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Abstract
Objective: Tocompare theprognostic valueofmid-upper armcircumference (MUAC),
weight-for-height Z-score (WHZ) and weight-for-age Z-score (WAZ) for predicting
death over periods of 1, 3 and 6 months follow-up in children.
Design: Pooled analysis of twelve prospective studies examining survival after
anthropometric assessment. Sensitivity and false-positive ratios to predict death within
1, 3 and6monthswere compared for three individual anthropometric indices and their
combinations.
Setting: Community-based, prospective studies from twelve countries in Africa and
Asia.
Participants: Children aged 6–59 months living in the study areas.
Results: For all anthropometric indices, the receiver operating characteristic curves
were higher for shorter than for longer durations of follow-up. Sensitivity was higher
for deathwith 1-month follow-up comparedwith 6months by 49% (95%CI (30, 69))
forMUAC< 115mm(P< 0·001), 48 % (95%CI (9·4, 87)) forWHZ< -3 (P< 0·01) and
28% (95% CI (7·6, 42)) for WAZ< -3 (P< 0·005). This was accompanied by an
increase in false positives of only 3 % or less. For all durations of follow-up,
WAZ< -3 identified more children who died and were not identified by WHZ< -3
or by MUAC< 115 mm, 120 mm or 125 mm, but the use of WAZ< -3 led to an
increased false-positive ratio up to 16·4 % (95 % CI (12·0, 20·9)) compared with
3·5 % (95 % CI (0·4, 6·5)) for MUAC< 115 mm alone.
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Conclusions: Frequent anthropometric measurements significantly improve the
identification of malnourished children with a high risk of death without markedly
increasing false positives. Combining two indices increases sensitivity but also
increases false positives among children meeting case definitions.
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Malnutrition is a state resulting from the lack of uptake or
intake of nutrients to meet physiological and mental func-
tion demands leading to altered body composition
(decreased muscle and fat mass) and body cell mass with
worse clinical outcomes from disease(1). In children, mal-
nutrition is associated with enteral dysfunction, altered
immunity and increased mortality(2). To detect children
with an increased risk of death and in need of urgent treat-
ment, the WHO defines severe acute malnutrition (SAM)
among those aged 6 to 59months as the presence of at least
one of the following independent criteria: (i) weight-for-
height Z-score (WHZ) less than -3; (ii) a mid-upper arm cir-
cumference (MUAC) less than 115 mm and (iii) the pres-
ence of bilateral pitting oedema(3). The use of either
WHZ or MUAC as anthropometric criteria to define SAM
is based on the observation that although WHZ and
MUAC identify overlapping sets of children with severe
conditions, these subsets are not identical(4,5,6,7,8,9,10) and
it is assumed that children with a high risk of death may
be missed if only WHZ or only MUAC is used. Debate sur-
rounding the appropriate anthropometric index or combi-
nation of indices to use continues within the nutrition
community as there is a tension between the desire to
use the best combination of indices to identify high-risk
children and practical considerations regarding the reliabil-
ity of complex measures and the need to maximise pro-
gramme coverage.

Length (for children under the age of two) or height (for
older children) is required for the calculation of WHZ, but
these measures have important practical limitations. First,
height/length boards are needed to measure children,
but these are often not available in peripheral health facili-
ties. Second, measuring length accurately requires the pres-
ence of two skilled health personnel(11) who are not always
available in commonly short-staffed health facilities in low-
and middle-income countries. As such, measuring height/
length in these contexts can have limited practicability for
community outreach programmes as the reliability of the
measures may be uncertain. Third, the calculation of
WHZ from both weight and height/length can introduce
an additional source of error(12). In practice, WHZ can be
reliably assessed to detect high-risk children only in some
health facilities or, occasionally andmainly in humanitarian
contexts, in mass community screenings that are usually
supported by international non-governmental organisa-
tions. To avoid these constraints, MUAC is often used as
the only anthropometric criterion for identifying children

with SAM, sometimes increasing the case-defining thresh-
old to 120 mm or 125 mm to maximise the likelihood of
including children with WHZ< -3 and, particularly in
highly food insecure contexts, to also include some mod-
erately malnourished children to prevent transition into
SAM(13,14,15). This simple approach has the advantage of
avoiding the confusion among both staff and caretakers
that is created by having multiple criteria to identify differ-
ent children as being at risk of dying.

