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Comparison of WHO 2006 Growth Standards and Synthetic
Indian References in Assessing Growth in Normal Children and
Children with Growth-Related Disorders
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Introduction: A good screening tool, such as a growth chart, should distinguish between children with normal growth and those with perturbed
growth. Suitability of synthetic Indian growth references for diagnosing growth-related disorders for under-five children has not been evaluated.
To assess the validity of World Health Organization (WHO) 2006 standards vs synthetic Indian references (2019) (by comparing weight, height,
body mass index (BMI), standard deviation scores (SDS) and the composite index of anthropometric failure (CIAF)) in differentiating normal
children and children with growth-related disorders. Methods: Records of 2188 children (0—60 months) attending a tertiary centre paediatric
outpatient department (OPD) were retrospectively studied; 1854 children were healthy and 334 were diagnosed with growth-related disorders
as per the European Society for Paediatric Endocrinology (ESPE) classification. The anthropometric parameters converted to Z-scores for
weight-for-age (WAZ), height-for-age (HAZ), BMI-for-age (BAZ) and a CIAF were computed using WHO and synthetic charts; Student’s z-test
was used for assessing differences and Youden’s index for validity. Results: Disease status of children and anthropometric failure on WAZ,
HAZ, BAZ and CIAF on both WHO and synthetic charts had a significant association (P-value <0.05). WAZ, HAZ on both charts and CIAF
on synthetic chart had a fair to moderate agreement (Kappa statistics) with disease status as per diagnosis (P-value <0.05). The sensitivity and
negative predictive value for all anthropometric parameters were higher for synthetic charts. Conclusion: Indian charts were more sensitive
for diagnosing growth-related disorders from birth to 60 months of age when compared to WHO growth standards.
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undernourished on the WHO standards.!) Our group has
reported that the mean Z-scores for weight, height, body
mass index (BMI) and weight-for-height for affluent Indian
preschool children in the 2- to 5-year age-group were below

INTRODUCTION

The World Health Organization (WHO) multi-centre growth
reference study developed growth standards for children
from birth to 60 months of age; the children selected were

those with optimal child-rearing practices (breastfeeding,
non-smoking mothers, etc.) growing in well-off households.
The WHO, therefore, prescribed growth standards with which
children could be compared on a global platform. However,
the suitability of the WHO child growth standards to assess
malnutrition on a global platform has been questioned by
several studies.

In comparison with the WHO standards, European children
were diagnosed to have excessive weight, had higher head
circumference and were taller in length/height. However,
higher percentage of Asian children were diagnosed to be
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the WHO growth standard median.”? Thus, studies suggest
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that childhood growth may not be appropriately classified
using WHO growth standards in some populations? Several
countries, including India, have constructed ethnic-specific
growth references using several methods. One such method
is the synthesis of data to create growth charts.

Synthetic reference growth charts integrate specific local
anthropometric data and global patterns of human growth
provided by principal components that characterise the
variability of growth in the reference population. Qur group
has put forth synthetic growth references for Indian children
from 0 to 18 years of age using lambda, mu and sigma (LMS)
method.’) The prevalence of malnutrition as assessed by
various anthropometric parameters on these synthetic growth
references for rural and urban healthy Indian children below
60 months of age was compared with WHO 2006 growth
standards. This field-testing study reported that the prevalence
of stunting on WHO charts was higher, while overweight was
lower as compared to synthetic reference charts.[! Further,
the use of Indian synthetic references for monitoring growth
of under-five children was found to be more accurate and
the synthetic charts were able to make a distinction between
clinically significant versus clinically acceptable nutritional
deficit.”

A good screening tool, such as a growth chart, should be
able to distinguish children with normal growth from those
with perturbed growth in routine patient screening. Patients
with a significant growth disorder should fail on at least one
anthropometric parameter, and normal children should be
within the reference range on all anthropometric parameters,
such as height, weight and BMI. Most suitable growth charts
should thus be sensitive to pick up an abnormal child with
a disorder and specific not to label a normal child as having
abnormal growth. A study on the performance of WHO
growth standards on children presenting with growth-related
disorders in the under-5-year age-group demonstrated that
anthropometric interpretation was in line with clinical setting
as compared to healthy controls.®l However, the comparison
of WHO standards versus synthetic reference charts for
under-five Indian children in growth-related disorders has not
been evaluated till date.

