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Abstract

Stunting affects 149 million children worldwide and is a form of chronic malnutrition defined

by low height-for-age. Surveys and intervention programmes depend on effective assess-

ment and identification of affected individuals. Gold standard assessment is based on

height-for-age Z-score (HAZ): HAZ <-2 defines stunting; HAZ <-3 defines severe stunting.

However, a major problem for field-based programmes is that Z-scores can be time-inten-

sive and challenging to calculate. We thus developed a novel wallchart that we have coined

‘MEIRU wallchart’ to easily and accurately identify stunted children and adolescents. Our

study aim was to evaluate its performance and acceptability against other methods used in

current clinical/field practice. We undertook a non-interventional diagnostic accuracy study

in Malawi. We recruited 244 participants aged 8–19 years and determined each individual’s

stunting status using, in varying order: the MEIRU wallchart, traditional lookup tables, and

traditional growth charts. All were compared against ‘gold standard’ HAZ, calculated using

AnthroPlus WHO software. Local community healthcare workers performed all the assess-

ments. The wallchart method was strongly preferred by both participants and staff. It had an

overall accuracy of 95.5%(kappa = 0.91) and was faster than lookup tables by an average of

62.5%(41.4sec; p<0.001) per measurement. Lookup tables and growth charts had overall

agreements of 59.4%(kappa = 0.36) and 61.9%(kappa = 0.31) respectively. At the HAZ-2

cut-off, the wallchart had a sensitivity of 97.6%(95%CI: 91.5–99.7) and specificity of 96.3%

(95%CI: 92.1–98.6). We conclude that the MEIRU wallchart performs well and is acceptable

for screening and identification of stunted children/adolescents by community-level health

workers. It fulfils key criteria that justify a role in future screening programmes: easy to per-

form and interpret; acceptable; accurate; sensitive and specific. Potential future uses

include: conducting rapid stunting prevalence surveys; identifying affected individuals for
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interventions. Current field methods, lookup tables and growth charts performed poorly and

should be used with caution.

Introduction

Stunting, or linear growth failure, is the commonest form of child malnutrition worldwide, with

some 149 million children under five years of age affected [1]. It is defined as a height two stan-

dard deviations below the median of an age- and sex-matched reference population, otherwise

expressed as a “height-for-age Z-score” (HAZ) of<-2. Widely used and referenced in global

health literature, policy and programmes, it is commonly seen as the “best overall indicator of

children’s well-being and an accurate reflection of social inequalities” [2]. Reducing stunting is

therefore a key priority for the 2030 “Zero Hunger” Sustainable Development Goal [3].

Whilst there are many ongoing global efforts to develop interventions to prevent stunting

and to treat and support those affected [4, 5], an often neglected yet critical part of any such

programmes is to effectively identify affected individuals in the first place. Most focus to date

has been on young children since the ‘1st 1000’ days is a particularly sensitive period of growth

and development [6]. However, there is also growing focus on adolescent nutrition and stunt-

ing [7, 8]. Adolescence is a time of rapid growth and development and it could represent an

important ‘second window’ of opportunity for stunted children to catch-up and recover lost

growth and development potential from earlier adversity [9]. Given that future interventions

might target high-risk, already affected individuals, as per standard Wilson-Jungner screening

test criteria, “there should be a suitable test or examination” and “the test should be acceptable

to the population” [10, 11]. In current practice, stunting is evaluated by:

i. Healthcare workers measuring a child’s/adolescents’ height and determining his/her age;

ii. Using either a lookup table or a growth chart to determine the corresponding HAZ to clas-

sify an individual as: non-stunted (HAZ�-2); stunted (HAZ <-2); severely stunted (HAZ

<-3); [12]

Although simple in theory, the quality of stunting assessment done in this way may vary

greatly. It takes time, training, and supervision, all of which are often in short supply in

resource-poor settings where stunting is common. Many factors have the potential to influence

final classification including: the accuracy and precision of anthropometric equipment (height

measure); measurement setting; the child’s cooperation; the measurer’s experience and tech-

nique; the measurer’s ability to correctly ‘translate’ a raw height and age value into a HAZ clas-

sification [13]. Clinical assessment alone is not possible and would miss many affected

individuals, not least because stunting is so common in some communities that short children

are considered ‘normal’ [14]. A net effect of all these constraints is that field-based HAZ assess-

ment is often a low priority and is rarely done.

