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Background: There is limited research that describes the growth trajectories of African
children. The development of World Health Organization (WHO) growth standards
considered a sample of children who lived in environments optimum for human growth.

Aim: This study aimed to develop weight-for-age and height-for-age growth curves from
the Zimbabwean 2018 National Nutrition Survey and compare them with the WHO growth
standards.

Setting: Study participants were recruited from all districts in Zimbabwe.

Methods: Height-for-age and weight-for-age data collected from 32 248 children were used to
develop the Zimbabwean references. Smooth growth curves (height, weight and body mass
index [BMI]-for-age) were estimated with the Lambda Mu Sigma (LMS) method and compared
with the WHO growth standards.

Results: Zimbabwean children were shorter and weighed less in comparison with the
WHO growth standards. The -2 standard deviation (s.d.) Z-score curves (height-for-age) for
Zimbabwean children (boys and girls) were below the -1 s.d. Z-score curves of the
WHO growth standards. The Zimbabwean Z-scores (BMI-for-age) values above -1 s.d. were
significantly higher in comparison with the corresponding WHO growth standards.

Conclusion: Utilising the WHO growth standards would diagnose a higher proportion of
Zimbabwean children as stunted whilst underestimating the proportion at risk of obesity.
The WHO growth standards lack a consideration of the geographical, economic, political
and environmental constraints existing between countries.

Keywords: children; LMS method; growth curve; obesity; smooth growth curves; stunting;
WHO growth standards; Zimbabwe.

Introduction

Growth curves are useful tools in assessing the health, nutrition and overall growth of a child. Periodic
measurements of children’s heights and weights and comparison with age-specific expected heights
and weights provide health workers and caregivers with an opportunity to identify any nutrition or
growth complications. The World Health Organization (WHO) growth standards are the most widely
used growth curves globally.! These growth standards refer to a set of curves designed to estimate the
normal child growth trajectory with cut-off points to identify deviation from the normal.

The WHO growth standards were developed from the analysis of a sample of children in six
countries. Children enrolled in the study were selected from environments that were
considered optimal for ideal child growth.? Children were enrolled from communities with
low infant mortality rates, a high water and sanitation coverage, low altitude (< 1500 m) with
low population mobility. Furthermore, mothers of the enrolled children were expected to
follow international feeding recommendations.’ In developing the growth standards a cohort
of healthy, first-time pregnancy and non-smoking mothers were followed up from pregnancy
up to 24 months of the child’s age.* Only data from children who had grown within the
conditions set in the inclusion criteria were considered for analysis in both the longitudinal
and cross-sectional studies conducted. Data from children who experienced morbidities with
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a potential to affect child growth such as diarrhoea,
malaria, haemolytic anaemia, glucose-6-phosphate
dehydrogenase (G6PD) deficiency, Crohn’s disease, renal
tubule-interstitial disease and protein-energy malnutrition
were not analysed.*?

The strict inclusion criteria used when developing the WHO
growth standards has resulted in the tool having a very high
sensitivity and a very low specificity for malnutrition.*” The
optimal conditions required in the cohorts during development
of the WHO growth standards may be aspirational; however,
they do not reflect the situation in communities in a large
proportion of the world. It is therefore difficult to generalise
the WHO growth standards to all populations, especially
those living in countries with high infant mortality and poor
water and sanitation coverage. These environmental
differences have a significant impact on child growth. People
living in impoverished environments were observed to
significantly present with a small intestine abnormality, a
condition termed environmental enteropathy or enteric
dysfunction.®® Multiple studies have found a strong link
between environmental enteropathy and stunting.'*"1? Using
WHO growth standards in assessing children’s anthropometric
measurements without addressing the inequity highlighted
will most likely result in underestimation or overestimation of
malnutrition.

There have been multiple studies that have validated the
WHO child growth standards to assess their appropriateness
within specific settings and contexts. The height-for-age
Z-scores (HAZ) have the most notable difference by
settings. The HAZ distribution in low- and middle-income
countries (LMICs) has a downward shift for the entire
distribution, indicative of a slower growth for children in
these countries.” Amongst the literature analysed in a
review of publications that validated WHO child
growth standards globally, none presented similar growth
trajectories as those estimated by WHO child growth
standards.™

