160 321 694 1023 1325 1608 1876 
4 wks-2 mo 0.7241 1596.3470 0.19296 400 354 615 897 1196 1512 1844 2189 
2-3 mo 0.6590 1215.3989 0.19591 400 178 372 585 815 1061 1322 1597 
3-4 mo 0.7003 1017.0488 0.20965 400 44 219 411 617 837 1069 1313 
4-5 mo 0.7419 921.6249 0.22790 400 -45 128 318 522 738 965 1202 
5-6 mo 0.7668 822.1842 0.24854 400 -128 40 224 422 632 853 1083 
6-7 mo 0.7688 756.5306 0.26783 400 -183 -21 161 357 565 785 1014 
7-8 mo 0.7624 715.6257 0.28677 400 -223 -63 118 316 528 752 987 
8-9 mo 0.7620 684.7459 0.30439 400 -256 -98 84 285 500 729 969 
9-10 mo 0.7659 658.5809 0.32154 400 -286 -128 55 259 478 711 956 
10-11 mo 0.7713 643.4374 0.33882 400 -312 -153 34 243 469 710 963 
11-12 mo 0.7761 639.4743 0.35502 400 -333 -172 22 239 475 726 990 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile (or Median) values. 
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Table 5 Girls 1-month weight increments (g) 

Interval La Ma S δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th 
0-4 wks 0.7781 1279.4834 0.21479 400 280 388 446 602 697 879 1068 1171 1348 1418 1551 
4 wks-2 mo 0.7781 1411.1075 0.19384 400 410 519 578 734 829 1011 1198 1301 1476 1545 1677 
2-3 mo 0.7781 1118.0098 0.19766 400 233 321 369 494 571 718 869 952 1094 1150 1256 
3-4 mo 0.7781 984.8825 0.20995 400 133 214 259 376 448 585 726 804 937 990 1090 
4-5 mo 0.7781 888.9803 0.22671 400 51 130 172 286 355 489 627 703 833 885 983 
5-6 mo 0.7781 801.3910 0.24596 400 -24 52 93 203 271 401 537 611 739 790 886 
6-7 mo 0.7781 744.3023 0.26515 400 -79 -4 37 146 214 344 480 555 684 734 832 
7-8 mo 0.7781 710.6923 0.28409 400 -119 -44 -2 109 178 311 450 526 659 711 811 
8-9 mo 0.7781 672.6072 0.30106 400 -155 -81 -40 70 139 273 412 489 623 675 776 
9-10 mo 0.7781 644.6032 0.31676 400 -184 -110 -70 41 110 245 385 464 598 652 754 
10-11 mo 0.7781 633.2166 0.33208 400 -206 -131 -89 24 95 233 378 459 598 653 759 
11-12 mo 0.7781 631.7383 0.34627 400 -222 -145 -102 15 88 232 383 467 612 670 781 
      
Interval La Ma Sa δ -3SD -2SD -1SD Median 1SD 2SD 3SD
0-4 wks 0.7781 1279.4834 0.21479 400 123 358 611 879 1161 1453 1757 
4 wks-2 mo 0.7781 1411.1075 0.19384 400 251 490 744 1011 1290 1580 1880 
2-3 mo 0.7781 1118.0098 0.19766 400 105 297 502 718 944 1178 1421 
3-4 mo 0.7781 984.8825 0.20995 400 14 192 383 585 796 1016 1244 
4-5 mo 0.7781 888.9803 0.22671 400 -62 108 293 489 695 911 1134 
5-6 mo 0.7781 801.3910 0.24596 400 -132 31 210 401 604 815 1036 
6-7 mo 0.7781 744.3023 0.26515 400 -185 -24 153 344 547 760 982 
7-8 mo 0.7781 710.6923 0.28409 400 -224 -64 116 311 519 738 967 
8-9 mo 0.7781 672.6072 0.30106 400 -259 -101 77 273 482 702 933 
9-10 mo 0.7781 644.6032 0.31676 400 -286 -131 48 245 456 679 913 
10-11 mo 0.7781 633.2166 0.33208 400 -307 -151 31 233 451 682 924 
11-12 mo 0.7781 631.7383 0.34627 400 -324 -166 22 232 458 699 953 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile (or Median) values. 
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Table 6 Boys 2-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.7188 2815.6120 0.17422 600 1144 1338 1443 1720 1890 2216 2552 2737 3054 3179 3418
1-3 mo 0.6464 2592.0761 0.17025 600 1040 1211 1303 1549 1701 1992 2296 2463 2753 2868 3088
2-4 mo 0.6071 2038.1036 0.17559 600 675 810 884 1081 1202 1438 1685 1822 2059 2154 2336
3-5 mo 0.5915 1744.8197 0.18708 600 455 576 642 820 930 1145 1371 1496 1715 1802 1970
4-6 mo 0.5891 1541.3670 0.20130 600 291 404 466 634 738 941 1156 1277 1486 1569 1731
5-7 mo 0.5954 1377.6979 0.21318 600 165 271 330 487 585 778 982 1096 1294 1374 1528
6-8 mo 0.6088 1272.5277 0.22426 600 79 182 238 390 486 673 871 982 1175 1252 1402
7-9 mo 0.6270 1201.4599 0.23472 600 16 117 172 323 417 601 797 907 1098 1174 1322
8-10 mo 0.6486 1143.8903 0.24611 600 -41 60 115 266 360 544 739 848 1039 1115 1261
9-11 mo 0.6725 1101.6312 0.25918 600 -92 10 67 219 315 502 700 810 1003 1079 1227
10-12 mo 0.6959 1077.9049 0.27217 600 -132 -28 30 187 286 478 681 795 992 1070 1221
11-13 mo 0.7191 1057.9071 0.28462 600 -169 -62 -2 159 260 458 666 782 984 1064 1218
12-14 mo 0.7399 1037.0541 0.29479 600 -202 -92 -31 133 236 437 648 766 969 1050 1206
13-15 mo 0.7597 1014.1850 0.30285 600 -230 -119 -58 109 212 414 626 744 947 1028 1183
14-16 mo 0.7771 1000.5821 0.30864 600 -250 -138 -75 93 197 401 614 731 935 1016 1170
15-17 mo 0.7929 999.4661 0.31290 600 -262 -148 -84 87 193 399 615 734 939 1020 1176
16-18 mo 0.8078 1000.9680 0.31615 600 -272 -155 -90 84 192 401 619 739 945 1027 1183
17-19 mo 0.8210 998.4215 0.31858 600 -281 -162 -97 79 188 398 617 737 944 1025 1181
18-20 mo 0.8335 992.8040 0.32058 600 -291 -170 -104 73 182 393 611 731 937 1018 1173
19-21 mo 0.8447 986.9799 0.32222 600 -299 -178 -111 67 176 387 605 725 929 1010 1164
20-22 mo 0.8554 981.7965 0.32377 600 -307 -185 -118 61 171 382 599 719 923 1003 1156
21-23 mo 0.8655 978.4016 0.32529 600 -314 -191 -123 57 167 378 596 715 919 999 1151
22-24 mo 0.8748 976.3696 0.32673 600 -320 -196 -128 53 164 376 594 713 917 997 1149

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 6 Boys 2-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.7188 2815.6120 0.17422 600 862 1285 1737 2216 2718 3243 3788
1-3 mo 0.6464 2592.0761 0.17025 600 795 1165 1564 1992 2446 2926 3430
2-4 mo 0.6071 2038.1036 0.17559 600 480 773 1093 1438 1808 2202 2619
3-5 mo 0.5915 1744.8197 0.18708 600 282 543 831 1145 1484 1846 2233
4-6 mo 0.5891 1541.3670 0.20130 600 131 373 644 941 1264 1612 1984
5-7 mo 0.5954 1377.6979 0.21318 600 16 242 497 778 1084 1414 1769
6-8 mo 0.6088 1272.5277 0.22426 600 -64 154 400 673 970 1292 1636
7-9 mo 0.6270 1201.4599 0.23472 600 -126 89 332 601 896 1213 1553
8-10 mo 0.6486 1143.8903 0.24611 600 -181 32 275 544 837 1153 1491
9-11 mo 0.6725 1101.6312 0.25918 600 -233 -18 229 502 799 1119 1459
10-12 mo 0.6959 1077.9049 0.27217 600 -278 -56 197 478 783 1110 1458
11-13 mo 0.7191 1057.9071 0.28462 600 -318 -91 169 458 771 1105 1459
12-14 mo 0.7399 1037.0541 0.29479 600 -353 -122 144 437 754 1092 1448
13-15 mo 0.7597 1014.1850 0.30285 600 -383 -149 119 414 732 1069 1424
14-16 mo 0.7771 1000.5821 0.30864 600 -405 -168 103 401 719 1057 1410
15-17 mo 0.7929 999.4661 0.31290 600 -421 -179 98 399 722 1061 1416
16-18 mo 0.8078 1000.9680 0.31615 600 -434 -187 95 401 726 1068 1424
17-19 mo 0.8210 998.4215 0.31858 600 -446 -195 90 398 725 1067 1422
18-20 mo 0.8335 992.8040 0.32058 600 -457 -203 84 393 719 1059 1412
19-21 mo 0.8447 986.9799 0.32222 600 -467 -211 78 387 712 1051 1401
20-22 mo 0.8554 981.7965 0.32377 600 -477 -218 72 382 707 1044 1391
21-23 mo 0.8655 978.4016 0.32529 600 -486 -224 68 378 703 1039 1385
22-24 mo 0.8748 976.3696 0.32673 600 -495 -230 65 376 701 1037 1382

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Table 7 Girls 2-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.4599 2497.0406 0.18000 600 968 1128 1216 1455 1604 1897 2210 2386 2696 2820 3062
1-3 mo 0.3294 2314.2285 0.17612 600 890 1030 1107 1317 1450 1714 2000 2163 2452 2569 2799
2-4 mo 0.3128 1907.0116 0.17761 600 625 740 804 978 1088 1307 1545 1681 1922 2020 2213
3-5 mo 0.3560 1673.5778 0.18421 600 451 556 615 773 874 1074 1290 1413 1632 1720 1894
4-6 mo 0.4264 1482.7466 0.19524 600 295 395 450 600 695 883 1085 1200 1403 1486 1646
5-7 mo 0.5002 1342.3734 0.20864 600 170 267 321 468 560 742 938 1048 1243 1321 1473
6-8 mo 0.5699 1251.4869 0.22315 600 76 175 229 377 469 651 846 955 1147 1223 1372
7-9 mo 0.6268 1181.4135 0.23586 600 3 103 157 306 399 581 775 883 1072 1147 1293
8-10 mo 0.6730 1116.8192 0.24680 600 -59 40 95 243 336 517 708 814 999 1073 1215
9-11 mo 0.7102 1078.3961 0.25656 600 -104 -3 53 203 297 478 670 776 960 1033 1174
10-12 mo 0.7382 1058.4112 0.26494 600 -135 -31 26 179 274 458 652 759 944 1018 1159
11-13 mo 0.7605 1040.8737 0.27292 600 -163 -57 1 157 254 441 637 745 932 1005 1147
12-14 mo 0.7762 1027.9459 0.28011 600 -185 -78 -19 140 238 428 626 736 924 999 1142
13-15 mo 0.7864 1019.6870 0.28705 600 -204 -95 -35 127 227 420 621 732 924 999 1144
14-16 mo 0.7913 1016.4898 0.29343 600 -219 -108 -47 118 220 416 622 735 930 1007 1154
15-17 mo 0.7922 1017.5335 0.29961 600 -231 -118 -55 112 216 418 627 743 943 1021 1172
16-18 mo 0.7902 1017.2241 0.30592 600 -243 -128 -64 106 212 417 631 750 954 1035 1189
17-19 mo 0.7866 1012.8511 0.31201 600 -255 -139 -75 97 205 413 631 751 959 1041 1199
18-20 mo 0.7827 1007.2711 0.31824 600 -267 -151 -86 88 196 407 628 751 962 1046 1206
19-21 mo 0.7795 1001.8324 0.32415 600 -279 -162 -97 79 188 402 626 750 965 1050 1213
20-22 mo 0.7771 993.3265 0.33014 600 -291 -174 -109 67 178 393 620 745 963 1049 1214
21-23 mo 0.7755 980.7096 0.33605 600 -305 -189 -124 53 164 381 608 735 954 1040 1207
22-24 mo 0.7743 967.2057 0.34166 600 -318 -202 -137 39 150 367 596 723 942 1029 1197

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 7 Girls 2-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.4599 2497.0406 0.18000 600 742 1085 1469 1897 2368 2884 3445
1-3 mo 0.3294 2314.2285 0.17612 600 695 991 1330 1714 2146 2630 3167
2-4 mo 0.3128 1907.0116 0.17761 600 465 709 989 1307 1667 2071 2522
3-5 mo 0.3560 1673.5778 0.18421 600 304 528 783 1074 1400 1766 2172
4-6 mo 0.4264 1482.7466 0.19524 600 156 367 609 883 1189 1528 1901
5-7 mo 0.5002 1342.3734 0.20864 600 34 241 477 742 1037 1361 1714
6-8 mo 0.5699 1251.4869 0.22315 600 -61 148 386 651 944 1263 1607
7-9 mo 0.6268 1181.4135 0.23586 600 -136 75 315 581 872 1186 1522
8-10 mo 0.6730 1116.8192 0.24680 600 -199 13 253 517 803 1110 1437
9-11 mo 0.7102 1078.3961 0.25656 600 -246 -30 212 478 765 1070 1393
10-12 mo 0.7382 1058.4112 0.26494 600 -280 -60 188 458 748 1055 1378
11-13 mo 0.7605 1040.8737 0.27292 600 -311 -86 167 441 734 1043 1367
12-14 mo 0.7762 1027.9459 0.28011 600 -336 -107 150 428 724 1037 1363
13-15 mo 0.7864 1019.6870 0.28705 600 -358 -125 137 420 721 1038 1368
14-16 mo 0.7913 1016.4898 0.29343 600 -375 -138 128 416 723 1046 1383
15-17 mo 0.7922 1017.5335 0.29961 600 -389 -149 123 418 731 1062 1406
16-18 mo 0.7902 1017.2241 0.30592 600 -402 -159 117 417 738 1076 1428
17-19 mo 0.7866 1012.8511 0.31201 600 -414 -171 108 413 739 1083 1443
18-20 mo 0.7827 1007.2711 0.31824 600 -426 -183 99 407 738 1088 1455
19-21 mo 0.7795 1001.8324 0.32415 600 -438 -194 89 402 738 1093 1466
20-22 mo 0.7771 993.3265 0.33014 600 -450 -207 78 393 733 1093 1471
21-23 mo 0.7755 980.7096 0.33605 600 -462 -221 64 381 722 1085 1466
22-24 mo 0.7743 967.2057 0.34166 600 -474 -234 50 367 710 1074 1457

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Table 8 Boys 3-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th 
0-3 mo 0.6854 3638.8730 0.15801 650 1733 1960 2083 2409 2608 2989 3383 3600 3972 4119 4401 
1-4 mo 0.6503 3215.1010 0.16539 650 1415 1621 1733 2031 2214 2565 2931 3132 3480 3618 3882 
2-5 mo 0.5884 2661.5629 0.17708 650 1011 1187 1284 1542 1702 2012 2337 2518 2833 2958 3199 
3-6 mo 0.5368 2231.9042 0.18850 650 704 856 940 1166 1307 1582 1874 2038 2323 2438 2659 
4-7 mo 0.4999 1939.0717 0.19877 650 496 632 707 910 1038 1289 1558 1709 1975 2082 2289 
5-8 mo 0.4819 1745.5952 0.20848 650 355 480 550 739 859 1096 1350 1494 1748 1850 2049 
6-9 mo 0.4866 1611.6464 0.21853 650 249 369 436 618 733 962 1208 1348 1595 1694 1888 
7-10 mo 0.5135 1514.8958 0.22940 650 162 280 346 526 639 865 1108 1246 1489 1587 1778 
8-11 mo 0.5582 1442.6013 0.24108 650 86 205 271 452 567 793 1036 1173 1414 1511 1700 
9-12 mo 0.6092 1387.8840 0.25261 650 21 142 210 393 509 738 982 1120 1360 1457 1644 
10-13 mo 0.6580 1346.3553 0.26315 650 -35 90 159 347 465 696 942 1080 1320 1416 1602 
11-14 mo 0.7000 1314.9304 0.27214 650 -80 48 119 310 430 665 913 1051 1291 1387 1571 
12-15 mo 0.7323 1291.3726 0.27922 650 -115 16 88 283 404 641 891 1029 1269 1364 1547 
13-16 mo 0.7550 1273.8860 0.28446 650 -141 -8 65 263 385 624 874 1012 1252 1347 1529 
14-17 mo 0.7695 1261.0053 0.28821 650 -159 -25 49 248 372 611 861 1000 1239 1334 1515 
15-18 mo 0.7769 1251.6296 0.29074 650 -171 -36 38 238 362 602 852 991 1230 1324 1505 
16-19 mo 0.7781 1244.9248 0.29231 650 -177 -42 32 231 355 595 846 984 1223 1317 1499 
17-20 mo 0.7740 1240.2027 0.29311 650 -180 -46 28 227 351 590 841 979 1218 1313 1494 
18-21 mo 0.7663 1235.8993 0.29350 650 -180 -47 26 224 347 586 836 975 1214 1308 1490 
19-22 mo 0.7569 1229.8975 0.29388 650 -180 -49 24 220 342 580 829 968 1207 1302 1484 
20-23 mo 0.7475 1220.6029 0.29460 650 -183 -53 19 213 334 571 819 957 1196 1291 1473 
21-24 mo 0.7393 1206.8517 0.29591 650 -189 -61 10 202 322 557 804 941 1179 1274 1455 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 8 Boys 3-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.6854 3638.8730 0.15801 650 1401 1899 2428 2989 3578 4194 4836
1-4 mo 0.6503 3215.1010 0.16539 650 1116 1565 2049 2565 3112 3688 4293
2-5 mo 0.5884 2661.5629 0.17708 650 758 1139 1558 2012 2500 3022 3576
3-6 mo 0.5368 2231.9042 0.18850 650 488 815 1180 1582 2021 2496 3007
4-7 mo 0.4999 1939.0717 0.19877 650 305 595 923 1289 1694 2137 2618
5-8 mo 0.4819 1745.5952 0.20848 650 179 446 751 1096 1479 1902 2365
6-9 mo 0.4866 1611.6464 0.21853 650 82 336 629 962 1334 1745 2197
7-10 mo 0.5135 1514.8958 0.22940 650 -2 248 537 865 1232 1637 2081
8-11 mo 0.5582 1442.6013 0.24108 650 -79 173 464 793 1159 1561 1998
9-12 mo 0.6092 1387.8840 0.25261 650 -148 109 405 738 1105 1506 1938
10-13 mo 0.6580 1346.3553 0.26315 650 -208 56 358 696 1066 1466 1893
11-14 mo 0.7000 1314.9304 0.27214 650 -258 13 322 665 1037 1435 1858
12-15 mo 0.7323 1291.3726 0.27922 650 -297 -20 295 641 1015 1412 1832
13-16 mo 0.7550 1273.8860 0.28446 650 -326 -44 275 624 998 1395 1811
14-17 mo 0.7695 1261.0053 0.28821 650 -346 -61 260 611 986 1382 1797
15-18 mo 0.7769 1251.6296 0.29074 650 -358 -73 250 602 977 1372 1786
16-19 mo 0.7781 1244.9248 0.29231 650 -365 -79 244 595 970 1366 1779
17-20 mo 0.7740 1240.2027 0.29311 650 -366 -82 239 590 965 1361 1775
18-21 mo 0.7663 1235.8993 0.29350 650 -365 -83 236 586 960 1357 1772
19-22 mo 0.7569 1229.8975 0.29388 650 -363 -85 232 580 954 1350 1767
20-23 mo 0.7475 1220.6029 0.29460 650 -362 -89 225 571 943 1339 1756
21-24 mo 0.7393 1206.8517 0.29591 650 -365 -96 214 557 927 1322 1738

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Table 9 Girls 3-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th 
0-3 mo 0.2298 3403.9240 0.16227 800 1493 1681 1784 2067 2247 2604 2992 3215 3610 3772 4089 
1-4 mo 0.0924 3054.3512 0.15958 800 1293 1453 1542 1785 1941 2254 2600 2799 3159 3307 3600 
2-5 mo 0.0599 2618.6440 0.16338 800 983 1120 1197 1409 1545 1819 2123 2299 2619 2751 3013 
3-6 mo 0.1300 2277.5681 0.16990 800 718 843 913 1106 1229 1478 1752 1911 2197 2315 2549 
4-7 mo 0.2404 2030.2917 0.17960 800 507 627 694 878 995 1230 1488 1636 1901 2009 2223 
5-8 mo 0.3580 1855.0162 0.19157 800 342 461 528 710 825 1055 1305 1447 1700 1803 2005 
6-9 mo 0.4576 1724.5802 0.20334 800 212 333 400 582 697 925 1170 1309 1554 1653 1846 
7-10 mo 0.5317 1624.4588 0.21350 800 113 234 301 484 598 824 1066 1202 1442 1538 1724 
8-11 mo 0.5891 1552.7117 0.22168 800 40 162 230 413 528 753 992 1126 1360 1454 1636 
9-12 mo 0.6373 1506.4120 0.22796 800 -11 113 181 366 481 706 944 1077 1308 1401 1579 
10-13 mo 0.6806 1476.5227 0.23285 800 -49 78 147 334 451 677 914 1046 1275 1366 1542 
11-14 mo 0.7211 1455.9527 0.23682 800 -79 51 122 311 429 656 894 1025 1252 1342 1515 
12-15 mo 0.7527 1442.0871 0.24040 800 -102 30 102 294 413 642 880 1012 1239 1328 1500 
13-16 mo 0.7679 1434.2381 0.24403 800 -120 14 88 283 403 634 875 1007 1235 1325 1497 
14-17 mo 0.7642 1431.1099 0.24794 800 -131 4 78 275 397 631 875 1010 1241 1333 1508 
15-18 mo 0.7482 1429.1551 0.25198 800 -139 -4 70 269 392 629 877 1014 1251 1344 1524 
16-19 mo 0.7267 1425.3256 0.25598 800 -147 -12 62 261 385 625 877 1017 1258 1354 1538 
17-20 mo 0.7032 1418.4764 0.25989 800 -155 -21 53 252 376 618 873 1015 1261 1359 1548 
18-21 mo 0.6782 1409.2288 0.26384 800 -163 -30 43 241 366 609 867 1011 1262 1361 1554 
19-22 mo 0.6522 1398.1693 0.26792 800 -172 -41 32 229 354 598 859 1005 1260 1362 1559 
20-23 mo 0.6262 1385.3711 0.27191 800 -181 -52 20 216 340 585 848 996 1255 1359 1560 
21-24 mo 0.6013 1370.5464 0.27539 800 -190 -63 8 202 326 571 834 984 1246 1351 1556 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 9 Girls 3-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.2298 3403.9240 0.16227 800 1231 1629 2085 2604 3192 3855 4600
1-4 mo 0.0924 3054.3512 0.15958 800 1072 1409 1801 2254 2779 3383 4079
2-5 mo 0.0599 2618.6440 0.16338 800 792 1083 1422 1819 2281 2819 3445
3-6 mo 0.1300 2277.5681 0.16990 800 544 809 1118 1478 1894 2376 2931
4-7 mo 0.2404 2030.2917 0.17960 800 340 594 890 1230 1621 2065 2570
5-8 mo 0.3580 1855.0162 0.19157 800 175 429 721 1055 1433 1856 2328
6-9 mo 0.4576 1724.5802 0.20334 800 43 300 593 925 1295 1704 2153
7-10 mo 0.5317 1624.4588 0.21350 800 -58 201 495 824 1189 1587 2019
8-11 mo 0.5891 1552.7117 0.22168 800 -132 129 424 753 1112 1502 1921
9-12 mo 0.6373 1506.4120 0.22796 800 -186 79 378 706 1064 1448 1857
10-13 mo 0.6806 1476.5227 0.23285 800 -228 43 346 677 1033 1413 1815
11-14 mo 0.7211 1455.9527 0.23682 800 -262 16 323 656 1012 1388 1784
12-15 mo 0.7527 1442.0871 0.24040 800 -290 -6 306 642 999 1374 1766
13-16 mo 0.7679 1434.2381 0.24403 800 -311 -22 295 634 994 1371 1764
14-17 mo 0.7642 1431.1099 0.24794 800 -323 -33 287 631 996 1379 1779
15-18 mo 0.7482 1429.1551 0.25198 800 -331 -41 281 629 1000 1392 1802
16-19 mo 0.7267 1425.3256 0.25598 800 -337 -49 274 625 1002 1403 1824
17-20 mo 0.7032 1418.4764 0.25989 800 -342 -57 265 618 1001 1409 1841
18-21 mo 0.6782 1409.2288 0.26384 800 -347 -67 254 609 996 1412 1856
19-22 mo 0.6522 1398.1693 0.26792 800 -352 -77 242 598 990 1414 1868
20-23 mo 0.6262 1385.3711 0.27191 800 -358 -87 228 585 981 1412 1878
21-24 mo 0.6013 1370.5464 0.27539 800 -363 -98 214 571 968 1406 1880

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Table 10 Boys 4-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 0.7672 4136.2992 0.15684 500 2196 2460 2603 2977 3204 3636 4079 4321 4734 4896 5206
1-5 mo 0.6482 3623.4564 0.17439 500 1763 2006 2138 2490 2706 3123 3558 3799 4214 4378 4695
2-6 mo 0.5632 2900.4470 0.19057 500 1242 1444 1554 1852 2038 2400 2784 2998 3371 3520 3809
3-7 mo 0.4863 2424.1094 0.20390 500 914 1086 1181 1440 1602 1924 2269 2464 2807 2946 3215
4-8 mo 0.4302 2106.5547 0.21598 500 696 848 933 1165 1312 1607 1926 2108 2432 2563 2820
5-9 mo 0.4321 1871.4914 0.22766 500 526 666 744 959 1097 1371 1671 1843 2148 2272 2515
6-10 mo 0.4881 1711.6071 0.24076 500 390 526 602 812 945 1212 1501 1666 1958 2077 2308
7-11 mo 0.5825 1598.0178 0.25575 500 270 409 486 698 832 1098 1384 1545 1828 1942 2163
8-12 mo 0.6678 1526.3463 0.27024 500 175 320 401 619 757 1026 1313 1473 1753 1864 2080
9-13 mo 0.7242 1473.6287 0.28350 500 101 251 334 559 700 974 1263 1423 1702 1813 2027
10-14 mo 0.7587 1423.7181 0.29393 500 43 195 280 507 648 924 1213 1373 1649 1759 1970
11-15 mo 0.7822 1370.5468 0.30204 500 -6 147 231 457 598 871 1156 1313 1585 1693 1899
12-16 mo 0.7966 1334.9524 0.30757 500 -37 115 199 424 564 835 1118 1274 1542 1648 1852
13-17 mo 0.8054 1321.4376 0.31114 500 -54 99 183 410 550 821 1104 1260 1528 1634 1837
14-18 mo 0.8084 1315.2621 0.31327 500 -62 91 175 403 543 815 1099 1255 1523 1630 1833
15-19 mo 0.8041 1308.5472 0.31429 500 -66 87 171 397 537 809 1091 1248 1516 1622 1826
16-20 mo 0.7912 1297.8646 0.31482 500 -66 84 167 390 529 798 1079 1235 1503 1609 1813
17-21 mo 0.7712 1284.7539 0.31520 500 -64 82 163 382 519 785 1064 1219 1487 1593 1797
18-22 mo 0.7469 1271.4590 0.31566 500 -62 80 159 374 508 771 1049 1204 1472 1578 1783
19-23 mo 0.7222 1262.1643 0.31628 500 -58 80 157 368 501 762 1039 1194 1463 1570 1777
20-24 mo 0.6991 1257.3339 0.31696 500 -54 81 157 366 497 757 1035 1190 1461 1570 1779