In this paper we explore a novel, low-cost method of identifying stunted individuals.

Inspired by the “Nabarro” weight-for-height chart [15], we designed a wallchart which we

named the “MEIRU wallchart” after the Malawi Epidemiology and Intervention Research

Unit (MEIRU), where we conducted this first validation study. The MEIRU wallchart is an

‘appropriate technology’ [16] tool to simply, safely, and precisely identify stunted individuals

by assessing their height-for-age. We hypothesise that it is superior in these regards to tradi-

tional look-up tables and growth chart methods. Our vision is for it to be used in a wide range

of clinical and community settings by staff with minimal training.
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Our overall aim in this project was to quantify the validity and performance of the MEIRU

wallchart for identification of stunted children and adolescents. Towards this, our objectives

were to:

• Evaluate diagnostic performance of the MEIRU chart, measured through comparison of

accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive

value (NPV) against ‘gold standard’ HAZ calculation;

• Quantify total time required for assessment;

• Compare the performance of the MEIRU chart against two main current methods of HAZ

assessment: WHO lookup tables and growth charts;

• Assess the acceptability of the new method.

Methods

Ethics statement

Ethical approval was granted by the University of Malawi College of Medicine Research & Eth-

ics Committee (reference P.06/16/1955) and the London School of Hygiene and Tropical Med-

icine MSc Research Ethics Committee (reference 10912). The individuals pictured in Figs 1–3

have provided written informed consent (as outlined in PLOS consent form) to publish their

image alongside the manuscript.

We sought written informed consent from HSAs and written assent from the children and

adolescents. We also obtained written informed consent from parents or guardians of the chil-

dren and adolescents under 19 years of age.

Study design and participants

This was a field-based, prospective, non-interventional diagnostic accuracy study. It was regis-

tered on ISRCTN: http://www.isrctn.com/ISRCTN16311596.

We collected data cross-sectionally in field sites overseen by Malawi Epidemiology & Inter-

vention Research Unit (MEIRU) in Area 25, Lilongwe, Malawi, from 12th to 28th July 2016.

Area 25 is one of MEIRU’s established Demographic Surveillance Sites (DSS). It is a peri-

urban area, with epidemiological and demographic characteristics typical of many other low-

and middle-income countries. As such, it shares many issues and challenges faced by other

communities in other countries.

Our target population of individuals being measured were older children and adolescents.

They were recruited as volunteers, responding to calls from MEIRU fieldworkers who work in

and know the local communities well. Before our visit to a particular location within the

MEIRU DSS, our fieldworkers would discuss the study with local leaders and distribute study

information sheets and consent forms for parents to review and sign.

Our target population of staff conducting the stunting measurements were local Health Sur-

veillance Assistants (HSAs) who work with MEIRU. We chose HSAs because they are the

cadre of staff who are likely to do the screening in surveys and future stunting programmes.

They are community-based health-promotion and prevention staff who have secondary school

education plus a few months of specialist training. They are often based in the communities

they serve and are typical of community health staff who would conduct stunting assessment

in other countries. To minimise any bias due to variation in individual HSA skills and experi-

ence, we worked with a different HSA on each day of fieldwork.
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Test methods

First, each adolescent’s age was established by asking both age and date of birth. If the two

were discordant (as per immediate calculation using our electronic data capture system),

HSAs were prompted to recheck both and determine which was correct. HSAs then conducted

anthropometric measurements. Finally, they translated the raw height and age values into an

Fig 1. The MEIRU wallcharts used for field testing.

https://doi.org/10.1371/journal.pgph.0001592.g001
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assessment of stunting status (not stunted; stunted; severely stunted). All measurements were

repeated by our study team (LN).