We thus conducted this study to determine the sensitivity
and specificity of WHO 2006 versus synthetic growth
charts in normal and investigation-proven children with a
growth-related disorder. Our specific objective was to assess
the validity of WHO 2006 standards vs synthetic Indian
references (2019) (by comparing weight, height, BMI,
standard deviation scores (SDS) and the composite index
of anthropometric failure (CIAF)) in differentiating normal
children and children with growth-related disorders.

MAaTeriALS AND METHODS

This study was conducted at a tertiary care centre in
Pune (Western Maharashtra); data for this retrospective study
were mined from records in the time period from 2017 to 2022.

All data on infants and children from birth to 60 months of age
during this time period were extracted.

Records of children on whom decimal age, gender and
anthropometric parameters were available (height and weight)
were included in the study. Further, records on healthy children
coming for vaccinations (all children were examined by a
paediatrician, and records of asymptomatic, healthy children
were included) and also children who were investigated and
diagnosed to have a growth-related disorder were included.
Records with incomplete data (on age and anthropometric
parameters) were excluded.

Anthropometric assessment is routinely conducted for all
infants and children coming to our centre. Thus, for the records
which were extracted, height was measured using a Leicester
Height Meter (Child Growth Foundation, UK, accuracy of
0.1 cm), and for children under 2 years of age, recumbent
length was measured using an infantometer (Shreeyash Electro
Medicals, Infantometer, India, accuracy of 0.1 cm). Weight
was measured using electronic weighing scales (Salter, India)
with an accuracy of £5 g. BMI was calculated as kilograms/
metre>. All children who presented with growth-related
complaints from birth to 60 months of age were clinically
examined by a paediatric endocrinologist. Children who were
found to be either below or above third and 97" percentile,
respectively, for height (short or tall) and weight (wasted) as
per the Indian Academy of Paediatrics (IAP) references!!®!!
or had clinical features suggestive of any other pathology
were further investigated as per the standard protocols to
arrive at a diagnosis.l'? An adaptation of the European
Society for Paediatric Endocrinology (ESPE) classification
of growth disorders!®! was used to classify children into
eight different groups as children with: 1) bone diseases,
2) endocrine hyperfunction, 3) endocrine hypofunction,
4) familial short stature, 5) short for gestational age, 6)
overweight/obesity, 7) syndromic short stature and 8)
other endocrinopathy. All anthropometric parameters were
converted to Z-scores using the WHO 2006 growth standards
and the synthetic Indian growth references.>!'¥ Synthetic
references have been previously constructed by the authors’
group on 46421 children using arithmetic means of heights
and weights at key ages as well as global LMS values from
the literature.’! Z-scores for anthropometric parameters as
per the WHO growth standards were calculated using WHO
AnthroPlus app.!'” The synthetic reference-based Z-scores
were computed using published median for height/weight and
lambda and sigma values.'®) Weight-for-age Z (WAZ) scores,
height-for-age Z (HAZ) scores and BMI-for-age Z (BAZ)
scores were computed. Based on WAZ-scores, children were
categorised as normal or within reference range (between +2
and -2 SD), moderately underweight (between -2 and -3
SD), severely underweight (between -2 and -3 SD) and
overweight (>+2 SD). Based on BAZ-scores, children were
categorised as within reference range (between +2 and -2 SD),
moderate acute malnutrition (<-2 and >-3 SD), severe acute
malnutrition (<-3SD) and overweight (>+2 and <+3 SD).