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 10 Boys 4-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 0.7672 4136.2992 0.15684 500 1807 2389 3000 3636 4297 4979 5681 
1-5 mo 0.6482 3623.4564 0.17439 500 1413 1940 2511 3123 3774 4462 5186 
2-6 mo 0.5632 2900.4470 0.19057 500 955 1389 1871 2400 2976 3597 4261 
3-7 mo 0.4863 2424.1094 0.20390 500 673 1039 1456 1924 2444 3017 3641 
4-8 mo 0.4302 2106.5547 0.21598 500 486 806 1179 1607 2090 2631 3231 
5-9 mo 0.4321 1871.4914 0.22766 500 333 627 973 1371 1825 2336 2905 
6-10 mo 0.4881 1711.6071 0.24076 500 202 489 825 1212 1649 2138 2678 
7-11 mo 0.5825 1598.0178 0.25575 500 78 371 711 1098 1528 2000 2513 
8-12 mo 0.6678 1526.3463 0.27024 500 -25 281 633 1026 1457 1921 2418 
9-13 mo 0.7242 1473.6287 0.28350 500 -107 210 573 974 1407 1870 2359 
10-14 mo 0.7587 1423.7181 0.29393 500 -168 154 521 924 1356 1815 2297 
11-15 mo 0.7822 1370.5468 0.30204 500 -217 105 471 871 1297 1748 2219 
12-16 mo 0.7966 1334.9524 0.30757 500 -248 73 438 835 1258 1702 2166 
13-17 mo 0.8054 1321.4376 0.31114 500 -266 57 424 821 1244 1688 2151 
14-18 mo 0.8084 1315.2621 0.31327 500 -275 49 416 815 1239 1684 2146 
15-19 mo 0.8041 1308.5472 0.31429 500 -276 45 411 809 1232 1676 2140 
16-20 mo 0.7912 1297.8646 0.31482 500 -272 43 404 798 1219 1663 2128 
17-21 mo 0.7712 1284.7539 0.31520 500 -264 42 395 785 1204 1648 2114 
18-22 mo 0.7469 1271.4590 0.31566 500 -255 41 387 771 1188 1633 2102 
19-23 mo 0.7222 1262.1643 0.31628 500 -245 42 381 762 1178 1625 2100 
20-24 mo 0.6991 1257.3339 0.31696 500 -237 44 379 757 1174 1625 2107 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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eight velocity conditional on age 
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Table 11 Girls 4-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 0.0891 4009.5248 0.15636 800 1970 2176 2291 2606 2806 3210 3653 3909 4370 4560 4935
1-5 mo -0.0491 3541.1498 0.16054 800 1646 1824 1924 2200 2379 2741 3147 3385 3819 4000 4362
2-6 mo -0.0362 3002.2985 0.16706 800 1241 1397 1484 1726 1883 2202 2561 2772 3157 3318 3641
3-7 mo 0.0557 2616.8194 0.17682 800 926 1071 1152 1377 1522 1817 2147 2340 2692 2838 3130
4-8 mo 0.1899 2331.5089 0.18968 800 671 811 890 1108 1248 1532 1846 2028 2357 2493 2762
5-9 mo 0.3154 2118.7222 0.20292 800 471 611 689 904 1042 1319 1623 1797 2110 2238 2490
6-10 mo 0.4069 1963.5334 0.21481 800 323 463 541 755 891 1164 1460 1630 1932 2054 2295
7-11 mo 0.4873 1855.0205 0.22441 800 216 356 435 649 785 1055 1347 1512 1805 1923 2154
8-12 mo 0.5659 1780.1251 0.23120 800 137 281 360 576 712 980 1267 1429 1712 1826 2047
9-13 mo 0.6483 1726.3407 0.23622 800 75 222 303 522 659 926 1209 1367 1641 1751 1962
10-14 mo 0.7201 1691.6549 0.23980 800 29 181 264 486 624 892 1171 1326 1594 1700 1904
11-15 mo 0.7759 1668.6291 0.24275 800 -6 150 235 461 601 869 1147 1300 1563 1667 1865
12-16 mo 0.8064 1655.3840 0.24522 800 -29 130 216 446 586 855 1133 1286 1547 1650 1847
13-17 mo 0.8111 1648.5922 0.24757 800 -41 119 206 436 578 849 1128 1281 1544 1647 1845
14-18 mo 0.7924 1643.8520 0.25015 800 -47 112 199 430 572 844 1126 1281 1547 1652 1853
15-19 mo 0.7577 1638.7127 0.25299 800 -48 108 194 423 565 839 1124 1281 1553 1660 1866
16-20 mo 0.7139 1631.2189 0.25623 800 -50 104 188 415 556 831 1120 1280 1558 1668 1880
17-21 mo 0.6699 1621.0212 0.25952 800 -52 98 180 405 546 821 1113 1276 1560 1673 1891
18-22 mo 0.6227 1607.4454 0.26290 800 -56 90 171 392 532 807 1102 1267 1557 1674 1899
19-23 mo 0.5732 1591.7399 0.26613 800 -59 82 162 379 517 792 1088 1256 1552 1672 1904
20-24 mo 0.5249 1576.2729 0.26914 800 -62 75 152 366 503 776 1075 1245 1547 1669 1909

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 11 Girls 4-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 0.0891 4009.5248 0.15636 800 1683 2120 2625 3210 3883 4658 5548 
1-5 mo -0.0491 3541.1498 0.16054 800 1400 1775 2218 2741 3360 4094 4965 
2-6 mo -0.0362 3002.2985 0.16706 800 1027 1354 1742 2202 2750 3402 4179 
3-7 mo 0.0557 2616.8194 0.17682 800 727 1031 1391 1817 2320 2914 3614 
4-8 mo 0.1899 2331.5089 0.18968 800 477 773 1122 1532 2009 2563 3202 
5-9 mo 0.3154 2118.7222 0.20292 800 278 572 918 1319 1779 2304 2898 
6-10 mo 0.4069 1963.5334 0.21481 800 130 424 768 1164 1613 2117 2680 
7-11 mo 0.4873 1855.0205 0.22441 800 20 318 663 1055 1495 1984 2521 
8-12 mo 0.5659 1780.1251 0.23120 800 -62 241 589 980 1412 1884 2396 
9-13 mo 0.6483 1726.3407 0.23622 800 -132 182 536 926 1351 1807 2293 
10-14 mo 0.7201 1691.6549 0.23980 800 -186 139 500 892 1310 1754 2220 
11-15 mo 0.7759 1668.6291 0.24275 800 -229 107 475 869 1284 1719 2172 
12-16 mo 0.8064 1655.3840 0.24522 800 -257 87 460 855 1271 1702 2149 
13-17 mo 0.8111 1648.5922 0.24757 800 -271 75 451 849 1266 1700 2148 
14-18 mo 0.7924 1643.8520 0.25015 800 -274 69 444 844 1265 1705 2162 
15-19 mo 0.7577 1638.7127 0.25299 800 -270 66 437 839 1265 1715 2185 
16-20 mo 0.7139 1631.2189 0.25623 800 -265 62 429 831 1264 1725 2210 
17-21 mo 0.6699 1621.0212 0.25952 800 -261 57 419 821 1259 1731 2233 
18-22 mo 0.6227 1607.4454 0.26290 800 -257 50 406 807 1251 1733 2253 
19-23 mo 0.5732 1591.7399 0.26613 800 -253 44 393 792 1239 1733 2272 
20-24 mo 0.5249 1576.2729 0.26914 800 -249 37 379 776 1228 1732 2290 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 

W
eight velocity conditional on age 
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Table 12 Boys 6-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo 0.5209 4929.7718 0.15679 350 2940 3229 3387 3810 4072 4580 5114 5412 5929 6136 6534
1-7 mo 0.4856 4243.2925 0.17552 350 2342 2611 2759 3157 3406 3893 4411 4701 5210 5413 5809
2-8 mo 0.4609 3442.9150 0.19228 350 1736 1968 2096 2443 2662 3093 3555 3816 4275 4461 4821
3-9 mo 0.4490 2879.5905 0.20802 350 1319 1523 1636 1945 2141 2530 2949 3188 3609 3779 4112
4-10 mo 0.4511 2501.8054 0.22426 350 1030 1217 1321 1607 1789 2152 2546 2771 3169 3331 3647
5-11 mo 0.4660 2220.6833 0.24197 350 806 982 1080 1351 1524 1871 2249 2465 2849 3005 3311
6-12 mo 0.4895 2037.9406 0.26076 350 642 813 909 1175 1346 1688 2062 2277 2658 2813 3116
7-13 mo 0.5168 1903.1830 0.27848 350 515 683 778 1042 1212 1553 1927 2141 2521 2675 2978
8-14 mo 0.5442 1794.7774 0.29319 350 415 582 676 938 1106 1445 1816 2028 2404 2557 2856
9-15 mo 0.5697 1709.1588 0.30394 350 341 506 599 858 1024 1359 1725 1934 2304 2453 2746
10-16 mo 0.5943 1651.4150 0.31109 350 291 455 547 805 970 1301 1662 1868 2232 2379 2665
11-17 mo 0.6190 1616.6162 0.31517 350 258 422 515 772 937 1267 1624 1827 2184 2329 2609
12-18 mo 0.6428 1590.6081 0.31683 350 236 400 493 750 914 1241 1593 1793 2143 2284 2558
13-19 mo 0.6649 1571.5549 0.31675 350 221 386 479 735 898 1222 1569 1765 2108 2246 2513
14-20 mo 0.6849 1557.0267 0.31549 350 212 377 470 725 887 1207 1549 1741 2077 2212 2472
15-21 mo 0.7027 1545.9058 0.31347 350 206 372 465 719 880 1196 1533 1721 2050 2182 2435
16-22 mo 0.7187 1533.6871 0.31113 350 202 368 460 713 872 1184 1515 1700 2021 2150 2397
17-23 mo 0.7336 1520.6160 0.30878 350 198 363 455 706 863 1171 1496 1677 1992 2117 2358
18-24 mo 0.7478 1508.4744 0.30647 350 195 360 451 700 855 1158 1478 1656 1964 2086 2321

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 12 Boys 6-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo 0.5209 4929.7718 0.15679 350 2524 3151 3836 4580 5382 6241 7158 
1-7 mo 0.4856 4243.2925 0.17552 350 1960 2538 3182 3893 4672 5518 6432 
2-8 mo 0.4609 3442.9150 0.19228 350 1411 1905 2465 3093 3789 4556 5392 
3-9 mo 0.4490 2879.5905 0.20802 350 1035 1467 1965 2530 3163 3867 4642 
4-10 mo 0.4511 2501.8054 0.22426 350 772 1166 1625 2152 2748 3414 4152 
5-11 mo 0.4660 2220.6833 0.24197 350 566 933 1368 1871 2443 3086 3800 
6-12 mo 0.4895 2037.9406 0.26076 350 410 766 1192 1688 2255 2893 3602 
7-13 mo 0.5168 1903.1830 0.27848 350 288 637 1059 1553 2119 2755 3461 
8-14 mo 0.5442 1794.7774 0.29319 350 192 536 954 1445 2006 2636 3333 
9-15 mo 0.5697 1709.1588 0.30394 350 122 460 874 1359 1912 2531 3212 
10-16 mo 0.5943 1651.4150 0.31109 350 73 409 821 1301 1847 2454 3120 
11-17 mo 0.6190 1616.6162 0.31517 350 40 377 789 1267 1806 2403 3053 
12-18 mo 0.6428 1590.6081 0.31683 350 16 355 766 1241 1772 2357 2990 
13-19 mo 0.6649 1571.5549 0.31675 350 0 340 751 1222 1745 2316 2932 
14-20 mo 0.6849 1557.0267 0.31549 350 -11 331 741 1207 1722 2281 2880 
15-21 mo 0.7027 1545.9058 0.31347 350 -18 326 735 1196 1702 2249 2832 
16-22 mo 0.7187 1533.6871 0.31113 350 -23 322 728 1184 1681 2215 2783 
17-23 mo 0.7336 1520.6160 0.30878 350 -27 318 721 1171 1659 2181 2733 
18-24 mo 0.7478 1508.4744 0.30647 350 -31 314 715 1158 1638 2148 2687 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Table 13 Girls 6-month weight increments (g) 

Interval La Ma Sa δ 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo -0.1223 4528.9831 0.15945 450 2701 2924 3049 3395 3620 4079 4597 4902 5462 5697 6170
1-7 mo -0.0280 3911.9319 0.17265 450 2174 2381 2498 2822 3033 3462 3946 4231 4753 4971 5409
2-8 mo 0.0799 3327.7315 0.18755 450 1684 1877 1985 2286 2480 2878 3324 3586 4063 4262 4660
3-9 mo 0.1942 2853.3800 0.20514 450 1279 1461 1563 1846 2030 2403 2821 3064 3506 3689 4054
4-10 mo 0.3097 2501.5063 0.22466 450 964 1140 1240 1514 1692 2052 2451 2682 3099 3271 3610
5-11 mo 0.4246 2248.5880 0.24383 450 725 900 999 1271 1446 1799 2186 2409 2807 2969 3288
6-12 mo 0.5250 2068.2742 0.25997 450 549 725 824 1097 1271 1618 1996 2211 2592 2746 3047
7-13 mo 0.6042 1939.2944 0.27156 450 425 603 702 975 1147 1489 1857 2065 2430 2577 2862
8-14 mo 0.6644 1850.4715 0.27943 450 340 519 619 891 1063 1400 1760 1962 2314 2454 2726
9-15 mo 0.7065 1793.3361 0.28481 450 284 465 565 838 1009 1343 1697 1895 2238 2375 2638
10-16 mo 0.7288 1758.5512 0.28870 450 249 431 532 805 975 1309 1660 1855 2194 2329 2588
11-17 mo 0.7317 1738.3567 0.29175 450 230 412 513 785 956 1288 1639 1834 2173 2307 2566
12-18 mo 0.7206 1725.0429 0.29439 450 221 401 501 772 942 1275 1627 1823 2163 2299 2560
13-19 mo 0.7016 1713.8691 0.29696 450 216 394 492 762 931 1264 1617 1815 2158 2296 2560
14-20 mo 0.6812 1703.1167 0.29971 450 211 386 484 751 920 1253 1608 1807 2155 2294 2563
15-21 mo 0.6643 1691.6943 0.30278 450 204 377 474 740 908 1242 1599 1800 2151 2292 2565
16-22 mo 0.6534 1677.6772 0.30619 450 193 365 461 726 894 1228 1586 1788 2143 2285 2561
17-23 mo 0.6489 1659.9660 0.30991 450 178 348 444 708 876 1210 1569 1772 2128 2271 2549
18-24 mo 0.6476 1640.7438 0.31376 450 161 330 425 689 857 1191 1551 1754 2111 2254 2533

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the 50th centile values. 
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Table 13 Girls 6-month weight increments (g) - continued 

Interval La Ma Sa δ -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo -0.1223 4528.9831 0.15945 450 2395 2862 3417 4079 4870 5820 6964 
1-7 mo -0.0280 3911.9319 0.17265 450 1889 2324 2843 3462 4201 5085 6141 
2-8 mo 0.0799 3327.7315 0.18755 450 1421 1824 2305 2878 3559 4366 5320 
3-9 mo 0.1942 2853.3800 0.20514 450 1032 1411 1864 2403 3039 3784 4653 
4-10 mo 0.3097 2501.5063 0.22466 450 725 1092 1532 2052 2658 3360 4164 
5-11 mo 0.4246 2248.5880 0.24383 450 486 852 1288 1799 2386 3053 3802 
6-12 mo 0.5250 2068.2742 0.25997 450 308 677 1114 1618 2189 2825 3527 
7-13 mo 0.6042 1939.2944 0.27156 450 182 554 992 1489 2044 2652 3311 
8-14 mo 0.6644 1850.4715 0.27943 450 93 470 908 1400 1941 2526 3153 
9-15 mo 0.7065 1793.3361 0.28481 450 34 415 855 1343 1875 2444 3049 
10-16 mo 0.7288 1758.5512 0.28870 450 -2 381 822 1309 1835 2397 2991 
11-17 mo 0.7317 1738.3567 0.29175 450 -20 362 802 1288 1815 2376 2969 
12-18 mo 0.7206 1725.0429 0.29439 450 -26 352 789 1275 1803 2368 2967 
13-19 mo 0.7016 1713.8691 0.29696 450 -27 345 778 1264 1795 2366 2974 
14-20 mo 0.6812 1703.1167 0.29971 450 -26 338 768 1253 1787 2365 2984 
15-21 mo 0.6643 1691.6943 0.30278 450 -30 330 756 1242 1779 2364 2993 
16-22 mo 0.6534 1677.6772 0.30619 450 -38 317 742 1228 1768 2358 2995 
17-23 mo 0.6489 1659.9660 0.30991 450 -51 301 724 1210 1752 2345 2986 
18-24 mo 0.6476 1640.7438 0.31376 450 -66 283 705 1191 1733 2328 2972 

a The L, M, S values provided are estimated based on the modelling of the shifted observations (i.e. by the addition of delta to the actual increment) which explains the  
difference (equals to delta) in value between the "M" and the Median values. 
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Appendix A3  Diagnostics 

A3.1a  1-month intervals for boys 

Table A3.1 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, 
df(ν)=4, τ=2)] for 1-month weight velocity for boys 

Age (days) Group N z1 z2 z3 
26 to 44 0-1 mo 419 -0.4 0.7 -0.1 
44 to 76 1-2 mo 417 0.9 -0.3 1.4 
76 to 107 2-3 mo 415 -0.6 -0.5 0.4 
107 to 137 3-4 mo 405 0.0 -0.5 -0.3 
137 to 168 4-5 mo 406 1.0 -1.5 0.2 
168 to 198 5-6 mo 408 -0.9 1.8 -0.6 
198 to 229 6-7 mo 410 -0.2 0.4 -1.0 
229 to 259 7-8 mo 406 0.0 0.2 2.2 
259 to 289 8-9 mo 396 0.4 -0.3 0.1 
289 to 320 9-10 mo 392 0.1 -0.8 0.0 
320 to 350 10-11 mo 396 -0.8 0.5 -0.2 
350 to 370 11-12 mo 399 0.4 0.3 0.0 
Overall Q stats  4869 4.3 7.8 8.3 
degrees of freedom   3.0 9.5 8.0 
p-value   0.2272 0.5994 0.4060 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.1 Worm plots from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=4, τ=2)]  

for 1-month weight velocity for boys 
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Figure A3.2 Fitting of the µ, σ, and ν curves of selected model for 1-month weight velocity for boys 
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Figure A3.3 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 1-month weight velocity for boys 
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Figure A3.4 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 1-month weight velocity for boys 
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Figure A3.5 Centile residuals from fitting selected model for 1-month weight velocity for boys 
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A3.1b  1-month intervals for girls 

Table A3.2 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, 
df(ν)=1, τ=2)] for 1-month weight velocity for girls 

Age (days) Group N z1 z2 z3 
26 to 44 0-1 mo 446 -0.1 0.7 -0.5 
44 to 76 1-2 mo 441 0.9 -0.5 1.8 
76 to 107 2-3 mo 441 -1.0 0.5 1.7 
107 to 137 3-4 mo 436 0.8 -2.0 -1.9 
137 to 168 4-5 mo 438 -0.2 1.0 0.3 
168 to 198 5-6 mo 439 0.7 -2.0 -0.6 
198 to 229 6-7 mo 440 -1.2 1.4 -0.3 
229 to 259 7-8 mo 433 1.1 0.5 1.4 
259 to 289 8-9 mo 433 -0.9 1.3 -1.1 
289 to 320 9-10 mo 431 -0.1 -0.8 1.5 
320 to 350 10-11 mo 423 -0.1 -0.2 -0.6 
350 to 370 11-12 mo 430 0.3 -0.1 0.4 
Overall Q stats  5231 6.7 14.5 16.0 
degrees of freedom   3.0 9.5 11.0 
p-value   0.0832 0.1278 0.1422 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.6 Worm plots from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=1, τ=2)]  

for 1-month weight velocity for girls 
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Figure A3.7 Fitting of the µ, σ, and ν curves of selected model for 1-month weight velocity for girls 
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Figure A3.8 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 1-month weight velocity for girls 
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Figure A3.9 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 1-month weight velocity for girls 

44 
W

eight velocity conditional on age
 



 
 
 

 

3rd Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

5th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

10th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

25th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

50th Centile

-4
0

0
20

40
1 2 3 4 5 6 7 8 9 10 12

75th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

90th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

95th Centile
-4

0
0

20
40

1 2 3 4 5 6 7 8 9 10 12

97th Centile

-4
0

0
20

40

1 2 3 4 5 6 7 8 9 10 12

Age (months)

E
m

pi
ric

al
-F

itt
ed

 C
en

til
e 

fo
r 1

-m
o 

w
ei

gh
t i

nc
re

m
en

t (
g)

 
Figure A3.10 Centile residuals from fitting selected model for 1-month weight velocity for girls 
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A3.2a  2-month intervals for boys 

Table A3.3 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=12, df(σ)=6, 
df(ν)=3, τ=2)] for 2-month weight velocity for boys 

Age (days) Group N z1 z2 z3 
55 to 76 0-2 mo 419 -0.2 0.4 -0.7 
76 to 107 1-3 mo 413 1.1 -0.3 -0.3 
107 to 137 2-4 mo 407 -0.9 -0.1 1.2 
137 to 168 3-5 mo 406 0.4 -1.1 -0.1 
168 to 198 4-6 mo 406 0.1 1.5 -0.8 
198 to 229 5-7 mo 404 -0.4 -0.4 0.1 
229 to 259 6-8 mo 408 -0.1 1.0 1.9 
259 to 289 7-9 mo 397 0.3 -0.5 1.1 
289 to 320 8-10 mo 392 0.3 -1.3 -0.1 
320 to 350 9-11 mo 399 -0.2 -0.8 2.3 
350 to 396 10-12 mo 386 0.1 0.3 -1.4 
396 to 457 12-14 mo 399 0.0 1.9 -0.2 
457 to 518 14-16 mo 406 -1.1 0.3 -0.2 
518 to 579 16-18 mo 406 0.8 -0.3 0.6 
579 to 640 18-20 mo 410 -0.1 0.2 -1.4 
640 to 701 20-22 mo 413 0.1 -0.8 1.0 
701 to 738 22-24 mo 411 0.0 0.1 1.0 
Overall Q stats  6882 4.4 11.6 19.3 
degrees of freedom   5.0 13.5 14.0 
p-value   0.4921 0.6004 0.1555 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 

 



Weight velocity conditional on age 47 
 
 
 
 

 

0-2 mo 1-3 mo 2-4 mo 3-5 mo

5-7 mo 6-8 mo 7-9 mo 8-10 mo

10-12 mo 12-14 mo 14-16 mo 16-18 mo

4-6 mo

9-11 mo

18-20 mo

20-22 mo 22-24 mo

0-2 mo 1-3 mo 2-4 mo 3-5 mo

5-7 mo 6-8 mo 7-9 mo 8-10 mo

10-12 mo 12-14 mo 14-16 mo 16-18 mo

4-6 mo

9-11 mo

18-20 mo

20-22 mo 22-24 mo

0-2 mo 1-3 mo 2-4 mo 3-5 mo

5-7 mo 6-8 mo 7-9 mo 8-10 mo

10-12 mo 12-14 mo 14-16 mo 16-18 mo

4-6 mo

9-11 mo

18-20 mo

20-22 mo 22-24 mo

 
Figure A3.11 Worm plots from selected model  [BCPE(x=age0.05, df(µ)=12, df(σ)=6, df(ν)=3, τ=2)] 

for 2-month weight velocity for boys 
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Figure A3.12 Fitting of the µ, σ, and ν curves of selected model for 2-month weight velocity for boys 
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Figure A3.13 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month weight velocity for boys 
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Figure A3.14 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month weight velocity for boys 
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Figure A3.15 Centile residuals from fitting selected model for 2-month weight velocity for boys 
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A3.2b  2-month intervals for girls 

Table A3.4 Q-test for z-scores from selected model  [BCPE(x=age0.05, df(µ)=12, df(σ)=5, 
df(ν)=4, τ=2)] for 2-month weight velocity for girls 

Age (days) Group N z1 z2 z3 
58 to 76 0-2 mo 444 0.0 0.5 -1.0 
76 to 107 1-3 mo 440 0.5 0.2 0.9 
107 to 137 2-4 mo 438 -0.8 -0.2 0.6 
137 to 168 3-5 mo 440 0.4 -0.4 0.5 
168 to 198 4-6 mo 435 0.3 -1.3 0.8 
198 to 229 5-7 mo 437 -0.2 -1.1 -0.2 
229 to 259 6-8 mo 435 -0.4 1.7 -0.1 
259 to 289 7-9 mo 436 0.5 0.9 0.6 
289 to 320 8-10 mo 425 -0.7 0.2 -0.1 
320 to 350 9-11 mo 428 -0.3 0.6 0.4 
350 to 396 10-12 mo 430 0.6 -1.2 1.0 
396 to 457 12-14 mo 440 -0.2 0.7 -0.2 
457 to 518 14-16 mo 440 -0.5 0.2 -0.4 
518 to 579 16-18 mo 440 1.1 -1.6 -1.2 
579 to 640 18-20 mo 437 -0.9 1.1 2.3 
640 to 701 20-22 mo 431 1.0 -0.8 1.5 
701 to 738 22-24 mo 433 -0.6 0.4 -0.4 
Overall Q stats  7409 6.2 13.8 14.2 
degrees of freedom   5.0 14.0 13.0 
p-value   0.2863 0.4676 0.3632 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.16 Worm plots from selected model [BCPE(x=age0.05, df(µ)=12, df(σ)=5, df(ν)=4, τ=2)] 

for 2-month weight velocity for girls 
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Figure A3.17 Fitting of the µ, σ, and ν curves of selected model for 2-month weight velocity for girls 
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Figure A3.18 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month weight velocity for girls 
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Figure A3.19 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month weight velocity for girls 
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Figure A3.20 Centile residuals from fitting selected model for 2-month weight velocity for girls 
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A3.3a  3-month intervals for boys 
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Figure A3.21 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month weight velocity for boys 
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Figure A3.22 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month weight velocity for boys 
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Figure A3.23 Centile residuals from fitting selected model for 3-month weight velocity for boys 
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A3.3b  3-month intervals for girls 
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Figure A3.24 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month weight velocity for girls 
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Figure A3.25 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month weight velocity for girls 
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Figure A3.26 Centile residuals from fitting selected model for 3-month weight velocity for girls 
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A3.4a  4-month intervals for boys 

Table A3.5 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=11, df(σ)=5, 
df(ν)=5, τ=2)] for 4-month weight velocity for boys 

Age (days) Group N z1 z2 z3 
113 to 137 0-4 mo 409 -0.4 0.1 0.0 
137 to 168 1-5 mo 407 1.5 -0.4 0.1 
168 to 198 2-6 mo 412 -1.1 0.1 -0.4 
198 to 229 3-7 mo 408 -0.1 0.7 -0.9 
229 to 259 4-8 mo 400 0.2 0.4 1.0 
259 to 289 5-9 mo 394 -0.2 -0.8 0.5 
289 to 320 6-10 mo 395 0.4 -1.4 2.3 
320 to 350 7-11 mo 406 0.1 -0.9 1.1 
350 to 396 8-12 mo 396 -0.4 1.3 -1.7 
396 to 457 10-14 mo 392 0.2 0.9 0.8 
457 to 518 12-16 mo 400 -0.8 0.7 1.4 
518 to 579 14-18 mo 404 -0.1 0.7 0.7 
579 to 640 16-20 mo 413 0.4 -0.7 -1.1 
640 to 701 18-22 mo 408 0.2 -1.2 1.3 
701 to 750 20-24 mo 412 -0.1 0.5 1.0 
Overall Q stats  6056 5.0 10.0 18.5 
degrees of freedom   4.0 12.0 10.0 
p-value   0.2898 0.6128 0.0467 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.27 Worm plots from selected model [BCPE(x=age0.05, df(µ)=11, df(σ)=5, df(ν)=5, τ=2)] 

for 4-month weight velocity for boys 
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Figure A3.28 Fitting of the µ, σ, and ν curves of selected model for 4-month weight velocity for boys 
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Figure A3.29 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month weight velocity for boys 
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Figure A3.30 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month weight velocity for boys 
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Figure A3.31 Centile residuals from fitting selected model for 4-month weight velocity for boys 

W
eight velocity conditional on age 
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A3.4b  4-month intervals for girls 

Table A3.6 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=5, 
df(ν)=5, τ=2)] for 4-month weight velocity for girls 

Age (days) Group N z1 z2 z3 
119 to 137 0-4 mo 441 -0.6 0.4 -0.7 
137 to 168 1-5 mo 441 1.9 0.0 0.7 
168 to 198 2-6 mo 439 -1.3 -0.6 0.1 
198 to 229 3-7 mo 436 0.1 -0.5 0.9 
229 to 259 4-8 mo 430 0.2 -0.8 0.4 
259 to 289 5-9 mo 438 0.0 0.3 -2.1 
289 to 320 6-10 mo 431 -0.6 1.1 1.2 
320 to 350 7-11 mo 426 0.3 0.3 0.9 
350 to 396 8-12 mo 432 -0.2 0.6 2.1 
396 to 457 10-14 mo 433 0.1 -0.2 0.0 
457 to 518 12-16 mo 436 -0.3 0.4 0.4 
518 to 579 14-18 mo 444 0.5 -1.4 -0.6 
579 to 640 16-20 mo 434 0.3 -0.7 2.0 
640 to 701 18-22 mo 432 -0.1 1.5 -0.1 
701 to 749 20-24 mo 440 -0.1 -0.4 1.2 
Overall Q stats  6533 6.4 7.9 18.7 
degrees of freedom   6.0 12.0 10.0 
p-value   0.3776 0.7951 0.0441 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.32  Worm plots from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=5, df(ν)=5, τ=2)] 

for 4-month weight velocity for girls 
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Figure A3.33 Fitting of the µ, σ, and ν curves of selected model for 4-month weight velocity for girls 
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Figure A3.34 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month weight velocity for girls 
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Figure A3.35 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month weight velocity for girls 
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Figure A3.36 Centile residuals from fitting selected model for 4-month weight velocity for girls 

W
eight velocity conditional on age 
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A3.5a  6-month intervals for boys 

Table A3.7 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, 
df(ν)=3, τ=2)] for 6-month weight velocity for boys 

Age (days) Group N z1 z2 z3 
175 to 198 0-6 mo 415 -0.2 -0.3 -0.8 
198 to 229 1-7 mo 409 1.3 0.5 -0.8 
229 to 259 2-8 mo 408 -1.2 0.1 0.1 
259 to 289 3-9 mo 398 0.0 0.1 0.3 
289 to 320 4-10 mo 392 0.5 -0.3 1.6 
320 to 350 5-11 mo 405 -0.2 -1.3 1.1 
350 to 396 6-12 mo 401 0.1 0.3 0.3 
396 to 457 8-14 mo 403 -0.1 1.1 -1.5 
457 to 518 10-16 mo 396 -0.2 0.3 3.0 
518 to 579 12-18 mo 394 0.0 0.0 -0.3 
579 to 640 14-20 mo 409 -0.2 0.3 -0.5 
640 to 701 16-22 mo 411 0.3 -0.6 0.7 
701 to 750 18-24 mo 405 0.0 -0.1 0.8 
Overall Q stats  5246 3.5 3.9 17.8 
degrees of freedom   3.0 10.0 10.0 
p-value   0.3246 0.9516 0.0581 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.37 Worm plots from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=3, τ=2)]  

for 6-month weight velocity for boys 
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Figure A3.38 Fitting of the µ, σ, and ν curves of selected model for 6-month weight velocity for boys 
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Figure A3.39 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month weight velocity for boys 
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Figure A3.40 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month weight velocity for boys 

80 
W

eight velocity conditional on age
 



 
 
 

 

 

3rd Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

5th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

10th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

25th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

50th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

75th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

90th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

95th Centile
-1

00
0

50
10

0

6 8 10 12 14 16 18 20 22 24

97th Centile

-1
00

0
50

10
0

6 8 10 12 14 16 18 20 22 24

Age (months)

E
m

pi
ric

al
-F

itt
ed

 C
en

til
e 

fo
r 6

-m
o 

w
ei

gh
t i

nc
re

m
en

t (
g)

 
Figure A3.41 Centile residuals from fitting selected model for 6-month weight velocity for boys 
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A3.5b  6-month intervals for girls 

Table A3.8 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=5, 
df(ν)=4, τ=2)] for 6-month weight velocity for girls 

Age (days) Group N z1 z2 z3 
175 to 198 0-6 mo 442 -0.5 0.4 -0.7 
198 to 229 1-7 mo 437 2.1 0.0 0.6 
229 to 259 2-8 mo 433 -1.2 -0.7 -0.2 
259 to 289 3-9 mo 437 -0.2 -0.5 -0.4 
289 to 320 4-10 mo 430 -0.1 -0.4 2.1 
320 to 350 5-11 mo 430 -0.2 0.3 0.7 
350 to 396 6-12 mo 438 -0.1 1.4 0.8 
396 to 457 8-14 mo 433 -0.2 0.0 1.0 
457 to 518 10-16 mo 427 -0.1 -0.1 -0.2 
518 to 579 12-18 mo 440 0.3 -0.1 0.1 
579 to 640 14-20 mo 440 -0.2 -0.2 1.5 
640 to 701 16-22 mo 428 0.9 -0.5 2.7 
701 to 750 18-24 mo 442 -0.6 0.5 -0.4 
Overall Q stats  5657 7.5 3.8 17.3 
degrees of freedom   6.0 10.0 9.0 
p-value   0.2773 0.9577 0.0448 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A3.42 Worm plots from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=5, df(ν)=4, τ=2)]  

for 6-month weight velocity for girls 
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Figure A3.43 Fitting of the µ, σ, and ν curves of selected model for 6-month weight velocity for girls 
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Figure A3.44 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month weight velocity for girls 
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Figure A3.45 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month weight velocity for girls 
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Figure A3.46 Centile residuals from fitting selected model for 6-month weight velocity for girls 
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3.2 Centile tables of weight velocity by birth weight category from birth to 60 days 

This section provides sex-specific centiles for weight increments conditional on birth weight for one- 
or two-week intervals from birth to 2 months following the MGRS longitudinal component visits 
schedule. The values are presented both as net increments in grams and as g/day over each index 
period. The tables, which present the median and the 25th, 10th and 5th centiles that were generated 
based on empirical estimates, are expected to be particularly useful for lactation management purposes. 