There have been multiple studies that have assessed the
differences between the WHO growth standards and local
populations in Europe, America and Asia. However, there is
a paucity of similar studies in the WHO-Africa region.
Amongst the studies identified in a literature review of global
validations of the WHO growth standards only one African
study focused on children within the ages 0-5 years."* The
WHO-Africa region has the highest prevalence of children
with stunting and is amongst the most affected regions for
nearly all forms of malnutrition. The aim of this study was to
develop weight-for-age and height-for-age growth curves
from the Zimbabwean 2018 National Nutrition Survey and
compare these curves with the WHO growth standards to
assess the applicability of the WHO child growth standards
in evaluating nutrition outcomes of children in Zimbabwe.
This study is therefore expected to add an African perspective
to the growing body of literature on child growth standards
and references.
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Subjects and methods
Study design

A cross-sectional survey (The National Nutrition Survey)
was conducted in January and February 2018 in Zimbabwe
to assess the nutritional status of children based on their
weight and height.!> The Ministry of Health and Child Care,
Zimbabwe granted permission to access raw data from
the 2018 National Nutrition Survey. Ethical approval was
granted by the University of KwaZulu-Natal (UKZN)
Biomedical Research Ethics Committee (BREC) [BE109/19]
and the Medical Research Council of Zimbabwe (MRCZ)
[MRCZ/A/2479).

Setting

Zimbabwe is divided into 10 administrative provinces, which
are further subdivided into 59 districts. The National
Nutrition Survey considered children from all the 59 districts
in Zimbabwe.?

Population and sampling strategy

Each districtin Zimbabwe was divided into 30 enumeration
areas (EAs) based on the 2012 census with the use of
the probability proportional to population size (PPS)
method. Villages within the EA were systematically
selected to ensure equal representation. Thirty households
were to be enumerated from each EA. Households with
children below the age of five years were considered the
sampling unit. A household with no child under five years
was replaced with the nearest household. All children under
five years living in the household had their anthropometric
measurements taken. A total of 28 464 households were
reached and interviewed. Anthropometric measurements of
34 714 children aged between 6 and 59 months were carried
out.”

Procedure

Data collectors and enumerators were trained to ensure the
precision and accuracy of anthropometric measurements.
Measuring instruments (scales and height boards) were
calibrated daily with regular supervision from the provincial
and district nutritionists. The weight-for-age and height-for-
age data measured during the National Nutrition Survey
were used in this study to generate the child growth curves
for the Zimbabwean population. Records without complete
information for weight, height and age were not included.
Children whose weight-for-age and HAZ scores > 5 were
considered as outliers according to the WHO growth
standards guidelines.* The final sample analysed comprised
31 369 children.

Data analysis

The generalized additive models for location scale and shape
(GALMSS) method was used to develop growth curves. The
lambda mu sigma (LMS) method that estimates the gender-
specific percentile curves was used to smoothen the growth
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curves. This method is premised on an assumption that
anthropometric data can be converted to a standard normal
distribution through the use of a Box-Cox transformation for
any given age.'® It is based on three curves representing the
skewness (L), the median (M) and the coefficient of variation
(S) of the original data as they vary with age. The parameters
L, M and S are fitted as a function of age by cubic splines."”
The LMS method allows for anthropometric indicators
(height or weight) for each child’s age and gender to be
converted directly to standard deviation scores (s.d.-scores,
which is synonymous to Z-scores) that follow a standard
normal distribution. The following formula was used to
calculate the Z-score measure, y (either weight, height or
body mass index [BMI]) at time ¢ from the smooth curve
L(t), M(t) and S(t):

S()L(0)

The +1, 2, +3 and median Z-scores for Zimbabwean
children were compared with the WHO growth standards
for height-for-age, weight-for-age and weight-for-height.
Data that had Z-scores >3 were dropped in line with the
Ministry of Health and Child Care, Zimbabwe guidelines.'
As a result of the skewness of the data, a Wilcoxon test was

used to assess the significance of the median difference
between the Zimbabwean growth curves and the WHO
growth standards. Both the descriptive and inferential
statistics were conducted in R Statistical Computing
software, 3.6.3 of the R Core Team, 2020 using the R Studio
environment. All the tests were conducted at the 5% level of
significance.

Ethical considerations

The Ministry of Health and Child Care, Zimbabwe granted
permission to access raw data from the 2018 National
Nutrition Survey. Ethical approval was granted by
the University of KwaZulu-Natal (UKZN) Biomedical
Research Ethics Committee (BREC) [BE109/19] and the
Medical Research Council of Zimbabwe (MRCZ)
[MRCZ/A/2479)].

Results

A majority of the population were girls (51%). The median age
of the children was 32.35 months (interquartile range [IQR]:
19.52-45.11) months. Boys had a median age of 32.46 months
(IQR: 19.48-45.11) and girls’ median age was 32.23 months
(IQR: 19.52-45.14); (p = 0.445).