Each individual’s stunting status was assessed using three distinct methods: the MEIRU

chart; World Health Organization (WHO) lookup tables; WHO growth charts. The last two

assessment methods were collectively classed as “traditional” methods, as they are common

current methods highlighted on the WHO website [12]. HSAs used the same raw height mea-

surement to determine stunting status by consulting both WHO lookup tables and growth

Fig 2. Field-testing of the MEIRU wallchart showing field set-up.

https://doi.org/10.1371/journal.pgph.0001592.g002
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charts. The same height measurement also went into our study database and was used to calcu-

late exact HAZ, from which we determined the final ‘gold standard’ stunting status: HAZ�-2

= ‘not currently stunted’; HAZ <-3 = ‘severely stunted’; HAZ -3 to<-2 = ‘moderately stunted’.

The performance of each test method was compared against this calculated reference HAZ.

The time taken to determine stunting status using each assessment method was also

measured.

Each adolescent was assessed using all methods before moving on to the next adolescent.

The starting method (MEIRU wallchart or traditional methods) was alternated between odd

and even participant ID numbers.

Index method–MEIRU wallchart. The MEIRU wallchart is a life-size stacked bar chart

(Fig 1). Each bar on the chart corresponds with a specific age (8–19 years). The sex- and age-

dependent height cut-offs for each HAZ were derived from the WHO Growth Reference 2007

data [12]. Height was plotted on the vertical axis on a 1:1 scale. Each bar also had three colour-

coded sections:

• Orange for severely stunted height (HAZ -4 to<-3);

• Yellow for stunted height (HAZ -3 to<-2);

• Green for normal height (HAZ�-2).

For portability and ease of use, MEIRU wallchart prototypes were printed on canvas and

attached to wooden sticks held by volunteers during measurement (Fig 2).

After each adolescent’s age was determined he/she stood against the corresponding age bar.

Rounding rules for age were printed on the chart and helped an HSA identified the correct

age-bar. Once positioned, the HSA placed the spine of a book on the adolescent’s head, noting

the colour on the bar where it intersected the chart (Fig 3). The colour on the bar was then

matched to the child’s stunting status using the interpretation key at the top of the wallchart.

Reference standard–calculated Height-for-Age Z-score (HAZ). Our ‘gold standard’ ref-

erence in this study was computer-calculated HAZ. For this, participants’ heights were mea-

sured using a Leicester stadiometer (Child Growth Foundation, UK). Following methods used

in the WHO Growth Standards Multi-country Growth Reference Study [13], readings were

repeated by two independent observers, with a maximum allowable difference of 0.7cm. If out-

side this agreement limit, both observers would re-measure. If within limits, the mean value

was taken as the final height. From this, HAZs were calculated on Stata (version 14, StataCorp

LP, College Station, TX), using the WHO AnthroPlus Stata macro package [17], an anthropo-

metric calculator using the WHO Reference 2007 data [12].

For immediate results in the field, HSAs also identified the stunting status of each adoles-

cent using both WHO field lookup tables and growth charts. These are commonly used for

both HAZ calculation/interpretation but the same methods are also widely used for other

anthropometric measures including WAZ (weight-for-age) and WHZ (weight-for-height).

To ensure fair comparison of the different methods, the standard colour schemes of both

lookup tables (Fig 4) and growth charts (Fig 5) were adjusted from their WHO originals to

match those of the MEIRU wallchart (which itself was based on WHO colour scheme).

Data collection. Data were collected on electronic forms created using Open Data Kit

(ODK, version 1.4). ODK forms only collected participant study IDs as identifiers to ensure

anonymity. Start times and timestamps at critical measurement steps were also recorded by

the ODK app. Whilst ODK was able to display the timestamps, the version we had was unable

to store them for direct export. Therefore, timestamps were manually entered via EpiData

Entry (version 2.0.9.25).
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Statistical analysis

Test methods. We compared the following:

• Index test: MEIRU wallchart

Fig 3. Using the MEIRU wallchart with a book held upright for readings.

https://doi.org/10.1371/journal.pgph.0001592.g003
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• Traditional method 1: WHO lookup table

• Traditional method 2: WHO growth chart

• Reference standard: computer-calculated HAZ

All analyses were done on Stata. (version 14, StataCorp LP, College Station, TX). Partici-

pants with missing timestamps and those who were not assessed using growth charts were

excluded from their respective analyses. We did exploratory descriptive analyses to visualize

the distribution of the baseline characteristics. Results with each assessment method were

cross-tabulated against the gold standard calculated HAZ-based status to determine the con-

cordance between the tests. The kappa statistic and overall agreement were used as measures

of agreement between each test and the reference standard [18].