The estimation of the centiles was done using the STATA software, which applies a simple method of 
ranking observations in the sample. The rows of the tables show age intervals in days and the columns 
provide the grouping of the birth weights in grams. Only the median is provided when the sample size 
is too small, as happened for the birth-weight group 2 to 2.5 kg. Tables 14 and 16 show the weight 
gain values by birth-weight group and age interval for boys and girls, respectively. Tables 15 and 17 
present the sex-specific daily weight gain values by birth-weight groups and age interval. The daily 
weight gains, g/d, are not the simple average of the gross gains or losses reported in corresponding 
weekly and fortnightly tables. Instead, these figures come from calculating individual daily increments 
for newborns in each of the birth-weight categories and then estimating centiles directly from the raw 
g/d values. 
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Table 14 Boys weight increments (g) by birth-weight groups  

Age  Birth weight (g) 
(days)  2000-2500 2500-3000 3000-3500 3500-4000 4000+ All 

0-7 Median 150 150 150 150 50 150 
 25th -* 0 0 0 -50 0 
 10th -* -150 -150 -250 -250 -150 
 5th -* -200 -250 -300 -250 -250 
 (n) (7) (88) (142) (100) (46) (383) 
        

7-14 Median 275 250 250 250 275 250 
 25th -* 150 150 100 150 150 
 10th -* 0 50 0 50 0 
 5th -* -100 -50 -50 -100 -50 
 (n) (6) (88) (141) (100) (46) (381) 
        

14-28 Median 600 700 650 700 725 650 
 25th -* 550 550 500 550 550 
 10th -* 450 450 400 400 450 
 5th -* 450 350 350 400 350 
 (n) (7) (95) (154) (113) (48) (417) 
        

28-42 Median 600 550 550 550 548 550 
 25th -* 500 450 450 450 450 
 10th -* 350 350 350 300 350 
 5th -* 300 300 300 300 300 
 (n) (7) (95) (156) (113) (46) (417) 
        

42-60 Median 450 650 650 650 611 650 
 25th -* 550 500 500 400 500 
 10th -* 450 400 400 300 400 
 5th -* 450 350 350 217 350 
 (n) (7) (96) (153) (113) (47) (416) 

Note: Results are based on empirical centiles. 
      *: n is too small to estimate lower centiles. 
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Table 15 Boys weight velocity (g/d) by birth weight-groups  

Age  Birth weight (g) 
(days)  2000-2500 2500-3000 3000-3500 3500-4000 4000+ All 

0-7 Median 21 21 21 21 7 21 
 25th -* 0 0 0 -7 0 
 10th -* -21 -21 -36 -36 -21 
 5th -* -29 -36 -43 -36 -36 
 (n) (7) (88) (142) (100) (46) (383) 
        

7-14 Median 40 36 33 31 36 36 
 25th -* 21 19 14 25 19 
 10th -* 0 6 0 6 0 
 5th -* -14 -7 -7 -14 -7 
 (n) (6) (88) (141) (100) (46) (381) 
        

14-28 Median 43 50 46 50 50 47 
 25th -* 39 39 36 37 38 
 10th -* 34 30 29 33 32 
 5th -* 32 25 23 29 25 
 (n) (7) (95) (154) (113) (48) (417) 
        

28-42 Median 40 42 40 41 40 40 
 25th -* 36 31 33 31 32 
 10th -* 27 25 24 21 25 
 5th -* 21 21 21 21 21 
 (n) (7) (95) (156) (113) (46) (417) 
        

42-60 Median 24 35 34 34 34 34 
 25th -* 29 28 26 23 28 
 10th -* 25 21 22 15 22 
 5th -* 24 17 19 14 18 
 (n) (7) (96) (153) (113) (47) (416) 

Note: Results are based on empirical centiles. 
      *: n is too small to estimate lower centiles. 
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Table 16 Girls weight increments (g) by birth-weight groups  

Age  Birth weight (g) 
(days)  2000-2500 2500-3000 3000-3500 3500-4000 4000+ All 

0-7 Median 0 150 100 100 150 100 
 25th -* 0 0 0 0 0 
 10th -* -100 -100 -150 -100 -100 
 5th -* -150 -200 -250 -200 -200 
 (n) (18) (109) (147) (85) (25) (384) 
        

7-14 Median 200 200 200 200 200 200 
 25th -* 100 100 100 100 100 
 10th -* 0 0 0 50 0 
 5th -* -100 -50 -100 0 -50 
 (n) (18) (108) (147) (84) (25) (382) 
        

14-28 Median 500 600 550 550 600 550 
 25th -* 450 436 450 450 450 
 10th -* 400 350 300 300 350 
 5th -* 300 300 250 200 300 
 (n) (20) (124) (176) (93) (28) (441) 
        

28-42 Median 500 500 465 457 525 500 
 25th -* 382 400 325 375 382 
 10th -* 300 300 295 300 300 
 5th -* 300 250 200 300 250 
 (n) (20) (127) (174) (92) (28) (441) 
        

42-60 Median 550 550 500 585 550 550 
 25th -* 400 400 408 334 400 
 10th -* 300 300 350 155 300 
 5th -* 300 289 250 150 288 
 (n) (18) (127) (175) (92) (28) (440) 

Note: Results are based on empirical centiles. 
      *: n is too small to estimate lower centiles. 
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Table 17 Girls weight velocity (g/d) by birth-weight groups  

Age  Birth weight (g) 
(days)  2000-2500 2500-3000 3000-3500 3500-4000 4000+ All 

0-7 Median 0 21 14 14 21 14 
 25th -* 0 0 0 0 0 
 10th -* -14 -14 -21 -14 -14 
 5th -* -21 -29 -36 -29 -29 
 (n) (18) (109) (147) (85) (25) (384) 
        

7-14 Median 29 29 29 29 29 29 
 25th -* 14 14 14 14 14 
 10th -* 0 0 0 7 0 
 5th -* -12 -7 -14 0 -7 
 (n) (18) (108) (147) (84) (25) (382) 
        

14-28 Median 36 43 39 42 44 39 
 25th -* 33 32 32 31 32 
 10th -* 29 25 23 22 25 
 5th -* 21 21 18 17 21 
 (n) (20) (124) (176) (93) (28) (441) 
        

28-42 Median 36 36 35 32 38 35 
 25th -* 27 28 25 26 27 
 10th -* 23 21 18 21 21 
 5th -* 21 18 15 21 18 
 (n) (20) (127) (174) (92) (28) (441) 
        

42-60 Median 29 31 27 32 29 29 
 25th -* 23 21 23 20 22 
 10th -* 19 18 19 9 18 
 5th -* 17 15 13 9 15 
 (n) (18) (127) (175) (92) (28) (440) 

Note: Results are based on empirical centiles. 
      *: n is too small to estimate lower centiles. 
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4. CONSTRUCTION OF THE LENGTH VELOCITY STANDARDS 

The objective was to create sex-specific velocity curves for 2-, 3-, 4- and 6-month length increments 
conditional on age. Tables generated from the 2-month increment curves provide estimated centiles for 
ages 0-2, 1-3, …, 22-24 months; tables generated from the 3-month increment curves provide 
estimated centiles for ages 0-3, 1-4, …, 21-24 months; tables generated from the 4-month increment 
curves provide estimated centiles for ages 0-4, 1-5, …, 20-24 months; and tables generated from the  
6-month increment curves provide estimated centiles for ages 0-6, 1-7, …, 18-24 months. 

Negative length increments are clearly the result of measurement error since children cannot grow 
shorter. On the strength of biology, therefore, negative increments were recoded as "no growth" by 
assigning the nominal value of +0.01 to enable their inclusion in the BCPE modelling. The numbers 
involved were small: for the 2-month increments for boys 11 out of 7016 (0.16%) between -0.5 and  
-0.05 cm, and for girls 15 out of 7504 (0.20%) between -0.75 and -0.05 cm. To examine if the 
recoding of these few negative values had an impact on the final centiles, one comparison was made 
using the girls' 2-month length increments with the negative (adding a delta value to all observations) 
versus the recoded values. This group was selected since it had a larger number of negative increments. 
The recoding had no impact on the model specifications and the resulting centiles changed only 
slightly, by at most 0.1 cm, and for very few cases. At the -3SD, the two models yielded identical 
estimates for the intervals between birth and 14 months. For the later ages, the analysis including the 
negative increments resulted in negative centile estimates ranging between -0.1 cm (14-16 months) 
and -0.5 cm (22-24 months). Treating negative increments as zero growth constrained centile estimates 
to be zero or above but did not introduce bias. Using the nominal shift to "no growth" thus averted the 
biological contradiction of expected/predicted negative growth at the extreme low centiles. 

4.1 2-month intervals 

Boys 

There were 7016 2-month length increments for boys, one of which was excluded as an outlier, 
leaving a final sample of 7015 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=9 and df(σ)=7 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=1 and the model BCPE(x=age0.05, df(µ)=9, df(σ)=7, df(ν)=1, τ=2) was further 
evaluated. 

The diagnostic results are presented in Appendix A4, section A4.1a. The overall Q-test p-values 
(Table A4.1) indicate an adequate fit of the parameters µ and σ (p-values > 0.05) yet a significant  
p-value for the skewness parameter ν. This was caused by residual skewness (absolute z3 values larger 
than 2) in three out of 17 age groups. The worm plots (Figure A4.1) from this model agree with the  
Q-test results. By contrast, the fitted curves of the parameters µ, σ and ν seemed adequate when 
compared to the empirical values (Figure A4.2). The fitted centile curves and empirical centiles, which 
are shown in figures A4.3 and A4.4, indicate close concordance between the two. Figure A4.5 shows 
the distribution of empirical minus fitted centile differences with no indication of systematic bias 
except for a slight under-estimation of the 25th centile by about 0.05 cm. 

Table 18 presents the predicted centiles for boys' 2-month length velocities between birth and  
24 months.  
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Girls 

There were 7504 2-month length increments for girls. The best value of the age-transformation power 
was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model 
with df(µ)=10 and df(σ)=7 provided the smallest GAIC(3). The next step was to search for the best 
degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom 
for the previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=1 and 
the model BCPE(x=age0.05, df(µ)=10, df(σ)=7, df(ν)=1, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A4, section A4.1b. The Q-test results (Table A4.2) 
and worm plots (Figure A4.6) indicated an adequate fit of the parameters µ and σ. There were four out 
of 17 groups with residual skewness, resulting in a significant p-value for the overall test of the ν 
parameter at level 5%. Furthermore, figure A4.7 displays adequate fitting of the parameters µ and σ, 
and reasonable smoothing of the fluctuations in the ν parameter when compared with the respective 
sample estimates. Similar to the boys, comparisons between fitted and empirical centiles and centile 
residuals depict some patterns of negligible biases usually less than 0.1 cm (Figures A4.8 to A4.10).  

Table 19 presents the predicted centiles for girls' 2-month length velocities between birth and  
24 months.  

4.2 3-month intervals 

Boys 

There were 4545 3-month length increments for boys, two of which were excluded as outliers, leaving 
a final sample of 4543 observations for the modelling exercise. The best value of the age-
transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 
and τ=2. The model with df(µ)=7 and df(σ)=6 provided the smallest GAIC(3). The next step was to 
search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the 
degrees of freedom for the previously selected µ and σ curves. The smallest GAIC(3) value 
corresponded to df(ν)=1 and thus the model BCPE(x=age0.05, df(µ)=7, df(σ)=6, df(ν)=1, τ=2) was 
selected to predict the boys' 3-month interval parameter curves up to age 12 months (see step 2 in 
section 2.5). 

Those parameter estimates were joined to their equivalents obtained from the 2- and 4-month interval 
models (birth to 24 months) and a cubic spline surface was fitted for the µ and σ parameters (M and S). 
For the L curve, the fitted constant (df(ν)=1 in the model above for the first year) was projected into 
the second year. The resulting predicted parameter estimates for the 3-month interval (birth to  
24 months) from the fitted spline surface (M and S) plus the constant value for L were used to 
construct the final centiles for the boys' 3-month interval.  

The diagnostic test results are presented in Appendix A4, section A4.2a. Figures A4.11 to A4.13 show 
negligible size bias (of about 0.1 cm over-estimation) comparing the empirical and fitted centiles, and 
the centile residuals, in the 75th centile and above.  

Table 20 presents the predicted centiles for boys' 3-month length velocities between birth and  
24 months. 
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Girls 

There were 4866 3-month length increments for girls, one of which was excluded as an outlier, leaving 
a final sample of 4865 observations for the modelling exercise. The smallest global deviance value 
corresponded to the age-transformation power λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=8 and df(σ)=5 provided the smallest 
GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν for 
skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=1. The model BCPE(x=age0.05, df(µ)=8, df(σ)=5, 
df(ν)=1, τ=2) was selected to predict the girls' 3-month interval parameter curves up to age 12 months. 

Following step 3 of the methodology described in section 2.5, those parameter estimates were joined 
to their equivalents obtained from the 2- and 4-month interval models (birth to 24 months) for the µ 
and σ parameters (M and S) and a cubic spline surface was used to fit each of these parameters. 
Similar to boys, the fitted constant for the ν parameter (L) was projected from the first into the second 
year. The predicted parameter estimates from the fitted spline surface (M and S) for 3-month interval 
(birth to 24 months) plus the constant value for L were used to construct the final centiles for the girls' 
3-month interval.   

The diagnostic test results are presented in Appendix A4, section A4.2b. Comparisons between fitted 
and empirical centiles (A4.14 and A4.15) and centile residuals (A4.16) show only an average over-
estimation smaller than 0.1 cm in the 75th centile. 

Table 21 presents the predicted centiles for girls' 3-month weight velocities between birth and  
24 months. 

4.3 4-month intervals 

Boys 

There were 6183 4-month length increments for boys. The best value of the age-transformation power 
was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model 
with df(µ)=8 and df(σ)=5 provided the smallest GAIC(3). The next step was to search for the best 
degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom 
for the previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=1, and 
the model BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, τ=2) was further evaluated. 

The diagnostic test results are presented in Appendix A4, section A4.3a. The Q-test results (Table 
A4.3) and worm plots (Figure A4.17) from this model indicated an adequate fit of the data with only  
1 out of 15 age groups showing misfit of the median (absolute z1>2) and 2 out of 15 age groups with 
residual skewness (absolute z3>2). Yet the overall Q-test p-value was non-significant at the 5% level 
and thus the model was considered adequate. Figure A4.18 shows the fitted µ, σ and ν curves against 
their corresponding empirical estimates. The ν parameter empirical curve exhibits fluctuations that are 
reasonably averaged by the fitted value. The next three plots (figures A4.19, A4.20 and A4.21) show 
no evidence of bias when comparing fitted to empirical centiles or centile residuals, except for a slight 
under-estimation in the 10th and lower centiles by about 0.1 cm.  

Table 22 presents the predicted centiles for boys' 4-month length velocities between birth and  
24 months.  
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Girls 

There were 6620 4-month length increments for girls. The best value of the age-transformation power 
was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model 
with df(µ)=8 and df(σ)=5 provided the smallest GAIC(3). The next step was to search for the best 
degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom 
for the previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=1 and 
the model BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A4, section A4.3b. The Q-test results (Table A4.4) 
and worm plots (Figure A4.22) from this model indicated clearly that it was adequate for constructing 
the 4-month velocity curves for girls. Figure A4.23 shows adequate fitting of the parameters µ and σ 
with the respective sample estimates and a fair constant fitting of the fluctuations in the empirical 
curve for ν by the selected model. Comparisons between fitted and empirical centiles and centile 
residuals depict a reasonable fit of the data with a slight over-estimation in the 75th centile by about 
0.05 cm (Figures A4.24 to A4.26).  

Table 23 presents the predicted centiles for girls' 4-month length velocities between birth and  
24 months.  

 
4.4 6-month intervals 

Boys 

There were a total of 5358 6-month length increments for boys, one of which was excluded as an 
outlier, leaving a final sample of 5357 increments for the modelling exercise. The best value of the 
age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, 
ν=1 and τ=2. The model with df(µ)=7 and df(σ)=5 corresponded to the smallest GAIC(3). The next 
step was to search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2 and 
keeping the degrees of freedom for the previously selected µ and σ curves. Although the smallest 
GAIC(3) value corresponded to df(ν)=3, the model with df(ν)=1 was also considered to be more 
consistent with the other intervals. Since there were no detectable differences in the final centiles 
estimated by either model, the simpler model (i.e. BCPE(x=age0.05, df(µ)=7, df(σ)=5, df(ν)=1, τ=2) 
was further evaluated. 

The diagnostic test results are presented in the Appendix A4, section A4.4a. The Q-test results (Table 
A4.5) and worm plots (Figure A4.27) from this model indicated an adequate fit of the data with only  
1 out of 13 age groups showing misfit of the skewness (absolute z3>2). Yet the overall Q-test p-value 
was non-significant at the 5% level and thus the model was considered adequate. Figure A4.28 shows 
the fitted µ, σ and ν curves against their corresponding empirical estimates. The ν parameter empirical 
curve fluctuated and was well averaged by the fitted constant value. The next three plots (figures 
A4.29, A4.30 and A4.31) show no evidence of bias when comparing fitted to empirical centiles or 
centile residuals, except for a slight over-estimation by about 0.1 cm in the 90th and 95th centiles.  

Table 24 presents the predicted centiles for boys' 6-month length velocities between birth and  
24 months.  
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Girls 

There were 5739 6-month length increments for girls. The best value of the age-transformation power 
was λ=0.05. The search for the best df(µ) and df(σ) followed, fixing λ=0.05, ν=1 and τ=2. The model 
with df(µ)=7 and df(σ)=4 provided the smallest GAIC(3). The next step was to search for the best 
degrees of freedom to fit the parameter ν for skewness fixing τ=2 and keeping the degrees of freedom 
for the previously selected µ and σ curves. The smallest GAIC(3) value corresponded to df(ν)=1 and 
the model BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=1, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A4, section A4.4b. The Q-test results (Table A4.6) 
and worm plots (Figure A4.32) from this model indicated clearly that it was adequate for constructing 
the 6-month velocity curves for girls. Figure A4.33 shows adequate fitting of the parameters µ and σ 
curves with the respective sample estimates. The fluctuations in the empirical curve for ν are fitted 
reasonably well by the constant in the selected model. Comparisons between fitted and empirical 
centiles and centile residuals depict fair concordance between the empirical and fitted data (Figures 
A4.34 to A4.36).  

Table 25 presents the predicted centiles for girls' 6-month length velocities between birth and  
24 months.  

 
 



 

 
 