The LMS values, length-for-age, weight-for-age and BMI-for-
age Z-scores for Zimbabwe children as calculated from the
National Nutrition Survey data set are presented in online
Appendix 1 Tables 1-Al, 2-A1 and 3-Al. Zimbabwean children
were shorter and weighed less in comparison with
the corresponding WHO growth standards (Table 1).*
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Zimbabwean boys were significantly more likely to
have different Z-score values in comparison with the
corresponding WHO growth standards Z-score values than the
Zimbabwean girls.

Height-for-age

Both the Zimbabwean boys and girls had height-for-age
growth below the WHO growth standards (Figure 1). The
lower curves (0s.d., =1 s.d., 2 s.d. and 3 s.d. Z-score lines) for
Zimbabwe were 1 s.d. below the WHO growth standards
for both boys and girls. The 2 s.d. and 3 s.d. growth curves
for Zimbabwean boys aged 6-12 months were higher than
the corresponding WHO growth standards growth curves.
The 2 s.d. and 3 s.d. growth curves for Zimbabwean girls
intercepted the WHO growth standards at the age of
18 months and 22 months, respectively. The median height
for the -2 s.d. Z-score for Zimbabwean children was
significantly lower than the corresponding WHO growth
standards for both boys (p < 0.001) and girls (»p = 0.007)
(Table 1). The -2 s.d. Z-score curve used to identify stunting
in children was also below the -1 s.d. Z-score curve for the
WHO growth standards. Using the WHO growth standards
is significantly more likely to identify a higher proportion of
children as stunted (p < 0.001).

Weight-for-age

Zimbabwean girls’ growth curves had a pattern that was
significantly similar to the WHO growth standards for all
Z-scores below the median (Table 1). In contrast, Zimbabwean
boys had significantly lower weight-for-age Z-score values in
comparison with the corresponding WHO growth standards.
For the Z-scores 1 s.d., 2 s.d. and 3 s.d., Zimbabwean girls had
weight-for-age outcomes below the WHO growth standards.
The 3 s.d. Z-score curve for both boys and girls intercepted
the WHO growth standards 2 s.d. Z-score curve at 44, 39
months, respectively, as shown in Figure 2. For Zimbabwean
boys, the -2 s.d. Z-score curve was below the -3 s.d. Z-score
curve from ages 624 months with exhibited growth catch-up
that still remained below the corresponding -2 s.d. Z-score
curve on the WHO growth standards.

Body mass index for age

There was no significant difference between the Zimbabwean
and WHO growth standards median Z-score curve for both
boys and girls. Zimbabwean girls had higher BMI values in
comparison with the corresponding WHO growth
standards. From the median Z-score curve to -3 s.d. Z-score,
the growth of Zimbabwean girls estimated the WHO growth
standards. For Zimbabwean boys, the lower Z-score curves
(-2 s.d. and -3 s.d.) had significantly lower BMI outcomes in
comparison with WHO growth standards whilst the Z-score
curves above the median were significantly above the
corresponding WHO growth standards. For both genders,
the Zimbabwean Z-scores values above -1 s.d. were
significantly higher in comparison with the corresponding
WHO growth standards.
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TABLE 1: Mean difference between Zimbabwean children and World Health Organization growth standards.