Weight is easier to measure than height as it requires
simple equipment (a functioning properly calibrated
scale), which is widely available in most health facilities
and requires only one trained health provider. Frequent
weight measurements plotted against age to allow for an
estimation of the weight-for-age Z-score (WAZ) are part
of the standard package for the integrated management
of childhood illness(16). This is included in the child growth
monitoring and promotion programmes that are widely
implemented in many countries. In a review of early stud-
ies, WAZ alongwithMUACwas found to offer a better com-
promise between sensitivity and specificity compared with
using WHZ to identify children with a high risk of death(17).
WAZ also selects childrenwho are bothwasted and stunted
at the same time who have a higher risk of death(18,19).
However, WAZ calculation requires knowledge of age,
which is problematic in some contexts, particularly in older
children(20). Also, growthmonitoring programmes are often
poorly functioning, and their impact is uncertain. Their
objective is to monitor growth, not to detect high-risk chil-
dren and WAZ is not currently among the criteria recom-
mended by the WHO to select malnourished children
with a high risk of death in need of intensive treatment.

While the choice of anthropometric index has domi-
nated the discourse around the most appropriate criteria
for admission to therapeutic feeding programmes, the
effect of the frequency of screening has rarely been consid-
ered. Nutritional status varies in individual children with
age, feeding practices, seasons and shocks due to food
insecurity and illness episodes. As a result, incident cases
of SAM may be common and occasional detection (as is
the case for mass screening sessions), even with the best
diagnostic criteria, will tend to miss incident cases occur-
ring in the months between screenings. Children with
SAM are at a high risk of death without treatment and
may die between screening sessions if these take place sev-
eral months apart which is often the case owing to the high
resource, logistics and manpower requirements involved.
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Early studies suggested that the prognostic values of MUAC
and other anthropometric indices improved when used for
shorter follow-up periods(21,22).

Some SAM children have associated complications
which worsen their prognosis and require inpatient treat-
ment. In in-patient settings, clinical signs associated with
a poor outcome have a predictive value which is highest
at the moment of assessment and declines rapidly over
time, which is an argument for frequently assessing the
clinical status of each child admitted for treatment(23).
This also raises the issue of a need for frequent clinical
and nutritional screening in outpatient settings.

The global number of deaths associated with SAM is
unknown, but prudent estimates suggest that it is likely
to be several hundreds of thousands every year(24). The
choice of criteria used to admit children to therapeutic pro-
grammes should, therefore, be made carefully in order to
include as many children as possible with a high risk of
death. However, to avoid overloading programmes, mini-
mise overcrowding at treatment facilities and reduce treat-
ment costs, the criteria must also be specific, i.e. minimising
the number of false positives who are selected who would
likely survive in the absence of treatment. The objective of
the current study was to assess the prognostic value of the
different anthropometric indices, WHZ, WAZ and MUAC,
and their combinations over different follow-up periods.
The aim was to determine the optimal frequency of screen-
ing needed to detect malnourished childrenwith a high risk
of death using various anthropometric indices. The impli-
cations of the optimal frequency of screening on the choice
of anthropometric criteria were also examined.

Methods

Data sources
The current analysis was based on a data set that combined
twelve cohorts to examine the relationship between
anthropometry and mortality. These cohorts were selected
based on two criteria. First, they should examine the rela-
tionship between anthropometry and mortality in cohorts
of populations of children with no access to a commu-
nity-based programme of management of severe malnutri-
tion. The objective of these programmes is to improve the
prognosis of children with SAM and make populations
where such programmes are present not suitable to look
at the risk of death in absence of treatment. As these com-
munity-based programmes became more widespread in
recent years, most cohorts fulfilling these criteria were
old, the oldest being based on data collected in 1977, which
is a limitation of the study. Second, the principal investiga-
tor of these cohort should agree to share the data for this
analysis.

Ten of these cohorts, previously described in detail by
McDonald et al.(25), were from Bangladesh, Ghana,
Guinea-Bissau, India, Indonesia, Nepal, Peru,

Philippines, Senegal and Sudan. Two additional cohorts
from the Democratic Republic of Congo (DRC) and Niger
were also analysed. Four of the twelve cohorts included
MUAC measurements: Senegal, DRC, Nepal and Niger.

The first additional data set was from Bwamanda, in the
north western province of Equateur, DRC(26). In brief, an
open cohort of over 5000 children aged less than 59months
was followed for about 2 years. Childrenweremeasured up
to six times at 3-month intervals from October 1989 to
February 1991. Mortality surveillance was extended to
April 1992. Each visit included anthropometric measure-
ments (weight, height and MUAC). Weight was measured
with spring scales to the nearest 100 g, and length or height
was measured using locally designed and constructed
measuring boards of standard design to the nearest milli-
metre (mm). MUAC measurements were taken by one
medical doctor to the nearest mm.

