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Table S1. Countries included when fitting the stunting models, grouped by Global Burden of Disease
Region. The number of observations per country is shown in brackets.

Table S2. Signal-to-noise ratios (as parameter estimates divided by their standard errors) for the
national-level stunting equation (equation 5).

Table S3. Signal-to-noise ratios (as parameter estimates divided by their standard errors) for the area-
level stunting equation (equation 8).

Figure S1. Predicted versus observed stunting for the national-level equations for moderate (A and B)
and severe stunting (C and D), based on the historical data used to fit the equations. Figures A and C
show predicted percent stunted (y-axis) against observed percent stunted (x-axis), for the historical data
used to fit the equations. The red line is a line of ‘perfect fit’. Both equations appear to fit well across the
range of the stunting, with larger error in the severe compared to the moderate equation. Figures B and
D show predicted within-country trajectories of stunting (as red lines) against observed percent stunted
(blue dots) for a sub-set of countries. Year is shown on the x-axes; percent stunted on y-axes. It appears
that the equations are able to reproduce historical stunting trajectories well for both moderate and severe
stunting. As noted in the main text, no independent data were available with which to validate the
equations.



Figure S2. Residuals for the national-level moderate (A, B, C) and severe (D, E, F) stunting equations,
for the country random intercepts (A, D), country random slopes (B, E), and predicted stunting (C, F).
Figures A, B, D, and E are caterpillar plots: these show the country residuals - i.e. random effects —
for a given model parameter, ranked from smallest to largest along the x-axis by their difference from a
random effect equal to zero (shown on the y-axis; a random effect equal to zero is indicated by the red
line). The dots show the mean estimates; the bars the 95% confidence interval, where wide confidence
intervals are partly caused by small sample sizes. The x-axis labels are as follows - A: ‘u0_mod_rank’ is
the rank of the random intercept for moderate stunting; B: ‘ul_mod_rank’ is the rank of the random
slope for moderate stunting; D: ‘u0_svr_rank’ is the rank of the random intercept for severe stunting’;
and, E: “u0_svr_rank’ is the rank of the random slope for severe stunting. In each of the four figures the
y-axis is the difference of the random effect from zero. The caterpillar plots show the random effects for
the intercept and slope for both the moderate and severe stunting equations are significantly different
from the average. Figures C and F show the for predicted stunting. The x-axes are — C: predicted
percent moderately stunted in a country; and, F: predicted percent severely stunted in a country. In both
figures the y-axis shows the residuals, with zero indicated by the red line. The residuals plot for
moderate stunting (C) shows there may be a tendency to under predict at higher levels of stunting. For
severe stunting (F), the equation appears to tends to under predict more often than over predict.

Figure S3. Predicted versus observed stunting for the within-country equations for rural (A and B) and
urban stunting (C and D), based on the historical data used to fit the equations. For each pair, the first
figure (A and C) is for moderate stunting, and the second (B and D) is for severe stunting. All figures
show predicted percent stunted (y-axis) against observed percent stunted (x-axis), for the historical data
used to fit the equations. The red line is a line of ‘perfect fit’. Both equations appear to fit well across the
range of the stunting, with slightly larger error in the severe compared to the moderate stunting equation.
As noted in the main text, no independent data were available with which to validate the equations.

Figure S4. Residuals for the within-country rural equations for moderate (A, B, C) and severe (D, E, F)
stunting, for the country random intercepts (A, D), country random slopes (B, E), and predicted stunting
(C, F). Figures A, B, D, and E are caterpillar plots: these show the residuals - i.e. random effects — for
a given model parameter, ranked from smallest to largest along the x-axis by their difference from a
random effect equal to zero (shown on the y-axis; a random effect equal to zero is indicated by the red
line). The dots show the mean estimates; the bars the 95% confidence interval, where wide confidence
intervals are partly caused by small sample sizes. The x-axis labels are as follows - A:
‘u0_mod__rur_rank’ is the rank of the random intercept for moderate rural stunting; B:
‘ul_mod_rur_rank’ is the rank of the random slope for moderate rural stunting; D: “‘u0_svr_rur_rank’ is
the rank of the random intercept for severe rural stunting’; and, E: “u0_svr_rur_rank’ is the rank of the
random slope for severe rural stunting. In each of the four figures the y-axis is the difference of the
random effect from zero. The caterpillar plots show the 95% confidence intervals for the random effects
for both the intercept and slope frequently cross zero. Figures C and F show the for predicted stunting.
The x-axes are — C: predicted percent moderately stunted in rural areas in a given country; and, F:
predicted percent severely stunted in rural areas in given a country. In both figures the y-axis shows the
residuals, with zero indicated by the red line. The residuals plot for severe stunting (F) shows the model
has greater error for low levels of stunting than high. Consequently, estimates made for rural areas
should be interpreted cautiously.