Z-score Boys )4 Girls P
WHO Zimbabwe WHO Zimbabwe

Median Q1-Q3 Median Q1-Q3 Median Q1-Q3 Median Q1-Q3
Height-for-age
-3 s.d. 83.1 75.2-89.7 77.3 70.5-83.2 0.003 81.6 73.0-88.8 73.0 66.3—-82.3 0.002
-2s.d. 86.7 77.9-93.9 78.3 71.0-87.0 <0.001 85.3 76.0-93.0 79.6 71.5-86.9 0.007
-1s.d. 90.2 80.7-98.0 83.9 75.5-92.3 0.008 89.0 79.0-97.2 84.6 74.9-91.1 0.036
0 93.8 83.5-102 88.5 80.1-97.2 0.045 92.6 82.0-101 88.7 79.2-97.4 0.144
1s.d. 97.3 86.3—-106 92.3 83.3-102 0.072 96.2 85.0-106 91.3 83.0-101 0.142
2s.d. 101 89.1-110 96.2 85.8-106 0.138 99.9 87.9-110 96.7 87.3-105 0.233
3s.d. 104 91.8-114 98.1 91.3-110 0.222 104 90.9-114 99.9 91.1-109 0.502
Weight-for-age
-3s.d. 9.65 8.03-11.0 8.85 7.70-10.2 0.062 9.20 7.35-10.7 8.60 6.93-10.0 0.096
-2s.d. 10.9 8.95-12.5 9.60 7.63-11.6 0.013 10.4 8.25-12.1 9.65 7.58-11.6 0.174
-1s.d. 12.2 10.0-14.1 10.9 8.85-12.8 0.012 11.7 9.25-13.7 10.9 8.93-12.7 0.142
0 13.8 11.2-16.0 12.5 9.75-14.2 0.023 13.2 10.5-15.7 12.4 10.2-14.4 0.110
1s.d. 15.5 12.6-18.2 13.8 11.6-16.3 0.013 15.0 11.9-18.0 13.8 11.1-16.0 0.037
2s.d. 17.5 14.0-20.7 15.6 12.6-17.5 0.004 17.2 13.6-20.9 15.6 12.6-18.0 0.028
3s.d. 19.8 15.7-23.5 16.0 13.8-19.2 0.001 19.8 15.5-24.4 17.1 14.0-19.8 0.009
BMlI-for-age
-3 s.d. 12.5 12.1-12.9 11.8 11.5-12.2 <0.001 12.2 11.9-12.3 12.0 11.8-12.3 0.085
-2s.d. 13.5 13.1-13.8 13.3 13.0-13.6 0.022 13.1 12.9-13.3 133 12.9-13.7 0.203
—-1s.d. 14.6 14.2-14.9 14.6 14.1-15.0 0.425 14.2 14.0-14.4 14.5 14.1-14.7 0.018
0 15.7 15.4-16.1 15.8 15.5-16.5 0.286 15.4 15.3-15.7 15.7 15.3-16.3 0.145
1s.d. 17.0 16.7-17.4 17.3 16.9-18.1 0.036 16.9 16.8-17.1 17.4 16.8-18.0 0.020
2s.d. 18.5 18.2-18.9 19.2 18.4-19.7 0.014 18.6 18.5-18.8 19.2 18.5-20.0 0.012
3s.d. 20.2 19.9-20.7 21.5 20.4-22.2 <0.001 20.6 20.4-21.0 21.3 20.6-22.2 0.002

Source: Adapted from World Health Organization. The WHO Child Growth Standards [homepage on the Internet]. No date. Available from: https://www.who.int/tools/child-growth-standards/

standards
BMI, body mass index; s.d., standard deviation; WHO, World Health Organization.

Discussion

This is the first study to compare the growth of
Zimbabwean children with the WHO growth standards.
The WHO growth standards had higher height-for-age
and weight-for-age outcomes in comparison with
the Zimbabwean-generated growth curves. The WHO
growth standards BMI-for-age Z curves were lower in
comparison with the corresponding growth curves for
the Zimbabwean sample.

The -2 s.d. Z-score curve for Zimbabwe is below the
-3 s.d. Z-score curve of the WHO growth standards,
which would result in children identified as moderately
stunted using the Zimbabwean growth curve being
classified as severely stunted using the WHO growth
standards. Zimbabwe is classified as a low-income
country.?® Low-income countries are characterised with
poor dietary diversity and environmental constraints
that inhibit child growth.» The WHO growth standards
were designed to represent optimum child growth
patterns, and thus it is more likely to classify children
living in countries such as Zimbabwe as stunted when
they are of normal height.??*

The weight-for-age curves for Zimbabwean children were
lower than their corresponding curves in the WHO growth
standards. In a comparison of WHO and Centre for Disease
Control (CDC) growth curves, differences in weight-for-age
were argued to be as a result of different feeding patterns

http://www.phcfm.org . Open Access

between children in the populations used to develop these
curves.? Body mass index is mostly used to identify obesity in
adults. In children, it is used as a screening tool for possible
obesity and hence as a measure of adiposity. Zimbabwean
children had higher BMI scores in comparison with the WHO
child growth standards. These higher scores may suggest
that Zimbabwean children are at a high risk of childhood
obesity.