We calculated standard test performance indicators: sensitivity, specificity, PPV, and NPV.

Results using each assessment method were re-grouped into binary variables (“normal” and

“stunted or severely stunted”), to analyse its performance around the HAZ<-2SD cut-off. We

used McNemar’s χ2 test as a measure of test method performance, by comparing their sensitiv-

ities and specificities separately [19, 20]. Sensitivities were compared using a 2x2 table

Fig 4. WHO simplified field lookup tables with original (A) and amended (B) colour schemes. Adapted from: WHO 2007 [12].

https://doi.org/10.1371/journal.pgph.0001592.g004
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exclusively among “stunted or severely stunted” adolescents, while specificities were compared

using a 2x2 table exclusively among non-stunted adolescents [20]. The same analyses were

done to calculate standard performance indicators around the HAZ<-3SD cut-off.

Sample size. We calculated this using McNemar’s method. We aimed for 80% power and

5% type I error rate. We assumed that 5% of non-stunted adolescents will be misclassified as

stunted (p01) and 1% of stunted adolescents will be wrongly identified as non-stunted (p10).

This resulted in a target sample size of 292. This was also sufficient for a number of other

related scenarios, as shown in S1 Text.

Results

Participants

We recruited a total of 244 adolescents (Fig 6). They were measured by 12 different HSAs, who

each assessed a median of 20 individuals (IQR 17.25–25).

Index test refers to assessment using the MEIRU wallchart. Reference standard refers to cal-

culation of exact HAZ, the current gold standard.

Their median age was 11.3 years (IQR = 9.5–13.1). 106 (43.4%) were male. Most of them,

134 (54.9%) were recruited from Chikanda, as this was a large village in our study area. S1

Table shows their demographic characteristics in detail.

Table 1 shows the distribution of adolescents who were normal, stunted and severely

stunted for each method used. Based on gold standard HAZ calculation, 22.1% (54/244) of

adolescents were stunted and 11.5% (28/244) were severely stunted.

Table A in S2 Text illustrates the distribution of normal, stunted and severely stunted indi-

viduals identified using the MEIRU wallchart and the correlation with the gold standard

assessment. Using the MEIRU wallchart, six individuals (3.8%) of normal height-for-age were

misclassified as stunted; these individuals had HAZ that were close to the HAZ<-2 cut-off for

stunting, ranging from -2.00 to -1.83. The MEIRU wallchart misclassified two stunted individ-

uals as non-stunted (3.8%) and similarly, the HAZ of these individuals were close to the

HAZ<-2 cut-off (-2.08 and -2.04).

Fig 5. WHO growth charts with original (A) and amended (B) colour schemes. Adapted from: WHO 2007 [12].

https://doi.org/10.1371/journal.pgph.0001592.g005
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In comparison, use of the WHO lookup table misidentified 62 non-stunted individuals

(38.3%) as stunted or severely stunted, and had one missed diagnosis of a stunted individual

(1.9%) (Table B in S2 Text). Using the WHO growth charts (Table C in S2 Text) resulted in

misclassification of 40 (28.8%) non-stunted individuals as stunted and missed 23 individuals

with stunting (30.3%), seven of whom were severely stunted (25.9%).

Estimates of diagnostic accuracy. Fig 7 illustrates overall and category-specific agree-

ments of each method with gold standard HAZ. The MEIRU wallchart had an overall agree-

ment of 95.5%. WHO lookup tables and growth charts had overall agreements of 59.4% and

61.9% respectively, but there was large variability in the agreements within each category. Both

traditional methods had very low “stunted” percent agreement of 31.5% for lookup tables and

Fig 6. Participant flow diagram.

https://doi.org/10.1371/journal.pgph.0001592.g006

Table 1. Stunting classification of adolescents, by test method.