! Indian Journal of Endocrinology and Metabolism | Volume 28 | Issue 2 | March-April 2024




Dange, et al.: Performance of WHO 2006 vs synthetic Indian growth reference in healthy and growth-related disordered children

Based on HAZ, children were categorised as within reference
range (<t2 and >-2 SD), moderately stunted (<-2 and >-3
SD), severely stunted (<-3 SD) and tall (>+2SD).["") Based
on anthropometric parameters on both charts, children were
categorised into seven different (A—E and Y) groups of CIAF.
Svedberg’s model of CIAF (groups A—E) gives aggregate
measure to estimate the overall burden of malnutrition, and
further, the model was further modified by Nandy to add
another group of only underweight population (group Y).[!”

Statistical analysis

Data were analysed using the Statistical Package for the
Social Sciences (SPSS) version 26.0 for Windows (IBM
SPSS, Bangalore, India). The sample size of 2188 children
was sufficient for achieving post hoc power of study (3) 0.84,
a 0.05 (type 1 error), with proportion of discordant pairs
of 0.15, and odds ratio 1.4 using G-Power version 3.1.9.7.
Descriptive statistics for demographic and anthropometric
characteristics were computed. Differences in means among
normal and children diagnosed with growth-related disorders
were compared using Student’s #-test. The Chi-square test
was used to compare proportions of normal and children
with growth-related disorders classified by anthropometric
parameters using WHO and synthetic growth references.
Kappa statistics was used to assess measure of agreement
between clinical diagnosis and anthropometric parameters
on the proposed growth reference charts. Cramer’s V was
used to assess the strength of association between categorical
variables. P-value less than 0.05 was considered significant.
The sensitivity of WHO and synthetic charts to identify
normal children as normal and children with growth-related
disorders (based on clinical diagnosis) as abnormal was
compared separately. Youden’s index was calculated
using sensitivity and specificity parameters for measuring
performance of diagnostic tests.['®]

Ethical Aspect

The ethics committee gave a waiver for the use of deidentified
data (ethics approval dated 15 December 2020, Letter Ref:
BVDUMC/IEC/ 55; institutional ethic committee, DCGI Reg.
No. ECR 518/ Inst/MH/2014/RR-17). Parents of children who
participated in the study have given written informed consent.
This study was conducted in accordance with the Declaration
of Helsinki (2013).

ResuLts

Records on 2188 children from birth to 60 months of age
were included in this study (total records identified — 2304,
116 records had incomplete anthropometric data). Of these,
1854 (84.7%) were records of apparently healthy children
following up for a routine vaccination visit and they were
classified as records on normal/healthy children. Further,
334 (15.3%) children had been clinically diagnosed and
classified according to the ESPE classification into eight
different disease groups. The mean age for healthy normal
and children with disordered growth was 1.6 = 1.5 and

Table 1: Mean and standard deviations of anthropometric
parameters in healthy children and children with
growth-related disorder in the 0- to 5-year age-group

Healthy Children with
children growth-related
(mean=SD) disorder
N=1854 (mean=SD)
N=334
Age (years) 1.6+1.5 2.8+1.4
Height (cms) 75.2+17.8 79.7+13.6
Weight (kg) 8.8+4.0 10.3+4.6
BMI (kg/m?) 14.6+2.3 15.7+3.3
WHO weight-for-age Z-score -1.1£1.3 -2.4+2.7
WHO height-for-age Z-score -0.8£1.6 -3.4+2.7
WHO BMI-for-age Z-score -0.9+1.4 -0.3£2.3
Synthetic weight-for-age Z-score -0.6£1.5 -3.1£3.7
Synthetic height-for-age Z-score -0.3+1.4 -2.9+2.4
Synthetic BMI-for-age Z-score -0.2£1.6 0.242.2

2.8 + 1.4 years, respectively. The mean for height, weight,
BMI along with WHO standards and synthetic reference-based
WAZ, HAZ and BAZ is illustrated in Table 1 for normal
and children diagnosed with growth-related disorders.
Significant differences were observed between means
of WAZ (P-value <0.001), HAZ (P-value <0.001) and
BAZ (P-value <0.001) for WHO versus synthetic Z-scores for
both normal and children with disordered growth [Table 2].

