7. COMPUTATION OF CENTILES AND Z-SCORES FOR LENGTH/HEIGHT-
FOR-AGE, WEIGHT-FOR-AGE, WEIGHT-FOR-LENGTH, WEIGHT-FOR-
HEIGHT AND BMI-FOR-AGE

The method used to construct the standards based on weight, length/height and age, generally relied on
GAMLSS with the Box-Cox power exponential distribution (Rigby and Stasinopoulos, 2004a).
However, the final selected models simplified to the LMS model (Cole and Green, 1992) since none of
the standards required adjustment for kurtosis. As a result, the computation of percentiles and z-scores
for these standards uses formulae based on the LMS method. However, a restriction was imposed on
all indicators to enable the derivation of percentiles only within the interval corresponding to z-scores
between -3 and 3. The underlying reasoning is that percentiles beyond +3 SD are invariant to changes
in equivalent z-scores. The loss accruing to this restriction is small since the inclusion range
corresponds to the 0.135th to 99.865th percentiles.

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

Centiles and z-scores for length/height-for-age
For this indicator, L(t) is equal to 1, simplifying the Box-Cox normal distribution used in the LMS
method to the normal distribution. Therefore, differences between adjacent standard deviations (e.g.
between 2 SD and 3 SD) were constant for a specific age but varied at different ages.
In this case, the centiles at age ¢ can be estimated from:
i
Crooa ) =ML+ LOSNZ, )10 =M O[1+5(1)Z,]
=M )+ StDev()Z,, —3<Z, <3

where Z, is the normal equivalent deviate for tail area o, C100a(t) is the 100a-th centile, and
StDev(t) is the standard deviation at age ¢ (derived from multiplying S(#) by M(1)).

The z-score for a measurement y at age ¢ was computed as:

L(t)
y _
Zig = [44@)} L_y-M®
S(t)L(t) StDev(t)
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302 Computation of centiles and z-scores

Centiles and z-scores for weight-for-age, weight-for-length, weight-for-height and BMI-for-age

The weight-based indicators presented right-skewed distributions. When modelled correctly, right
skewness in data has the effect of making distances between positive z-scores increase progressively
the farther away they are from the median, while distances between negative z-scores decrease
progressively. The LMS method fits skewed data adequately by using a Box-Cox normal distribution,
which follows the empirical data closely. The drawback, however, is that the outer tails of the
distribution are highly affected by extreme data points even if only very few (e.g. less than 1%). A
restricted application of the LMS method was thus used for the construction of the WHO 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 (or length/height) 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.

As a result of this adjustment, the z-score distribution can depart slightly from normality at the
extreme tails (beyond +3 SD), although the expected practical impact is minimal.

The centiles were calculated as follows:

Coon =MD+ LOSH)Z, )10, -3<7, <3

The following procedure is recommended to calculate a z-score for an individual child with
measurement y at age (or length/height) #:

1. Calculate
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2. Compute the final z-score (Z ind ) of the child for that indicator as:
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where
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SD3 pos is the cut-off 3 SD calculated at 7 by the LMS method:
i
SD3pos =M @)L+ L) * S(1)* (3)} 10,
SD3neg is the cut-off -3 SD calculated at ¢ by the LMS method:
i
SD3neg = M (t)[1+ L(z) * S (1) * (=3) | /L.
SD23 pos is the difference between the cut-offs 3 SD and 2 SD calculated at ¢ by the LMS method:
i i
SD23pos =M (t)[l + L(t)*S(t)* (3)] L(t) — M(t)[l +L(t)*S()* (2)] L) .

and SD23neg is the difference between the cut-offs -2 SD and -3 SD calculated at ¢ by the LMS
method:

SD23neg = M(0)[l + L(t) * S(t) * (=2) )20 — M 0)[1 + L) * S (1) * (=3)] 2o

To illustrate the procedure, an example with BMI-for-age for boys is provided below and displayed in
Figure 136.
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Figure 136 Examples of children ranked according to the WHO BMI-for-age standards
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Child 1: 44 month-old boy with BMI=20.5.
L=-0.3067; M=15.4013; S=0.08115;

20.5 030D
. :[ %5.4013]( L
" 0.08115%(—0.3067)

>3

SD3 pos =15.4013% [l + (~0.3067) *0.08115* (3)] (-03061 =19.84

SD2 pos =15.4013%[1 + (=0.3067) *0.08115* (2)}-03061 =18.19

SD23pos =19.84- 18.19=1.65

20.5 - 19.84\
1.65

= Zog =3+( =3.40

J

Child 2: 28 month-old boy with BMI=12.

L=-0.4850; M=15.8667; S=0.07818;

120 —0.4850) _
. :[ %5 as7] L8 -3
" = 0.07818 * (<0.4850)

SD2neg =15.8667 1+ (~0.4850) * 0.07818 * (=2) | (-04850 =13.65

SD3neg =15.8667* [ + (~0.4850) * 0.07818 * (=3) [ 048500 =12.71
SD23neg =13.65- 12.71=0.94

; (12.0—12.71}

= g =3+ = =376

/

Child 3: 52 month-old boy with BMI=18.8

L=-0.4488; M=15.2759; S=0.08380;

[l&y }—0.4488) B
Zing = 15.2759 =237 >-3and <3 (LMS z-score)
0.08380 *(—0.4488)





