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Abstract

The primary aim of the INTERGROWTH-21st Project is to construct new, prescriptive standards

describing optimal fetal and preterm postnatal growth. The anthropometric measurements include

the head circumference, recumbent length and weight of the infants, and the stature and weight of

the parents. In such a large, international, multicentre project, it is critical that all study sites

follow standardised protocols to ensure maximal validity of the growth and nutrition indicators

used. This paper describes in detail the anthropometric training, standardisation and quality

control procedures used to collect data for these new standards. The initial standardisation session

was in Nairobi, Kenya, using newborns, which was followed by similar sessions in the eight

participating study sites in Brazil, China, India, Italy, Kenya, Oman, UK and USA. The

intraobserver and inter-observer technical error of measurement values for head circumference

range from 0.3 to 0.4 cm, and for recumbent length from 0.3 to 0.5 cm. These standardisation

protocols implemented at each study site worldwide ensure that the anthropometric data collected

are of the highest quality to construct international growth standards.
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Introduction

The International Fetal and Newborn Growth Consortium for the 21st Century

(INTERGROWTH-21st) is a large-scale, population-based, multicentre project involving

health institutions from eight geographically diverse countries, which aims to assess fetal,

newborn and preterm growth under optimal conditions, in a manner similar to that adopted

by the World Health Organization (WHO) Multicentre Growth Reference Study (MGRS).1

The INTERGROWTH-21st Project has three major components, which were designed to

create: (1) longitudinally derived, prescriptive, international, fetal growth standards using

both clinical and ultrasound measures; (2) preterm, postnatal growth standards for those

infants born at ≥26+0 but <37+0 weeks of gestation in the longitudinal cohort; and (3)

birthweight-for-gestational-age standards derived from all newborns delivering at the study

sites over an approximately 12 month period.2

To achieve uniformity in such a large, multicentre project, it was important for all study sites

to follow the same standardised measurement procedures to ensure maximal validity of the

resulting standards as indicators of growth and nutrition. Hence, the same standardised

anthropometric protocols are being used in all three components of the

INTERGROWTH-21st Project—the Fetal Growth Longitudinal Study (FGLS), the Preterm

Postnatal Follow-up Study (PPFS) and the Newborn Cross-Sectional Study (NCSS).3 This

paper describes in detail the training, standardisation and quality control procedures that are

being used to collect the data to construct the new standards.

Training and standardisation of anthropometry personnel

An important goal of training and standardisation is to ensure that measurers develop, refine

and maintain their techniques so that they take accurate and precise measurements that yield

repeatable and reproducible values. Standardisation within and between study sites is a

crucial component that ensures the data are comparable across measurers and sites over the

course of the project. Before data collection, a 5 day training and standardisation session

was held in Nairobi, Kenya, for the lead anthropometrists from each study site. Several

international anthropometry experts from the MGRS team facilitated the training. The

INTERGROWTH-21st Project Coordinating Unit prepared all training materials based on

the published MGRS anthropometry protocols.4

During training, these lead anthropometrists familiarised themselves extensively with the

measuring equipment and techniques, which are described in detail elsewhere in this

supplement.3 They watched the MGRS anthropometry training video (www.who.int/

childgrowth/training/en/), which highlights key measurement techniques and calibration

procedures. A general overview of the study protocols and measurement techniques was

presented followed by a formal standardisation training session to assess measurer accuracy

and precision. Measurers are considered accurate if, on average, they record measurement

values (interobserver as compared with the expert) that are consistently close to the true or

an expert’s value. A precise measurer is one who, when re-measuring the same child,

records values (intraobserver) that are close to each other and not widely dispersed. This is

independent of whether the average is close to the true value or not and so independent of
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accuracy. To assess accuracy and precision a test–retest study is conducted in which an

expert, (considered to be the ‘gold standard’), and an anthropometrist both measure a group

of newborns twice. Bias is calculated as the average difference between the values obtained

by the expert and anthropometrist. Inter-observer precision is calculated by comparing each

observer’s replicate measurements of the same participants. The most common parameter

describing a lack of precision is the technical error of measurement (TEM), which is the

square root of the sum of the squared differences between duplicate measurements, divided

by twice the number of participants measured.5 In the INTERGROWTH-21st Project, an

acceptable TEM for a measurer should be no more than twice that of the expert.

During the initial standardisation session in Nairobi, Kenya, a group of 20 newborns (34–40

weeks of gestation at birth and 1–5 days old) were measured. The anthropometrists were

standardised against W.C.C., who served as the ‘expert’ for both MGRS and the

INTERGROWTH-21st Project. The session consisted of two phases: first, the expert and

each anthropometrist measured the head circumference (HC) and length of each baby and

recorded their results independently. The same 20 newborns were then remeasured by the

expert and each measurer and the inter-observer and intraobserver variabilities were

calculated.