The second additional cohort came from a randomised
controlled trial in Niger on the effect of mass treatment with
azithromycin on trachoma and other outcomes(27). In ran-
domly selected communities, children received a single
oral dose of azithromycin (20 mg/kg of body weight up
to a maximum dose of 1 g). As part of the trial, a subset
of children (maximum 62 per community; total 1023)
had anthropometry assessed at 12 months and 36 months
after enrolment into the trial. The children were weighed
standing or in the arms of a caregiver. Weight was recorded
to the nearest 100 g using digital tared scales. MUAC was
measured to the nearest 1 mm using a tape developed
by Johns Hopkins University (Baltimore, MD, USA). All
measurements were conducted three times, and the mean
value was used for the analysis presented here. The study
personnel referred children with MUAC < 115 mm or ill-
ness to the local health post.

In all the studies, deaths were monitored for up to 4 to 6
months following measurements. Dates were used to cal-
culate the time between anthropometric measures and
death to assess the effect of time on the relationship
between each anthropometric index and death. All but
one of these cohorts dated from a periodwhen the commu-
nity management of SAMwas not implemented and should
reflect mortality in the absence of such programmes. In the
study from Niger, children with an MUAC < 115 mm were
referred to local healthcare facilities for treatment(27).

Statistical analysis
For all cohorts, the analysis was limited to children aged
between 6 and 59 months at the time of screening.
These age limits were used as the criterion of
MUAC < 115 mm is recommended by theWHO only in this
age group and because therapeutic and supplementary
feeding programmes focus on this age group. Analysis of
MUAC used the four cohorts that had MUAC data available.

WHZ and WAZ were calculated using the 2006 WHO
growth standards(28) and version 0·3·1 of the ‘Z-scorer’
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library for the R language and environment for statistical
computing(29,30). The analysis was performed for intervals
of different durations, all starting at the time of anthropo-
metric assessment and ending 1, 3 and 6 months after
the assessment or at the death of the child.

In the first stage of the analysis, the sensitivity of each
anthropometric variable to identify childrenwith a high risk
of death was examined. Sensitivity was defined as the pro-
portion of children below the threshold of case definition
who died during follow-up. Specificity was defined as
the proportion of children above the threshold of case def-
initionwho survived during follow-up. False positives were
defined as children below the threshold of case definition
who survived. Sensitivity was plotted against the false-pos-
itive ratio (1 – specificity) to obtain receiver operating char-
acteristic (ROC) curves(31).

Sensitivity and the false-positive ratio for predicting
death for each measure were calculated at steps of 0·1 Z-
scores (WAZ, WHZ) or steps of 1 mm (MUAC) over the
range of themeasurements with a false-positive ratio of less
than 25 % recorded in each cohort calculated from fourfold
(i.e. 2-by-2) contingency tables. This upper limit for the
false-positive ratio was chosen as beyond this many low-
risk children are selected which would overload treatment
programmes. A Haldane–Anscombe correction (i.e. adding
0·5 to all cells in the contingency table) was applied only to
tables with one or more zero cells prior to calculating sen-
sitivity and false-positive ratios for subsequent analysis(32).
The resulting estimates were combined using a random-
effects meta-analysis, and pooled ROC curves (sensitivity
v. false-positive ratio) were plotted. A random-effects
analysis was used as there was no compelling reason to
assume that a common effect size underlay all the studies
in the analysis since the cohorts came from different set-
tings at different times, addressed different research ques-
tions, employed different protocols andwere performed by
different teams. Under the random-effects model, we
assume that there is a distribution of true effects. The result-
ing summary effect is the estimated mean of this distribu-
tion of effects.

The current analysis was first performed for a 6-month
interval following measurement. The analysis was
repeated for intervals of 3 months and 1 month following
measurement. Areas under the curve (AUC) for each
ROC curve were estimated using the trapezoidal rule(33).
Standard errors for each of the AUC estimates were deter-
mined using a bootstrap procedure (i.e. as the SD of the
distribution of the bootstrap replicates of the AUC, with
r = 999 replicates used in each bootstrap analysis). The
statistical significance of the differences in the AUCs
was assessed using a single-tailed two-sample Z-test
(i.e. treating each estimated AUC as the proportion of
the unit square lying below the ROC curve). The sensitiv-
ity and false-positive ratios of different nutritional indices
or of the combinations of MUAC < 115 mm or WHZ < -3
and of MUAC < 115 mm or WAZ < -3 were estimated for

each cohort for different follow-up periods and pooled
using random-effects meta-analyses. The combination
of MUAC < 115 mm or WHZ < -3 is currently recom-
mended by the WHO to identify children in need of
intensive treatment(3). The association MUAC < 115
mm orWAZ < -3 has been shown to be the most sensitive
combination to identify children with a severe anthropo-
metric deficits with a high risk of death(34,19). The current
analysis was repeated using MUAC with a 120 mm and a
125 mm cut-off as these cut-offs have been proposed for
use in simplified programmes using MUAC as the sole
screening and admission criteria(15,35,36).