Stunting status Gold standard calculated HAZ (n = 244) MEIRU wallchart (n = 244) WHO lookup table (n = 244) WHO growth chart (n = 215)

n (%) n (%) n (%) n (%)

Normal (HAZ� -2) 162 (66.4) 158 (64.8) 101 (41.4) 122 (56.7)

Stunted (HAZ < -2) 54 (22.1) 57 (23.4) 63 (25.8) 47 (21.9)

Severely stunted (HAZ <

-3)

28 (11.5) 29 (11.9) 80 (32.8) 46 (21.4)

https://doi.org/10.1371/journal.pgph.0001592.t001
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34.7% for growth charts. Although all severely stunted participants were correctly identified

using the WHO lookup tables, 9.9% (16/162) of non-stunted individuals and 66.7% (36/54) of

stunted individuals were misdiagnosed as severely stunted (Table B in S2 Text).

Table 2 show markers of diagnostic accuracy of each method at the HAZ<-2 and HAZ<-3

cut-offs. These include sensitivity, specificity, PPV, NPV, and agreement. At the HAZ<-2

(stunting) cut-off, the MEIRU wallchart had a sensitivity of 97.6% (95%CI: 91.5,99.7), specific-

ity of 96.3% (95%CI: 92.1,98.6), and agreement of 96.7% (kappa = 0.93). The sensitivity, speci-

ficity, and agreement of the MEIRU wallchart at the HAZ<-3 cut-off (severe stunting) were

96.4% (95%CI: 81.7,99.9), 99.1% (95%CI: 96.4,99.9), and 98.8% (kappa = 0.94) respectively.

Fig 7. Percentage agreement and kappa statistic of each test method, compared to gold standard HAZ. *z-test of kappa statistic.

https://doi.org/10.1371/journal.pgph.0001592.g007

Table 2. Diagnostic accuracy of each test method around HAZ-2 (stunting) and HAZ<-3 (severe stunting) cut-offs.

Test method Sensitivity, % (95% CI) p-value* Specificity, % (95% CI) p-value* PPV, % (95% CI) NPV, % (95% CI) Agreement, % Kappa

Stunting (HAZ <-2)

MEIRU wallchart (n = 244) 97.6 (91.5, 99.7) - 96.3 (92.1, 98.6) - 93.0 (85.4, 97.4) 98.7 (95.5, 99.8) 96.7 0.93

WHO lookup table (n = 244) 98.8 (93.4, 100) 0.564 61.7 (53.8, 69.2) <0.001 56.6 (48.1, 64.9) 99.0 (94.6, 100) 74.2 0.51

WHO growth chart

(n = 215)

69.7 (58.1, 79.8) <0.001 71.2 (62.9, 78.6) <0.001 57.0 (46.3, 67.2) 81.1 (73.1, 87.7) 70.7 0.39

Severe stunting (HAZ <-3)

MEIRU wallchart (n = 244) 96.4 (81.7, 99.9) 99.1 (96.7, 99.9) 93.1 (77.2, 99.2) 99.5 (97.4, 100) 98.8 0.94

WHO lookup table (n = 244) 100 (87.7, 100) 0.317 75.9 (69.7, 81.5) <0.001 35.0 (24.7, 46.5) 100 (97.8, 100) 78.7 0.42

WHO growth chart

(n = 215)

63.0 (42.4, 80.6) 0.003 84.6 (78.6, 89.4) <0.001 37.0 (23.2, 52.5) 94.1 (89.4, 97.1) 81.9 0.37

*McNemar’s χ2 test comparing sensitivity and specificity of each method against the MEIRU wallchart

https://doi.org/10.1371/journal.pgph.0001592.t002
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At both HAZ-2 and -3 cut-offs, the McNemar’s χ2 test comparing the WHO lookup tables

against the MEIRU wallchart showed strong evidence of discordance between the specificities

(p<0.001), but not for sensitivities (p = 0.564 at HAZ-2; p = 0.317 at HAZ-3). When the WHO

growth charts were compared against the MEIRU wallchart, there was strong evidence of dis-

cordance between the sensitivities and specificities at both cut-offs (p<0.001).