Figure S5. Residuals for the within-country urban equations for moderate (A, B, C) and severe (D,E, F)
stunting, for the country random intercepts (A, D), country random slopes (B, E), and predicted stunting
(C, F). Figures A, B, D, and E are caterpillar plots: these show the residuals - i.e. random effects — for
a given model parameter, ranked from smallest to largest along the x-axis by their difference from a
random effect equal to zero (shown on the y-axis; a random effect equal to zero is indicated by the red
line). The dots show the mean estimates; the bars the 95% confidence interval, where wide confidence
intervals are partly caused by small sample sizes. The x-axis labels are as follows - A:
‘u0_mod__urb_rank’ is the rank of the random intercept for moderate urban stunting; B:
‘ul_mod_urb_rank’ is the rank of the random slope for moderate urban stunting; D: ‘u0_svr_urb_rank’
is the rank of the random intercept for severe urban stunting’; and, E: “u0_svr_urb_rank’ is the rank of
the random slope for severe urban stunting. In each of the four figures the y-axis is the difference of the
random effect from zero. The caterpillar plots show the 95% confidence intervals for the random effects
for both the intercept and slope frequently cross zero. Figures C and F show the for predicted stunting.
The x-axes are — C: predicted percent moderately stunted in urban areas in a given country; and, F:
predicted percent severely stunted in urban areas in given a country. In both figures the y-axis shows the
residuals, with zero indicated by the red line. The residuals plot for both moderate and severe stunting
(C and F) shows the pattern of errors differs by level of stunting. Consequently, estimates made for
urban areas should be interpreted cautiously.

Appendix S1. Calculation of 95% coverage intervals for (i) the percent of children aged under 5 stunted
in the year 2010, and (ii) the absolute change in the percent of children aged under 5 stunted from the
year 2000 to the year 2010.

Additional File - Excel Document



Tables

Table S1: Countries included when fitting the stunting models, grouped by Global Burden of Disease Region". The number of observations

per country is shown in brackets.

Asia, Central

Asia, South East

Latin America, Andean

Sub-Saharan Africa,

East

Sub-Saharan Africa,
West

Armenia (4) Cambodia (5) Bolivia (4) Kenya (5) Burkina Faso (5)
Kyrgyzstan (4) Indonesia (3) Peru (5) Madagascar (4) Cameroon (5)
Mongolia (3) Lao PDR (3) Latin America, Central Malawi (6) Cote d’Ivoire (4)
Tajikistan (3) Sri Lanka (3) Colombia (4) Mozambique (4) Ghana (5)
Uzbekistan (3) Vietnam (3) El Salvador (4) Rwanda (3) Mauritania (3)
Asia, East Caribbean Guatemala (3) Tanzania (4) Niger (3)

China (3) Dominican Republic (5) Honduras (4) Zambia (4) Senegal (4)
Asia, South Jamaica (6) Mexico (3) Sub-Saharan Africa, Sierra Leone (4)

South

Bangladesh (5)

Europe, Central

Nicaragua (6)

Lesotho (3)

India (3) Bosnia and North Africa/ Middle Namibia (3)
Herzegovina (3) East

Nepal (5) Romania (4) Egypt (4) Swaziland (4)

Pakistan (4) TFYR of Macedonia (4) Turkey (4)

' IHME. 2015. Global burden of disease study 2015 geographies. Available:
http://www.healthdata.org/sites/default/files/files/Projects/GBD/GBDRegions countries.pdf [accessed July 7 2017]



http://www.healthdata.org/sites/default/files/files/Projects/GBD/GBDRegions_countries.pdf

Table S2: Signal-to-noise ratios (as parameter estimates divided by their standard errors) for the national-level stunting equation

(equation 5).