The performance of each anthropometric case defini-
tion at different lengths of follow-up was compared by cal-
culating the relative change in sensitivity and false-positive
ratio. For example:

Relative changeSensitivity ¼
Sensitivity1 � Sensitivity2

Sensitivity2
� 100

The standard errors for these ratios were calculated
using the Delta method(37,38). Estimates from each cohort
were pooled using a random-effects meta-analysis.

WAZ< -3, WHZ < -3 and MUAC < 115 mm, 120 mm or
125 mm have different false-positive ratios and their
respective capacity to identify children who are going to
die is, therefore, difficult to directly assess with ROC curves
which compare anthropometric indices with cut-offs at the
same false-positive level. Performance may be better illus-
trated using Venn diagrams that directly display the case
numbers. Therefore, in the second stage of the analysis,
the ability of different anthropometric criteria to identify
children with a severe anthropometric deficit (WAZ< -3
or WHZ < -3 or MUAC < 115 mm) who died during fol-
low-up was compared using Venn diagrams(39). This part
of the analysis was performed with all the individual study
data sets concatenated (i.e. joined end-to-end) into a single
data set (i.e. a crude pooled analysis). Venn diagrams were
also drawn for each cohort separately.

Data management and data analysis were performed
using R language and environment for statistical computing
(version 4.0.3) scripts were managed using the R-
AnalyticFlow scientific workflow system (version 3.1.8)(30).

Results

The numbers of 6-month follow-up intervals and deaths for
each cohort and during each period of follow-up are
reported in Table 1. A total of 56 559 children giving
193 266 child intervals were available for the analysis.
For analyses involvingMUAC, a total of 16 579 children giv-
ing 56 857 child intervals were available.

The ROC curves (AUC) of MUAC, WHZ and WAZ were
higher for shorter duration of follow-up indicating a better
sensitivity for each specificity level (Fig. 1(a), (b) and (c)).
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Table 1 Characteristics of the twelve cohort studies with numbers of children included in each study and number of deaths observed during different follow-up periods

Country Study
Recruitment

years

Number
of chil-
dren

Number
of 6-
month

follow-up
periods

Age
(months) at
recruitment
median

Interquartile
range

Age (months)
at measure-
ment median

Interquartile
range

Number of
deaths within
1 month of

measurement

Number of
deaths within
3 months of
measurement

Number of
deaths within
6 months of
measurement

MUAC
collected

Number
of

deaths
in cohort

Bangladesh Arifeen (2001) 1993–1995 1317 3567 6 6–14 9 6–19 9 15 20 No 20
DRC Van den Broek

(1993)
1989–1993 4584 17 918 25 6–59 32 6–59 39 117 196 Yes 413

Ghana WHO/CHD
(1998)

1995–1997 2615 5942 6 6–12 9 6–13 13 20 31 No 31

Guinea-
Bissau

Molbak (1992) 1987–1990 985 4385 13 6–50 23 6–55 23 67 118 No 258

India WHO/CHD
(1998)

1995–1996 3613 10 210 6 6–12 9 6–15 9 22 27 No 27

Indonesia Katz (1989) 1977 3806 17 367 27 6–59 33 6–59 1 113 214 No 346
Nepal West (1991) 1989 5883 25 159 21 6–59 33 6–59 36 79 128 Yes 243
Niger O’Brien (2019) 2011–2013 970 1165 41 7–58 41 7–59 0 2 4 Yes 57
Peru WHO/CHD

(1998)
1995–1996 2289 5627 6 6–13 9 6–15 0 4 5 No 5

Philippines Adair (1993) 1982–1983 2823 25 031 6 6–25 14 6–25 63 140 233 No 370
Senegal Garenne (1987) 1983 5142 12 615 23 6–59 31 6–59 55 142 327 Yes 1333
Sudan Fawzi (1997) 1988 22 532 64 280 34 6–59 38 6–59 29 90 135 No 193
All All 1977–2013 56 559 193 266 27 6–59 27 6–59 277 811 1438 4 of 12 3296

Refers to subjects/interval events used in the current analysis (i.e. after censoring records with extreme measurements/values and children aged below 6month or above 59 months). Only deaths occurring within 6 months of measurement were
included in the analysis.
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AUC were not significantly different when compared over
their whole range of false-positive ratios. However, when
only the parts of the ROC curve with false-positive ratios at
or below 25 %were considered, the AUCwere significantly
higher for all indices for 1-month intervals than for 3- and 6-
month intervals (Table 2).