Table 18 Boys 2-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.9497 8.4820 0.13400 5.9 6.4 6.6 7.3 7.7 8.5 9.3 9.7 10.4 10.6 11.1
1-3 mo 0.9497 6.9984 0.14062 4.7 5.2 5.4 6.0 6.3 7.0 7.7 8.0 8.6 8.9 9.3
2-4 mo 0.9497 5.5716 0.17179 3.4 3.8 4.0 4.6 4.9 5.6 6.2 6.6 7.2 7.4 7.8
3-5 mo 0.9497 4.4941 0.20929 2.3 2.7 3.0 3.5 3.9 4.5 5.1 5.5 6.1 6.3 6.7
4-6 mo 0.9497 3.7228 0.24323 1.7 2.0 2.3 2.8 3.1 3.7 4.3 4.7 5.2 5.4 5.9
5-7 mo 0.9497 3.2403 0.26837 1.3 1.6 1.8 2.3 2.7 3.2 3.8 4.1 4.7 4.9 5.3
6-8 mo 0.9497 2.9661 0.28481 1.0 1.4 1.6 2.1 2.4 3.0 3.5 3.8 4.4 4.6 5.0
7-9 mo 0.9497 2.8089 0.29636 0.9 1.3 1.5 2.0 2.3 2.8 3.4 3.7 4.2 4.4 4.8
8-10 mo 0.9497 2.6901 0.30505 0.8 1.2 1.4 1.8 2.1 2.7 3.2 3.5 4.1 4.3 4.6
9-11 mo 0.9497 2.5785 0.31391 0.7 1.1 1.3 1.7 2.0 2.6 3.1 3.4 3.9 4.1 4.5
10-12 mo 0.9497 2.4724 0.32400 0.7 1.0 1.2 1.7 1.9 2.5 3.0 3.3 3.8 4.0 4.4
11-13 mo 0.9497 2.3818 0.33613 0.6 0.9 1.1 1.6 1.8 2.4 2.9 3.2 3.7 3.9 4.3
12-14 mo 0.9497 2.2978 0.34908 0.5 0.8 1.0 1.5 1.8 2.3 2.8 3.1 3.6 3.8 4.2
13-15 mo 0.9497 2.2138 0.36174 0.4 0.7 0.9 1.4 1.7 2.2 2.8 3.1 3.5 3.7 4.1
14-16 mo 0.9497 2.1357 0.37410 0.3 0.7 0.8 1.3 1.6 2.1 2.7 3.0 3.5 3.7 4.0
15-17 mo 0.9497 2.0675 0.38645 0.3 0.6 0.8 1.2 1.5 2.1 2.6 2.9 3.4 3.6 4.0
16-18 mo 0.9497 2.0061 0.39924 0.2 0.5 0.7 1.2 1.5 2.0 2.5 2.8 3.3 3.5 3.9
17-19 mo 0.9497 1.9495 0.41274 0.2 0.5 0.7 1.1 1.4 1.9 2.5 2.8 3.3 3.5 3.9
18-20 mo 0.9497 1.8972 0.42656 0.1 0.4 0.6 1.1 1.4 1.9 2.4 2.7 3.2 3.4 3.8
19-21 mo 0.9497 1.8490 0.44029 0.0 0.4 0.5 1.0 1.3 1.8 2.4 2.7 3.2 3.4 3.8
20-22 mo 0.9497 1.8030 0.45398 0.0 0.3 0.5 1.0 1.3 1.8 2.4 2.7 3.2 3.4 3.7
21-23 mo 0.9497 1.7575 0.46768 0.0 0.3 0.4 0.9 1.2 1.8 2.3 2.6 3.1 3.3 3.7
22-24 mo 0.9497 1.7133 0.48129 0.0 0.2 0.4 0.9 1.2 1.7 2.3 2.6 3.1 3.3 3.7
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Table 18 Boys 2-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.9497 8.4820 0.13400 5.1 6.2 7.3 8.5 9.6 10.8 11.9
1-3 mo 0.9497 6.9984 0.14062 4.1 5.0 6.0 7.0 8.0 9.0 10.0
2-4 mo 0.9497 5.5716 0.17179 2.7 3.7 4.6 5.6 6.5 7.5 8.5
3-5 mo 0.9497 4.4941 0.20929 1.7 2.6 3.6 4.5 5.4 6.4 7.4
4-6 mo 0.9497 3.7228 0.24323 1.1 1.9 2.8 3.7 4.6 5.6 6.5
5-7 mo 0.9497 3.2403 0.26837 0.7 1.5 2.4 3.2 4.1 5.0 5.9
6-8 mo 0.9497 2.9661 0.28481 0.5 1.3 2.1 3.0 3.8 4.7 5.5
7-9 mo 0.9497 2.8089 0.29636 0.4 1.2 2.0 2.8 3.6 4.5 5.4
8-10 mo 0.9497 2.6901 0.30505 0.3 1.1 1.9 2.7 3.5 4.4 5.2
9-11 mo 0.9497 2.5785 0.31391 0.2 1.0 1.8 2.6 3.4 4.2 5.1
10-12 mo 0.9497 2.4724 0.32400 0.2 0.9 1.7 2.5 3.3 4.1 4.9
11-13 mo 0.9497 2.3818 0.33613 0.1 0.8 1.6 2.4 3.2 4.0 4.8
12-14 mo 0.9497 2.2978 0.34908 0.0 0.7 1.5 2.3 3.1 3.9 4.8
13-15 mo 0.9497 2.2138 0.36174 0.0 0.7 1.4 2.2 3.0 3.8 4.7
14-16 mo 0.9497 2.1357 0.37410 0.0 0.6 1.3 2.1 2.9 3.8 4.6
15-17 mo 0.9497 2.0675 0.38645 0.0 0.5 1.3 2.1 2.9 3.7 4.5
16-18 mo 0.9497 2.0061 0.39924 0.0 0.4 1.2 2.0 2.8 3.6 4.5
17-19 mo 0.9497 1.9495 0.41274 0.0 0.4 1.2 1.9 2.8 3.6 4.4
18-20 mo 0.9497 1.8972 0.42656 0.0 0.3 1.1 1.9 2.7 3.5 4.4
19-21 mo 0.9497 1.8490 0.44029 0.0 0.3 1.0 1.8 2.7 3.5 4.4
20-22 mo 0.9497 1.8030 0.45398 0.0 0.2 1.0 1.8 2.6 3.5 4.3
21-23 mo 0.9497 1.7575 0.46768 0.0 0.2 0.9 1.8 2.6 3.4 4.3
22-24 mo 0.9497 1.7133 0.48129 0.0 0.1 0.9 1.7 2.5 3.4 4.3
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Table 19 Girls 2-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.9918 7.9023 0.14123 5.3 5.8 6.1 6.7 7.1 7.9 8.7 9.1 9.7 10.0 10.5
1-3 mo 0.9918 6.3775 0.15004 4.2 4.6 4.8 5.4 5.7 6.4 7.0 7.4 8.0 8.2 8.6
2-4 mo 0.9918 5.1574 0.17732 3.0 3.4 3.7 4.2 4.5 5.2 5.8 6.1 6.7 6.9 7.3
3-5 mo 0.9918 4.2877 0.21092 2.2 2.6 2.8 3.4 3.7 4.3 4.9 5.2 5.8 6.0 6.4
4-6 mo 0.9918 3.5965 0.23941 1.6 2.0 2.2 2.7 3.0 3.6 4.2 4.5 5.0 5.2 5.6
5-7 mo 0.9918 3.1827 0.25995 1.3 1.6 1.8 2.3 2.6 3.2 3.7 4.0 4.5 4.7 5.1
6-8 mo 0.9918 3.0000 0.27597 1.1 1.4 1.6 2.1 2.4 3.0 3.6 3.9 4.4 4.6 4.9
7-9 mo 0.9918 2.8764 0.28638 1.0 1.3 1.5 2.0 2.3 2.9 3.4 3.7 4.2 4.4 4.8
8-10 mo 0.9918 2.7444 0.29192 0.9 1.2 1.4 1.9 2.2 2.7 3.3 3.6 4.1 4.3 4.6
9-11 mo 0.9918 2.6284 0.29751 0.8 1.2 1.3 1.8 2.1 2.6 3.2 3.4 3.9 4.1 4.5
10-12 mo 0.9918 2.5303 0.30553 0.7 1.1 1.3 1.7 2.0 2.5 3.1 3.3 3.8 4.0 4.3
11-13 mo 0.9918 2.4425 0.31612 0.7 1.0 1.2 1.6 1.9 2.4 3.0 3.2 3.7 3.9 4.2
12-14 mo 0.9918 2.3621 0.32828 0.6 0.9 1.1 1.6 1.8 2.4 2.9 3.2 3.6 3.8 4.2
13-15 mo 0.9918 2.2879 0.34112 0.5 0.8 1.0 1.5 1.8 2.3 2.8 3.1 3.6 3.8 4.1
14-16 mo 0.9918 2.2236 0.35425 0.4 0.7 0.9 1.4 1.7 2.2 2.8 3.0 3.5 3.7 4.1
15-17 mo 0.9918 2.1684 0.36737 0.3 0.7 0.9 1.3 1.6 2.2 2.7 3.0 3.5 3.7 4.0
16-18 mo 0.9918 2.1113 0.38003 0.3 0.6 0.8 1.3 1.6 2.1 2.7 2.9 3.4 3.6 4.0
17-19 mo 0.9918 2.0470 0.39199 0.2 0.5 0.7 1.2 1.5 2.0 2.6 2.9 3.4 3.6 3.9
18-20 mo 0.9918 1.9822 0.40358 0.1 0.5 0.7 1.2 1.4 2.0 2.5 2.8 3.3 3.5 3.8
19-21 mo 0.9918 1.9225 0.41519 0.1 0.4 0.6 1.1 1.4 1.9 2.5 2.8 3.2 3.4 3.8
20-22 mo 0.9918 1.8682 0.42686 0.0 0.4 0.6 1.0 1.3 1.9 2.4 2.7 3.2 3.4 3.7
21-23 mo 0.9918 1.8192 0.43859 0.0 0.3 0.5 1.0 1.3 1.8 2.4 2.6 3.1 3.3 3.7
22-24 mo 0.9918 1.7750 0.45033 0.0 0.3 0.5 0.9 1.2 1.8 2.3 2.6 3.1 3.3 3.6
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Table 19 Girls 2-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.9918 7.9023 0.14123 4.6 5.7 6.8 7.9 9.0 10.1 11.3
1-3 mo 0.9918 6.3775 0.15004 3.5 4.5 5.4 6.4 7.3 8.3 9.3
2-4 mo 0.9918 5.1574 0.17732 2.4 3.3 4.2 5.2 6.1 7.0 7.9
3-5 mo 0.9918 4.2877 0.21092 1.6 2.5 3.4 4.3 5.2 6.1 7.0
4-6 mo 0.9918 3.5965 0.23941 1.0 1.9 2.7 3.6 4.5 5.3 6.2
5-7 mo 0.9918 3.1827 0.25995 0.7 1.5 2.4 3.2 4.0 4.8 5.7
6-8 mo 0.9918 3.0000 0.27597 0.5 1.3 2.2 3.0 3.8 4.7 5.5
7-9 mo 0.9918 2.8764 0.28638 0.4 1.2 2.1 2.9 3.7 4.5 5.4
8-10 mo 0.9918 2.7444 0.29192 0.4 1.1 1.9 2.7 3.5 4.3 5.2
9-11 mo 0.9918 2.6284 0.29751 0.3 1.1 1.8 2.6 3.4 4.2 5.0
10-12 mo 0.9918 2.5303 0.30553 0.2 1.0 1.8 2.5 3.3 4.1 4.9
11-13 mo 0.9918 2.4425 0.31612 0.1 0.9 1.7 2.4 3.2 4.0 4.8
12-14 mo 0.9918 2.3621 0.32828 0.1 0.8 1.6 2.4 3.1 3.9 4.7
13-15 mo 0.9918 2.2879 0.34112 0.1 0.7 1.5 2.3 3.1 3.9 4.6
14-16 mo 0.9918 2.2236 0.35425 0.1 0.7 1.4 2.2 3.0 3.8 4.6
15-17 mo 0.9918 2.1684 0.36737 0.1 0.6 1.4 2.2 3.0 3.8 4.6
16-18 mo 0.9918 2.1113 0.38003 0.1 0.5 1.3 2.1 2.9 3.7 4.5
17-19 mo 0.9918 2.0470 0.39199 0.1 0.4 1.2 2.0 2.9 3.7 4.5
18-20 mo 0.9918 1.9822 0.40358 0.1 0.4 1.2 2.0 2.8 3.6 4.4
19-21 mo 0.9918 1.9225 0.41519 0.1 0.3 1.1 1.9 2.7 3.5 4.3
20-22 mo 0.9918 1.8682 0.42686 0.0 0.3 1.1 1.9 2.7 3.5 4.3
21-23 mo 0.9918 1.8192 0.43859 0.0 0.2 1.0 1.8 2.6 3.4 4.2
22-24 mo 0.9918 1.7750 0.45033 0.0 0.2 1.0 1.8 2.6 3.4 4.2
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Table 20 Boys 3-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-3 mo 0.8792 11.4458 0.11285 8.5 9.0 9.3 10.1 10.6 11.4 12.3 12.8 13.6 13.9 14.5
1-4 mo 0.8792 9.4950 0.12700 6.7 7.3 7.5 8.3 8.7 9.5 10.3 10.8 11.5 11.8 12.3
2-5 mo 0.8792 7.6058 0.15474 4.9 5.4 5.7 6.4 6.8 7.6 8.4 8.8 9.6 9.9 10.4
3-6 mo 0.8792 6.2317 0.18096 3.7 4.2 4.4 5.1 5.5 6.2 7.0 7.4 8.1 8.4 8.9
4-7 mo 0.8792 5.3243 0.20103 2.9 3.4 3.6 4.2 4.6 5.3 6.1 6.4 7.1 7.4 7.9
5-8 mo 0.8792 4.7433 0.21513 2.5 2.9 3.1 3.7 4.1 4.7 5.4 5.8 6.5 6.7 7.2
6-9 mo 0.8792 4.3594 0.22535 2.2 2.6 2.8 3.4 3.7 4.4 5.0 5.4 6.0 6.3 6.7
7-10 mo 0.8792 4.1002 0.23308 2.0 2.4 2.6 3.1 3.5 4.1 4.8 5.1 5.7 5.9 6.4
8-11 mo 0.8792 3.9200 0.23935 1.8 2.2 2.4 3.0 3.3 3.9 4.6 4.9 5.5 5.7 6.2
9-12 mo 0.8792 3.7818 0.24526 1.7 2.1 2.3 2.8 3.2 3.8 4.4 4.8 5.3 5.6 6.0
10-13 mo 0.8792 3.6611 0.25157 1.6 2.0 2.2 2.7 3.0 3.7 4.3 4.6 5.2 5.4 5.9
11-14 mo 0.8792 3.5430 0.25876 1.5 1.9 2.1 2.6 2.9 3.5 4.2 4.5 5.1 5.3 5.7
12-15 mo 0.8792 3.4189 0.26713 1.4 1.8 2.0 2.5 2.8 3.4 4.0 4.4 5.0 5.2 5.6
13-16 mo 0.8792 3.2920 0.27641 1.3 1.6 1.8 2.4 2.7 3.3 3.9 4.3 4.8 5.1 5.5
14-17 mo 0.8792 3.1717 0.28590 1.2 1.5 1.7 2.3 2.6 3.2 3.8 4.1 4.7 4.9 5.4
15-18 mo 0.8792 3.0649 0.29508 1.1 1.4 1.6 2.1 2.5 3.1 3.7 4.0 4.6 4.8 5.2
16-19 mo 0.8792 2.9758 0.30351 1.0 1.3 1.5 2.1 2.4 3.0 3.6 3.9 4.5 4.7 5.2
17-20 mo 0.8792 2.9068 0.31089 0.9 1.3 1.5 2.0 2.3 2.9 3.5 3.9 4.4 4.7 5.1
18-21 mo 0.8792 2.8507 0.31767 0.9 1.2 1.4 1.9 2.2 2.9 3.5 3.8 4.4 4.6 5.0
19-22 mo 0.8792 2.7940 0.32487 0.8 1.2 1.4 1.9 2.2 2.8 3.4 3.8 4.3 4.6 5.0
20-23 mo 0.8792 2.7265 0.33332 0.7 1.1 1.3 1.8 2.1 2.7 3.3 3.7 4.3 4.5 4.9
21-24 mo 0.8792 2.6405 0.34377 0.7 1.0 1.2 1.7 2.0 2.6 3.3 3.6 4.2 4.4 4.8
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Table 20 Boys 3-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.8792 11.4458 0.11285 7.7 8.9 10.2 11.4 12.7 14.1 15.4
1-4 mo 0.8792 9.4950 0.12700 6.0 7.1 8.3 9.5 10.7 11.9 13.2
2-5 mo 0.8792 7.6058 0.15474 4.2 5.3 6.4 7.6 8.8 10.0 11.2
3-6 mo 0.8792 6.2317 0.18096 3.0 4.0 5.1 6.2 7.4 8.5 9.7
4-7 mo 0.8792 5.3243 0.20103 2.3 3.2 4.3 5.3 6.4 7.5 8.6
5-8 mo 0.8792 4.7433 0.21513 1.8 2.8 3.7 4.7 5.8 6.8 7.9
6-9 mo 0.8792 4.3594 0.22535 1.6 2.5 3.4 4.4 5.4 6.4 7.4
7-10 mo 0.8792 4.1002 0.23308 1.4 2.3 3.2 4.1 5.1 6.1 7.1
8-11 mo 0.8792 3.9200 0.23935 1.3 2.1 3.0 3.9 4.9 5.8 6.8
9-12 mo 0.8792 3.7818 0.24526 1.2 2.0 2.9 3.8 4.7 5.7 6.7
10-13 mo 0.8792 3.6611 0.25157 1.1 1.9 2.8 3.7 4.6 5.6 6.5
11-14 mo 0.8792 3.5430 0.25876 1.0 1.8 2.6 3.5 4.5 5.4 6.4
12-15 mo 0.8792 3.4189 0.26713 0.9 1.7 2.5 3.4 4.3 5.3 6.3
13-16 mo 0.8792 3.2920 0.27641 0.7 1.5 2.4 3.3 4.2 5.2 6.1
14-17 mo 0.8792 3.1717 0.28590 0.6 1.4 2.3 3.2 4.1 5.0 6.0
15-18 mo 0.8792 3.0649 0.29508 0.6 1.3 2.2 3.1 4.0 4.9 5.9
16-19 mo 0.8792 2.9758 0.30351 0.5 1.2 2.1 3.0 3.9 4.8 5.8
17-20 mo 0.8792 2.9068 0.31089 0.4 1.2 2.0 2.9 3.8 4.8 5.7
18-21 mo 0.8792 2.8507 0.31767 0.4 1.1 2.0 2.9 3.8 4.7 5.7
19-22 mo 0.8792 2.7940 0.32487 0.3 1.1 1.9 2.8 3.7 4.7 5.6
20-23 mo 0.8792 2.7265 0.33332 0.2 1.0 1.8 2.7 3.7 4.6 5.6
21-24 mo 0.8792 2.6405 0.34377 0.2 0.9 1.8 2.6 3.6 4.5 5.5
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Table 21 Girls 3-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-3 mo 0.8538 10.5967 0.11683 7.8 8.3 8.6 9.3 9.8 10.6 11.4 11.9 12.7 13.0 13.5
1-4 mo 0.8538 8.7743 0.13505 6.1 6.6 6.9 7.6 8.0 8.8 9.6 10.0 10.8 11.0 11.6
2-5 mo 0.8538 7.1455 0.15574 4.6 5.1 5.4 6.0 6.4 7.1 7.9 8.3 9.0 9.3 9.8
3-6 mo 0.8538 5.9428 0.17798 3.6 4.0 4.2 4.9 5.2 5.9 6.7 7.1 7.7 8.0 8.5
4-7 mo 0.8538 5.1554 0.19661 2.9 3.3 3.5 4.1 4.5 5.2 5.8 6.2 6.9 7.1 7.6
5-8 mo 0.8538 4.6834 0.20988 2.5 2.9 3.1 3.7 4.0 4.7 5.4 5.7 6.3 6.6 7.0
6-9 mo 0.8538 4.3922 0.21849 2.3 2.6 2.9 3.4 3.8 4.4 5.0 5.4 6.0 6.2 6.7
7-10 mo 0.8538 4.1971 0.22383 2.1 2.5 2.7 3.2 3.6 4.2 4.8 5.2 5.8 6.0 6.5
8-11 mo 0.8538 4.0329 0.22876 2.0 2.4 2.6 3.1 3.4 4.0 4.7 5.0 5.6 5.8 6.3
9-12 mo 0.8538 3.8692 0.23503 1.9 2.2 2.4 2.9 3.3 3.9 4.5 4.8 5.4 5.6 6.1
10-13 mo 0.8538 3.7174 0.24257 1.7 2.1 2.3 2.8 3.1 3.7 4.3 4.7 5.2 5.5 5.9
11-14 mo 0.8538 3.5892 0.25105 1.6 2.0 2.2 2.7 3.0 3.6 4.2 4.5 5.1 5.3 5.8
12-15 mo 0.8538 3.4811 0.25988 1.5 1.8 2.0 2.6 2.9 3.5 4.1 4.4 5.0 5.2 5.7
13-16 mo 0.8538 3.3844 0.26843 1.4 1.7 1.9 2.5 2.8 3.4 4.0 4.3 4.9 5.1 5.6
14-17 mo 0.8538 3.2934 0.27635 1.3 1.7 1.9 2.4 2.7 3.3 3.9 4.3 4.8 5.1 5.5
15-18 mo 0.8538 3.2051 0.28388 1.2 1.6 1.8 2.3 2.6 3.2 3.8 4.2 4.7 5.0 5.4
16-19 mo 0.8538 3.1173 0.29130 1.1 1.5 1.7 2.2 2.5 3.1 3.7 4.1 4.7 4.9 5.3
17-20 mo 0.8538 3.0295 0.29869 1.1 1.4 1.6 2.1 2.4 3.0 3.6 4.0 4.6 4.8 5.2
18-21 mo 0.8538 2.9427 0.30582 1.0 1.3 1.5 2.0 2.3 2.9 3.6 3.9 4.5 4.7 5.1
19-22 mo 0.8538 2.8576 0.31251 0.9 1.3 1.5 2.0 2.3 2.9 3.5 3.8 4.4 4.6 5.0
20-23 mo 0.8538 2.7779 0.31896 0.9 1.2 1.4 1.9 2.2 2.8 3.4 3.7 4.3 4.5 4.9
21-24 mo 0.8538 2.7091 0.32567 0.8 1.1 1.3 1.8 2.1 2.7 3.3 3.6 4.2 4.4 4.9
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Table 21 Girls 3-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.8538 10.5967 0.11683 7.0 8.2 9.4 10.6 11.8 13.1 14.4
1-4 mo 0.8538 8.7743 0.13505 5.3 6.5 7.6 8.8 10.0 11.2 12.4
2-5 mo 0.8538 7.1455 0.15574 3.9 5.0 6.0 7.1 8.3 9.4 10.6
3-6 mo 0.8538 5.9428 0.17798 2.9 3.9 4.9 5.9 7.0 8.1 9.2
4-7 mo 0.8538 5.1554 0.19661 2.3 3.2 4.2 5.2 6.2 7.2 8.3
5-8 mo 0.8538 4.6834 0.20988 1.9 2.8 3.7 4.7 5.7 6.7 7.8
6-9 mo 0.8538 4.3922 0.21849 1.7 2.5 3.4 4.4 5.4 6.4 7.4
7-10 mo 0.8538 4.1971 0.22383 1.5 2.4 3.3 4.2 5.2 6.1 7.1
8-11 mo 0.8538 4.0329 0.22876 1.4 2.3 3.1 4.0 5.0 5.9 6.9
9-12 mo 0.8538 3.8692 0.23503 1.3 2.1 3.0 3.9 4.8 5.7 6.7
10-13 mo 0.8538 3.7174 0.24257 1.2 2.0 2.8 3.7 4.6 5.6 6.5
11-14 mo 0.8538 3.5892 0.25105 1.1 1.9 2.7 3.6 4.5 5.5 6.4
12-15 mo 0.8538 3.4811 0.25988 1.0 1.8 2.6 3.5 4.4 5.4 6.3
13-16 mo 0.8538 3.3844 0.26843 0.9 1.7 2.5 3.4 4.3 5.3 6.2
14-17 mo 0.8538 3.2934 0.27635 0.8 1.6 2.4 3.3 4.2 5.2 6.2
15-18 mo 0.8538 3.2051 0.28388 0.7 1.5 2.3 3.2 4.1 5.1 6.1
16-19 mo 0.8538 3.1173 0.29130 0.6 1.4 2.2 3.1 4.0 5.0 6.0
17-20 mo 0.8538 3.0295 0.29869 0.6 1.3 2.1 3.0 4.0 4.9 5.9
18-21 mo 0.8538 2.9427 0.30582 0.5 1.2 2.1 2.9 3.9 4.8 5.8
19-22 mo 0.8538 2.8576 0.31251 0.4 1.2 2.0 2.9 3.8 4.7 5.7
20-23 mo 0.8538 2.7779 0.31896 0.4 1.1 1.9 2.8 3.7 4.6 5.6
21-24 mo 0.8538 2.7091 0.32567 0.3 1.0 1.8 2.7 3.6 4.5 5.5
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Table 22 Boys 4-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 1.0138 13.9770 0.10113 10.7 11.3 11.6 12.5 13.0 14.0 14.9 15.4 16.3 16.6 17.3
1-5 mo 1.0138 11.4886 0.12006 8.3 8.9 9.2 10.1 10.6 11.5 12.4 12.9 13.8 14.1 14.7
2-6 mo 1.0138 9.3048 0.13954 6.3 6.9 7.2 8.0 8.4 9.3 10.2 10.6 11.4 11.7 12.3
3-7 mo 1.0138 7.7601 0.15624 4.9 5.5 5.8 6.5 6.9 7.8 8.6 9.0 9.8 10.0 10.6
4-8 mo 1.0138 6.7018 0.16955 4.0 4.6 4.8 5.5 5.9 6.7 7.5 7.9 8.6 8.8 9.3
5-9 mo 1.0138 6.0704 0.17780 3.6 4.0 4.3 5.0 5.3 6.1 6.8 7.2 7.8 8.1 8.6
6-10 mo 1.0138 5.6756 0.18311 3.2 3.7 4.0 4.6 5.0 5.7 6.4 6.8 7.4 7.6 8.1
7-11 mo 1.0138 5.3939 0.18754 3.0 3.5 3.7 4.3 4.7 5.4 6.1 6.4 7.1 7.3 7.7
8-12 mo 1.0138 5.1699 0.19138 2.9 3.3 3.5 4.1 4.5 5.2 5.8 6.2 6.8 7.0 7.5
9-13 mo 1.0138 4.9623 0.19512 2.7 3.1 3.4 4.0 4.3 5.0 5.6 6.0 6.6 6.8 7.2
10-14 mo 1.0138 4.7773 0.19880 2.6 3.0 3.2 3.8 4.1 4.8 5.4 5.8 6.3 6.6 7.0
11-15 mo 1.0138 4.6014 0.20286 2.4 2.8 3.1 3.6 4.0 4.6 5.2 5.6 6.1 6.4 6.8
12-16 mo 1.0138 4.4487 0.20707 2.3 2.7 2.9 3.5 3.8 4.4 5.1 5.4 6.0 6.2 6.6
13-17 mo 1.0138 4.3123 0.21158 2.2 2.6 2.8 3.4 3.7 4.3 4.9 5.3 5.8 6.0 6.4
14-18 mo 1.0138 4.1833 0.21644 2.1 2.5 2.7 3.2 3.6 4.2 4.8 5.1 5.7 5.9 6.3
15-19 mo 1.0138 4.0680 0.22124 2.0 2.4 2.6 3.1 3.5 4.1 4.7 5.0 5.5 5.8 6.2
16-20 mo 1.0138 3.9584 0.22619 1.9 2.3 2.5 3.0 3.4 4.0 4.6 4.9 5.4 5.6 6.0
17-21 mo 1.0138 3.8600 0.23092 1.8 2.2 2.4 2.9 3.3 3.9 4.5 4.8 5.3 5.5 5.9
18-22 mo 1.0138 3.7663 0.23577 1.7 2.1 2.3 2.8 3.2 3.8 4.4 4.7 5.2 5.4 5.8
19-23 mo 1.0138 3.6815 0.24063 1.6 2.0 2.2 2.8 3.1 3.7 4.3 4.6 5.1 5.3 5.7
20-24 mo 1.0138 3.6058 0.24530 1.5 1.9 2.1 2.7 3.0 3.6 4.2 4.5 5.1 5.3 5.7
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Table 22 Boys 4-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 1.0138 13.9770 0.10113 9.7 11.1 12.6 14.0 15.4 16.8 18.2
1-5 mo 1.0138 11.4886 0.12006 7.3 8.7 10.1 11.5 12.9 14.2 15.6
2-6 mo 1.0138 9.3048 0.13954 5.4 6.7 8.0 9.3 10.6 11.9 13.2
3-7 mo 1.0138 7.7601 0.15624 4.1 5.3 6.5 7.8 9.0 10.2 11.4
4-8 mo 1.0138 6.7018 0.16955 3.3 4.4 5.6 6.7 7.8 9.0 10.1
5-9 mo 1.0138 6.0704 0.17780 2.8 3.9 5.0 6.1 7.1 8.2 9.3
6-10 mo 1.0138 5.6756 0.18311 2.5 3.6 4.6 5.7 6.7 7.7 8.8
7-11 mo 1.0138 5.3939 0.18754 2.3 3.4 4.4 5.4 6.4 7.4 8.4
8-12 mo 1.0138 5.1699 0.19138 2.2 3.2 4.2 5.2 6.2 7.1 8.1
9-13 mo 1.0138 4.9623 0.19512 2.0 3.0 4.0 5.0 5.9 6.9 7.9
10-14 mo 1.0138 4.7773 0.19880 1.9 2.9 3.8 4.8 5.7 6.7 7.6
11-15 mo 1.0138 4.6014 0.20286 1.8 2.7 3.7 4.6 5.5 6.5 7.4
12-16 mo 1.0138 4.4487 0.20707 1.7 2.6 3.5 4.4 5.4 6.3 7.2
13-17 mo 1.0138 4.3123 0.21158 1.6 2.5 3.4 4.3 5.2 6.1 7.0
14-18 mo 1.0138 4.1833 0.21644 1.5 2.4 3.3 4.2 5.1 6.0 6.9
15-19 mo 1.0138 4.0680 0.22124 1.4 2.3 3.2 4.1 5.0 5.9 6.8
16-20 mo 1.0138 3.9584 0.22619 1.3 2.2 3.1 4.0 4.9 5.7 6.6
17-21 mo 1.0138 3.8600 0.23092 1.2 2.1 3.0 3.9 4.8 5.6 6.5
18-22 mo 1.0138 3.7663 0.23577 1.1 2.0 2.9 3.8 4.7 5.5 6.4
19-23 mo 1.0138 3.6815 0.24063 1.0 1.9 2.8 3.7 4.6 5.4 6.3
20-24 mo 1.0138 3.6058 0.24530 0.9 1.8 2.7 3.6 4.5 5.4 6.2
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Table 23 Girls 4-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 0.8123 13.0081 0.10744 9.8 10.4 10.7 11.6 12.1 13.0 14.0 14.5 15.3 15.7 16.3
1-5 mo 0.8123 10.6621 0.12126 7.7 8.3 8.6 9.3 9.8 10.7 11.5 12.0 12.8 13.1 13.7
2-6 mo 0.8123 8.7302 0.13625 6.1 6.5 6.8 7.5 7.9 8.7 9.5 10.0 10.7 11.0 11.6
3-7 mo 0.8123 7.4606 0.15069 4.9 5.4 5.7 6.3 6.7 7.5 8.2 8.6 9.4 9.6 10.2
4-8 mo 0.8123 6.5992 0.16368 4.2 4.6 4.9 5.5 5.9 6.6 7.3 7.7 8.4 8.7 9.2
5-9 mo 0.8123 6.0664 0.17240 3.7 4.2 4.4 5.0 5.4 6.1 6.8 7.2 7.8 8.1 8.6
6-10 mo 0.8123 5.7273 0.17782 3.5 3.9 4.1 4.7 5.0 5.7 6.4 6.8 7.4 7.7 8.2
7-11 mo 0.8123 5.4731 0.18189 3.3 3.7 3.9 4.5 4.8 5.5 6.2 6.5 7.2 7.4 7.9
8-12 mo 0.8123 5.2575 0.18562 3.1 3.5 3.7 4.3 4.6 5.3 5.9 6.3 6.9 7.1 7.6
9-13 mo 0.8123 5.0550 0.18974 2.9 3.3 3.5 4.1 4.4 5.1 5.7 6.1 6.7 6.9 7.4
10-14 mo 0.8123 4.8763 0.19407 2.8 3.2 3.4 3.9 4.2 4.9 5.5 5.9 6.5 6.7 7.2
11-15 mo 0.8123 4.7084 0.19893 2.6 3.0 3.2 3.8 4.1 4.7 5.3 5.7 6.3 6.5 7.0
12-16 mo 0.8123 4.5658 0.20385 2.5 2.9 3.1 3.6 3.9 4.6 5.2 5.5 6.1 6.4 6.8
13-17 mo 0.8123 4.4427 0.20880 2.4 2.8 3.0 3.5 3.8 4.4 5.1 5.4 6.0 6.2 6.7
14-18 mo 0.8123 4.3256 0.21372 2.3 2.7 2.9 3.4 3.7 4.3 5.0 5.3 5.9 6.1 6.6
15-19 mo 0.8123 4.2141 0.21816 2.2 2.6 2.8 3.3 3.6 4.2 4.8 5.2 5.8 6.0 6.4
16-20 mo 0.8123 4.0974 0.22240 2.1 2.5 2.7 3.2 3.5 4.1 4.7 5.1 5.6 5.9 6.3
17-21 mo 0.8123 3.9825 0.22623 2.0 2.4 2.6 3.1 3.4 4.0 4.6 4.9 5.5 5.7 6.2
18-22 mo 0.8123 3.8660 0.22998 1.9 2.3 2.5 3.0 3.3 3.9 4.5 4.8 5.4 5.6 6.0
19-23 mo 0.8123 3.7559 0.23357 1.8 2.2 2.4 2.9 3.2 3.8 4.4 4.7 5.2 5.5 5.9
20-24 mo 0.8123 3.6558 0.23694 1.8 2.1 2.3 2.8 3.1 3.7 4.2 4.6 5.1 5.3 5.8
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Table 23 Girls 4-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 0.8123 13.0081 0.10744 9.0 10.3 11.6 13.0 14.4 15.9 17.3
1-5 mo 0.8123 10.6621 0.12126 6.9 8.1 9.4 10.7 12.0 13.3 14.7
2-6 mo 0.8123 8.7302 0.13625 5.3 6.4 7.6 8.7 9.9 11.2 12.4
3-7 mo 0.8123 7.4606 0.15069 4.2 5.3 6.4 7.5 8.6 9.8 11.0
4-8 mo 0.8123 6.5992 0.16368 3.5 4.5 5.5 6.6 7.7 8.8 10.0
5-9 mo 0.8123 6.0664 0.17240 3.1 4.0 5.0 6.1 7.1 8.2 9.3
6-10 mo 0.8123 5.7273 0.17782 2.8 3.8 4.7 5.7 6.8 7.8 8.9
7-11 mo 0.8123 5.4731 0.18189 2.7 3.6 4.5 5.5 6.5 7.5 8.6
8-12 mo 0.8123 5.2575 0.18562 2.5 3.4 4.3 5.3 6.2 7.3 8.3
9-13 mo 0.8123 5.0550 0.18974 2.4 3.2 4.1 5.1 6.0 7.0 8.1
10-14 mo 0.8123 4.8763 0.19407 2.2 3.1 3.9 4.9 5.8 6.8 7.9
11-15 mo 0.8123 4.7084 0.19893 2.1 2.9 3.8 4.7 5.7 6.6 7.7
12-16 mo 0.8123 4.5658 0.20385 2.0 2.8 3.7 4.6 5.5 6.5 7.5
13-17 mo 0.8123 4.4427 0.20880 1.9 2.7 3.5 4.4 5.4 6.4 7.4
14-18 mo 0.8123 4.3256 0.21372 1.7 2.6 3.4 4.3 5.3 6.2 7.2
15-19 mo 0.8123 4.2141 0.21816 1.7 2.5 3.3 4.2 5.2 6.1 7.1
16-20 mo 0.8123 4.0974 0.22240 1.6 2.4 3.2 4.1 5.0 6.0 7.0
17-21 mo 0.8123 3.9825 0.22623 1.5 2.3 3.1 4.0 4.9 5.9 6.8
18-22 mo 0.8123 3.8660 0.22998 1.4 2.2 3.0 3.9 4.8 5.7 6.7
19-23 mo 0.8123 3.7559 0.23357 1.3 2.1 2.9 3.8 4.7 5.6 6.5
20-24 mo 0.8123 3.6558 0.23694 1.3 2.0 2.8 3.7 4.5 5.5 6.4
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Table 24 Boys 6-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo 0.9027 17.6547 0.09452 13.8 14.5 14.9 15.9 16.5 17.7 18.8 19.4 20.4 20.8 21.6
1-7 mo 0.9027 14.7110 0.10935 11.0 11.7 12.1 13.1 13.6 14.7 15.8 16.4 17.4 17.8 18.5
2-8 mo 0.9027 12.3097 0.12383 8.8 9.5 9.8 10.7 11.3 12.3 13.3 13.9 14.8 15.2 15.9
3-9 mo 0.9027 10.5768 0.13570 7.3 7.9 8.2 9.1 9.6 10.6 11.5 12.1 13.0 13.3 14.0
4-10 mo 0.9027 9.4000 0.14407 6.3 6.9 7.2 8.0 8.5 9.4 10.3 10.8 11.7 12.0 12.6
5-11 mo 0.9027 8.6282 0.14919 5.7 6.2 6.5 7.3 7.8 8.6 9.5 10.0 10.8 11.1 11.7
6-12 mo 0.9027 8.1114 0.15162 5.3 5.8 6.1 6.8 7.3 8.1 8.9 9.4 10.2 10.5 11.0
7-13 mo 0.9027 7.7366 0.15255 5.0 5.6 5.8 6.5 6.9 7.7 8.5 9.0 9.7 10.0 10.5
8-14 mo 0.9027 7.4335 0.15299 4.8 5.3 5.6 6.3 6.7 7.4 8.2 8.6 9.3 9.6 10.1
9-15 mo 0.9027 7.1621 0.15364 4.7 5.1 5.4 6.0 6.4 7.2 7.9 8.3 9.0 9.3 9.8
10-16 mo 0.9027 6.9165 0.15479 4.5 4.9 5.2 5.8 6.2 6.9 7.6 8.0 8.7 9.0 9.4
11-17 mo 0.9027 6.6927 0.15649 4.3 4.8 5.0 5.6 6.0 6.7 7.4 7.8 8.4 8.7 9.2
12-18 mo 0.9027 6.4830 0.15863 4.1 4.6 4.8 5.4 5.8 6.5 7.2 7.6 8.2 8.4 8.9
13-19 mo 0.9027 6.2862 0.16108 4.0 4.4 4.6 5.2 5.6 6.3 7.0 7.3 8.0 8.2 8.7
14-20 mo 0.9027 6.1061 0.16362 3.8 4.3 4.5 5.1 5.4 6.1 6.8 7.1 7.8 8.0 8.5
15-21 mo 0.9027 5.9431 0.16610 3.7 4.1 4.3 4.9 5.3 5.9 6.6 7.0 7.6 7.8 8.3
16-22 mo 0.9027 5.7899 0.16861 3.6 4.0 4.2 4.8 5.1 5.8 6.5 6.8 7.4 7.7 8.1
17-23 mo 0.9027 5.6425 0.17124 3.4 3.9 4.1 4.7 5.0 5.6 6.3 6.7 7.3 7.5 7.9
18-24 mo 0.9027 5.5018 0.17392 3.3 3.7 4.0 4.5 4.9 5.5 6.2 6.5 7.1 7.3 7.8
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Table 24 Boys 6-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo 0.9027 17.6547 0.09452 12.7 14.3 16.0 17.7 19.3 21.0 22.7
1-7 mo 0.9027 14.7110 0.10935 10.0 11.5 13.1 14.7 16.3 18.0 19.6
2-8 mo 0.9027 12.3097 0.12383 7.8 9.3 10.8 12.3 13.8 15.4 17.0
3-9 mo 0.9027 10.5768 0.13570 6.4 7.7 9.2 10.6 12.0 13.5 15.0
4-10 mo 0.9027 9.4000 0.14407 5.4 6.7 8.1 9.4 10.8 12.1 13.5
5-11 mo 0.9027 8.6282 0.14919 4.9 6.1 7.4 8.6 9.9 11.2 12.6
6-12 mo 0.9027 8.1114 0.15162 4.5 5.7 6.9 8.1 9.3 10.6 11.9
7-13 mo 0.9027 7.7366 0.15255 4.3 5.4 6.6 7.7 8.9 10.1 11.3
8-14 mo 0.9027 7.4335 0.15299 4.1 5.2 6.3 7.4 8.6 9.7 10.9
9-15 mo 0.9027 7.1621 0.15364 3.9 5.0 6.1 7.2 8.3 9.4 10.5
10-16 mo 0.9027 6.9165 0.15479 3.8 4.8 5.9 6.9 8.0 9.1 10.2
11-17 mo 0.9027 6.6927 0.15649 3.6 4.6 5.7 6.7 7.7 8.8 9.9
12-18 mo 0.9027 6.4830 0.15863 3.5 4.5 5.5 6.5 7.5 8.6 9.6
13-19 mo 0.9027 6.2862 0.16108 3.3 4.3 5.3 6.3 7.3 8.3 9.4
14-20 mo 0.9027 6.1061 0.16362 3.2 4.1 5.1 6.1 7.1 8.1 9.2
15-21 mo 0.9027 5.9431 0.16610 3.1 4.0 5.0 5.9 6.9 7.9 9.0
16-22 mo 0.9027 5.7899 0.16861 2.9 3.9 4.8 5.8 6.8 7.8 8.8
17-23 mo 0.9027 5.6425 0.17124 2.8 3.7 4.7 5.6 6.6 7.6 8.6
18-24 mo 0.9027 5.5018 0.17392 2.7 3.6 4.6 5.5 6.5 7.4 8.4
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Table 25 Girls 6-month length increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo 0.7138 16.4915 0.09904 12.8 13.5 13.9 14.8 15.4 16.5 17.6 18.2 19.2 19.6 20.4
1-7 mo 0.7138 13.8733 0.10884 10.5 11.1 11.5 12.3 12.9 13.9 14.9 15.5 16.4 16.8 17.5
2-8 mo 0.7138 11.8137 0.11821 8.7 9.3 9.6 10.4 10.9 11.8 12.8 13.3 14.2 14.5 15.2
3-9 mo 0.7138 10.3499 0.12639 7.4 8.0 8.3 9.0 9.5 10.3 11.2 11.7 12.6 12.9 13.5
4-10 mo 0.7138 9.3426 0.13290 6.6 7.1 7.4 8.1 8.5 9.3 10.2 10.7 11.4 11.8 12.4
5-11 mo 0.7138 8.6770 0.13782 6.0 6.5 6.8 7.5 7.9 8.7 9.5 9.9 10.7 11.0 11.6
6-12 mo 0.7138 8.2244 0.14171 5.6 6.1 6.4 7.0 7.4 8.2 9.0 9.5 10.2 10.5 11.1
7-13 mo 0.7138 7.8787 0.14512 5.4 5.8 6.1 6.7 7.1 7.9 8.7 9.1 9.8 10.1 10.7
8-14 mo 0.7138 7.5879 0.14836 5.1 5.6 5.8 6.4 6.8 7.6 8.4 8.8 9.5 9.8 10.3
9-15 mo 0.7138 7.3259 0.15166 4.9 5.3 5.6 6.2 6.6 7.3 8.1 8.5 9.2 9.5 10.0
10-16 mo 0.7138 7.0897 0.15514 4.7 5.1 5.3 6.0 6.4 7.1 7.8 8.3 9.0 9.2 9.8
11-17 mo 0.7138 6.8778 0.15880 4.5 4.9 5.2 5.8 6.2 6.9 7.6 8.0 8.7 9.0 9.5
12-18 mo 0.7138 6.6823 0.16252 4.3 4.7 5.0 5.6 6.0 6.7 7.4 7.8 8.5 8.8 9.3
13-19 mo 0.7138 6.4984 0.16617 4.1 4.6 4.8 5.4 5.8 6.5 7.2 7.6 8.3 8.6 9.1
14-20 mo 0.7138 6.3217 0.16964 4.0 4.4 4.6 5.2 5.6 6.3 7.1 7.5 8.2 8.4 9.0
15-21 mo 0.7138 6.1484 0.17287 3.8 4.2 4.5 5.1 5.4 6.1 6.9 7.3 8.0 8.2 8.8
16-22 mo 0.7138 5.9770 0.17591 3.7 4.1 4.3 4.9 5.3 6.0 6.7 7.1 7.8 8.0 8.6
17-23 mo 0.7138 5.8083 0.17884 3.5 4.0 4.2 4.8 5.1 5.8 6.5 6.9 7.6 7.9 8.4
18-24 mo 0.7138 5.6454 0.18169 3.4 3.8 4.0 4.6 5.0 5.6 6.3 6.7 7.4 7.7 8.2
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Table 25 Girls 6-month length increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo 0.7138 16.4915 0.09904 11.8 13.3 14.9 16.5 18.1 19.8 21.6
1-7 mo 0.7138 13.8733 0.10884 9.6 11.0 12.4 13.9 15.4 17.0 18.6
2-8 mo 0.7138 11.8137 0.11821 7.8 9.1 10.4 11.8 13.2 14.7 16.2
3-9 mo 0.7138 10.3499 0.12639 6.7 7.8 9.1 10.3 11.7 13.1 14.5
4-10 mo 0.7138 9.3426 0.13290 5.8 7.0 8.1 9.3 10.6 11.9 13.3
5-11 mo 0.7138 8.6770 0.13782 5.3 6.4 7.5 8.7 9.9 11.2 12.5
6-12 mo 0.7138 8.2244 0.14171 5.0 6.0 7.1 8.2 9.4 10.6 11.9
7-13 mo 0.7138 7.8787 0.14512 4.7 5.7 6.8 7.9 9.0 10.3 11.5
8-14 mo 0.7138 7.5879 0.14836 4.4 5.4 6.5 7.6 8.7 9.9 11.2
9-15 mo 0.7138 7.3259 0.15166 4.2 5.2 6.2 7.3 8.5 9.6 10.9
10-16 mo 0.7138 7.0897 0.15514 4.0 5.0 6.0 7.1 8.2 9.4 10.6
11-17 mo 0.7138 6.8778 0.15880 3.8 4.8 5.8 6.9 8.0 9.2 10.4
12-18 mo 0.7138 6.6823 0.16252 3.7 4.6 5.6 6.7 7.8 9.0 10.2
13-19 mo 0.7138 6.4984 0.16617 3.5 4.4 5.4 6.5 7.6 8.8 10.0
14-20 mo 0.7138 6.3217 0.16964 3.4 4.3 5.3 6.3 7.4 8.6 9.8
15-21 mo 0.7138 6.1484 0.17287 3.2 4.1 5.1 6.1 7.2 8.4 9.6
16-22 mo 0.7138 5.9770 0.17591 3.1 4.0 5.0 6.0 7.1 8.2 9.4
17-23 mo 0.7138 5.8083 0.17884 3.0 3.8 4.8 5.8 6.9 8.0 9.1
18-24 mo 0.7138 5.6454 0.18169 2.8 3.7 4.6 5.6 6.7 7.8 8.9
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Appendix A4  Diagnostics 