Moderate stuntin

g Severe stunting
Parameter Parameter
Predictor’ estimate Standard Signal-to- estimate Standard Signal-to-
(log odds) error noise ratio (log odds) error noise ratio
Year, centred on 2010 -0.0103 0.00303 -3.4 -0.0305 0.0053 -5.8
(ty)
log(GDP per capita of the population in -0.0923 0.0352 -2.6 -0.510 0.0422 -12.1
the lowest 20% of the income
distribution)
(Glj)
log(food price indicator), mean centred -0.206 0.0572 -3.6 0.206 0.0697 3.0
(Pij)
Interaction of log(GDP per capita of the 0.0300 0.00969 3.1 -0.0751 0.0116 -6.5
population in the lowest 20% of the
income distribution)
and
log(food price indicator)
(Gy X Py)

! The predictors are given as a description and as the variable name (in brackets).




Table S3: Signal-to-noise ratios (as parameter estimates divided by their standard errors) for the area-level stunting equation (equation 8).

Rural
Moderate stunting Severe stunting
Parameter Parameter
. 1
Predictor estimate Standard Signal-to- estimate Standard Signal-to-
(log odds) error noise ratio (log odds) error noise ratio
National level stunting 0.0261 0.00599 4.4 0.0670 0.00860 7.8
)
log(income indicator), centred -0.295 0.0450 -6.6 -0.136 0.0537 -2.53
just below its historical minimum
(l(A)U')
Interaction of national-level 0.0151 0.00196 7.7 0.0112 0.00191 5.9
stunting and the income
indicator
(Y(N)Uk X I(A)U)
Rural-urban inequalities -0.105 0.0324 -3.2 -0.00850 0.0816 -0.1
(Dy)
Interaction of the income -1.718 0.142 -12.1 -2.409 0.129 -18.7
indicator and rural-urban
inequalities
(1™ X Dy)
Urban
Moderate stunting Severe stunting
Parameter Parameter
Predictor estimate Standard Signal-to- estimate Standard Signal-to-
(log odds) error noise ratio (log odds) error noise ratio
National level stunting 0.0687 0.00433 15.9 0.0435 0.0135 3.2
(Y5
log(income indicator), centred -0.150 0.0523 -2.9 -0.130 0.0671 -1.9
just below its historical minimum
()
Interaction of national-level 0.0172 0.00377 4.6
stunting and the income
indicator
(Y(N))ijk X I(A)ij)
Rural-urban inequalities -0.145 0.122 -1.2
(Dy)
Interaction of the income 0.123 0.0587 2.1
indicator and rural-urban
inequalities
(1™ X Dy)

! The predictors are given as a description and as the variable name (in brackets).
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Figure S1: Predicted versus observed stunting for the national-level equations for moderate (A and B) and severe stunting
(Cand D), based on the historical data used to fit the equations.

Figures A and C show predicted percent stunted (y-axis) against observed percent stunted (x-axis), for the historical data
used to fit the equations. The red line is a line of ‘perfect fit". Both equations appear to fit well across the range of the
stunting, with larger error in the severe compared to the moderate equation.

Figures B and D show predicted within-country trajectories of stunting (as red lines) against observed percent stunted
(blue dots) for a sub-set of countries. Year is shown on the x-axes; percent stunted on y-axes. It appears that the equations
are able to reproduce historical stunting trajectories well for both moderate and severe stunting.

As noted in the main text, no independent data were available with which to validate the equations.
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Figure S2: Residuals for the national-level moderate (A, B, C) and severe (D, E, F) stunting equations, for the country
random intercepts (A, D), country random slopes (B, E), and predicted stunting (C, F).

Figures A, B, D, and E are caterpillar plots: these show the country residuals - i.e. random effects — for a given model
parameter, ranked from smallest to largest along the x-axis by their difference from a random effect equal to zero (shown
on the y-axis; a random effect equal to zero is indicated by the red line). The dots show the mean estimates; the bars the
95% confidence interval, where wide confidence intervals are partly caused by small sample sizes. The x-axis labels are as
follows - A: ‘u0_mod_rank’ is the rank of the random intercept for moderate stunting; B: ‘ul_mod_rank’ is the rank of the
random slope for moderate stunting; D: ‘u0_svr_rank’ is the rank of the random intercept for severe stunting’; and, E:
‘u0_svr_rank’ is the rank of the random slope for severe stunting. In each of the four figures the y-axis is the difference of
the random effect from zero.

The caterpillar plots show the random effects for the intercept and slope for both the moderate and severe stunting
equations are significantly different from the average.

Figures C and F show the for predicted stunting. The x-axes are — C: predicted percent moderately stunted in a country;
and, F: predicted percent severely stunted in a country. In both figures the y-axis shows the residuals, with zero indicated
by the red line.