When the ROC curves for the same duration of follow-
up were pooled together on the same graph for 6-month
follow-up, MUAC and WAZ had higher ROC curves com-
pared with WHZ (Fig. 2(a)). For 1-month follow-up,

MUAC and WHZ had higher ROC curves than WAZ
(Fig. 2(b)). However, only the AUC for MUAC was signifi-
cantly higher than that for WHZ for 1-month follow-up for
the part of the curve with false-positive ratios at or below
25 % (Table 2).

Table 3 shows the sensitivity and specificity of the three
individual indices WAZ, WHZ< -3 and MUAC < 115 mm
and the combinations of these indices to detect children
with a high risk of death for 6-month, 3-month and 1-month
follow-up. Sensitivity was significantly higher with 1-month

Fig. 1 Receiver operating characteristic (ROC) curves of different anthropometric indices with death as outcome for different duration
of follow-up. (a) Weight-for-age. (b) Weight-for-height. (c) Mid-upper arm circumference (MUAC)
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follow-up compared with 6-month follow-up for all indi-
ces. The sensitivity was 29 % for MUAC < 115 mm with
1-month follow-up compared with 18 % for 6-month fol-
low-up, corresponding to a 49 % relative increase. For
WHZ < -3, the sensitivities were 22 % compared with
12 % corresponding to a 48 % relative increase. For
WAZ< -3, the sensitivities were 42 % compared with
31 % corresponding to a 28 % relative increase (Table 3).

The false-positive ratio was significantly higher for
MUAC < 115 mm, WHZ < -3 and WAZ< -3 for 1 and 3
months compared with 6 months, but the effect size was
small (Table 4). The highest proportional increase was
for MUAC < 115 mm with a false-positive ratio which
increased from 3·5 % to 3·6 % corresponding to a relative
increase of 3 %. This increase in the false-positive ratio
was due to the classification as survivors of children who
died after 1- or 3-month follow-up.

Combining indices resulted in an increase in sensitivity
but also in false-positive ratios. Overall, this increase in sen-
sitivity was smaller than that observedwhen shortening fol-
low-up. For a 6-month follow-up, adding WHZ < -3 to
MUAC < 115 mm increased the sensitivity from 17·8 % to
20·4 %, a non-significant relative increase of 19 %. In con-
trast, the corresponding false-positive ratio increased from
3·5 % to 4·7 %, corresponding to a relative increase of 55 %
(P< 0·01) and an absolute increase of 1·2 %. Adding
WAZ < -3 to MUAC < 115 mm increased sensitivity from
17·8 % to 36·3 % corresponding to a relative increase of
127 % (P= 0·01) but the false-positive proportion increased
to 16·4 %, equivalent to a 5·9-fold increase compared with
MUAC < 115 mm alone.

The Venn diagrams presented in Fig. 3 show the num-
ber of childrenwho diedwithin 1month of assessment with
at least one severe anthropometric deficit detected with

Table 2 AUC (point estimate, SE) of different receiver operating characteristic (ROC) curves for false-positive ratios≤ 25% for follow-up
duration of 1, 3 and 6 months (random-effects meta-analysis)

Duration of follow-up P-values

1 month 3 months 6 months

6 months v. 1 month 3 months v. 1 month 6 months v. 3 monthsMean SE Mean SE Mean SE

WAZ 0·1051 0·0054 0·0839 0·0056 0·0738 0·0059 < 0·0005 0·0032 0·1058
WHZ 0·0965 0·0075 0·0744 0·0070 0·0667 0·0060 < 0·001 0·0160 0·2004
MUAC 0·1150 0·0082 0·0870 0·0112 0·0755 0·0098 < 0·001 0·0217 0·2198
P-values
MUAC v. WAZ 0·1582 0·4042 0·4421
MUAC v. WHZ 0·0478 0·1713 0·2213
WAZ v. WHZ 0·1741 0·1441 0·1978

MUAC, upper arm circumference; WHZ, weight-for-height Z-score; WAZ, weight-for-age Z-score.
One-sided comparisons for assessing the effect of duration of follow-up.
Comparisons are based on twelve cohorts except those with MUAC which were based on cohorts from DRC Nepal, Niger and Senegal.