Diagnostic performance markers based on individual HSAs for all methods are presented

in Table A-C in S3 Text. The MEIRU wallchart performed very well for most HSAs. In con-

trast, the WHO lookup tables and growth charts did not perform as well, and this was the case

for over half of the HSAs. The number of adolescents measured by each HSA was not suffi-

ciently large for useful confidence interval calculations, or for more robust analyses of inter-

HSA reliability and differences.

Time taken for measurement. Overall assessment using the MEIRU wallchart took an

average of 24.8 (SD 10.6) seconds. Using lookup tables if was 66.2 (SD 28.0) seconds. There is

difference of 41.4s or 62.5% (p<0.001). Of the four assessment steps, height measurement and

the use of lookup tables account for most of the excess time (Fig 8).

Acceptability and preference. Overall, both participants and healthcare workers strongly

preferred the MEIRU chart over the traditional methods. 71.5% of all respondents (83.3% of

HSAs; 70.8% of adolescents) preferred the MEIRU wallchart to the traditional methods. 91.7%

of HSAs and 90.0% adolescents found the MEIRU wallchart fast to use. 91.7% of HSAs and

88.1% of adolescents liked the method. Fig A, B in S4 Text show details of reported preferences

as reported in a Likert scale.

HSAs were asked for more detailed feedback on the MEIRU chart. Overall, it was well-

received and the preferred method over traditional HAZ assessment methods (Fig 9).

The main reasons for preference of the MEIRU wallchart were the speed of measurement

(49.4%) and aesthetics of the wallchart (15.8%). Those who preferred the traditional method

liked it for the speed of measurement (36.5%) and because it provided a height measurement

in addition to a stunting diagnosis (30.2%).

Also related to acceptability of stunting assessment we note that both HSAs and adolescents

saw stunting as an important issue. 66.7% of HSAs and 52.6% of adolescents saw it as an impor-

tant or very important issue. Only 16.7% and 34.9% saw it as unimportant (Fig A in S5 Text).

Adolescents were overall less worried than HSAs about being identified as stunted– 54.5%

were not worried or not worried at all while 33.3% were worried or very worried. However,

only 21.5% of adolescents and 16.7% of HSAs said a person would be very worried by being

identified (Fig B in S5 Text). Finally, 41.7% of HSAs and 47.9% of adolescents would feel

embarrassed or very embarrassed if they were identified as stunted (Fig C in S5 Text).

Discussion

Our novel, appropriate-technology MEIRU wallchart performed well in identifying stunted

adolescents, with a very high overall agreement of 95.5% (kappa = 0.91, p<0.001) against gold

standard HAZ. This indicates almost perfect agreement, as classified by Landis and Koch [18].

It also performed strongly in other measures of diagnostic performance–sensitivity, specificity,

PPV and NPV. In contrast, performance of the two traditional measures, look-up chart and

growth chart was poor, especially with regards to specificity. As well as performing better as a

‘test’ of stunting, the MEIRU chart was quicker than the two traditional methods, saving a stat-

ically significant mean of 41.4 seconds per assessment. In the context of a busy clinic or survey

where many individuals need to be assessed this is likely also clinically significant. Finally, the

MEIRU wallchart was strongly preferred by both participants and healthcare workers. Assess-

ing stunting was acceptable to the majority of both healthcare workers and children/
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adolescents. In combination, these results suggest that the MEIRU wallchart is a valuable

screening tool with marked advantages over traditional, currently used alternatives [21].

Assessment of stunting is not simple. Some sources of assessment error are common to all

the methods used: age unknown or incorrectly calculated; shoes not removed; hairstyle falsely

adds height; incorrect measurement technique or poor posture resulting in wrong height mea-

surement. However, traditional assessment methods involve more steps and since each step

has potential for error, the overall likelihood of error/incorrect stunting category is markedly

greater: error in reading exact height measure; error when consulting look-up table (e.g.

wrong row read); error when plotting height on growth chart; error translating the HAZ score

into a category of stunting; The frequency of errors using traditional methods was surprising,

especially given the fact that HSAs are already familiar with these methods. The WHO lookup

tables and growth charts, which are currently used in clinical practice, had overall category

agreements with calculated HAZ of only 59.4% and 61.9% respectively. This was largely due to

errors in interpreting lookup tables and growth chart. These poor performances were due to

mistakes in using the lookup tables and growth charts to ascertain final stunting status. Given

the number of errors observed during this study, it is likely that errors are also common in

clinical and survey settings.