As depicted in Table 3, a significant association was noted
between the state of disordered growth and synthetic
WAZ (Cramer’s V value = 0.485; P-value <0.001); the
association was stronger than that for WHO WAZ (Cramer’s
V value = 0.408; P-value <0.001). Also, the association
between disordered growth and synthetic HAZ (Cramer’s V
value =0.529; P-value <0.001) was stronger than that for WHO
HAZ (Cramer’s V value = 0.419; P-value <0.001). CIAF on
synthetic charts was significantly associated with disordered
growth status (Cramer’s V value = 0.380; P-value <0.001)
as was CIAF on WHO charts (Cramer’s V value = 0.262;
P-value <0.001). A small but significant association was
observed between disordered growth status and synthetic
BAZ (Cramer’s V value = 0.064; P-value = 0.003) which was
comparatively higher than that of WHO BAZ (Cramer’s V
value = 0.054; P-value = 0.011).

The measure of agreement as tested by Kappa statistics between
disordered growth status as per the clinical diagnosis and WAZ
and HAZ on both WHO and synthetic charts along with
CIAF on synthetic charts was noted to be significantly fair to
moderate!'”! [Table 3]. However, BAZ on both charts and WHO
CIAF had a slight but significant agreement with disordered
growth status [Table 3]. Using a 2 x 2 table, for disordered
growth status and anthropometric failure for WAZ, HAZ, BAZ
and CIAF separately for WHO standard and synthetic reference
charts, sensitivity, specificity, positive predictive value and
negative predictive value were calculated using Youden’s
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index. The sensitivity of all four anthropometric parameters
was higher for synthetic growth chart when compared to WHO
charts [Table 4 and Figures 1-4]. WHO charts were more
specific in picking up disordered growth in children failing
on HAZ, BAZ and CIAF. Youden’s index was calculated for
all the anthropometric parameters on both charts to assess
performance of test as illustrated in Table 4.

Discussion

In our retrospective study on anthropometric records of children
from 0 to 60 months of age from a tertiary-level care centre,
we found a significant difference between means of Z-scores
computed by WHO standards and synthetic references between
both healthy children and children with growth-related disorders.
The association between disordered growth status and WAZ,

Comparison of weight-for-age Z score categories in under-
five children

94.28 9551

u Weight for age Z score
‘WHO 2006

81 55 u Weight for age Z score
o Synthetic Indian
78.2 73.65 78.74
: 37.85.43:47
S

Sensitivity ' Specificity ' PPV ' NPV '

Figure 1: Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for weight-for-age Z-scores on WHO
2006 and synthetic Indian charts against disease status

Table 2: Comparison of anthropometric parameters by paired t-test using WHO 2006 growth standards and synthetic
Indian growth references in healthy children and children with growth-related disorders

Disorder status Anthropometric Mean 95% confidence P Effect
parameters difference interval size
Lower Upper
Healthy children Weight-for-age Z-scores -0.49 -0.51 -0.46 <0.001%* 0.72
Height-for-age Z-scores -0.45 -0.48 -0.42 <0.001* 0.76
BMI-for-age Z-scores -0.75 -0.78 -0.71 <0.001* 1.07
Children with growth-related disorders Weight-for-age Z-scores 0.66 0.52 0.80 <0.001* 0.50
Height-for-age Z-scores -0.54 -0.60 -0.49 <0.001* 1.07
BMI-for-age Z-scores -0.50 -0.56 -0.44 <0.001* 0.92
*Significance at P value <0.05
Table 3: Measures of agreement of anthropometric parameters on WHO growth standards and synthetic charts with
clinical diagnosis
Parameter Growth chart/reference %2 value P Cramer’s V value Kappa value
Weight-for-age WHO 364.53 <0.001* 0.408 0.374
Synthetic 51433 <0.001* 0.485 0.452
Height-for-age WHO 384.62 <0.001* 0.419 0.370
Synthetic 612.69 <0.001* 0.529 0.511
BMI WHO 6.42 0.011% 0.054 0.052
Synthetic 8.87 0.003* 0.064 0.062
CIAF WHO 149.64 <0.001* 0.262 0.196
Synthetic 316.70 <0.001* 0.380 0.335