Fig. 2 Receiver operating characteristic (ROC) curves of different anthropometric indices with death within 6 months and within 1
month as outcome. (a) Death within 6 months. (b) Death within 1 month
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Table 3 Increase in the false-positive ratios and sensitivity when duration of follow-up is reduced from 6 months to 3 or 1 month sensitivity

Sensitivity
% with

6 months
follow-up 95% CI*

Sensitivity
% with

3 months
follow-up 95% CI*

Relative increase (%)
for 3-month follow-up

compared with
6 months 95% CI* P value†

Sensitivity
% with
1-month
follow-up 95% CI*

Relative increase (%)
for 1 month compared

with 6 months 95% CI* P value†

MUAC< 115
mm‡

17·8 7·3, 28·3 19·3 9·0, 29·6 6·0 -2·7, 14·770 P= 0·0880 29·2 12·9, 45·6 49·4 30·0, 68·9 P< 0·0001

WHZ< -3§ 12·3 8·0, 16·6 14·7 9·2, 20·2 15·7 2·1, 29·4 P< 0·05 21·6 13·9, 29·4 48·4 9·4, 87·5 P< 0·01
WAZ< -3§ 31·3 25·4, 37·2 35·12 29·0, 41·3 10·5 4·9, 16·1 P< 0·005 42·4 31·9, 52·8 27·9 7·64, 48·2 P< 0·005
WHZ< -3 or
MUAC<
115 mm‡

20·4 13·6, 27·2 20·4 13·2, 27·6 −0·7 -27·6, 26·2 P= 0·4787 30·1 16·0, 44·3 35·5 -6·5, 77·6 P< 0·05

WAZ< -3 or
MUAC<
115 mm‡

36·3 26·1, 46·4 38·1 26·3, 49·9 7·3 -10·6, 25·2 P= 0·2118 47·5 30·2, 64·8 26·7 1·4, 51·9 P< 0·05

MUAC, upper arm circumference; WHZ, weight-for-height Z-score; WAZ, weight-for-age Z-score.
*Results from a random-effects meta-analysis of sensitivity calculated in each cohort.
†Results from a random-effects meta-analysis of relative change in sensitivity calculated in each cohort.
‡Analysis of results from four cohorts with MUAC data.
§Analysis of results from twelve cohorts.

Table 4 Increase in the false-positive ratios and sensitivity when duration of follow-up is reduced from 6 months to 3 or 1 month false-positives ratio (FPR)

False posi-
tive % with
6 months
follow-up 95% CI*

False posi-
tive % with
3 months
follow-up 95% CI*

Relative increase (%)
for 3-month follow-up

compared with
6 months 95% CI* P value†

False posi-
tive % with
1-month
follow-up 95% CI*

Relative
increase (%) for
1 month com-

pared to
6 months 95% CI* P value†

MUAC< 115 mm‡ 3·5 0·4, 6·5 3·5 0·5, 6·6 1·8 0. 6, 3·0 P< 0·005 3·6 0·5, 6·6 3·25 1·4, 5·0 P< 0·0005
WHZ< -3§ 2·1 1·7, 2·6 2·2 1·7, 2·6 1·4 0·2, 2·5 P< 0·05 2·2 1·7, 2·6 2·95 1·5, 4·4 P< 0·0001
WAZ< -3§ 11·4 9·3, 13·6 11·5 9·4, 13·6 0·6 0·3, 1·0 P< 0·0005 11·5 9·4 , 13·6 1·3 0·8, 1·9 P< 0·0001
WHZ< -3 or
MUAC< 115
mm‡