A comparison of Polish children’s growth with WHO
growth standards found similar results, which suggest that
the BMlI-for-age distribution has had an upward shift
because of changes in diet and culture.* Another study
conducted in Poland argued that the difference observed in
the BMI-for-age distribution may be attributed to a
difference in the proportion of children reported to have
gone through exclusive breastfeeding.”® The Zimbabwe
Demographics of Health Survey (ZDHS) estimates that less
than 50%
breastfed.?

of Zimbabwean children are exclusively

We found that Zimbabwean girls were more likely to grow
within the WHO growth standards expected trajectory
compared with boys. Studies conducted in Malaysia, South
Africa and Poland have reported similar results.?'#? A study
conducted in China that found the growth of Chinese girls to
be similar to the WHO growth standards in contrast with the
growth of Chinese boys, suggested that families were more
likely to monitor and moderate weight for girls in order to
preserve the lean body in comparison with boys who
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FIGURE 1: Height-for-age graphs for children 6-59 months, Zimbabwe.

culturally expect to be strong.”® A study in the Democratic
Republic of Congo in which girls were more likely to have a
growth curve that imitates WHO growth standards argued
that African boys were exposed to labour-intensive activities,
which may not be matched with additional dietary intake.”
The same study further argued that boys were more likely to
be exposed to environmental stressors because of their
outdoor activities, which strain their immunity.

http://www.phcfm.org . Open Access

Amongst the limited studies in Africa that validated WHO
growth standards against local growth patterns, there is a
general agreement that children in Africa have growth
patterns lower than the WHO child growth standards.?”**
Regional agreements are also observed with Asian countries
(except China) reporting shorter children, European countries
having taller and heavier children and North and South
American countries (except the United States and Canada)
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FIGURE 2: Weight-for-age graphs for children 6-59 months, Zimbabwe.

reporting shorter children in comparison with WHO growth
standards.”® A study in Argentina argues that regional
differences are mostly explained by epigenetic interactions
between genes and environmental factors.” Environmental and
geographical factors are often present in numerous countries
within a region.

From the graphs presented, it is apparent that the WHO
growth standards can overdiagnose underweight and
stunting amongst Zimbabwean children. Evidence has
shown that Zimbabwe has environmental, economic and
genetic factors, which may predispose children to the low

http://www.phcfm.org . Open Access

anthropometric outcomes observed.?* Relying on the WHO
growth standards that imply ideal child growth may result in
some children being referred for management of malnutrition
when they have attained their highest possible outcome
within the existing conditions. An evaluation of the child
growth monitoring programme in Zimbabwe reported that
the system is overburdened, thus failing to cater for all the
children referred for management of malnutrition.? A growth
curve that removes environmental and genetic factors, which
are beyond the health system can reduce the unnecessary
burden on the health system in Zimbabwe. Future studies
may do well to assess the implications of the possible
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FIGURE 3: Body mass index-for-age graphs for children 6-=59 months, Zimbabwe.

misclassification of children in terms of the healthcare of
these children and caregiving by their guardians.

The WHO child growth standards represent ideal child
growth and it is ideal for all children globally, for growth
under optimum conditions. This is in line with the Sustainable
Development Goals and the Nutrition Global targets.
However, global conditions under which children grow vary
immensely with inequalities in income, access to diet and
cultural diversity. Thus, the development of regional growth
references is more likely to reflect the environmental,
geographical and sometimes socio-economic influences on
child growth. Furthermore, regional growth reference may
be more appropriate in order to identify interventions to
reduce adverse nutrition outcomes amongst children.

http://www.phcfm.org

Strengths and limitations

The data set used in this study is nationally representative
of Zimbabwean children and did not exclude children
based on socio-economic or feeding practices. The growth
curves developed based on local data can be used to assess
changes in population anthropometrics over time. The
national data set may have included children with birth
defects that can result in diminished or excess growth. The
growth curve developed was based on data collected as
part of a cross-sectional survey, whereas the WHO growth
standards contained a longitudinal component. Therefore,
the differences between the curves must be interpreted
with regard to the possible limitations. A study that utilises
the inclusion criteria considered in the development of the

. Open Access
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WHO growth standards can be used to confirm our
findings.

Conclusion

The growth curves presented in this study describe and
compare the growth pattern of Zimbabwean Children to the
WHO child growth standards. Zimbabwean children have
height-for-age and weight-for-age growth that is significantly
below the WHO child growth standards. The WHO child
growth standards are more likely to identify a higher
proportion of children with undernutrition and miss a
larger proportion of children with overnutrition. Growth
monitoring provides an essential tool to meet the sustainable
development goal of eliminating forms of childhood
malnutrition. Whilst the WHO growth standards ensure
timely identification of undernutrition in Zimbabwe, a
growth reference that takes into consideration differences by
acknowledging environmental constraints is more likely to
provide an accurate diagnosis and advise effective
interventions. Using WHO growth standards in this region
may result in classifying a healthy child as stunted when they
have attained their highest possible height, taking into
consideration both their genetic and environmental
constraints present.
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