A4.1a  2-month intervals for boys 

Table A4.1 Q-test for z-scores from selected model  [BCPE(x=age0.05, df(µ)=9, df(σ)=7, df(ν)=1, 
τ=2)] for 2-month length velocity for boys 

Age (days) Group N z1 z2 z3 
55 to 76 0-2 mo 422 -0.4 0.6 -1.9 
76 to 107 1-3 mo 417 1.5 -1.3 2.1 
107 to 137 2-4 mo 416 -0.9 0.3 1.1 
137 to 168 3-5 mo 413 0.7 -0.1 1.6 
168 to 198 4-6 mo 416 -0.8 0.3 0.5 
198 to 229 5-7 mo 412 -0.6 0.9 0.3 
229 to 259 6-8 mo 417 -0.4 -0.5 -1.1 
259 to 289 7-9 mo 409 0.0 1.1 0.4 
289 to 320 8-10 mo 404 0.8 -0.7 -1.9 
320 to 350 9-11 mo 411 0.4 0.8 -0.1 
350 to 396 10-12 mo 405 -0.6 -1.8 -0.6 
396 to 457 12-14 mo 415 0.6 1.0 0.4 
457 to 518 14-16 mo 410 -1.0 0.7 -1.0 
518 to 579 16-18 mo 407 0.8 -1.0 -2.7 
579 to 640 18-20 mo 412 -0.9 0.9 1.0 
640 to 701 20-22 mo 415 0.9 0.0 -1.0 
701 to 738 22-24 mo 414 -0.8 1.2 -2.0 
Overall Q stats  7015 10.0 13.3 31.8 
degrees of freedom   8.0 13.0 16.0 
p-value   0.2625 0.4241 0.0105 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.1 Worm plots from selected model  [BCPE(x=age0.05, df(µ)=9, df(σ)=7, df(ν)=1, τ=2)] 

for 2-month length velocity for boys 
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Figure A4.2 Fitting of the µ, σ, and ν curves of selected model for 2-month length velocity for boys 
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Figure A4.3 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month length velocity for boys 
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Figure A4.4 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month length velocity for boys 
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Figure A4.5 Centile residuals from fitting selected model for 2-month length velocity for boys 
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A4.1b  2-month intervals for girls 

Table A4.2 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=7, df(ν)=1, 
τ=2)] for 2-month length velocity for girls 

Age (days) Group N z1 z2 z3 
58 to 76 0-2 mo 446 0.1 0.5 0.9 
76 to 107 1-3 mo 443 0.4 -0.7 2.5 
107 to 137 2-4 mo 441 -0.7 -0.4 -1.2 
137 to 168 3-5 mo 445 1.2 0.3 -1.6 
168 to 198 4-6 mo 441 -0.9 0.8 1.0 
198 to 229 5-7 mo 444 -0.9 -0.9 -0.7 
229 to 259 6-8 mo 441 0.4 0.0 -0.8 
259 to 289 7-9 mo 444 0.4 2.0 1.8 
289 to 320 8-10 mo 438 -0.4 -0.6 -1.0 
320 to 350 9-11 mo 437 0.1 -0.7 0.6 
350 to 396 10-12 mo 444 0.4 -0.6 -0.8 
396 to 457 12-14 mo 449 0.1 0.7 -0.8 
457 to 518 14-16 mo 442 -0.9 0.2 -2.3 
518 to 579 16-18 mo 442 0.6 1.6 -0.8 
579 to 640 18-20 mo 439 -0.5 0.4 -3.3 
640 to 701 20-22 mo 433 -0.2 0.8 -2.4 
701 to 738 22-24 mo 435 -0.3 0.8 -0.6 
Overall Q stats  7504 5.8 12.1 42.1 
degrees of freedom   7.0 13.0 16.0 
p-value   0.5606 0.5170 0.0004 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.6 Worm plots from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=7, df(ν)=1, τ=2)] 

for 2-month length velocity for girls 
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Figure A4.7 Fitting of the µ, σ, and ν curves of selected model for 2-month length velocity for girls 
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Figure A4.8 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month length velocity for girls 
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Figure A4.9 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month length velocity for girls 
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Figure A4.10 Centile residuals from fitting selected model for 2-month length velocity for girls 
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A4.2a  3-month intervals for boys 
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Figure A4.11 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month length velocity for boys 
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Figure A4.12 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month length velocity for boys 
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Figure A4.13 Centile residuals from fitting selected model for 3-month length velocity for boys 

128 
Length velocity conditional on age

 



 
 
 

 

A4.2b  3-month intervals for girls 
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Figure A4.14 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month length velocity for girls 
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Figure A4.15 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month length velocity for girls 
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Figure A4.16 Centile residuals from fitting selected model for 3-month length velocity for girls 
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A4.3a  4-month intervals for boys 

Table A4.3 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, 
τ=2)] for 4-month length velocity for boys 

Age (days) Group N z1 z2 z3 
113 to 137 0-4 mo 418 -0.2 0.4 -0.2 
137 to 168 1-5 mo 416 2.2 -1.3 1.9 
168 to 198 2-6 mo 420 -1.2 0.0 1.4 
198 to 229 3-7 mo 413 0.0 -0.3 0.9 
229 to 259 4-8 mo 411 -1.4 1.8 0.3 
259 to 289 5-9 mo 408 -0.5 0.8 0.0 
289 to 320 6-10 mo 407 0.4 -1.5 -2.2 
320 to 350 7-11 mo 413 0.7 -0.2 -0.3 
350 to 396 8-12 mo 415 -0.1 0.4 1.9 
396 to 457 10-14 mo 402 0.3 -0.2 -0.2 
457 to 518 12-16 mo 413 0.0 -0.6 -0.2 
518 to 579 14-18 mo 409 0.1 0.0 -0.4 
579 to 640 16-20 mo 413 -0.1 0.9 -0.8 
640 to 701 18-22 mo 408 -0.1 -0.9 2.1 
701 to 750 20-24 mo 417 -0.1 0.5 -0.5 
Overall Q stats  6183 9.1 10.5 20.4 
degrees of freedom   7.0 12.0 14.0 
p-value   0.2463 0.5688 0.1184 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.17 Worm plots from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, τ=2)] 

for 4-month length velocity for boys 
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Figure A4.18 Fitting of the µ, σ, and ν curves of selected model for 4-month length velocity for boys 
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Figure A4.19 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month length velocity for boys 
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Figure A4.20 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month length velocity for boys 
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Figure A4.21 Centile residuals from fitting selected model for 4-month length velocity for boys 
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A4.3b  4-month intervals for girls 

Table A4.4 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, 
τ=2)] for 4-month length velocity for girls 

Age (days) Group N z1 z2 z3 
119 to 137 0-4 mo 446 0.1 0.5 0.4 
137 to 168 1-5 mo 444 1.5 -1.0 1.7 
168 to 198 2-6 mo 442 -1.5 -0.4 1.5 
198 to 229 3-7 mo 443 0.6 -0.8 -0.8 
229 to 259 4-8 mo 438 -0.7 1.5 -0.2 
259 to 289 5-9 mo 445 -0.9 1.5 0.7 
289 to 320 6-10 mo 441 0.0 -0.1 0.9 
320 to 350 7-11 mo 436 1.0 -1.0 0.9 
350 to 396 8-12 mo 443 0.0 -0.3 0.2 
396 to 457 10-14 mo 444 0.4 -0.7 -0.8 
457 to 518 12-16 mo 441 -0.6 -0.3 -0.1 
518 to 579 14-18 mo 448 0.0 1.0 -1.3 
579 to 640 16-20 mo 434 0.6 0.1 -0.5 
640 to 701 18-22 mo 435 -0.5 0.0 -0.3 
701 to 749 20-24 mo 440 0.0 -0.2 0.5 
Overall Q stats  6620 8.5 9.2 11.4 
degrees of freedom   7.0 12.0 14.0 
p-value   0.2918 0.6849 0.6557 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.22 Worm plots from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=5, df(ν)=1, τ=2)] 

for 4-month length velocity for girls 

 



 

 
 

Age (months)

M
ed

ia
n 

of
 4

-m
o 

le
ng

th
 in

cr
em

en
t (

cm
)

4
6

8
10

12

4 6 8 10 12 14 16 18 20 22 24

Age (months)

S
t D

ev
 B

ox
-C

ox
 T

ra
ns

fo
rm

ed

0.
12

0.
16

0.
20

0.
24

4 6 8 10 12 14 16 18 20 22 24

Age (months)

B
ox

-C
ox

 T
ra

ns
fo

rm
 P

ow
er

0.
4

0.
6

0.
8

1.
0

4 6 8 10 12 14 16 18 20 22 24

 
Figure A4.23 Fitting of the µ, σ, and ν curves of selected model for 4-month length velocity for girls 
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Figure A4.24 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month length velocity for girls 
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Figure A4.25 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month length velocity for girls 
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Figure A4.26 Centile residuals from fitting selected model for 4-month length velocity for girls 
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A4.4a  6-month intervals for boys 

Table A4.5 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=5, df(ν)=1, 
τ=2)] for 6-month length velocity for boys 

Age (days) Group N z1 z2 z3 
175 to 198 0-6 mo 423 0.7 0.1 0.6 
198 to 229 1-7 mo 417 1.5 -1.0 1.3 
229 to 259 2-8 mo 416 -1.8 0.5 0.2 
259 to 289 3-9 mo 409 -0.3 0.3 0.0 
289 to 320 4-10 mo 403 -0.6 0.0 -1.2 
320 to 350 5-11 mo 414 -0.1 0.7 -2.4 
350 to 396 6-12 mo 419 -0.1 0.2 -1.5 
396 to 457 8-14 mo 411 0.8 -0.5 -0.6 
457 to 518 10-16 mo 402 0.0 -0.5 1.4 
518 to 579 12-18 mo 411 0.4 -0.5 -0.1 
579 to 640 14-20 mo 413 -0.8 1.2 1.7 
640 to 701 16-22 mo 409 0.6 -1.1 0.1 
701 to 750 18-24 mo 410 -0.3 0.5 1.6 
Overall Q stats  5357 8.6 5.5 18.9 
degrees of freedom   6.0 10.0 12.0 
p-value   0.1963 0.8584 0.0920 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.27 Worm plots from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=5, df(ν)=1, τ=2)]  

for 6-month length velocity for boys 
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Figure A4. 28 Fitting of the µ, σ, and ν curves of selected model for 6-month length velocity for boys 
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Figure A4.29 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month length velocity for boys 
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Figure A4.30 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month length velocity for boys 

148 
Length velocity conditional on age

 



 
 
 

 

 

3rd Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

5th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

10th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

25th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

50th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

75th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

90th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

95th Centile
-0

.2
0.

0
0.

2

6 8 10 12 14 16 18 20 22 24

97th Centile

-0
.2

0.
0

0.
2

6 8 10 12 14 16 18 20 22 24

Age (months)

E
m

pi
ric

al
-F

itt
ed

 C
en

til
e 

fo
r 6

-m
o 

le
ng

th
 in

cr
em

en
t (

cm
)

 
Figure A4.31 Centile residuals from fitting selected model for 6-month length velocity for boys 
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A4.4b  6-month intervals for girls 

Table A4.6 Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=1, 
τ=2)] for 6-month length velocity for girls 

Age (days) Group N z1 z2 z3 
178 to 198 0-6 mo 447 1.2 0.1 1.4 
198 to 229 1-7 mo 442 0.6 -1.1 1.2 
229 to 259 2-8 mo 439 -1.7 -0.1 0.7 
259 to 289 3-9 mo 444 0.4 0.7 -0.6 
289 to 320 4-10 mo 440 -1.1 1.2 0.8 
320 to 350 5-11 mo 438 -0.3 0.4 -0.3 
350 to 396 6-12 mo 446 0.6 -0.5 -0.1 
396 to 457 8-14 mo 443 0.6 -0.3 0.5 
457 to 518 10-16 mo 436 -0.1 -1.5 0.4 
518 to 579 12-18 mo 447 -0.1 0.0 -1.0 
579 to 640 14-20 mo 441 -0.1 1.7 -1.9 
640 to 701 16-22 mo 430 0.4 -0.5 0.0 
701 to 749 18-24 mo 446 -0.3 -0.2 1.3 
Overall Q stats  5739 7.2 9.0 11.8 
degrees of freedom   6.0 10.5 12.0 
p-value   0.3058 0.5757 0.4646 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A4.32 Worm plots from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=1, τ=2)]  

for 6-month length velocity for girls 
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Figure A4.33 Fitting of the µ, σ, and ν curves of selected model for 6-month length velocity for girls 
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Figure A4.34 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month length velocity for girls 
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Figure A4.35 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month length velocity for girls 
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Figure A4.36 Centile residuals from fitting selected model for 6-month length velocity for girls 

Length velocity conditional on age 
155

 





 

 
- 157 - 

5. CONSTRUCTION OF THE HEAD CIRCUMFERENCE VELOCITY STANDARDS 

The objective was to create sex-specific velocity curves for 2-, 3-, 4- and 6-month head circumference 
increments conditional on age. Tables generated from the 2-month increment curves provide estimated 
centiles for ages 0-2, 1-3, …, 10-12 months; tables generated from the 3-month increment curves 
provide estimated centiles for ages 0-3, 1-4, …, 9-12 months; tables generated from the 4-month 
increment curves provide estimated centiles for ages 0-4, 1-5, …, 20-24 months; and tables generated 
from the 6-month increment curves provide estimated centiles for ages 0-6, 1-7, …, 18-24 months. To 
avoid the right-edge effect, the 2- and 3-month intervals were modelled using data up to age  
14 months. 

By the same rationale applied to length increments, negative increments were recoded as "no growth" 
by assigning the nominal value of +0.01 to permit their inclusion in BCPE modelling. The numbers 
involved were: for the 2-month increments for boys 15 out of 4947 (0.30%) between -0.85 and  
-0.05 cm, and for girls 26 out of 5316 (0.49%) between -0.70 and -0.02 cm; for the 3-month 
increments for boys 4 out of 4536 (0.09%) between -0.30 and -0.05 cm and for girls 5 out of 4869 
(0.10%) between -0.55 and -0.001 cm; for the 4-month increments for boys 19 out of 6178 (0.31%) 
between -0.30 and -0.008 cm, and for girls 24 out of 6629 (0.36%) between -0.45 and -0.05 cm; for 
the 6-month increments for boys 2 out of 5353 (0.04%) between -0.15 and -0.04 cm, and for girls 6 
out of 5747 (0.10%) between -0.30 and -0.05 cm. As was the case for length, the effect of recoding the 
negative values on the final centiles was assessed using the girls' 2-month head circumference 
increments (the group with the largest number of negative increments). Comparisons between the 
model using the negative values (adding a delta value to all observations) and the model using recoded 
values showed that the recoding had no impact on the model specifications and results were 
comparable to those of length.  

5.1 2-month intervals 

Boys 

There were 4947 2-month boys' head circumference increments from birth to 14 months. The best 
value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, 
fixing λ=0.05, ν=1 and τ=2. Neither criterion GAIC(3) nor GAIC(4) was able to select the best degrees 
of freedom for the parameter µ. It was only with GAIC(5) that the search results indicated minima 
values. The model yielding the first smallest GAIC(5) was selected in favour of a smoother median 
curve. Thus, df(µ)=8 and df(σ)=4 were used to continue with a search for the best degrees of freedom 
to fit the parameter ν for skewness fixing τ=2. The smallest GAIC(5) value corresponded to df(ν)=1 
yet the ν curve using this was an under-smoothed fit of the empirical Box-Cox power values. Thus a 
choice was made to use df(ν)=4, which was primarily supported by criteria GAIC(3) and GAIC(4), 
and the model BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=4, τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A5, section A5.1a. The overall Q-test p-values 
(Table A5.1) indicate an adequate fit of the parameters µ and σ (p-values > 0.05) with residual 
skewness (absolute z3 values > 2) in only one out of 12 age groups (7-9 mo). The worm plots (Figure 
A5.1) from this model agree with the Q-test results. The fitted curves of the parameters µ, σ and ν 
seemed adequate when compared to the empirical values (Figure A5.2). The fitted centile curves and 
empirical centiles are shown in figures A5.3 and A5.4, and they indicate close concordance between 
the two. Figure A5.5 shows the distribution of empirical minus fitted centile differences with no 
evidence of systematic bias except for a slight over-estimation of the 75th, 90th and 95th centiles by 
about 0.05 cm. 

Table 26 presents the predicted centiles for boys' 2-month head circumference velocities between birth 
and 12 months.  
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Girls 

There were 5316 girls' 2-month head circumference increments from birth to 14 months. The best 
value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) followed, 
fixing λ=0.05, ν=1 and τ=2. The GAIC(3) reached more than one local minima, the first occurring for 
the model with df(µ)=8 and df(σ)=4. The next minimum for the GAIC(3) was yielded by a model of 
considerably higher degrees of freedom and lesser smoothness (df(µ)=11 and df(σ)=4). In favour of 
greater smoothness, the model with df(µ)=8 and df(σ)=4 was further examined and the next step was 
to search for the best degrees of freedom to fit the parameter ν for skewness fixing τ=2. The smallest 
GAIC(3) value corresponded to df(ν)=1 and the model BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=1, 
τ=2) was further evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.1b. For the selected model, the 
Q-test results (Table A5.2) show overall Q-test for µ and σ with p-values above 0.05 indicating an 
adequate fit of these parameters. For the parameter ν, the overall Q-test was significant indicating 
residual skewness (absolute z3 values > 2) in two out of 12 age groups. The worm plots (Figure A5.6) 
show similar results to those of the Q-test. Figure A5.7 displays the fitted curves of the parameters µ 
and σ, which closely followed the respective empirical point estimates; the model fitting a constant for 
the parameter ν also approximates fairly well the fluctuations observed empirically. Similar to the 
boys, comparisons between fitted and empirical centiles are in close agreement, and centile residuals 
depict slight over-estimation by about 0.05 cm of the 75th and higher centiles (Figures A5.8 to A5.10).  

Table 27 presents the predicted centiles for girls' 2-month head circumference velocities between birth 
and 12 months.  

5.2 3-month intervals 

Boys 

There were 4536 boys' 3-month observed head circumference increments from birth to 14 months. The 
best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. Once more, the GAIC(3) reached more than one local minima 
values, the first occurring for the model with df(µ)=7 and df(σ)=4. The next minimum for the GAIC(3) 
came from a model of considerably higher degrees of freedom and lesser smoothness (df(µ)=13 and 
df(σ)=4). To maintain the smoother fit (with the lower degrees of freedom for µ), the model with 
df(µ)=7 and df(σ)=4 was selected, followed by the search for the best degrees of freedom to fit the 
parameter ν for skewness fixing τ=2. The smallest GAIC(3) value corresponded to df(ν)=4 and the 
model BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=4 , τ=2) was further evaluated. 