4·7 2·6, 6·8 4·8 2·7, 6·8 1·5 -3·5, 6·5 P= 0·2804 4·8 2·7, 6·9 2·22 -2·8, 7·3 P= 0·1945

WAZ< -3 or
MUAC< 115
mm‡

16·4 12·0, 20·9 16·5 12·2, 20·9 0·7 -2·1, 3·5 P= 0·3160 16·6 12·3, 20·9 1·2 -1·6, 4·0 P= 0·2067

MUAC, upper arm circumference; WHZ, weight-for-height Z-score; WAZ, weight-for-age Z-score.
*Results from a random-effects meta-analysis of FPR calculated in each cohort.
†Results from a random-effects meta-analysis of relative change in FPR calculated in each cohort.
‡Analysis of results from four cohorts with MUAC data.
§Analysis of results from twelve cohorts.
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WAZ< -3, WHZ < -3 and MUAC < 115 mm (Fig. 3(a)) and
also with MUAC < 120 mm (Fig. 3(b)) and MUAC < 125
mm (Fig. 3(c)) with data from all studies having MUAC
pooled together. The corresponding Venn diagrams for
each country are presented in Supplemental Fig. 1.
WAZ< -3 was the most sensitive criterion as it identified
a total of fifty-one children among those with severe
anthropometric deficits at assessment who subsequently
died (n 170), corresponding to 39 % of total deaths
(Fig. 3(a)). MUAC < 115mm identified thirty-three children
who died during follow-up (25 % of total deaths) and
WHZ < -3 identified twenty of them (15 % of total deaths).
Only three children who died with a WHZ< -3 were not
identified by MUAC < 115 mm, corresponding to 2·3 % of
total deaths. The three children not detected by
MUAC < 115 mm had aWAZ< -3 which means that a com-
bined criterion of MUAC < 115 mm or WAZ< -3 would
identify all deaths associated with WHZ < -3.

The implications of increasing the MUAC cut-off in pro-
grammes using this as the sole criterion for admission, as is
commonly the case with simplified protocols, were also
explored. Increasing the MUAC cut-off from 115 mm to
120 mm and 125 mm increased the number of detected
deaths from 33 to 47 and 66, respectively, for a total of
130 deaths (Fig. 3(b) and (c)). Higher MUAC cut-offs
decreased the number of children only identified by
WAZ< -3 but not by MUAC. However, even with

MUAC < 125 mm, seven children with a WAZ< -3 were
missed by MUAC, representing 7 % of total deaths. The
increase in MUAC was associated with increasing propor-
tions of false-positives from 3·6 % for MUAC < 115 mm to
7·5 % and 14·3 % for MUAC < 120 mm and 125 mm,
respectively.

Discussion

The current study shows that the value of different
anthropometric indices for predicting death rapidly and sig-
nificantly decreases with the increasing length of follow-
up. Our results suggest that with a 1-month follow-up sen-
sitivity of different anthropometric indices to detect chil-
dren with a high risk of dying is higher than with a 6-
month follow-up, with the largest relative increase for
MUAC < 115 mm and WHZ < -3 of 48 % and 49 %, respec-
tively. In contrast to what happens when several indices are
used in combination, this increased sensitivity associated
with an increased frequency of follow-up is obtained with
aminimal increase in the number of false positives whowill
survive in the absence of treatment. This increase in false-
positive ratios seen when shortening follow-up intervals
has little practical impact as it is small and is due to children
who died between 1 and 3 or 6 months and who would
benefit from treatment when included in programmes.

Fig. 3 Venn diagram showing the overlap of children identified by different anthropometric indices among children who died within 1
month of nutritional assessment. (a) Mid-upper arm circumference (MUAC)< 115 mm. (b) MUAC< 120 mm. (c) MUAC< 125 mm
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Limiting the number of false positives is important to avoid
an increase in programme costs, which are directly related
to the number of children to be treated. This suggests that
increasing the frequency of screeningmay be amore prom-
ising approach than combining two indices to detect chil-
dren in need of treatment. This result is in line with the
better prediction of clinical danger signs when used fre-
quently as has been reported in clinical settings(23).

MUAC < 115 mm in our data set identified 85 % (seven-
teen children out of twenty) of childrenwithWHZ < -3who
died during the month following assessment. Our results
suggest that for identifying high-risk children there is a
greater and more important overlap between the MUAC
and WHZ indices than is suggested by population surveys
and analyses of programme data(10). Concerns about miss-
ing many high-risk children when using MUAC < 115 mm
alone seem to be less relevant for monthly screening than
for longer intervals between screenings.

MUAC can be measured by mothers at the household
level after a short training session(40) and has been used
successfully to detect high-risk children in large-scale pro-
jects(13,14). The use of ‘family MUAC’ is rapidly expand-
ing(41) and it could be a potential way to implement very
frequent measurements of MUAC to improve the detection
of high risk children. However, MUAC measure by care-
givers adds to their workload and is subject to measure-
ment errors and this approach should be rigorously
evaluated. Increasing the cut-off to 120 mm or 125 mm
as has been done in some programmes increases the sen-
sitivity of the detection of high-risk children but also the
proportion of false-positives referred to treatment.

In addition to better identification of childrenwith a high
risk of death, frequent screening has the advantage of iden-
tifying high-risk children at an earlier stage, possibly before
the onset of complications. A study from Niger showed that
in areas where mothers detect SAM themselves using a col-
our-banded MUAC tape, a smaller proportion of children
who were identified and admitted had complications
requiring inpatient treatment compared with areas where
the screening was done by community health workers(14).
A study conducted in Kenya and South Sudan showed that
a highMUAC on admissionwas associatedwith a lower risk
of relapse which is another potential advantage of early
case detection(42).