Strengths and limitations

We are the first to both develop and test the MEIRU wallchart. Rather than focus on electronic

assessment aids, which are popular but have their own limitations and risks [22], we took an

Fig 8. Breakdown of time taken for each measurement step. (n = 243).

https://doi.org/10.1371/journal.pgph.0001592.g008
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‘appropriate technology’ approach whereby the MEIRU wallchart is “affordable, decentralized,

energy-efficient, environmentally sustainable, and locally autonomous” [16, 23]. It can easily

be printed and reproduced. Our results show that it gives a quick and easy classification of

non-stunted; stunted; severely stunted. A strength of our study design is our study setting.

Results are likely to be generalisable in similar settings where HSAs or other health and non-

health workers doing the assessment have similar educational backgrounds, training and prior

expertise. This warrants further confirmatory testing since we cannot exclude setting-specific

effects. Future testing should also include more healthcare workers so that the effects of prior

training and years of experience can be formally examined and quantified.

We acknowledge a number of limitations. First, we focused only on the final interpretation

of stunting status. We did not explore the effect of additional errors that would be introduced

by incorrect age ascertainment and incorrect height measures. Traditional assessments usually

involve just a single measure of height, to the nearest mm, using a stadiometer. For a valid,

Fig 9. HSAs’ perspectives on acceptability and ease of use of the MEIRU wallchart (n = 12).

https://doi.org/10.1371/journal.pgph.0001592.g009
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precise, gold standard measure, we minimised these errors by using the WHO two-observer

method [13]. In routine clinical practice where this approach is not used, errors and inaccura-

cies would thus be even more common than we observed [24].

Second, it was not possible to blind our study: whilst surprising that HSAs performed so

poorly using traditional methods they were familiar with, it is possible that they paid greater

attention to the MEIRU wallchart due to its novelty. This is a factor that may wear off in

more routine use.

Third, we acknowledge that the MEIRU wallchart also has potential for different error

which were avoided in this study due to our correct initial setup. For instance, not positioning

the chart properly on the floor could lead to either under- or over-reading of height. We used

a portable version printed on canvas and propped up by wooden poles–but future versions

might just be painted on a clinic wall to minimise these errors–assuming the initial painting is

correctly done.

Fourth, the MEIRU chart performed much better than our initial sample size assumptions

and an updated sample size calculation at the interim analysis, required 954 adolescents to

maintain 80% power (S1 Text). We did not have the resources or capacity for this. However,

our study is not underpowered and we do not believe that our results represent a false positive

finding in favour of the MEIRU chart. A different method for calculating sample size for stud-

ies evaluating new diagnostic methods based on calculations around sensitivity and specificity

gave sample sizes of n* = 83 for sensitivity of 97.6% and n* = 100 for specificity of 96.3% [25].

Finally, our prototype MEIRU wallchart as tested here focused on children and adolescents

aged 8 and above. This is because the project was nested in a wider study focusing on adoles-

cent stunting. In contrast, much clinical and public health work on stunting focuses on chil-

dren aged under 5 years and in particular on infants aged under 2 years. There is no reason

why an expanded version of the chart would not work just as well with additional bars extend-

ing down to younger age groups. This would though need to be formally tested. In particular,

a different version of the chart would be needed for very young children aged <2 years since

these are traditionally measured lying down rather than standing.