The diagnostic results are presented in Appendix A5, section A5.2a. In Table A5.3, the overall Q-test 
p-values for the median, variance and skewness were all non-significant, indicating an adequate fit of 
the boys' 3-month head circumference increments. Similarly, the worm plots shown in Figure A5.11 of 
the selected model indicate an adequate fit of the data. There was no evident bias when comparing 
fitted µ, σ and ν parameter curves with their respective sample estimates (Figure A5.12). Figures 
A5.13 to A5.15 show no sizeable bias comparing the empirical and fitted centiles, and the centile 
residuals.  

Table 28 presents the predicted centiles for boys' 3-month head circumference velocities between birth 
and 12 months. 
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Girls 

There were 4869 girls' 3-month observed head circumference increments from birth to 14 months. The 
best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. Using GAIC(3) there was no minimum value and that was also 
the case when the penalty was raised to 4. With penalty 5 (GAIC(5)) the first occurring minimum 
value was associated with the model with df(µ)=7 and df(σ)=4. Next, the GAIC(5) indicated a smaller 
value only with considerably higher degrees of freedom and lesser smoothness (df(µ)=15 or higher 
and df(σ)=4). Thus, the model with df(µ)=7 and df(σ)=4 was used to search for the best degrees of 
freedom to fit the parameter ν for skewness fixing τ=2. The smallest GAIC(3) value corresponded to 
df(ν)=4, while the smallest GAIC(5) indicated df(ν)=2. The choice that provided the smoother ν curve, 
i.e. df(ν)=2, was selected and the model BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=2, τ=2) was further 
evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.2b. In Table A5.4, the overall Q-
test for the median parameter µ was significant, but none of the z1 values exceed absolute value 2, and 
the same applied to the skewness parameter ν (2 out of 11 z3 values exceed absolute value 2). The 
overall significance, especially for the median might be due in part to the small number of age groups 
(11) for this interval relative to the number of degrees of freedom necessary for fitting the parameter, 
which leaves a small number of degrees of freedom for the overall Q-test statistics. The worm plots 
(Figure A5.16) confirm findings of the Q-tests (i.e. one group with a U-shaped worm and another with 
an inverted U-shaped worm). Examining figure A5.17 of the fitted parameters, there were fluctuations 
notably in the empirical curve of the parameter ν that were smoothed out by the selected model. The 
adequacy of the fitted model was indicated by the comparisons between fitted and empirical centiles 
(A5.18 and A5.19) and centile residuals (A5.20), the latter showing an average under-estimation of 
0.05 cm in the 10th centile and an equally negligible over-estimation in the 90th centile. 

Table 29 presents the predicted centiles for girls' 3-month head circumference velocities between birth 
and 12 months. 

5.3 4-month intervals 

Boys 

There were 6178 boys' 4-month head circumference increments from birth to 24 months, one of which 
was excluded as an outlier, leaving a final sample of 6177 observations for the modeling exercise. The 
best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=10 and df(σ)=5 provided the smallest 
GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν for 
skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=3. Hence, the model BCPE(x=age0.05, df(µ)=10, 
df(σ)=5, df(ν)=3, τ=2) was selected and further evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.3a. The Q-test results (Table 
A5.5) and worm plots (Figure A5.21) from this model indicated an adequate fit of the data with the 
overall Q-test p-values for the three parameters being non-significant at the 5% level. Figure A5.22 
shows the fitted µ, σ and ν curves against their corresponding empirical estimates. Notably, the ν 
parameter empirical curve exhibits fluctuations which are reasonably smoothed by the fitted curve. 
The next three plots (figures A5.23, A5.24 and A5.25) show no evidence of bias when comparing 
fitted against empirical centiles or centile residuals, except for a slight over-estimation in the 75th, 90th 
and 95th centiles by about 0.05 cm.  
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Table 30 presents the predicted centiles for boys' 4-month head circumference velocities between birth 
and 24 months.  

Girls 

There were 6629 girls' 4-month head circumference increments from birth to 24 months, one of which 
was excluded as an outlier, leaving a final sample of 6628 observations for the modeling exercise. The 
best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=10 and df(σ)=5 provided the smallest 
GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν for 
skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=2 and the model BCPE(x=age0.05, df(µ)=10, 
df(σ)=5, df(ν)=2, τ=2) was further evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.3b. The overall Q-test p-values 
(in Table A5.6) indicate an adequate fit of the median parameter µ and σ curves. For the skewness 
parameter ν although the overall Q-test was significant, residual skewness occurred in only two out of 
15 age groups. The worm plots (Figure A5.26) from this model reflect residual skewness in the same 
age group as indicated by the Q-test results. Figure A5.27 shows adequate fitting of the parameters µ 
and σ with the respective sample estimates and a reasonable smoothing of the fluctuations in the 
empirical curve for ν by the selected model. Comparisons between fitted and empirical centiles and 
centile residuals depict a reasonable fit of the data (Figures A5.28 and A5.29) with a slight under-
estimation in the 10th centile by about 0.05 cm and a similar over-estimation in the 75th and higher 
centiles (Figure A5.30).  

Table 31 presents the predicted centiles for girls' 4-month head circumference velocities between birth 
and 24 months.  

5.4 6-month intervals 

Boys 

There were 5353 boys' 6-month head circumference increments from birth to 24 months, one of which 
was excluded as an outlier, leaving a final sample of 5352 observations for the modelling exercise. 
The best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=9 and df(σ)=4 provided the smallest 
GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν for 
skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=2. Hence, the model BCPE(x=age0.05, df(µ)=9, 
df(σ)=4, df(ν)=2, τ=2) was selected and further evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.4a. The Q-test results (Table 
A5.7) and worm plots (Figure A5.31) from this model indicated an adequate fit of the data with the 
overall Q-test p-values for the three parameters being non-significant at the 5% level. Figure A5.32 
shows the fitted µ, σ and ν curves against their corresponding empirical estimates. The ν parameter 
fitted curve smoothes out reasonably well the fluctuations exhibited by the empirical curve. Figures 
A5.33, A5.34 and A5.35 show some evidence of bias in the comparison of fitted against empirical 
centiles and centile residual plots at the lowest centiles (between the 3rd and the 10th centiles) but the 
magnitude of the biases is negligible.  
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Table 32 presents the predicted centiles for boys' 6-month head circumference velocities between birth 
and 24 months.  

Girls 

There were 5747 girls' 6-month head circumference increments from birth to 24 months, one of which 
was excluded as an outlier, leaving a final sample of 5746 observations for the modelling exercise. 
The best value of the age-transformation power was λ=0.05. The search for the best df(µ) and df(σ) 
followed, fixing λ=0.05, ν=1 and τ=2. The model with df(µ)=9 and df(σ)=5 provided the smallest 
GAIC(3). The next step was to search for the best degrees of freedom to fit the parameter ν for 
skewness fixing τ=2 and keeping the degrees of freedom for the previously selected µ and σ curves. 
The smallest GAIC(3) value corresponded to df(ν)=2 and the model BCPE(x=age0.05, df(µ)=9, df(σ)=5, 
df(ν)=2, τ=2) was further evaluated. 

The diagnostic test results are presented in Appendix A5, section A5.4b. Table A5.8 summarizes  
Q-test results, indicating an adequate fit of the median and skewness parameters and a slight misfit of 
the σ parameter curve in the last two age groups (out of 13). The overall Q-test p-values were all non-
significant. The worm plots (Figure A5.36) from this model partially reflect the variance misfit in one 
age group (18-24 mo). Figure A5.37 shows adequate fitting of the three parameters µ, σ and ν by the 
selected model. Comparisons between fitted and empirical centiles and the centile residuals depict a 
reasonable fit of the data (Figures A5.38 to A5.40). Similar to boys, there is a slight indication of bias 
but the magnitude also is negligible.  

Table 33 presents the predicted centiles for girls' 6-month head circumference velocities between birth 
and 24 months.  



 

 
 

Table 26 Boys 2-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.9267 4.6878 0.16093 3.0 3.3 3.5 3.9 4.2 4.7 5.2 5.5 5.9 6.1 6.5
1-3 mo 0.6210 3.3714 0.15634 2.2 2.4 2.5 2.8 3.0 3.4 3.7 3.9 4.3 4.4 4.7
2-4 mo 0.5607 2.5170 0.16382 1.6 1.8 1.9 2.1 2.2 2.5 2.8 3.0 3.2 3.3 3.6
3-5 mo 0.6219 2.0747 0.18097 1.3 1.4 1.5 1.7 1.8 2.1 2.3 2.5 2.7 2.8 3.0
4-6 mo 0.7141 1.7184 0.20700 1.0 1.1 1.2 1.4 1.5 1.7 2.0 2.1 2.3 2.4 2.6
5-7 mo 0.7879 1.4381 0.23798 0.7 0.8 0.9 1.1 1.2 1.4 1.7 1.8 2.0 2.1 2.3
6-8 mo 0.8482 1.2009 0.27392 0.5 0.6 0.7 0.9 1.0 1.2 1.4 1.5 1.8 1.8 2.0
7-9 mo 0.8985 1.0106 0.31173 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.3 1.5 1.6 1.8
8-10 mo 0.9379 0.8731 0.35212 0.2 0.3 0.4 0.6 0.7 0.9 1.1 1.2 1.4 1.5 1.6
9-11 mo 0.9577 0.7615 0.39591 0.1 0.2 0.3 0.5 0.6 0.8 1.0 1.1 1.3 1.3 1.5
10-12 mo 0.9598 0.6659 0.44007 0.0 0.1 0.2 0.4 0.5 0.7 0.9 1.0 1.2 1.2 1.4
     
Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.9267 4.6878 0.16093 2.5 3.2 3.9 4.7 5.4 6.2 7.0 
1-3 mo 0.6210 3.3714 0.15634 1.9 2.4 2.9 3.4 3.9 4.5 5.1 
2-4 mo 0.5607 2.5170 0.16382 1.4 1.8 2.1 2.5 2.9 3.4 3.9 
3-5 mo 0.6219 2.0747 0.18097 1.1 1.4 1.7 2.1 2.5 2.9 3.3 
4-6 mo 0.7141 1.7184 0.20700 0.8 1.1 1.4 1.7 2.1 2.5 2.9 
5-7 mo 0.7879 1.4381 0.23798 0.5 0.8 1.1 1.4 1.8 2.2 2.5 
6-8 mo 0.8482 1.2009 0.27392 0.3 0.6 0.9 1.2 1.5 1.9 2.2 
7-9 mo 0.8985 1.0106 0.31173 0.1 0.4 0.7 1.0 1.3 1.7 2.0 
8-10 mo 0.9379 0.8731 0.35212 0.0 0.3 0.6 0.9 1.2 1.5 1.8 
9-11 mo 0.9577 0.7615 0.39591 0.0 0.2 0.5 0.8 1.1 1.4 1.7 
10-12 mo 0.9598 0.6659 0.44007 0.0 0.1 0.4 0.7 1.0 1.3 1.6 
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Table 27 Girls 2-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-2 mo 0.8807 4.3539 0.15953 2.8 3.1 3.2 3.6 3.9 4.4 4.8 5.1 5.5 5.7 6.0
1-3 mo 0.8807 3.1035 0.16706 1.9 2.1 2.3 2.6 2.8 3.1 3.5 3.6 4.0 4.1 4.3
2-4 mo 0.8807 2.3473 0.18107 1.4 1.6 1.7 1.9 2.1 2.3 2.6 2.8 3.1 3.2 3.4
3-5 mo 0.8807 1.9599 0.20017 1.1 1.2 1.3 1.6 1.7 2.0 2.2 2.4 2.6 2.7 2.9
4-6 mo 0.8807 1.6524 0.22476 0.8 1.0 1.1 1.3 1.4 1.7 1.9 2.0 2.3 2.4 2.5
5-7 mo 0.8807 1.3981 0.25281 0.6 0.8 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.1 2.2
6-8 mo 0.8807 1.1762 0.28607 0.4 0.6 0.6 0.8 1.0 1.2 1.4 1.5 1.7 1.8 2.0
7-9 mo 0.8807 0.9921 0.32161 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.3 1.5 1.6 1.8
8-10 mo 0.8807 0.8471 0.35933 0.2 0.3 0.4 0.5 0.6 0.8 1.1 1.2 1.4 1.4 1.6
9-11 mo 0.8807 0.7384 0.40034 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.2 1.3 1.5
10-12 mo 0.8807 0.6552 0.44193 0.0 0.1 0.2 0.4 0.5 0.7 0.9 1.0 1.1 1.2 1.4
     
Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-2 mo 0.8807 4.3539 0.15953 2.3 3.0 3.7 4.4 5.1 5.8 6.5 
1-3 mo 0.8807 3.1035 0.16706 1.6 2.1 2.6 3.1 3.6 4.2 4.7 
2-4 mo 0.8807 2.3473 0.18107 1.1 1.5 1.9 2.3 2.8 3.2 3.7 
3-5 mo 0.8807 1.9599 0.20017 0.8 1.2 1.6 2.0 2.4 2.8 3.2 
4-6 mo 0.8807 1.6524 0.22476 0.6 0.9 1.3 1.7 2.0 2.4 2.8 
5-7 mo 0.8807 1.3981 0.25281 0.4 0.7 1.1 1.4 1.8 2.1 2.5 
6-8 mo 0.8807 1.1762 0.28607 0.2 0.5 0.8 1.2 1.5 1.9 2.2 
7-9 mo 0.8807 0.9921 0.32161 0.1 0.4 0.7 1.0 1.3 1.7 2.0 
8-10 mo 0.8807 0.8471 0.35933 0.0 0.3 0.5 0.8 1.2 1.5 1.8 
9-11 mo 0.8807 0.7384 0.40034 0.0 0.2 0.5 0.7 1.0 1.4 1.7 
10-12 mo 0.8807 0.6552 0.44193 0.0 0.1 0.4 0.7 1.0 1.3 1.6 
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Table 28 Boys 3-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-3 mo 0.7558 6.0419 0.13725 4.2 4.5 4.7 5.2 5.5 6.0 6.6 6.9 7.4 7.6 8.0
1-4 mo 0.4737 4.5132 0.13624 3.2 3.4 3.6 3.9 4.1 4.5 4.9 5.2 5.6 5.7 6.1
2-5 mo 0.4137 3.4944 0.14382 2.4 2.6 2.7 3.0 3.2 3.5 3.8 4.0 4.4 4.5 4.8
3-6 mo 0.4858 2.8568 0.15846 1.9 2.1 2.2 2.4 2.6 2.9 3.2 3.3 3.7 3.8 4.0
4-7 mo 0.5992 2.3840 0.17799 1.5 1.6 1.7 2.0 2.1 2.4 2.7 2.8 3.1 3.2 3.5
5-8 mo 0.7074 1.9903 0.20021 1.1 1.3 1.4 1.6 1.7 2.0 2.3 2.4 2.7 2.8 3.0
6-9 mo 0.8123 1.6704 0.22358 0.8 1.0 1.1 1.3 1.4 1.7 1.9 2.1 2.3 2.4 2.6
7-10 mo 0.9028 1.4214 0.24758 0.6 0.8 0.9 1.1 1.2 1.4 1.7 1.8 2.0 2.1 2.3
8-11 mo 0.9602 1.2321 0.27193 0.5 0.6 0.7 0.9 1.0 1.2 1.5 1.6 1.8 1.9 2.0
9-12 mo 0.9852 1.0768 0.29648 0.3 0.5 0.6 0.7 0.9 1.1 1.3 1.4 1.6 1.7 1.8
     
Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.7558 6.0419 0.13725 3.7 4.4 5.2 6.0 6.9 7.8 8.6 
1-4 mo 0.4737 4.5132 0.13624 2.9 3.4 3.9 4.5 5.2 5.8 6.6 
2-5 mo 0.4137 3.4944 0.14382 2.2 2.6 3.0 3.5 4.0 4.6 5.2 
3-6 mo 0.4858 2.8568 0.15846 1.7 2.0 2.4 2.9 3.3 3.8 4.4 
4-7 mo 0.5992 2.3840 0.17799 1.3 1.6 2.0 2.4 2.8 3.3 3.8 
5-8 mo 0.7074 1.9903 0.20021 0.9 1.2 1.6 2.0 2.4 2.8 3.3 
6-9 mo 0.8123 1.6704 0.22358 0.6 1.0 1.3 1.7 2.1 2.4 2.9 
7-10 mo 0.9028 1.4214 0.24758 0.4 0.7 1.1 1.4 1.8 2.1 2.5 
8-11 mo 0.9602 1.2321 0.27193 0.3 0.6 0.9 1.2 1.6 1.9 2.3 
9-12 mo 0.9852 1.0768 0.29648 0.1 0.4 0.8 1.1 1.4 1.7 2.0 
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Table 29 Girls 3-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-3 mo 0.4252 5.5822 0.14155 3.9 4.2 4.4 4.8 5.1 5.6 6.1 6.4 7.0 7.2 7.6
1-4 mo 0.5408 4.1837 0.14611 2.9 3.1 3.2 3.6 3.8 4.2 4.6 4.8 5.2 5.4 5.7
2-5 mo 0.6316 3.2594 0.15573 2.2 2.4 2.5 2.7 2.9 3.3 3.6 3.8 4.1 4.3 4.5
3-6 mo 0.7066 2.7161 0.16952 1.7 1.9 2.0 2.3 2.4 2.7 3.0 3.2 3.5 3.6 3.8
4-7 mo 0.7704 2.2991 0.18602 1.4 1.5 1.6 1.9 2.0 2.3 2.6 2.8 3.0 3.1 3.3
5-8 mo 0.8262 1.9451 0.20505 1.1 1.2 1.3 1.5 1.7 1.9 2.2 2.4 2.6 2.7 2.9
6-9 mo 0.8756 1.6363 0.22644 0.8 1.0 1.0 1.3 1.4 1.6 1.9 2.0 2.3 2.3 2.5
7-10 mo 0.9201 1.3903 0.24920 0.6 0.8 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.1 2.2
8-11 mo 0.9605 1.2025 0.27282 0.5 0.6 0.7 0.9 1.0 1.2 1.4 1.5 1.7 1.8 2.0
9-12 mo 0.9976 1.0690 0.29743 0.3 0.5 0.5 0.7 0.9 1.1 1.3 1.4 1.6 1.7 1.8
     
Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-3 mo 0.4252 5.5822 0.14155 3.5 4.1 4.8 5.6 6.4 7.3 8.2 
1-4 mo 0.5408 4.1837 0.14611 2.5 3.0 3.6 4.2 4.8 5.5 6.2 
2-5 mo 0.6316 3.2594 0.15573 1.9 2.3 2.8 3.3 3.8 4.3 4.9 
3-6 mo 0.7066 2.7161 0.16952 1.4 1.8 2.3 2.7 3.2 3.7 4.2 
4-7 mo 0.7704 2.2991 0.18602 1.1 1.5 1.9 2.3 2.7 3.2 3.7 
5-8 mo 0.8262 1.9451 0.20505 0.8 1.2 1.6 1.9 2.4 2.8 3.2 
6-9 mo 0.8756 1.6363 0.22644 0.6 0.9 1.3 1.6 2.0 2.4 2.8 
7-10 mo 0.9201 1.3903 0.24920 0.4 0.7 1.0 1.4 1.7 2.1 2.5 
8-11 mo 0.9605 1.2025 0.27282 0.2 0.6 0.9 1.2 1.5 1.9 2.2 
9-12 mo 0.9976 1.0690 0.29743 0.1 0.4 0.8 1.1 1.4 1.7 2.0 
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Table 30 Boys 4-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 0.3279 7.1133 0.12440 5.2 5.6 5.8 6.2 6.5 7.1 7.7 8.1 8.7 8.9 9.4
1-5 mo 0.4212 5.4806 0.12713 4.0 4.3 4.4 4.8 5.0 5.5 6.0 6.2 6.7 6.9 7.2
2-6 mo 0.5076 4.2702 0.13454 3.0 3.3 3.4 3.7 3.9 4.3 4.7 4.9 5.3 5.4 5.7
3-7 mo 0.5840 3.5185 0.14592 2.4 2.6 2.7 3.0 3.2 3.5 3.9 4.1 4.4 4.5 4.8
4-8 mo 0.6557 2.9255 0.16106 1.9 2.1 2.2 2.5 2.6 2.9 3.2 3.4 3.7 3.9 4.1
5-9 mo 0.7179 2.4506 0.17841 1.5 1.7 1.8 2.0 2.2 2.5 2.8 2.9 3.2 3.3 3.5
6-10 mo 0.7719 2.0780 0.19784 1.2 1.3 1.4 1.7 1.8 2.1 2.4 2.5 2.8 2.9 3.1
7-11 mo 0.8180 1.7696 0.21918 0.9 1.1 1.2 1.4 1.5 1.8 2.0 2.2 2.4 2.5 2.7
8-12 mo 0.8532 1.5301 0.24082 0.7 0.9 0.9 1.2 1.3 1.5 1.8 1.9 2.2 2.2 2.4
9-13 mo 0.8808 1.3368 0.26394 0.6 0.7 0.8 1.0 1.1 1.3 1.6 1.7 1.9 2.0 2.2
10-14 mo 0.9009 1.1844 0.28656 0.4 0.6 0.6 0.8 1.0 1.2 1.4 1.5 1.8 1.8 2.0
11-15 mo 0.9166 1.0457 0.30970 0.3 0.5 0.5 0.7 0.8 1.0 1.3 1.4 1.6 1.7 1.8
12-16 mo 0.9278 0.9301 0.33162 0.2 0.4 0.4 0.6 0.7 0.9 1.1 1.3 1.4 1.5 1.7
13-17 mo 0.9357 0.8359 0.35292 0.2 0.3 0.4 0.5 0.6 0.8 1.0 1.1 1.3 1.4 1.5
14-18 mo 0.9414 0.7605 0.37421 0.1 0.2 0.3 0.5 0.6 0.8 1.0 1.1 1.2 1.3 1.4
15-19 mo 0.9452 0.7070 0.39409 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.0 1.2 1.2 1.4
16-20 mo 0.9480 0.6637 0.41387 0.1 0.2 0.2 0.4 0.5 0.7 0.9 1.0 1.1 1.2 1.3
17-21 mo 0.9500 0.6277 0.43237 0.0 0.1 0.2 0.4 0.4 0.6 0.8 0.9 1.1 1.1 1.3
18-22 mo 0.9518 0.5923 0.45102 0.0 0.1 0.2 0.3 0.4 0.6 0.8 0.9 1.0 1.1 1.2
19-23 mo 0.9535 0.5575 0.46942 0.0 0.1 0.1 0.3 0.4 0.6 0.7 0.8 1.0 1.1 1.2
20-24 mo 0.9550 0.5248 0.48711 0.0 0.1 0.1 0.3 0.4 0.5 0.7 0.8 1.0 1.0 1.1
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Table 30 Boys 4-month head circumference increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 0.3279 7.1133 0.12440 4.8 5.5 6.3 7.1 8.0 9.0 10.1
1-5 mo 0.4212 5.4806 0.12713 3.6 4.2 4.8 5.5 6.2 7.0 7.8
2-6 mo 0.5076 4.2702 0.13454 2.7 3.2 3.7 4.3 4.9 5.5 6.2
3-7 mo 0.5840 3.5185 0.14592 2.1 2.6 3.0 3.5 4.0 4.6 5.2
4-8 mo 0.6557 2.9255 0.16106 1.6 2.0 2.5 2.9 3.4 3.9 4.5
5-9 mo 0.7179 2.4506 0.17841 1.2 1.6 2.0 2.5 2.9 3.4 3.9
6-10 mo 0.7719 2.0780 0.19784 0.9 1.3 1.7 2.1 2.5 2.9 3.4
7-11 mo 0.8180 1.7696 0.21918 0.7 1.0 1.4 1.8 2.2 2.6 3.0
8-12 mo 0.8532 1.5301 0.24082 0.5 0.8 1.2 1.5 1.9 2.3 2.7
9-13 mo 0.8808 1.3368 0.26394 0.3 0.7 1.0 1.3 1.7 2.1 2.4
10-14 mo 0.9009 1.1844 0.28656 0.2 0.5 0.9 1.2 1.5 1.9 2.2
11-15 mo 0.9166 1.0457 0.30970 0.1 0.4 0.7 1.0 1.4 1.7 2.0
12-16 mo 0.9278 0.9301 0.33162 0.1 0.3 0.6 0.9 1.2 1.6 1.9
13-17 mo 0.9357 0.8359 0.35292 0.0 0.3 0.5 0.8 1.1 1.4 1.7
14-18 mo 0.9414 0.7605 0.37421 0.0 0.2 0.5 0.8 1.0 1.3 1.6
15-19 mo 0.9452 0.7070 0.39409 0.0 0.2 0.4 0.7 1.0 1.3 1.6
16-20 mo 0.9480 0.6637 0.41387 0.0 0.1 0.4 0.7 0.9 1.2 1.5
17-21 mo 0.9500 0.6277 0.43237 0.0 0.1 0.4 0.6 0.9 1.2 1.5
18-22 mo 0.9518 0.5923 0.45102 0.0 0.1 0.3 0.6 0.9 1.1 1.4
19-23 mo 0.9535 0.5575 0.46942 0.0 0.1 0.3 0.6 0.8 1.1 1.4
20-24 mo 0.9550 0.5248 0.48711 0.0 0.0 0.3 0.5 0.8 1.0 1.3
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Table 31 Girls 4-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-4 mo 0.5215 6.6605 0.12888 4.8 5.1 5.3 5.8 6.1 6.7 7.3 7.6 8.1 8.4 8.8
1-5 mo 0.5902 5.0750 0.13444 3.6 3.9 4.0 4.4 4.6 5.1 5.5 5.8 6.2 6.4 6.8
2-6 mo 0.6469 4.0154 0.14318 2.8 3.0 3.1 3.4 3.6 4.0 4.4 4.6 5.0 5.1 5.4
3-7 mo 0.6952 3.3542 0.15397 2.2 2.4 2.5 2.8 3.0 3.4 3.7 3.9 4.2 4.4 4.6
4-8 mo 0.7374 2.8419 0.16676 1.8 2.0 2.1 2.4 2.5 2.8 3.2 3.3 3.6 3.8 4.0
5-9 mo 0.7748 2.3945 0.18192 1.4 1.6 1.7 2.0 2.1 2.4 2.7 2.9 3.1 3.2 3.5
6-10 mo 0.8085 2.0271 0.19915 1.1 1.3 1.4 1.6 1.8 2.0 2.3 2.5 2.7 2.8 3.0
7-11 mo 0.8391 1.7353 0.21812 0.9 1.0 1.1 1.4 1.5 1.7 2.0 2.1 2.4 2.5 2.6
8-12 mo 0.8672 1.5073 0.23888 0.7 0.9 0.9 1.1 1.3 1.5 1.8 1.9 2.1 2.2 2.4
9-13 mo 0.8931 1.3296 0.26147 0.6 0.7 0.8 1.0 1.1 1.3 1.6 1.7 1.9 2.0 2.2
10-14 mo 0.9172 1.1864 0.28575 0.4 0.6 0.6 0.8 1.0 1.2 1.4 1.5 1.8 1.8 2.0
11-15 mo 0.9397 1.0642 0.31149 0.3 0.5 0.5 0.7 0.8 1.1 1.3 1.4 1.6 1.7 1.8
12-16 mo 0.9608 0.9573 0.33813 0.2 0.4 0.4 0.6 0.7 1.0 1.2 1.3 1.5 1.6 1.7
13-17 mo 0.9808 0.8664 0.36514 0.1 0.3 0.3 0.5 0.7 0.9 1.1 1.2 1.4 1.5 1.6
14-18 mo 0.9996 0.7940 0.39238 0.1 0.2 0.3 0.5 0.6 0.8 1.0 1.1 1.3 1.4 1.5
15-19 mo 1.0175 0.7411 0.41976 0.0 0.1 0.2 0.4 0.5 0.7 1.0 1.1 1.3 1.3 1.5
16-20 mo 1.0344 0.6953 0.44691 0.0 0.1 0.2 0.4 0.5 0.7 0.9 1.0 1.2 1.3 1.4
17-21 mo 1.0506 0.6457 0.47350 0.0 0.0 0.1 0.3 0.4 0.6 0.9 1.0 1.1 1.2 1.3
18-22 mo 1.0661 0.5953 0.49958 0.0 0.0 0.1 0.3 0.4 0.6 0.8 0.9 1.1 1.1 1.3
19-23 mo 1.0810 0.5473 0.52538 0.0 0.0 0.0 0.2 0.4 0.5 0.7 0.8 1.0 1.1 1.2
20-24 mo 1.0952 0.5013 0.55112 0.0 0.0 0.0 0.2 0.3 0.5 0.7 0.8 0.9 1.0 1.1
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Table 31 Girls 4-month head circumference increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-4 mo 0.5215 6.6605 0.12888 4.3 5.0 5.8 6.7 7.5 8.5 9.5
1-5 mo 0.5902 5.0750 0.13444 3.2 3.8 4.4 5.1 5.8 6.5 7.3
2-6 mo 0.6469 4.0154 0.14318 2.4 2.9 3.5 4.0 4.6 5.2 5.9
3-7 mo 0.6952 3.3542 0.15397 1.9 2.4 2.9 3.4 3.9 4.4 5.0
4-8 mo 0.7374 2.8419 0.16676 1.5 1.9 2.4 2.8 3.3 3.8 4.4
5-9 mo 0.7748 2.3945 0.18192 1.2 1.6 2.0 2.4 2.8 3.3 3.8
6-10 mo 0.8085 2.0271 0.19915 0.9 1.3 1.6 2.0 2.4 2.9 3.3
7-11 mo 0.8391 1.7353 0.21812 0.7 1.0 1.4 1.7 2.1 2.5 2.9
8-12 mo 0.8672 1.5073 0.23888 0.5 0.8 1.2 1.5 1.9 2.2 2.6
9-13 mo 0.8931 1.3296 0.26147 0.3 0.7 1.0 1.3 1.7 2.0 2.4
10-14 mo 0.9172 1.1864 0.28575 0.2 0.5 0.9 1.2 1.5 1.9 2.2
11-15 mo 0.9397 1.0642 0.31149 0.1 0.4 0.7 1.1 1.4 1.7 2.1
12-16 mo 0.9608 0.9573 0.33813 0.0 0.3 0.6 1.0 1.3 1.6 1.9
13-17 mo 0.9808 0.8664 0.36514 0.0 0.2 0.6 0.9 1.2 1.5 1.8
14-18 mo 0.9996 0.7940 0.39238 0.0 0.2 0.5 0.8 1.1 1.4 1.7
15-19 mo 1.0175 0.7411 0.41976 0.0 0.1 0.4 0.7 1.1 1.4 1.7
16-20 mo 1.0344 0.6953 0.44691 0.0 0.1 0.4 0.7 1.0 1.3 1.6
17-21 mo 1.0506 0.6457 0.47350 0.0 0.0 0.3 0.6 0.9 1.2 1.5
18-22 mo 1.0661 0.5953 0.49958 0.0 0.0 0.3 0.6 0.9 1.2 1.5
19-23 mo 1.0810 0.5473 0.52538 0.0 0.0 0.3 0.5 0.8 1.1 1.4
20-24 mo 1.0952 0.5013 0.55112 0.0 0.0 0.2 0.5 0.8 1.0 1.3
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Table 32 Boys 6-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo 0.4441 8.8640 0.11010 6.8 7.1 7.3 7.9 8.2 8.9 9.5 9.9 10.6 10.8 11.3
1-7 mo 0.4988 6.9439 0.11688 5.2 5.5 5.7 6.1 6.4 6.9 7.5 7.8 8.3 8.6 9.0
2-8 mo 0.5465 5.5066 0.12498 4.0 4.3 4.4 4.8 5.1 5.5 6.0 6.2 6.7 6.9 7.2
3-9 mo 0.5888 4.5260 0.13512 3.2 3.4 3.6 3.9 4.1 4.5 4.9 5.2 5.6 5.7 6.0
4-10 mo 0.6269 3.7983 0.14708 2.6 2.8 2.9 3.2 3.4 3.8 4.2 4.4 4.8 4.9 5.2
5-11 mo 0.6616 3.2122 0.16026 2.1 2.3 2.4 2.7 2.9 3.2 3.6 3.8 4.1 4.2 4.5
6-12 mo 0.6933 2.7354 0.17427 1.7 1.9 2.0 2.3 2.4 2.7 3.1 3.2 3.6 3.7 3.9
7-13 mo 0.7226 2.3511 0.18884 1.4 1.6 1.7 1.9 2.1 2.4 2.7 2.8 3.1 3.2 3.4
8-14 mo 0.7499 2.0461 0.20363 1.1 1.3 1.4 1.6 1.8 2.0 2.3 2.5 2.8 2.9 3.1
9-15 mo 0.7754 1.7985 0.21837 0.9 1.1 1.2 1.4 1.5 1.8 2.1 2.2 2.5 2.6 2.8
10-16 mo 0.7993 1.5932 0.23280 0.8 0.9 1.0 1.2 1.3 1.6 1.8 2.0 2.2 2.3 2.5
11-17 mo 0.8218 1.4211 0.24672 0.7 0.8 0.9 1.1 1.2 1.4 1.7 1.8 2.0 2.1 2.3
12-18 mo 0.8431 1.2795 0.26021 0.5 0.7 0.8 0.9 1.1 1.3 1.5 1.6 1.8 1.9 2.1
13-19 mo 0.8633 1.1676 0.27339 0.5 0.6 0.7 0.8 1.0 1.2 1.4 1.5 1.7 1.8 1.9
14-20 mo 0.8825 1.0785 0.28632 0.4 0.5 0.6 0.8 0.9 1.1 1.3 1.4 1.6 1.7 1.8
15-21 mo 0.9009 1.0078 0.29903 0.3 0.5 0.5 0.7 0.8 1.0 1.2 1.3 1.5 1.6 1.7
16-22 mo 0.9184 0.9483 0.31159 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.3 1.4 1.5 1.7
17-23 mo 0.9351 0.8976 0.32406 0.2 0.4 0.4 0.6 0.7 0.9 1.1 1.2 1.4 1.5 1.6
18-24 mo 0.9512 0.8511 0.33648 0.2 0.3 0.4 0.6 0.7 0.9 1.0 1.2 1.3 1.4 1.5
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Table 32 Boys 6-month head circumference increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo 0.4441 8.8640 0.11010 6.2 7.0 7.9 8.9 9.9 10.9 12.1
1-7 mo 0.4988 6.9439 0.11688 4.7 5.4 6.2 6.9 7.8 8.7 9.6
2-8 mo 0.5465 5.5066 0.12498 3.6 4.2 4.8 5.5 6.2 7.0 7.7
3-9 mo 0.5888 4.5260 0.13512 2.8 3.4 3.9 4.5 5.2 5.8 6.5
4-10 mo 0.6269 3.7983 0.14708 2.3 2.7 3.3 3.8 4.4 5.0 5.6
5-11 mo 0.6616 3.2122 0.16026 1.8 2.2 2.7 3.2 3.7 4.3 4.9
6-12 mo 0.6933 2.7354 0.17427 1.4 1.8 2.3 2.7 3.2 3.7 4.3
7-13 mo 0.7226 2.3511 0.18884 1.1 1.5 1.9 2.4 2.8 3.3 3.8
8-14 mo 0.7499 2.0461 0.20363 0.9 1.3 1.6 2.0 2.5 2.9 3.4
9-15 mo 0.7754 1.7985 0.21837 0.7 1.1 1.4 1.8 2.2 2.6 3.1
10-16 mo 0.7993 1.5932 0.23280 0.6 0.9 1.2 1.6 2.0 2.4 2.8
11-17 mo 0.8218 1.4211 0.24672 0.5 0.8 1.1 1.4 1.8 2.2 2.5
12-18 mo 0.8431 1.2795 0.26021 0.4 0.6 1.0 1.3 1.6 2.0 2.3
13-19 mo 0.8633 1.1676 0.27339 0.3 0.6 0.9 1.2 1.5 1.8 2.2
14-20 mo 0.8825 1.0785 0.28632 0.2 0.5 0.8 1.1 1.4 1.7 2.0
15-21 mo 0.9009 1.0078 0.29903 0.2 0.4 0.7 1.0 1.3 1.6 1.9
16-22 mo 0.9184 0.9483 0.31159 0.1 0.4 0.7 0.9 1.2 1.6 1.9
17-23 mo 0.9351 0.8976 0.32406 0.1 0.3 0.6 0.9 1.2 1.5 1.8
18-24 mo 0.9512 0.8511 0.33648 0.0 0.3 0.6 0.9 1.1 1.4 1.7
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Table 33 Girls 6-month head circumference increments (cm) 