*Statistical significance at P value <0.05

Table 4: Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and Youden’s index for

WHO 2006 and synthetic Indian charts against disease status

Parameter Growth chart/reference Sensitivity Specificity PPV NPV Youden’s J index

Weight-for-age WHO 78.21 73.65 94.28 37.85 0.52
Synthetic 81.55 78.74 95.51 43.47 0.60

Height-for-age WHO 75.03 79.94 95.40 36.58 0.55
Synthetic 86.03 76.35 95.28 49.61 0.62

BMI WHO 75.00 29.64 85.83 18.71 0.05
Synthetic 79.45 27.84 85.94 19.62 0.07

CIAF WHO 58.74 77.54 93.56 25.29 0.36
Synthetic 74.16 75.75 94.44 34.56 0.50
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Comparison of height-for-age Z score categories in under-
five children )
mHeight for age Z score
95.4 95.28 WHO 2006
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g 49.61
§ 36.58
g
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Figure 2: Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for height-for-age Z-scores on WHO 2006
and synthetic Indian charts against disease status

Comparison of BMI-for-age Z score categories in under-five
children u BMI-for-age Z score
WHO 2006
85.83 85.94 u BMI-for-age Z score
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3
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Figure 3: Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for BMI-for-age Z-scores on WHO 2006
and synthetic Indian charts against disease status

Comparison of CIAF categories in under-five children
93.56 94 .44
= CIAF WHO 2006
74.16  77:54 75.75
u CIAF Synthetic Indian
58.74
3
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Figure 4: Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for CIAF using WHO 2006 and synthetic
Indian charts against disease status

HAZ and BAZ was stronger as compared to that with CIAF
using both WHO standards and synthetic Indian reference charts.
However, all four (WAZ, HAZ, BAZ and CIAF) anthropometric
parameters on synthetic reference charts had stronger association
as compared to the WHO standards. The sensitivity for picking
up the failure of growth on all four anthropometric parameters

was higher for synthetic charts (particularly for the CIAF) as
compared to WHO standards. The performance of both charts
when measured using Youden’s index revealed that synthetic
charts were superior to the WHO charts. However, WHO charts
were more specific in picking up disordered growth in children
failing on HAZ, BAZ and CIAF.

The anthropometric parameters on WHO growth standards
vary substantially from those derived using synthetic growth
references. Healthy children showed significant difference in
their mean anthropometric parameters when plotted on WHO
growth standards versus synthetic Indian growth reference.
Synthetic Indian growth references could classify a significant
proportion of healthy children in our study with normal BMI.
Also, growth references based on local anthropometric data
had greater impact when identifying children with abnormal
BMI. We found no Indian studies which had conducted
these comparisons; hence, we compared our results with
international studies. Early excessive weight gain in infancy
in bottle-fed infants was observed longitudinally in Canadian
infants when BMI Z-scores were plotted on WHO growth
standards as compared to Centres for Disease Control and
Prevention (CDC)-US growth charts.? In a study from the
United States, a significant difference was noted in mean BMI
percentiles for obese and overweight children on CDC-US
growth chart vs Cole et al. reference curves vs Must ef al.
growth reference curves.?!! In contrast, while tracking normal
growth in French under-five children, national growth curves
overestimated weight gain in first few years suggesting no
agreement with WHO growth standards (Kappa =-0.26) and,
hence, proposing the use of WHO growth standards.

In our study, all anthropometric parameters on both charts were
found to be in concordance with clinical diagnosis of under-five
children. A significant difference was found between mean
anthropometric parameters in children with growth-related
disorders computed using WHO growth standard and synthetic
Indian growth references, and a significant association was also
found with the clinical diagnosis. A study performed in under-five
children with growth-related morbidity in the north-eastern part
of Mabharashtra, India, found moderate agreement (Cohen’s
kappa = 0.41) between WHO growth standards and IAP
reference charts while diagnosing malnutrition.