Implications for practice, recommendations for future research

It is useful to consider possible individual and population uses of the MEIRU wallchart

separately:

Individual. Due to the complex and time-consuming nature of using lookup tables and

growth charts for linear growth assessment, individual assessment of height-for-age or stunt-

ing is rarely done in busy and resource-poor settings. Whilst we have compared the MEIRU

chart against these traditional methods, a truer conceptualization of the problem might be

using the MEIRU wallchart vs. doing no assessment at all. Stunted children and adolescents

are widely missed and their potential needs are rarely met. Some would argue that this is not a

problem since stunting is a complex, multifactorial issue which is often misinterpreted and

misused as a measure of child health [26]. There is certainly no argument for routine screening

to identify nutritional stunting as per Wilson-Junger criteria. Key criteria for such a pro-

gramme are not currently met:

• there should be an accepted treatment recognised for the stunting condition: this is not

currently the case for nutritional stunting [27]. Given the multifactorial nature of the prob-

lem (associated factors range from suboptimal nutrition to underlying illness to pathogen-

contaminated environments) there is unlikely to even be one simple, single solution to the

problem of global stunting.
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• there should be a policy on who should be treated: most current global policy/programme

focus is on the ‘first 1000’ days as a particularly sensitive period of growth and development

[6, 28]. Though it could easily be adapted for these younger infants, the current version of

the MEIRU chart focuses on older children and adolescents. Some data but limited data sug-

gests that these older ages represent an important ‘second window’ of opportunity to tackle

stunting and associated problems [9, 29].

• diagnosis and treatment should be cost-effective: this evidence is lacking

• treatment should be more effective if started early / there should be a recognisable latent

or early symptomatic stage it is biologically plausible that offering any future treatment(s)

to mildly stunted children before they become severely stunted is a good thing and results in

better outcomes. But no evidence on this issue is currently available.

Future work might change the above. If new effective and cost-effective new interventions

do arise, it is important to recognise the Wilson-Jungner conditions that are met even now:

• the condition should be an important health problem: though a complex condition [30],

stunting is without doubt a major global health problem [5, 31, 32].

• the natural history of the condition should be understood: despite many evidence gaps, long

term health and development adversities associated with stunting are well described [31].

• there should be an acceptable test that is easy to perform and interpret, acceptable, accu-

rate, reliable, sensitive and specific: our data suggest that the MEIRU chart can play this

role much better than look-up tables or growth charts.

Even though routine clinical screening for stunting is not currently indicated, there may be

other roles for the MEIRU chart in clinical settings. There are for example a number of medical

conditions which manifest with short stature or stunting. Best known is growth hormone defi-

ciency [33, 34] but there are many others including renal disease and coeliac disease [35].

Short stature may be the only immediate manifestations. Future research needs to quantify

how common such treatable conditions are in LMIC settings. The MEIRU chart may have a

role in an initial clinical assessment to help identify them.

Population. We fully agree with authors who highlight the limitations of stunting as a

measure of child health and call for it to be interpreted with care [26]. This does not however

mean it should not be measured or used at all. Use at population level is particularly valuable.

Despite being an imperfect measure of health and nutrition, it can be and is a useful measure

of health and nutritional status–including in older children and adolescents [8]. As such, stunt-

ing prevalence is important to know. It can inform and guide local, national and international

policy and practice. Current surveys are time consuming and costly to carry out and analyse.

In future, the MEIRU wallchart might help with rapid surveys. It gives an immediate result

without need for calculations and can be used within the community by minimally-trained

community members. A version can easily be painted on or pinned to the walls in places like

health centres and hospitals for assessing populations there. It might even be used in non-

health settings by schools, teachers or older students to conduct measurements. With a better

understanding of the scale of stunting in a local area, communities might initiate new ideas for

prevention and improvement of general health and nutrition. The MEIRU wallchart might

thus be used as a teaching and health promotion aid to raise awareness about stunting in the

community.

Future research is needed to explore such population based and survey uses. Research in a

variety of different settings with a variety of different users would be important. Part of this
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research would be to further explore any social stigma around stunting. Our results did not

suggest immediate cause for concern about stigma but this could be very different in other set-

tings. Education programmes, if necessary, will be essential in targeting these concerns.

Conclusions

The MEIRU wallchart is an acceptable and appropriate screening tool for detection of stunted

and severely stunted adolescents in the community. Its’ screening test performance is excellent

with high sensitivity and specificity. Whilst there is no current justification for routine screen-

ing for nutritional stunting, the MEIRU wallchart may have a role in future programmes; in

surveys; in specific clinical assessments. In contrast, two common current assessment methods

(lookup tables and growth charts) performed poorly and should therefore be used with cau-

tion: extra training and supervision is needed with these.
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