Interval L M S 1st 3rd 5th 15th 25th 50th 75th 85th 95th 97th 99th
0-6 mo 0.2608 8.2683 0.11607 6.2 6.6 6.8 7.3 7.6 8.3 8.9 9.3 10.0 10.2 10.7
1-7 mo 0.3426 6.5037 0.11997 4.9 5.1 5.3 5.7 6.0 6.5 7.0 7.3 7.9 8.1 8.5
2-8 mo 0.4140 5.2206 0.12590 3.8 4.1 4.2 4.6 4.8 5.2 5.7 5.9 6.4 6.5 6.9
3-9 mo 0.4774 4.3410 0.13381 3.1 3.3 3.4 3.8 4.0 4.3 4.7 5.0 5.4 5.5 5.8
4-10 mo 0.5344 3.6748 0.14324 2.5 2.7 2.9 3.1 3.3 3.7 4.0 4.2 4.6 4.7 5.0
5-11 mo 0.5863 3.1336 0.15447 2.1 2.3 2.4 2.6 2.8 3.1 3.5 3.7 4.0 4.1 4.3
6-12 mo 0.6338 2.6890 0.16777 1.7 1.9 2.0 2.2 2.4 2.7 3.0 3.2 3.5 3.6 3.8
7-13 mo 0.6777 2.3226 0.18258 1.4 1.6 1.7 1.9 2.0 2.3 2.6 2.8 3.1 3.2 3.4
8-14 mo 0.7186 2.0288 0.19851 1.2 1.3 1.4 1.6 1.8 2.0 2.3 2.5 2.7 2.8 3.0
9-15 mo 0.7567 1.7978 0.21524 1.0 1.1 1.2 1.4 1.5 1.8 2.1 2.2 2.5 2.6 2.7
10-16 mo 0.7925 1.6098 0.23248 0.8 0.9 1.0 1.2 1.4 1.6 1.9 2.0 2.2 2.3 2.5
11-17 mo 0.8262 1.4500 0.24989 0.7 0.8 0.9 1.1 1.2 1.5 1.7 1.8 2.1 2.2 2.3
12-18 mo 0.8581 1.3166 0.26722 0.5 0.7 0.8 1.0 1.1 1.3 1.6 1.7 1.9 2.0 2.2
13-19 mo 0.8884 1.2111 0.28419 0.4 0.6 0.7 0.9 1.0 1.2 1.4 1.6 1.8 1.9 2.0
14-20 mo 0.9172 1.1249 0.30032 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.5 1.7 1.8 1.9
15-21 mo 0.9446 1.0506 0.31516 0.3 0.4 0.5 0.7 0.8 1.1 1.3 1.4 1.6 1.7 1.8
16-22 mo 0.9708 0.9819 0.32846 0.2 0.4 0.5 0.6 0.8 1.0 1.2 1.3 1.5 1.6 1.7
17-23 mo 0.9959 0.9149 0.34024 0.2 0.3 0.4 0.6 0.7 0.9 1.1 1.2 1.4 1.5 1.6
18-24 mo 1.0200 0.8494 0.35116 0.1 0.3 0.4 0.5 0.6 0.8 1.1 1.2 1.3 1.4 1.5
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Table 33 Girls 6-month head circumference increments (cm) - continued 

Interval L M S -3SD -2SD -1SD Median +1SD +2SD +3SD
0-6 mo 0.2608 8.2683 0.11607 5.7 6.5 7.3 8.3 9.3 10.4 11.5
1-7 mo 0.3426 6.5037 0.11997 4.4 5.1 5.8 6.5 7.3 8.2 9.1
2-8 mo 0.4140 5.2206 0.12590 3.5 4.0 4.6 5.2 5.9 6.6 7.4
3-9 mo 0.4774 4.3410 0.13381 2.8 3.3 3.8 4.3 4.9 5.6 6.3
4-10 mo 0.5344 3.6748 0.14324 2.3 2.7 3.2 3.7 4.2 4.8 5.4
5-11 mo 0.5863 3.1336 0.15447 1.8 2.2 2.7 3.1 3.6 4.2 4.7
6-12 mo 0.6338 2.6890 0.16777 1.5 1.8 2.3 2.7 3.2 3.6 4.2
7-13 mo 0.6777 2.3226 0.18258 1.2 1.5 1.9 2.3 2.8 3.2 3.7
8-14 mo 0.7186 2.0288 0.19851 0.9 1.3 1.6 2.0 2.4 2.9 3.3
9-15 mo 0.7567 1.7978 0.21524 0.7 1.1 1.4 1.8 2.2 2.6 3.0
10-16 mo 0.7925 1.6098 0.23248 0.6 0.9 1.2 1.6 2.0 2.4 2.8
11-17 mo 0.8262 1.4500 0.24989 0.5 0.8 1.1 1.5 1.8 2.2 2.6
12-18 mo 0.8581 1.3166 0.26722 0.3 0.6 1.0 1.3 1.7 2.0 2.4
13-19 mo 0.8884 1.2111 0.28419 0.2 0.5 0.9 1.2 1.6 1.9 2.3
14-20 mo 0.9172 1.1249 0.30032 0.2 0.5 0.8 1.1 1.5 1.8 2.2
15-21 mo 0.9446 1.0506 0.31516 0.1 0.4 0.7 1.1 1.4 1.7 2.1
16-22 mo 0.9708 0.9819 0.32846 0.0 0.3 0.7 1.0 1.3 1.6 2.0
17-23 mo 0.9959 0.9149 0.34024 0.0 0.3 0.6 0.9 1.2 1.5 1.9
18-24 mo 1.0200 0.8494 0.35116 0.0 0.2 0.5 0.8 1.1 1.4 1.7
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Appendix A5  Diagnostics 

A5.1a  2-month intervals for boys 

Table A5.1 Q-test for z-scores from selected model  [BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=4, 
τ=2)] for 2-month head circumference velocity for boys 

Age (days) Group N z1 z2 z3 
55 to 76 0-2 mo 423 0.2 1.2 -0.9 
76 to 107 1-3 mo 416 0.4 -0.3 1.1 
107 to 137 2-4 mo 415 -1.3 -0.5 1.5 
137 to 168 3-5 mo 413 1.3 -1.4 0.2 
168 to 198 4-6 mo 415 0.1 -0.7 -0.9 
198 to 229 5-7 mo 412 -0.5 1.0 -0.1 
229 to 259 6-8 mo 416 0.7 0.1 0.6 
259 to 289 7-9 mo 407 -1.0 -0.8 2.2 
289 to 320 8-10 mo 403 -0.4 1.5 -1.8 
320 to 350 9-11 mo 409 0.9 0.0 -0.7 
350 to 396 10-12 mo 404 -0.6 0.3 -1.0 
396 to 433 12-14 mo 414 -0.6 1.5 -1.1 
Overall Q stats  4947 6.9 10.5 16.2 
degrees of freedom   4.0 9.5 8.0 
p-value   0.1419 0.3574 0.0403 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.1 Worm plots from selected model  [BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=4, τ=2)] 

for 2-month head circumference velocity for boys 

 



 

 
 

 

Age (months)

M
ed

ia
n 

of
 2

-m
o 

he
ad

 c
irc

um
. i

nc
re

m
en

t (
cm

)

1
2

3
4

2 3 4 5 6 7 8 9 10 11 12 14

Age (months)

S
t D

ev
 B

ox
-C

ox
 T

ra
ns

fo
rm

ed

0.
2

0.
3

0.
4

0.
5

2 3 4 5 6 7 8 9 10 11 12 14

Age (months)

B
ox

-C
ox

 T
ra

ns
fo

rm
 P

ow
er

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

2 3 4 5 6 7 8 9 10 11 12 14

 
Figure A5.2 Fitting of the µ, σ, and ν curves of selected model for 2-month head circumference velocity for boys 
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Figure A5.3 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month head circumference velocity for boys 
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Figure A5.4 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month head circumference velocity for boys 
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Figure A5.5 Centile residuals from fitting selected model for 2-month head circumference velocity for boys 
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A5.1b  2-month intervals for girls 

Table A5.2  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=1, 
τ=2)] for 2-month head circumference velocity for girls 

Age (days) Group N z1 z2 z3 
58 to 76 0-2 mo 446 0.4 0.9 -0.7 
76 to 107 1-3 mo 443 0.1 -0.4 1.0 
107 to 137 2-4 mo 441 -1.1 -0.2 1.9 
137 to 168 3-5 mo 444 0.7 -0.2 1.6 
168 to 198 4-6 mo 441 0.2 0.3 1.4 
198 to 229 5-7 mo 444 0.1 -1.1 0.2 
229 to 259 6-8 mo 441 0.7 -1.0 -0.9 
259 to 289 7-9 mo 444 -0.9 1.8 1.7 
289 to 320 8-10 mo 437 -0.7 0.1 -1.3 
320 to 350 9-11 mo 439 0.3 0.6 -2.7 
350 to 396 10-12 mo 445 0.4 -0.6 1.7 
396 to 433 12-14 mo 451 -1.1 2.3 -2.4 
Overall Q stats  5316 5.1 12.4 31.1 
degrees of freedom   4.0 9.5 11.0 
p-value   0.2737 0.2255 0.0011 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.6 Worm plots from selected model [BCPE(x=age0.05, df(µ)=8, df(σ)=4, df(ν)=1, τ=2)] 

for 2-month head circumference velocity for girls 

 



 

 
 

Age (months)

M
ed

ia
n 

of
 2

-m
o 

he
ad

 c
irc

um
. i

nc
re

m
en

t (
cm

)

1
2

3
4

2 3 4 5 6 7 8 9 10 11 12 14

Age (months)

S
t D

ev
 B

ox
-C

ox
 T

ra
ns

fo
rm

ed

0.
2

0.
3

0.
4

0.
5

2 3 4 5 6 7 8 9 10 11 12 14

Age (months)

B
ox

-C
ox

 T
ra

ns
fo

rm
 P

ow
er

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

2 3 4 5 6 7 8 9 10 11 12 14

 
Figure A5.7 Fitting of the µ, σ, and ν curves of selected model for 2-month head circumference velocity for girls 
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Figure A5.8 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 2-month head circumference velocity for girls 
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Figure A5.9 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 2-month head circumference velocity for girls 
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Figure A5.10 Centile residuals from fitting selected model for 2-month head circumference velocity for girls 
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A5.2a  3-month intervals for boys 

Table A5.3  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=4, 
τ=2)] for 3-month head circumference velocity for boys 

Age (days) Group N z1 z2 z3 
88 to 107 0-3 mo 419 0.5 1.4 -1.0 
107 to 137 1-4 mo 414 0.2 -1.2 1.2 
137 to 168 2-5 mo 416 -1.1 -0.5 0.9 
168 to 198 3-6 mo 416 0.6 -0.8 0.3 
198 to 229 4-7 mo 410 0.5 0.0 -1.3 
229 to 259 5-8 mo 412 -0.3 0.8 1.0 
259 to 289 6-9 mo 410 -0.1 0.0 0.7 
289 to 320 7-10 mo 403 -0.5 -0.1 0.2 
320 to 350 8-11 mo 414 0.1 0.9 0.0 
350 to 396 9-12 mo 409 0.2 -0.8 0.1 
396 to 433 11-14 mo 413 -0.3 0.8 -0.6 
Overall Q stats  4536 2.5 7.0 6.9 
degrees of freedom   4.0 8.5 7.0 
p-value   0.6375 0.5872 0.4380 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.11 Worm plots from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=4, τ=2)] 

for 3-month head circumference velocity for boys 
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Figure A5.12 Fitting of the µ, σ, and ν curves of selected model for 3-month head circumference velocity for boys 
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Figure A5.13 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month head circumference velocity for boys 
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Figure A5.14 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month head circumference velocity for boys 
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Figure A5.15 Centile residuals from fitting selected model for 3-month head circumference velocity for boys 
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A5.2b  3-month intervals for girls 

Table A5.4  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=2, 
τ=2)] for 3-month head circumference velocity for girls 

Age (days) Group N z1 z2 z3 
88 to 107 0-3 mo 447 0.6 1.0 -1.4 
107 to 137 1-4 mo 442 0.4 -1.0 0.1 
137 to 168 2-5 mo 443 -1.8 -0.4 1.4 
168 to 198 3-6 mo 442 1.2 0.5 1.8 
198 to 229 4-7 mo 441 -0.3 -0.1 0.7 
229 to 259 5-8 mo 441 1.1 -1.3 -0.4 
259 to 289 6-9 mo 444 -1.0 0.7 1.1 
289 to 320 7-10 mo 440 0.3 1.1 -1.6 
320 to 350 8-11 mo 436 -1.2 -0.5 2.1 
350 to 396 9-12 mo 448 1.1 -0.5 -2.7 
396 to 433 11-14 mo 445 -0.6 1.2 0.4 
Overall Q stats  4869 10.7 7.8 23.5 
degrees of freedom   4.0 8.5 9.0 
p-value   0.0303 0.5067 0.0052 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.16 Worm plots from selected model [BCPE(x=age0.05, df(µ)=7, df(σ)=4, df(ν)=2, τ=2)] 

for 3-month head circumference velocity for girls 
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Figure A5.17 Fitting of the µ, σ, and ν curves of selected model for 3-month head circumference velocity for girls 

194 
H

ead circum
ference

velocity conditional on age
 



 
 
 

 

Age (months)

3-
m

o 
he

ad
 c

irc
um

. i
nc

re
m

en
t (

cm
)

0
2

4
6

3 4 5 6 7 8 9 10 11 12 14

3rd
10th
50th
90th
97th

Fitted

Empirical

 
Figure A5.18 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 3-month head circumference velocity for girls 
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Figure A5.19 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 3-month head circumference velocity for girls 
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Figure A5.20 Centile residuals from fitting selected model for 3-month head circumference velocity for girls 
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A5.3a  4-month intervals for boys 

Table A5.5  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=3, 
τ=2)] for 4-month head circumference velocity for boys 

Age (days) Group N z1 z2 z3 
119 to 137 0-4 mo 418 0.7 1.2 -1.4 
137 to 168 1-5 mo 416 0.4 -1.0 1.4 
168 to 198 2-6 mo 419 -1.6 -0.5 0.7 
198 to 229 3-7 mo 412 0.8 0.1 0.4 
229 to 259 4-8 mo 410 0.5 -0.2 0.6 
259 to 289 5-9 mo 407 -0.5 -0.6 1.3 
289 to 320 6-10 mo 406 0.2 1.0 0.3 
320 to 350 7-11 mo 412 0.2 -0.5 -0.2 
350 to 396 8-12 mo 414 -0.5 -0.2 -1.6 
396 to 457 10-14 mo 402 0.3 0.6 1.3 
457 to 518 12-16 mo 413 -0.2 0.5 -1.4 
518 to 579 14-18 mo 409 -0.5 0.4 0.0 
579 to 640 16-20 mo 415 -0.5 1.5 -1.0 
640 to 701 18-22 mo 407 0.3 -0.1 -0.4 
701 to 750 20-24 mo 417 -0.1 0.3 -1.5 
Overall Q stats  6177 5.6 7.4 16.4 
degrees of freedom   5.0 12.0 12.0 
p-value   0.3515 0.8315 0.1724 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.21 Worm plots from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=3, τ=2)] 

for 4-month head circumference velocity for boys 
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Figure A5.22 Fitting of the µ, σ, and ν curves of selected model for 4-month head circumference velocity for boys 
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Figure A5.23 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month head circumference velocity for boys 
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Figure A5.24 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month head circumference velocity for boys 

202 
H

ead circum
ference velocity conditional on age

 



 
 
 

 

 

3rd Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

5th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

10th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

25th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

50th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

75th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

90th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

95th Centile
-0

.1
5

-0
.0

5
0.

05
0.

15

4 6 8 10 14 18 22

97th Centile

-0
.1

5
-0

.0
5

0.
05

0.
15

4 6 8 10 14 18 22

Age (months)

E
m

pi
ric

al
-F

itt
ed

 C
en

til
e 

fo
r 4

-m
o 

he
ad

 c
irc

um
fe

re
nc

e 
in

cr
em

en
t (

cm
)

 
Figure A5.25 Centile residuals from fitting selected model for 4-month head circumference velocity for boys 
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A5.3b  4-month intervals for girls 

Table A5.6  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=2, 
τ=2)] for 4-month head circumference velocity for girls 

Age (days) Group N z1 z2 z3 
119 to 137 0-4 mo 446 1.1 0.8 -1.5 
137 to 168 1-5 mo 445 -0.4 -1.3 1.1 
168 to 198 2-6 mo 442 -1.3 0.7 1.5 
198 to 229 3-7 mo 442 0.6 0.2 0.8 
229 to 259 4-8 mo 438 0.7 -0.8 1.3 
259 to 289 5-9 mo 445 -0.4 -0.1 0.5 
289 to 320 6-10 mo 440 -0.1 0.7 -0.9 
320 to 350 7-11 mo 438 0.1 -0.2 1.0 
350 to 396 8-12 mo 444 -0.2 -0.2 -1.0 
396 to 457 10-14 mo 445 0.5 -0.8 1.8 
457 to 518 12-16 mo 443 -0.4 1.3 -1.9 
518 to 579 14-18 mo 449 -0.5 -0.6 -2.4 
579 to 640 16-20 mo 436 -0.4 2.7 0.6 
640 to 701 18-22 mo 436 -0.6 0.6 0.7 
701 to 749 20-24 mo 439 0.7 -0.4 -3.2 
Overall Q stats  6628 5.6 14.7 35.3 
degrees of freedom   5.0 12.0 13.0 
p-value   0.3498 0.2611 0.0008 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.26 Worm plots from selected model [BCPE(x=age0.05, df(µ)=10, df(σ)=5, df(ν)=2, τ=2)] 

for 4-month head circumference velocity for girls 
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Figure A5.27 Fitting of the µ, σ, and ν curves of selected model for 4-month head circumference velocity for girls 
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Figure A5.28 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 4-month head circumference velocity for girls 
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Figure A5.29 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 4-month head circumference velocity for girls 
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Figure A5.30 Centile residuals from fitting selected model for 4-month head circumference velocity for girls 
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A5.4a  6-month intervals for boys 

Table A5.7  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=2, 
τ=2)] for 6-month head circumference velocity for boys 

Age (days) Group N z1 z2 z3 
175 to 198 0-6 mo 423 1.5 1.5 -0.4 
198 to 229 1-7 mo 416 -0.5 -0.8 0.8 
229 to 259 2-8 mo 415 -1.4 -1.1 0.7 
259 to 289 3-9 mo 407 0.5 -0.7 0.5 
289 to 320 4-10 mo 402 0.5 0.3 0.8 
320 to 350 5-11 mo 414 0.0 0.1 -0.2 
350 to 396 6-12 mo 418 -0.2 -0.3 -0.2 
396 to 457 8-14 mo 411 0.0 0.0 -1.9 
457 to 518 10-16 mo 403 -0.2 1.4 0.3 
518 to 579 12-18 mo 410 0.0 -0.5 -0.3 
579 to 640 14-20 mo 415 -0.2 0.4 1.3 
640 to 701 16-22 mo 408 0.0 -0.3 -0.1 
701 to 750 18-24 mo 410 0.2 0.0 0.6 
Overall Q stats  5352 5.3 7.1 8.3 
degrees of freedom   4.0 10.5 11.0 
p-value   0.2586 0.7562 0.6846 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.31 Worm plots from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=4, df(ν)=2, τ=2)]  

for 6-month head circumference velocity for boys 
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Figure A5.32 Fitting of the µ, σ, and ν curves of selected model for 6-month head circumference velocity for boys 
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Figure A5.33 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month head circumference velocity for boys 
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Figure A5.34 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month head circumference velocity for boys 
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Figure A5.35 Centile residuals from fitting selected model for 6-month head circumference velocity for boys 
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A5.4b  6-month intervals for girls 

Table A5.8  Q-test for z-scores from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=5, df(ν)=2, 
τ=2)] for 6-month head circumference velocity for girls 

Age (days) Group N z1 z2 z3 
178 to 198 0-6 mo 447 1.7 0.7 -1.8 
198 to 229 1-7 mo 443 -0.9 -0.8 1.4 
229 to 259 2-8 mo 439 -1.2 -0.3 0.9 
259 to 289 3-9 mo 443 0.5 0.6 -0.8 
289 to 320 4-10 mo 439 0.2 0.1 0.8 
320 to 350 5-11 mo 440 0.1 -1.2 0.9 
350 to 396 6-12 mo 447 0.1 0.5 -0.2 
396 to 457 8-14 mo 444 -0.3 0.0 0.1 
457 to 518 10-16 mo 437 0.3 0.1 1.8 
518 to 579 12-18 mo 448 -0.2 -0.5 -0.9 
579 to 640 14-20 mo 443 -0.2 0.6 -1.3 
640 to 701 16-22 mo 432 -0.9 2.6 0.9 
701 to 749 18-24 mo 444 0.8 -2.0 0.3 
Overall Q stats  5746 7.3 15.0 14.7 
degrees of freedom   4.0 10.0 11.0 
p-value   0.1226 0.1310 0.1967 

Note: Absolute values of z1, z2 or z3 larger than 2 indicate misfit of, respectively, mean, 
variance or skewness. 
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Figure A5.36 Worm plots from selected model [BCPE(x=age0.05, df(µ)=9, df(σ)=5, df(ν)=2, τ=2)]  

for 6-month head circumference velocity for girls 
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Figure A5.37 Fitting of the µ, σ, and ν curves of selected model for 6-month head circumference velocity for girls 
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Figure A5.38 3rd, 10th, 50th, 90th, 97th smoothed centile curves and empirical values: 6-month head circumference velocity for girls 
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Figure A5.39 5th, 25th, 50th, 75th, 95th smoothed centile curves and empirical values: 6-month head circumference velocity for girls 
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Figure A5.40 Centile residuals from fitting selected model for 6-month head circumference velocity for girls 
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6. COMPUTATION OF CENTILES AND Z-SCORES FOR VELOCITIES BASED 
ON WEIGHT, LENGTH AND HEAD CIRCUMFERENCE  

The same method used to calculate centiles and z-scores for the attained growth standards based on 
weight is used to calculate centiles and z-scores for the velocity standards based on weight, length and 
head circumference increments. Briefly, the computation of percentiles and z-scores for these 
standards uses formulae based on a restricted application of the LMS method as used for the attained 
growth weight-based indicators, limiting the Box-Cox normal distribution to the interval 
corresponding to z-scores where empirical data were available (i.e. between -3 SD and +3 SD). 
Beyond these limits, the standard deviation at each age was fixed to the distance between ±2 SD and 
±3 SD, respectively. This approach avoids making assumptions about the distribution of data beyond 
the limits of the observed values (WHO Multicentre Growth Reference Study Group, 2006a).  