The results were analysed using the same Microsoft Excel spreadsheet used in MGRS,

preprogrammed with standard formulae for calculating the relevant statistics, including the

TEM. The sign test for precision assesses ‘the measurement effect’ where an observer’s

retest measurement can be systematically higher or lower than his/her own first

measurement. 6 For accuracy, both the sign test and the F test are useful. The F test indicates

whether accuracy is significantly different between an observer and all observers together,

whereas the sign test checks whether poor accuracy results from systematic or sporadic

bias.7 For instance, the average bias can be low and non-significant when a single large

deviation overwhelms small but systematic differences; in this case, the sign test indicates

bias not the F test.

To illustrate the observers’ performances, Tables 1 and 2 present the HC and length data

respectively for the initial standardisation session in Nairobi, Kenya. The expert

anthropometrist (W.C.C.) had the lowest mean TEM in each group, indicating a high level

of precision. For HC measurements, with the exception of Observer 4 in Group 2, each

observer displayed a good level of precision with TEM values within the acceptable limit of

twice the expert’s mean TEM value. There was no evidence of systematic bias for any of the

anthropometrists’ second measurements, compared with their first (sign test P > 0.05). There

was no systematic tendency either to overestimate (positive bias) or underestimate (negative

bias) any of the anthropometrists’ measurements compared with the expert or the group

mean for each measurement (Table 1).

For length measurements, there was a high level of precision between anthropometrists in

both groups as none of their TEMs exceeded twice that of the lead anthropometrist’s value.

Similarly, there was no systematic tendency either to overestimate or underestimate any of

the anthropometrists’ measurements compared with the expert (with the exception of
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Observers 1 and 5 in Group 1) or the group mean (with the exception of Observer 1 in

Group 1) (Table 2).

Site training and standardisation sessions

Before commencing data collection at the study sites, each local lead anthropometrist

conducted a similar training and standardisation session at their site with their

anthropometry team. These sessions again involved measuring 20 newborns; they were

carried out under the supervision of a visiting expert member of the INTERGROWTH-21st

Anthropometry Group. The ‘gold standard’ was the mean measurement of all observers in

these sessions. The results were analysed by the lead anthropometrists using the MGRS

spreadsheet, which allowed them to identify any group member deviating from the

recommended techniques. These standardisation sessions are repeated every 3 months at

each study site to: (1) ensure anthropometrists are following the recommended techniques;

(2) monitor their reliability (precision and accuracy); and (3) take corrective measures if

required. These sessions over 1–2 days involve the measurement and re-measurement of ten

newborns and the results are sent to the INTERGROWTH-21st Anthropometry Group soon

after completion.

The TEMs for all anthropometrists’ first and second standardisation sessions at each study

site were plotted to monitor overall performance for HC and length, as illustrated in Figures

1A and 2A, respectively. Overall, the figures depict an improvement in precision in the

second, compared with the first, standardisation session. This trend is consistent across all

study sites for HC and length measurements. Plots of bias (each anthropometrist compared

with the overall mean of the study site group) similarly showed increased accuracy in the

second, compared with the first, standardisation session. There was no systematic bias for

either HC or length measurements across study sites (Figures 1B and 2B).

At the half-way point for data collection at each study site’s involvement in the

INTERGROWTH-21st Project, the expert anthropometrist visits to supervise a local

standardisation session. This exercise ensures that all sites are adhering to the protocols and

rigorously following the standardisation procedures. Further training is conducted at each

site, if deemed necessary.

Quality control activities

The on-going quality control measures require anthropometrists at each study site to take

and record all measurements independently, and compare their values with the maximum

allowable differences, as documented elsewhere in this supplement.3 The anthropometrists

check the forms visually after each measurement session to ensure that appropriate

remeasurements are performed when necessary. They also check the completed forms for

missing or inaccurate values before sending them for data entry.

Data entry is performed at each site using the INTERGROWTH-21st centrally coordinated,

online, data management system with built-in range and consistency checks. Local data

managers ensure that data entry does not lag behind data collection by more than 3 days.