The residuals plot for moderate stunting (C) shows there may be a tendency to under predict at higher levels of stunting.
For severe stunting (F), the equation appears to tends to under predict more often than over predict.
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Figure S3: Predicted versus observed stunting for the within-country equations for rural (A and B) and urban stunting (C

and D), based on the historical data used to fit the equations.

For each pair, the first figure (A and C) is for moderate stunting, and the second (B and D) is for severe stunting

All figures show predicted percent stunted (y-axis) against observed percent stunted (x-axis), for the historical data used to
fit the equations. The red line is a line of ‘perfect fit'. Both equations appear to fit well across the range of the stunting,
with slightly larger error in the severe compared to the moderate stunting equation.

As noted in the main text, no independent data were available with which to validate the equations.
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Figure S4: Residuals for the within-country rural equations for moderate (A, B, C) and severe (D, E, F) stunting, for the
country random intercepts (A, D), country random slopes (B, E), and predicted stunting (C, F).

Figures A, B, D, and E are caterpillar plots: these show the residuals - i.e. random effects — for a given model parameter,
ranked from smallest to largest along the x-axis by their difference from a random effect equal to zero (shown on the y-
axis; a random effect equal to zero is indicated by the red line). The dots show the mean estimates; the bars the 95%
confidence interval, where wide confidence intervals are partly caused by small sample sizes. The x-axis labels are as
follows - A: ‘u0_mod__rur_rank’ is the rank of the random intercept for moderate rural stunting; B: ‘ul_mod_rur_rank’ is
the rank of the random slope for moderate rural stunting; D: ‘u0_svr_rur_rank’ is the rank of the random intercept for
severe rural stunting’; and, E: ‘u0_svr_rur_rank’ is the rank of the random slope for severe rural stunting. In each of the
four figures the y-axis is the difference of the random effect from zero.

The caterpillar plots show the 95% confidence intervals for the random effects for both the intercept and slope frequently
Cross zero.

Figures C and F show the for predicted stunting. The x-axes are — C: predicted percent moderately stunted in rural areas in
a given country; and, F: predicted percent severely stunted in rural areas in given a country. In both figures the y-axis
shows the residuals, with zero indicated by the red line.

The residuals plot for severe stunting (F) shows the model has greater error for low levels of stunting than high.

Consequently, estimates made for rural areas should be interpreted cautiously.
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Figure S5: Residuals for the within-country urban equations for moderate (A, B, C) and severe (D,E, F) stunting, for the
country random intercepts (A, D), country random slopes (B, E), and predicted stunting (C, F).

Figures A, B, D, and E are caterpillar plots: these show the residuals - i.e. random effects — for a given model parameter,
ranked from smallest to largest along the x-axis by their difference from a random effect equal to zero (shown on the y-
axis; a random effect equal to zero is indicated by the red line). The dots show the mean estimates; the bars the 95%
confidence interval, where wide confidence intervals are partly caused by small sample sizes. The x-axis labels are as
follows - A: ‘u0_mod__urb_rank’ is the rank of the random intercept for moderate urban stunting; B: ‘ul_mod_urb_rank’
is the rank of the random slope for moderate urban stunting; D: ‘u0_svr_urb_rank’ is the rank of the random intercept for
severe urban stunting’; and, E: ‘u0_svr_urb_rank’ is the rank of the random slope for severe urban stunting. In each of the
four figures the y-axis is the difference of the random effect from zero.

The caterpillar plots show the 95% confidence intervals for the random effects for both the intercept and slope frequently
Cross zero.

Figures C and F show the for predicted stunting. The x-axes are — C: predicted percent moderately stunted in urban areas in
a given country; and, F: predicted percent severely stunted in urban areas in given a country. In both figures the y-axis
shows the residuals, with zero indicated by the red line.

The residuals plot for both moderate and severe stunting (C and F) shows the pattern of errors differs by level of stunting.

Consequently, estimates made for urban areas should be interpreted cautiously.




Appendix S1

Calculation of 95% coverage intervals for (i) the percent of children aged under 5 stunted in the
year 2010, and (ii) the absolute change in the percent of children aged under 5 stunted from the
year 2000 to the year 2010

For equation [4], the 95% coverage interval for the random intercept or slope is the range
over which 95% of the country-specific values would be expected to lie.

95% coverage interval = parameter estimate aslogodds + 1.96Vvariance

[$1]

Note that in the calculations below:
e numbers shown to four decimal places; any small discrepancies in the results of a
calculation are due to rounding, and,
e see equations [4] to [7] for the parameters referred to.
e all ‘log’ calculations are natural logs.