Adjustment to the basic methodology had to be applied for weight velocities conditional on age (see 
section 2.5). Children experience weight losses and, consequently, weight increments occur in 
negative values while the BCPE distribution can handle only positive values. Thus, before the BCPE 
could be applied to these data, it was necessary to add a constant value δ (delta) to all increments to 
shift their distribution above zero and, subsequently, to subtract delta from the predicted centiles. To 
calculate individual z scores, δ is first added to the child's increment and then the L, M and S values of 
the model are fitted on the shifted observations. When a child's increment is less than -δ (i.e. the 
increment is negative and its absolute value is greater than δ), the correction applied for skewed 
attained growth standards beyond -3 SD or +3 SD will be used, since in reality such an increment lies 
below -3 SD.  

For all indicators, the tabulated fitted values of Box-Cox power, median and coefficient of variation 
corresponding to the visit age t are denoted by L(t), M(t) and S(t), respectively. 

Centiles and z-scores for weight velocities conditional on age 

Note that in this case, the values of L(t), M(t) and S(t) are based on the shifted BCPE distribution. 
Given the value of δ for the corresponding standard, the centiles were calculated as follows: 

[ ] 33,)()(1)()( )(
1

100 ≤≤−−+= ααα δ ZZtStLtMtC tL  

The following procedure is recommended to calculate a z-score for an individual child with weight 
increment y at the visit age t: 

1. Calculate      

)()(

1)(
)( )(

tLtS
tM

y

z
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−⎥⎦
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2. Compute the final z-score  ( )*
indz  of the child for that indicator as: 
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where  

posSD3  is the cut-off +3 SD calculated at t by the LMS method:  

[ ] )(
1

)3(*)(*)(1)(3 tLtStLtMposSD += ; 

negSD3  is the cut-off -3 SD calculated at t by the LMS method:  

[ ] )(
1

)3(*)(*)(1)(3 tLtStLtMnegSD −+= ; 

posSD23  is the difference between the cut-offs +3 SD and +2 SD calculated at t by the LMS method:  

[ ] [ ] )(
1

)(
1

)2(*)(*)(1)()3(*)(*)(1)(23 tLtL tStLtMtStLtMposSD +−+= ; 

and negSD23  is the difference between the cut-offs -2 SD and -3 SD calculated at t by the LMS 
method:  

[ ] [ ] )(
1

)(
1

)3(*)(*)(1)()2(*)(*)(1)(23 tLtL tStLtMtStLtMnegSD −+−−+=  

To illustrate the procedure, examples with the 2-month interval weight velocity conditional on age for 
boys follow. 

Child 1: 6-month-old boy with an increment, i.e. weight gain 2200 g between 4 and 6 months. 

L=0.5891;    M=1541.3670;    S=0.20130;    δ=600; 

( )
55.3

5891.0*20130.0

13670.1541
6002200 5891.0

=
−⎥⎦

⎤
⎢⎣
⎡ +

=indz     >3   
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Child 2: 18-month-old boy with an increment of -500 g (weight loss of 500 g) between 16 and  
18 months.   

L=0.8078;    M=1000.9680;    S=0.31615;    δ=600; 

( )
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1600500
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Child 3: 13-month-old boy with a weight gain of 1200 g between 11 and 13 months. 

L=0.7191;    M=1057.9071;    S=0.28462;    δ=600; 

( )
27.2
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6001200

=
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Centiles and z-scores for length and head circumference velocities conditional on age 

The centiles were calculated as follows: 

[ ] 33,)()(1)()( )(
1

100 ≤≤−+= ααα ZZtStLtMtC tL  

The following procedure is recommended to calculate a z-score for an individual child with length or 
head circumference increment y at the visit age t: 

1. Calculate      
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2. Compute the final z-score  ( )*
indz  of the child for that indicator as: 
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where  

posSD3  is the cut-off +3 SD calculated at t by the LMS method:  

[ ] )(
1

)3(*)(*)(1)(3 tLtStLtMposSD += ; 

negSD3  is the cut-off -3 SD calculated at t by the LMS method:  

[ ] )(
1

)3(*)(*)(1)(3 tLtStLtMnegSD −+= ; 

posSD23  is the difference between the cut-offs +3 SD and +2 SD calculated at t by the LMS method:  

[ ] [ ] )(
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and negSD23  is the difference between the cut-offs -2 SD and -3 SD calculated at t by the LMS 
method:  

[ ] [ ] )(
1

)(
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)3(*)(*)(1)()2(*)(*)(1)(23 tLtL tStLtMtStLtMnegSD −+−−+=  

To illustrate the procedure, examples with the 3-month interval length velocity conditional on age for 
girls follow.  

Child 1: 12-month-old girl with an increment, i.e. length gain 7.5 cm between 9 and 12 months. 

L=0.8538;    M=3.8692;    S=0.23503; 
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Child 2: 18-month-old girl with an increment of 0.5 cm between 15 and 18 months.   

L=0.8538;    M=3.2051;    S=0.28388; 
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Child 3: 6-month-old girl with a length gain of 8.0 cm between 3 and 6 months. 

L=0.8538;    M=5.9428;    S=0.17798; 
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7. DISCUSSION 

The intrinsic biological complexity of the dynamics of human growth made the construction of the 
standards presented in this report more challenging than was the case for the attained growth standards 
(WHO Multicentre Growth Reference Study Group, 2006a; 2007). This section seeks to provide 
guidance for the use and interpretation of the standards based on insights gained during construction of 
the velocity standards and feedback from clinicians who participated in reviewing and field-testing the 
velocity tools.  

The standards are presented for the age span birth to 24 months. They include weight, length and head 
circumference centiles conditional on age, in variable measurement intervals. Additionally for weight, 
empirical centiles of velocity in 1- or 2-week intervals from birth to 60 days are presented. With the 
exception of tables 15 and 17 (velocity in g/d), all velocity tools of the WHO Child Growth Standards 
are increment standards describing the distribution of growth increments over variable intervals. As is 
the case for attained growth, the standards presented in this report are sex-specific. Appendix B 
summarizes specifications of the BCPE models for each of the growth velocity standards. 

Velocity conditional on age 

The overall pattern of the (age-conditioned) centiles depicts the age-dependent changes in velocity that 
characterize human postnatal growth. Growth progresses at a rapidly decelerating rate from birth, 
reaching a near-plateau by the end of the first year and continues to taper off gently through the second 
year. This is the expected overall pattern of growth under conditions of adequate nutrition and 
psychosocial care with no chronic infections or unusual rates and/or severity of acute infections: the 
pattern that underpins the general expectation that infants will double their weight by age 6 months 
and triple it by 12 months. However, examination of individual growth trajectories has shown saltatory 
increments in short (≤24 hours) intervals followed by periods (2-63 days) of no measurable growth 
(Lampl et al., 1992). Although the intervals (1- to 6-months) presented for the main age-conditioned 
tools of these standards cannot capture the short-span saltation and stasis described by Lampl and co-
workers, the growth velocities of individual children in the WHO standards are characterized by very 
high variability in consecutive growth intervals. It is not unusual for a child to grow at the 95th velocity 
centile one month and at the 20th the next while continuing to track on the attained weight-for-age 
chart. Alternating or irregular patterns of high and low velocities may occur in successive periods even 
in the absence of morbidity. With regard to weight, losses or slow gains (related to morbidity or 
otherwise) in a given period are normally followed by higher velocities, likely indicating catch-up 
growth. 

The 1-, 2-, 3-, 4- and 6-month increment tables are independent of each other and the clinician should 
use the one that most closely approximates the interval over which the child is seen. For example, the 
centile corresponding to an increment between age 2 and 3 months is not associated with the centile 
corresponding to half of the increment in the 2-month interval between ages 1 and 3 months. This is 
because one cannot expect the growth rate in a given 2-month period, except perhaps at the median, to 
be the sum of the two corresponding 1-month intervals.  

With specific reference to weight, negative increments occur generally after 6 months of age and are 
captured in the lowest centiles. They coincide with the weaning period, when children are more 
exposed to food contamination, and when they become more active and start to explore their 
environment. Others who have developed velocity references have observed similar losses (WHO 
Working Group on Infant Growth, 1994), even if final published figures did not include them since 
only a narrow range of centiles were presented (Guo et al., 1991; Roche et al., 1989). It is important to 
note that losses that are tolerable in short intervals might not be acceptable in longer intervals. For 
example, the 5th centile indicates a loss of about 100g between 10 and 11 months and also between 11 
and 12 months (Table 4), which can be acceptable for 1-month intervals at that age. However, the 
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same 5th centile for a 2-month interval at the same age (10 to 12 months) indicates a gain of about 30g 
(Table 6), implying that there was time for recovery within the longer interval.  

Alternative approaches to constructing conditional weight gain references 
 
Others have approached the construction of conditional weight gain references by applying 
methodologies that adjust not only for age but also for regression to the mean (Wright et al, 1994; 
Cole, 1995; Cole, 1997). The theoretical basis for this approach is the expectation that over time infant 
weights drift towards the median from the tails of the distribution. Using this approach, weight gain is 
calculated in terms of the change (compared with the initial measurement) in the infant's attained 
weight SD score adjusted for regression to the mean (Cole, 1995). The formula for this calculation 
hinges on the correlation between the initial and second SD scores, which determines the expected 
slope of the change in the child's size between the two points of measurement. Despite its theoretical 
advantages, calculation of this conditional gain SD score requires computerization and thus limits the 
potential for its application. In effect, this approach has not gained currency in clinical settings.  

To explore how conditional gain SD scores compare with the increment centiles presented in this 
report, the published methodology (Cole, 1995) was applied for adjusting for regression to the mean 
on 1- and 2-month interval weight increments (results are presented in Appendix C). The first step was 
to calculate the attained weight-for-age (WA) z-score for each child at each of the visits. Next, the 
respective correlation matrices for the 1- and 2-month intervals were derived. Then, the published 
formula to calculate SDgain (the z-score associated with the change in WA z-score between visits) was 
applied. The SDgain values were compared with z-scores of the age-conditioned 1- and 2-month weight 
increments.  

Plots of empirical densities showed that the distributions of the z-scores from the two methods overlap 
for each respective test interval (figures C1 and C2). Distributions of pairwise differences between the 
z-scores from the two methods were also examined (figures C3 and C4). Ninety percent of the 
differences were between -0.33 and +0.34 (for 1-month intervals) and between -0.27 and +0.29  
(for 2-month intervals).  

To assess the magnitude of the impact of regression to the mean, two sets of children were selected: 
one in the lower bound (WA z-scores between -2.5 and -1.5) and the other in the upper bound (WA  
z-scores between +1.5 to +2.5) of attained growth at the start (time1) of specified intervals. The 
change in their z-scores at the end (time2) of 1- or 2-month periods were examined to observe what 
proportion deviated from the assumption of regression to the mean (Table C1).  

For the lower bound (time1 z-scores between -2.5 and -1.5), the results were consistent with regression 
to the mean only for initial ages 0-1 months and 0-2 months, i.e. WA drifted further from the median 
for 21% and 13% of children, respectively. For the remaining ages, 30-52% (1-month intervals) and 
28-47% (2-month intervals) of weights shifted further from the mean, contrary to shifts that would 
have reflected regression to the mean. Similar findings were observed for the upper bound (time1 z-
scores between +1.5 and +2.5) i.e. 27% (age 0-1 month) and 20% (age 0-2 months) drifted away from 
the mean. In the older age groups, this tendency was observed for 37-55% (1-month intervals) and  
30-54% (2-month intervals). As expected, corresponding average changes in WA z-scores were, 
relatively high at ages 0-1 or 0-2 months (in the assumed direction of regression to the mean), but they 
dropped rapidly thereafter to near 0.  

In summary, growth in snapshots of 1- or 2-month intervals was consistent with regression to the 
mean between birth and 1 or 2 months but the phenomenon was much less evident at later ages. 
Differences between individual z-scores when applying the two methods were relatively minor. This 
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raises questions regarding the impact those differences have on clinical management and the method's 
conceptual and practical accessibility for users in disparate settings. For the age period when the 
largest impact of regression to the mean is observed, as described below this report provides sex-
specific centiles for weight increments conditional on birth weight in 1- and 2-week intervals from 
birth to 2 months.  

Tables of weight velocity from birth to 60 days 

These tables present physiological weight losses that occur in the early postnatal period but that are 
not usually included in available reference data.  

In-depth comparisons between the sexes were made in the process of deriving these centiles. In most 
cases, boys' net increments in the 2-week intervals between 14 and 60 days were higher than girls' 
increments by values of 50-100 g. The differences in the first two weeks (birth to 7 and 7-14 days) 
were less clear-cut, but it was interesting to observe that the weight losses (depicted in the 5th and 10th 
centiles) between birth and day 7 were slightly attenuated in girls compared to boys. 

It was not possible to estimate from these data precisely when infants should recover their birth weight 
following weight loss that is common in the first few postnatal days. Net increments at the median (0 
to 7 days) are positive for both boys and girls, suggesting that recovery of birth weight could be 
achieved in less than one week. Considering the 25th centile (0 g increment from birth to 7 days), the 
data suggest that 75% of newborns recover their birth weight by day 7. It is understood that recovery 
depends on what percentage of birth weight was lost and successful initiation of lactation. However, 
rather than focus only on weight gain, it is important to adopt a holistic approach by looking at the 
child's overall health status and clinical signs. This involves also assessing mother-child interaction, 
indicators of successful breastfeeding such as infant breastfeeding behaviour and the timing of stage II 
lactogenesis (i.e. the onset of a copious milk supply), and breastfeeding technique (position and 
attachment), as these are necessary for maintaining successful infant nutrition. The overall 
breastfeeding profile and some aspects of its initiation among the infants included in these standards 
were published elsewhere (WHO Multicentre Growth Reference Study Group, 2006d). 

The complexity of growth velocity is not adequately reflected in the usual presentation of gross 
estimations of growth rate over wide age spans. Such estimations overlook the dramatic changes that 
characterize growth in the first few months and the high variability within an individual child's growth 
rate in succeeding intervals. These centiles (birth to 60 days) provide a description of weekly and 
biweekly changes in velocity, illustrating the inadequacy of rules of thumb such as "infants should 
gain 200 g/week or 30 g/d in the first 3 months".  

Centiles are presented both for net increments and for velocity in g/d. It is important to note that the 
g/d figures are not the simple average of the gross gains or losses reported in corresponding weekly 
and fortnightly tables. The g/d figures are derived by calculating individual daily increments for 
newborns in each of the birth weight categories and then estimating centiles directly from the raw g/d 
values. When mother-child dyads experience breastfeeding difficulties in the early postpartum period, 
lactation performance and weight gain are monitored every few days, hence increments per day are 
likely to be handier to use than weekly or fortnightly increments. Even in the absence of such 
difficulties, visits to the clinic take place at random ages, and these daily increments offer a flexible 
option for evaluating growth over fractions of the tabulated time blocks. It is important to note that the 
g/d figures, particularly in the first week, are composite figures reflecting, on average, losses followed 
by recovery.  
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Contrary to speculation that weight velocity would vary by birth weight, the centiles from the various 
birth-weight categories were very similar, leading to the conclusion that velocities can be collapsed 
into a single column. Low or high anthropometric values observed in the WHO standards represent the 
physiological extremes of normality among children in the absence of intrauterine growth problems. If 
this were not the case, a negative correlation between birth weight and early growth rate would have 
been more likely because postnatal catch-up and catch-down growth would have been observed.  

Minimum weight gain tables 

Tables of weight gain conditional on starting weight were requested by users of the table of "expected 
minimum gains in weight" in community-based growth promotion programmes mainly in Central 
America (Griffiths et al., 1996; Griffiths and McGuire, 2005). The AIN (Atención Integral al Niño) 
tables were developed using data from 112 children born between 1972 and 1974 and followed from 
birth to 2 years by the Centro Latinoamericano de Perinatología (Martell et al., 1981). The values of 
expected weight do not take into account sex or age, and it appears that the weight gain selected as the 
minimum was the 25th centile; otherwise, little is known about them (Martorell et al., 2002). The 
original AIN table provides single values of expected minimum weight gains in 30-day or 60-day 
intervals relative to the child's starting weight. 

Tables of 1- and 2-month weight gains conditional on starting weight were produced and circulated for 
peer review. Reviewers rejected them on substantive grounds, and they were thus excluded from the 
final standards.  

Firstly, the basic assumption of the AIN table, i.e. that young children of the same weight grow at the 
same rate irrespective of age, is flawed. In the WHO standards, starting at 5 kg, there is a significant 
negative association between age and final weight. This implies that younger children at the same 
starting weight end up with a higher final weight after 1- and 2-month intervals compared to those at 
older ages.  

Secondly, it is impossible to select "expected minimum weight gains" that would be appropriate for all 
infants or children with the same starting weight. Such values are bound to be too low for some 
infants/children and too high for others of the same starting weight. Moreover, the selection of single 
minimum thresholds introduces the notion of centile tracking in velocity that is contrary to normal 
physiological growth in individual children. In the WHO standards, the probability of two consecutive 
1-month or 2-month weight increments falling below the 5th centile is 0.3%. If the 15th centile is 
chosen, this probability increases to only 2% and 1.8%, respectively.  

Thirdly, as infants grow older the lower centile values (25th and below) become less than the day-to-
day variability in weight, making detection of a minimum weight at this level impossible. Examining 
the 1-month interval centiles for boys, for starting weights greater than about 8.5 kg, the 25th centile 
value for final weight is only 100 g greater than the starting weight. The day-to-day variability (SD) is 
about twice this level. For girls, 100 g differences are seen between starting and 25th centile final 
weights at even lower weights, e.g. about 8 kg. For girls that start at 12.7 kg, the 25th centile final 
weight is 100 g less than the starting weight. The situation is even worse if the 15th or 5th centiles are 
selected (e.g. examining the 1-month interval for girls, a starting weight of 12 kg implies a loss of 
100 g and 200 g in the final weight for the 15th and 5th centile, respectively).  

Overall considerations 

Measurement error. Measurements of growth are subject to error from multiple sources. Faulty 
measurements can lead to grossly erroneous judgements regarding a child's growth. The accuracy of 
growth assessment is improved greatly if measurements are replicated independently and the values 
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averaged. This procedure minimizes the impact of faulty single measurements. MGRS measurements 
were undertaken to assure the highest level of reliability; and the final values used in the creation of 
these standards were an average of two observations, thereby minimizing random measurement errors 
in observed growth. This level of reliability is not typical in routine clinical measurement in primary 
health care settings; however, it can be achieved in research contexts (WHO Multicentre Growth 
Reference Study Group, 2006b) and where resources permit, in clinical situations caring for children 
at high risk of growth problems. The training course on child growth assessment is a tool to assist 
health care providers in the effective application of the WHO growth standards. It teaches, inter alia, 
the knowledge and skills needed to measure children correctly (WHO, 2008). 

Measurement intervals in field application. Ideally, velocity assessment should be done at 
scheduled visits that coincide with the ages and intervals (1, 2, 3, 4 or 6 months) for which the centiles 
are presented. In practice, however, the timing of clinic visits is dictated by uncontrollable factors, and 
ingenuity will be called for in applying the standards. In constructing the standards, some variation 
was allowed around the intervals. For measurements made at ages 0-6 months, 6-12 months and  
12-24 months, the allowable deviations from the exact planned age were ±3 days, ±5 days and ±7 days, 
respectively. The practical advantage of this approach is that use of the standards allows for equally 
slight deviations without a need to correct observed increments through interpolation. For example, to 
assess a two-month increment between 11 months and 13 months of age the observed increment could 
be validly used as long as the first measurement was no more than 5 days early or late and the second 
measurement no more than 7 days early or late.  

The simplest approach to dealing with measurement intervals beyond allowable ranges is to 
interpolate (i.e. prorate) observed increments to the relevant interval or to refer to the next larger 
interval if appropriate. For example, a boy weighed at 11 months returns at 13 months and 24 days 
having gained 600 g. If this increment is prorated to the 2-month interval 11-13 months, the estimated 
gain is 429 g (600 g/84 days × 60 days), which is just below the 50th centile (458 g, Table 6). If the  
3-month interval 11-14 months is referred to instead, there is no need to interpolate as the visit falls 
within the allowable difference (±7 days); his increment (600 g) also is just below the 50th centile 
(665 g, Table 8). The assumption made is that the rate of growth was constant over this period, but 
there is no alternative way of partitioning the increment. 

If the observed interval is on target, say exactly 2 months, but the starting and ending ages do not 
coincide with those tabulated in the standards (e.g. an increment measured over the exact 2-month 
interval between 11.4 and 13.4 months of age), the recommended practical solution is to use the 
tabulated reference values for the 11 to 13-month age interval. Similarly, for an increment observed 
between 11.6 and 13.6 months of age one would use the reference values tabulated for the 12 to  
14-month interval. It should be understood that these are compromises whose limitations are 
especially apparent in the first year when growth decelerates rapidly and the difference in velocity 
between consecutive periods can be large. For example, growth between 2.5 to 3.5 months carries 
equal contributions from 2-3 and 3-4 month intervals: a baby girl who gained 310 g would be 
classified as below the 3rd centile at 2-3 months and as below the 15th centile at 3-4 months. The best 
clinical judgement in such circumstances requires making a holistic assessment of the child's health. A 
more precise option in the forgoing case (i.e. when interval length is on target) is to interpolate the L, 
M and S values from consecutive age intervals and to calculate the child's z-score as described in 
Chapter 6. 

Clinical usefulness of growth velocity. The questions that a clinician seeks to answer when using a 
velocity standard include whether a child's growth rate over a specified interval, or over a series of 
intervals, raises concern about underlying morbidity; or in the context of interventions to promote 
growth (e.g. in endocrinology), whether a given treatment produced the expected change in growth 
rate; or, for the newborn, if breastfeeding has been successfully established.  
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There are some fundamental differences between velocity and attained (distance) growth that affect 
how the increment standards should be used and interpreted. Chief among them is the lack of 
correlation between successive increments in healthy, normally growing children. For individual 
attained growth curves, the variability in successive z-scores tends to be minimal over short periods 
(there are high correlations between successive attained values). This "tracking" is not usually seen for 
successive individual growth velocities. For example, as indicated earlier, the probability of two 
consecutive 1-month or 2-month weight increments falling below the 5th centile is 0.3%. If the 15th 
centile is chosen, this probability increases to only 2% and 1.8%, respectively. Normally growing 
children can have a very high z-score one month and a very low one the following month, or vice 
versa, without any underlying reason for concern. Thus, a single low value is uninformative; only 
when velocities are repeatedly low should they cause concern. Nevertheless, very low z-score values, 
even if observed only once, should raise the question of whether there is underlying morbidity within 
the holistic clinical assessment of the child.  

Some authors recommend that two successive increments below a cut-off like the 5th centile be used 
(Roche and Sun, 2003). Others suggest that consecutive increments below the 25th centile should 
signal growth problems (Healy et al., 1988). Healy and co-workers chose this limit on the basis that 
the chance of a false positive diagnosis (i.e. a normally growing child with two successive increments 
below this centile) is approximately 6.25% (0.252). This raises an important question: Does the 
interval matter, for example, if these low velocities occur in two consecutive 1-month versus 3-month 
intervals? We think it does when we consider the cumulative effect of growth deficits. Future research 
will need to determine what patterns of successive velocity thresholds over which specified intervals 
have the best diagnostic and prognostic validity for specific diseases. The need for this type of clinical 
research applies to both high and low velocities. 

During periods of severe illness (e.g. prolonged diarrhoea), one would expect very low velocity 
followed by compensatory high velocity (catch-up). During catch-up growth, one would expect 
successive increments to be repeatedly in the higher ranges. An important difference with attained 
growth is that single extreme values of increments are comparatively less worrisome. For example,  
z-scores above +6 and below -6 for attained growth are observed only in very rare conditions like 
severe dwarfism, gigantism, severe cachexia and extreme obesity. However, such extreme z-score 
values may be seen during the assessment of growth velocity. Ultimately, growth velocity must always 
be interpreted in conjunction with attained growth, as the position on the attained growth chart is 
essential to interpreting the growth rate, e.g., low weight velocity if the child is overweight and 
catching down, or higher weight velocity reflecting catch-up growth when recovering from illness. 
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Appendix B  Model specifications of the WHO child growth velocity standards 

Table B1  Degrees of freedom for fitting the parameters of the Box-Cox-power exponential 
(BCPE) distribution for the models with the best fit to generate standards based on 
age, weight, length, and head circumference in children 0-24 months of age 

Standards Sex Interval λa df(µ)b df(σ)c df(ν)d τe 

1 0.05 9 4 4 2 
2 0.05 12 6 3 2 
3 0.05 8 3 2 2 
4 0.05 11 5 5 2 

Boys 

6 0.05 10 5 3 2 
1 0.05 9 4 1 2 
2 0.05 12 5 4 2 
3 0.05 8 4 4 2 
4 0.05 9 5 5 2 

Weight velocity conditional on 
age, 0-24 monthsf 

Girls 

6 0.05 7 5 4 2 
2 0.05 9 7 1 2 
3 0.05 7 6 1 2 
4 0.05 8 5 1 2 

Boys 

6 0.05 7 5 1 2 
2 0.05 10 7 1 2 
3 0.05 8 5 1 2 
4 0.05 8 5 1 2 

Length velocity conditional on 
age, 0-24 months 

Girls 

6 0.05 7 4 1 2 
2 0.05 8 4 4 2 
3 0.05 7 4 4 2 
4 0.05 10 5 3 2 

Boys 

6 0.05 9 4 2 2 
2 0.05 8 4 1 2 
3 0.05 7 4 2 2 
4 0.05 10 5 2 2 

Head circumference velocity 
conditional on age, 0-24 monthsg 

Girls 

6 0.05 9 5 2 2 
 a Age transformation power 
 b Degrees of freedom for the cubic splines fitting the median (µ) 
 c Degrees of freedom for the cubic splines fitting the coefficient of variation (σ) 
 d Degrees of freedom for the cubic splines fitting the Box-Cox transformation power (ν) 
 e Parameter related to the kurtosis fixed (τ=2) 
 f Age range is 0 to 12 months for interval equals to 1 
g Age range is 0 to 12 months for intervals 2 and 3 
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Appendix C  Results from analyses related to regression to the mean 

Table C1 Proportions of children falling below/rising above their starting z-scores (time1) after 
1- or 2-month periods (time2) 

1-month interval Starting at -2.5 ≤ z ≤ -1.5 Starting at 1.5 ≤ z ≤ 2.5 

Age (months) n propa meanb n propa meanb 
0-1 42 0.21 0.29 64 0.27 -0.32 
1-2 47 0.30 0.17 52 0.42 -0.08 
2-3 48 0.48 0.07 48 0.48 -0.03 
3-4 50 0.52 0.01 49 0.39 -0.03 
4-5 50 0.32 0.10 51 0.39 -0.01 
5-6 51 0.45 0.05 42 0.38 -0.05 
6-7 56 0.52 -0.02 44 0.45 0.00 
7-8 56 0.43 0.05 44 0.55 0.00 
8-9 52 0.33 0.07 45 0.40 -0.05 
9-10 53 0.34 0.06 50 0.40 -0.05 
10-11 48 0.35 0.06 57 0.37 -0.05 
11-12 56 0.38 0.06 50 0.44 -0.03 

           
2-month interval Starting at -2.5 ≤ z ≤ -1.5 Starting at 1.5 ≤ z ≤ 2.5 

Age (months) n propa meanb n propa meanb 
0-2 40 0.13 0.57 65 0.20 -0.62 
1-3 48 0.31 0.27 47 0.45 -0.22 
2-4 48 0.46 0.16 51 0.33 -0.10 
3-5 49 0.45 0.08 47 0.36 -0.03 
4-6 52 0.38 0.13 48 0.33 -0.11 
5-7 49 0.43 0.08 42 0.40 -0.07 
6-8 55 0.44 0.02 45 0.47 -0.05 
7-9 57 0.28 0.14 44 0.45 -0.03 
8-10 53 0.28 0.12 45 0.31 -0.12 
9-11 53 0.47 0.08 51 0.33 -0.09 
10-12 47 0.32 0.09 54 0.35 -0.05 
12-14 52 0.40 0.07 53 0.30 -0.06 
14-16 61 0.36 0.09 54 0.35 -0.08 
16-18 57 0.33 0.09 50 0.54 0.00 
18-20 50 0.32 0.07 45 0.33 -0.08 
20-22 59 0.46 0.00 51 0.41 -0.05 
22-24 68 0.50 -0.01 50 0.30 -0.10 

a Proportion of children who drift farther away from the mean 
b Average change in z-scores (time2 -time1) 
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Figure C1 Comparison between 1-month WHO weight increment z-scores and SDgain  
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Figure C2 Comparison between 2-month WHO weight increment z-scores and SDgain 
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Figure C3 Differences between 1-month WHO weight increment z-scores and SDgain 
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Figure C4 Differences between 2-month WHO weight increment z-scores and SDgain 
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