Recorded values are flagged if they are out of the expected range, giving rise to checks for
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recording possible data entry errors and raising queries if necessary. The data manager at the

INTERGROWTH-21st Project Coordinating Unit checks all flagged values for the

following: consistency between anthropometrists (i.e. within maximum allowed difference);

consistency with other anthropometric indicators (e.g. to check if this is just a ‘big’ baby);

consistency with previous measurements of the same infant (for the follow-up study), and

that there are no data entry errors. Additional quality control activities performed on the

INTERGROWTH-21st data are documented elsewhere in this supplement.8

Discussion

These rigorous standardisation and quality control measures are employed to ensure that

data of the highest quality are acquired to construct the prescriptive standards for optimal

fetal and preterm postnatal growth, as well as newborn nutritional status. The statistical

methods used herein to assess the accuracy and precision of the anthropometrists are robust

for use in large multicentre studies.4 The high frequency of compulsory standardisation

sessions for all anthropometrists at each of the eight study sites keeps their skills sharp.

These sessions are also an opportunity to identify any departures from prescribed

measurement techniques in the protocols and to take corrective measures if required.

Reliability data are crucial for the interpretation of anthropometric assessments of growth

and nutritional status in children.9,10 However, little has been published on the subject

among newborns and infants because of their fragility. Our accuracy and precision data for

newborns are part of a unique set of important health information. The TEM values for HC

in Table 1 range from approximately 0.3 to 0.4 cm. Corresponding values in the literature

are approximately 0.2 to 0.4 cm in clinical samples and from 0.1 to 0.2 cm for all children in

the Fels Longitudinal Study.11–13

Standardisation data from MGRS4 for recumbent length are very similar to those reported in

Table 2 for the same measurement. The TEM values for the expert anthropometrist (the

same individual in both studies) and for the four observers in MGRS range from

approximately 0.3 to 0.5 cm, compared with 0.3 to almost 0.6 cm in Table 2. The MGRS

data for bias relating to recumbent length are also very similar to the corresponding data in

Table 2. These findings are much lower than reliability data for length in clinical samples.14

The findings in Tables 1 and 2 are further verified by the plots of the TEM and bias values

by site in Figures 1 and 2, respectively. The TEM values (Figures 1A and 2A) for the second

session, HC and length are smaller and more linear at each study site. This improvement in

measuring technique is also clear in the bias plots for the second session (Figure 2A and

2B): the values at each site are more linear and closer to zero than those from the first

session. In MGRS, similar levels of reliability for newborn recumbent length measurements

were documented over 18 months of data collection across the participating sites.4

Comparative data for HC reliability in newborns are scarce.

Newborns and infants are the most difficult group to measure because of their very small

size and fragility, and the relatively large hands of those who are measuring them. Hence,

accuracy and precision data are necessary to ensure that measurements are of sufficiently
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high quality to allow accurate interpretation of growth and nutritional status. This applies

particularly to preterm infants. To maintain data quality, the INTERGROWTH-21st Project

Coordinating Unit monitors the percentage of repeat measurements at each site. A high level

could indicate poor measurement technique on the part of one or more measurers; a low

level might indicate a lack of independence between two or more measurers. The maximum

allowable differences are 0.5 cm for HC and 0.7 cm for length. Data from MGRS indicate

that a repeat rate of about 5% is anticipated.4 If the rate deviates significantly from this

percentage, the data manager informs the INTERGROWTH-21st Anthropometry Group

Leader who then investigates the reason for this deviation with the local lead

anthropometrist. Similar limits on the allowable differences between independent repeat

measures have been used in MGRS, the National Health and Nutrition Examination

Survey15 and other large, multicentre/national studies.

In conclusion, the implementation of these standardisation sessions and quality control

measures across study sites in the INTERGROWTH-21st Project provides a useful means of

controlling inter-observer and intraobserver variability during data collection. Newborns are

difficult to measure and anthropometric data collected from them is therefore prone to error.

However, stringent quality control protocols can effectively manage the normal errors that

occur during data collection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Technical error of measurement (TEM) for head circumference by country at first

standardisation session (solid line with solid circles) and second standardisation session

(dashed line with open circles). (B) Bias of observers with their overall mean in each

country for head circumference at first standardisation session (solid line with solid circles)

and second standardisation session (dashed line with open circles). Standardisation sessions

were conducted at two hospitals in Oman: Oman – R, Royal Hospital; Oman – K, Khoula

Hospital.
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Figure 2.
(A) Technical error of measurement (TEM) for length by country at first standardisation

session (solid line with solid circles) and second standardisation session (dashed line with

open circles). (B) Bias of observers with their overall mean in each country for length at first

standardisation session (solid line with solid circles) and second standardisation session

(dashed line with open circles). Standardisation sessions were conducted at two hospitals in

Oman: Oman – R, Royal Hospital; Oman – K, Khoula Hospital.
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