1. The range of predicted percent of stunted children in the year 2010
(i.e. the 95% coverage interval for the intercept)

Moderate stunting
Fixed constant as odds ratio = 0.1928 (see Table 1)

Fixed constant as log odds = log(0.1928) = -1.6463

95% coverage interval = B 4 1.96 /ago = —1.6463 + 1.961/0.3319

0jk +
= —1.6463 + 1.1292
i.e. —1.6463 (—2.7755,—0.5172)

As odds:

—1.6463 (9—2.7755 —0.5172)
)

e e
= 0.1928 (0.06232,0.5962)

As predicted probability:

0.1928 ( 0.06232 0.5962 )
1+0.1928 \1+0.06232 " 1+0.5962

= 0.1616 (0.05866,0.3735)
As percent stunted:
16.2% (5.9%,37.4%)

Severe stunting
Fixed constant as odds ratio = 0.1092 (see Table 1)

Fixed constant as log odds = log(0.1092) =-2.2139



As log odds:
95% coverage interval = 3 + 1.96 /ago = —2.2139 + 1.96v/0.702

= —2.2139 + 1.6423
i.e. —2.2139 (—3.8564,—-0.5712)

As odds:

—2.2139 (8_3'8564 —0.5712)
)

e e
= 0.1093 (0.02114, 0.568)

As predicted probability:

0.1093 (0.02114 0.568)
1+0.1093 \1+0.02114’ 1+0.568

= 0.09851 (0.0207,0.3609)
As percent stunted:
9.9% (2.1%, 36.1%)

2. The range of absolute change in predicted percent of children stunted from the year
2000 to the year 2010
(i.e. based on the 95% coverage interval for the slope for year)

The null form of equation [4] for estimating the log odds of stunting in 2000 and 2010 is:

Vi ) ()
lOg ( L > = ﬂOjk + 'BIjk (tU [SZ]

1Y
Where t;; equals -10 in the year 2000 and 0 in the year 2010.

Moderate stunting
Fixed slope as odds ratio = 0.9862 (see Table 1)

Fixed slope as log odds = log(0.9862) = -0.01386

95% coverage interval = B + 1.96 /051 = —0.01386 + 1.96/0.000429

= —0.01386 + 0.00084
i.e. —0.01386 (—0.05445,0.02673)

For the fixed estimate, using [S2], the log odds of stunting in the year 2000 is:



y
ij )] (V)
log ™ | = Pojr T Biji (ti)

1- Yijk

= —1.6463 — 0.01386(—10) = —1.5077
As odds:

e 15077 = 0.2214

As predicted probability:

0.2214

1102212 01813

As percent stunted:
18.1%

For the fixed estimate, log odds of stunting in the year 2010 is:

y®
ij —_ pM) (N)
log & | = Bojic 1 Biji (i)

1- Yijk

= —1.6463 — 0.01386(0) = —1.6463
As odds:

e~16463 = 0,1928
As predicted probability:

0.1928

T+ 01928 166

As percent stunted:
16.2%

Finally, based on the fixed estimate, the absolute change in moderate stunting between the

years 2000 and 2010 is:
18.1% — 16.2% = —1.9%

For the low and high estimates of absolute change in moderate stunting between the years
2000 and 2010, the above calculations were repeated using S2 with ﬁgv,z set to -0.05445 for

the low estimate and to 0.02673 for the high estimate (i.e. based on the above calculation
of the 95% coverage interval).



The resulting estimate for the absolute change in the percent of children moderately
stunted between the years 2000 to 2010 is -2% (-8.8% to 3.3%) (where a positive number
indicates moderate stunting increased).

Severe stunting
Fixed slope as odds ratio = 0.9622 (see Table 1)

Fixed slope as log odds = log(0.9622) = -0.03855

95% coverage interval = L) + 1.96 /agl = —0.03855 + 1.96v0.001175

= —0.03855 + 0.002303
i.e. —0.03855 (—0.1057,0.02865)

The calculations used to estimate the absolute change in moderate stunted were repeated,
using equation [S2] with B}, = —2.2139 and B set to -0.03855, -0.1057, and 0.02865
for the fixed, low and high estimates, respectively.

The resulting estimate for the absolute change in the percent of children severely stunted
between the years 2000 to 2010 is -4% (-14.1% to 2.3%) (where a positive number indicates
severe stunting increased).