The national growth references in European countries,
including the Czech Republic, Denmark, Germany, the
Netherlands, Norway, Sweden and Switzerland, had categorised
a significantly greater proportion of children <5 years with
growth hormone deficiency (GHD) and Turner syndrome (TS)
and those born small-for-gestational age (SGA) (height
SDS cut-off below -2.5) as being short (height SDS cut-off
below -2) as compared to WHO growth standards. However,
France and the UK had lower proportion of children below
the said cut-off for height SDS on national growth reference.
Children with end-stage renal disease in age-group between
2 and 18 years had significantly lower mean height SDS
on Euro-Growth references when compared to WHO and
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CDC growth standards; subsequently, more proportion
on national references (44% vs 34%) met the criteria for
growth hormone (thGH) therapy.*! Australian children
were underestimated for eligibility of thGH therapy using
CDC and WHO HAZ threshold < first centile (below -2.3
height SDS).[5291 1t is argued that the time at which data were
collected in these studies and the time span when national
growth references/WHO standards were constructed need to
be in consonance with more accurate analysis.

In our study, synthetic charts were more sensitive in
picking up children with growth-related disorder failing on
HAZ-scores when compared to WHO charts with a better
Youden’s index. Finnish growth charts have been reported
to have higher sensitivity (72% vs 36% with third percentile
threshold for height and 55% vs 20% with first percentile
threshold for height) as compared to WHO growth charts for
children aged 2 years with TS.?” In a French study, different
clinical algorithms were validated against WHO growth
standards and national growth references. Authors found a
significant difference in sensitivity in the diagnosis of GHD
with pituitary stalk interruption syndrome (GHD-PSIS) using
the Grote clinical decision rule when tested with WHO vs
national growth references (54% vs 44.2%). Also, the median
theoretical reduction in time to diagnosis for GHD-PSIS and TS
was greater with WHO in comparison with national references,
while there were no differences for Celiac disease regardless
of the growth chart used.”®» WHO weight-for-length standard
cut-offs showed comparatively lower sensitivity for children
with cystic fibrosis when compared to the CDC growth charts
in a study from the United States.*”!

The CIAF computed using synthetic Indian growth reference
was found to be more sensitive (74.16% vs 58.74%) and
had higher ability to predict true negatives (NPV 34.56% vs
25.29%) as compared to WHO growth standards for recognition
of children with growth-related disorders. We could not find
any study for performance of growth reference curves based
on CIAF in children with growth-related disorders. The
implementation of CIAF in diagnosing endocrine disorders
was also found to be fruitful.

Although the association of BMI Z-scores on both WHO
standards and synthetic growth reference with disordered
growth status was poor, probably due to inclusion of
children having extremes of BMI values with overgrowth
syndromes, yet it was statistically significant. Synthetic
references constructed using the recent anthropometric data
were not only found to be more valid for the assessment
of growth among normal children but also for those with
growth-related disorders and may be more useful during
clinical assessments.

The strength of our study was its large sample size, and all
patients whose records were analysed were examined by a
single paediatric endocrinologist. The ESPE classification
was used for more accurate categorisation of children with
growth-related disorder. Synthetic references were constructed

using the LMS method with anthropometric means at key ages.
Our study was limited by the fact that we majorly worked with
data on urban population and there was no rural representation.
Further, it was a single-centre retrospective study design with a
lack of multicentric data. Also, as there was paucity of data on
the comparison of Indian growth references and WHO growth
standards in children with growth-related disorders, we have
presented comparisons with international studies.

ConcLusioN

To conclude, synthetic Indian charts performed well and were
found to be more sensitive for all anthropometric parameters,
including WAZ, HAZ, BAZ and CIAF, for diagnosing
growth-related disorders in a clinical setting from birth to
60 months of age when compared to WHO growth standards.
Further prospective multicentric studies (in both urban and
rural settings) are required to confirm the use of synthetic/
ethnic-specific references for the detection of growth-related
disorders in Indian children.
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