Our study also showed that even when used frequently,
the combination of MUAC < 115 mm and WHZ< -3 failed
to identify quite a few children with a WAZ < -3 who died
during follow-up. Some childrenwith aWAZ< -3 who died
during follow-up were also missed when the MUAC cut-off
was increased to 120 mm and even 125 mm. WAZ < -3 cor-
responds to a severe anthropometric deficit that combines
wasting and stunting associatedwith a high risk of death(18).
Adding WAZ< -3 to a screening scheme would increase
the detection of the high-risk wasted and stunted children
not identified by WHZ. However, the calculation of WAZ
requires knowledge of age, which may limit its use in many

settings particularly in older children. In addition, the
increase in sensitivity obtained by addingWAZ< -3 is asso-
ciated with an increase in false positives, which may have
important implications in terms of programme costs.
However, these additional costs could be reduced by pro-
viding less intensive treatment to some subsets of children
with moderately increased risk of death.

No child who died during follow-up was identified by
WHZ < -3 when MUAC < 115 mm or WAZ< -3 were used
as the selection criterion. This suggests that the combina-
tion of WAZ< -3 or MUAC < 115 mm would eliminate
the need for the use of WHZ. This is consistent with evi-
dence for infants aged less than 6 months not included
in the current analysis(43). A recent review of the literature
concluded that, in infants less than 6 months, MUAC and
WAZ were also the best criteria to identify infants with a
high risk of death(44).

The current study has some limitations. First, it is based
on pooled data from historical cohorts from different
regions with one data set going back to more than 30 years,
and it can be argued that these cohorts are too different to
be pooled together and have amortality pattern very differ-
ent from that which might be observed today. While it is
true that the absolute level of mortality has changed dra-
matically over the past 20 years, previous studies have
shown that the relative risks associated with different
anthropometric deficits are rather stable across regions(17).
In addition, any heterogeneity was taken into account
during the part of the analysis based on sensitivity, false-
positives or ROC curves which used a random-effects
meta-analysis approach. Second, oedema was not
recorded during the anthropometric assessment. Children
with oedema have a high risk of death, but their WHZ
can be high as a result of fluid accumulation. This may have
impacted the prognostic value of WHZ. This, however,
would also have impacted the prognostic value of WAZ
and is, therefore, unlikely to change one major conclusion
of the current study regarding the possible need to include
WAZ to detect high risk children. In addition, oedema is a
transient event, with oedematous children dying or recov-
ering within a few days or weeks, and therefore is rarely
seen in cross-sectional surveys or intermittent assess-
ments(45). This reinforces our conclusion regarding the
need for frequent nutritional screening. Eventually, while
three of these studies were carried out before the develop-
ment of community-based management of malnutrition
and reflected the outcome of SAM children in the absence
of treatment, the fourth took place in a setting where
children with MUAC < 115mmwere referred for treatment.
This may have improved the survival of these children
as suggested by the absence of death in the month follow-
ing anthropometric assessment. This may have led to an
underestimation of the importance of frequent screening
in this particular cohort.

It is worth noting that in these studies, the mortality
results recorded are all-cause as information on the cause
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of death was not consistently recorded between and within
data sets. This means it is not possible to specifically attrib-
ute cause of death to anthropometric status. We can only
ascertain how anthropometric indices identify children
with a high risk of death.

The current study also has a unique strength. It is based
on the analysis of all known available data sets with all
anthropometric indices including MUAC and mortality.
A large sample size is needed to study the relationship
between these indices and the risk of death which is, from
a statistical point of view, a rare event, especially when
examined over short time periods as in this study. As such,
this data set is uniquely able to provide information regard-
ing the need to use frequent anthropometric assessment to
identify high-risk children.

Conclusions

The prognostic value of different anthropometric indices to
predict death decreases over time. To optimise the detec-
tion of high-risk children, monthly screening is preferable
where resources allow. The proportion of detected high-
risk children who would die in the absence of treatment
can also be increased by using several indices simultane-
ously. The most sensitive scheme is MUAC combined with
WAZ. The addition ofWHZ does not capture any additional
children with a high risk of death than the combination of
MUAC < 115 mm and WAZ < -3. However, combining
MUAC andWAZ results in an increase in false positives, that
is, of children who will survive in the absence of treatment
compared with using MUAC only with important implica-
tions in terms of the number of children treated and the
consequent programme costs.
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