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Weight-for-height and mid-upper-arm
circumference should be used
independently to diagnose acute
malnutrition: policy implications
Emmanuel Grellety1* and Michael H. Golden2

Abstract

Background: Anthropometric surveys of children are used to assess the nutritional status of a population. World
Health Organization (WHO) recommends that either mid-upper-arm circumference (MUAC) or weight-for-height
Z-scores (WHZ) are used to assess acute malnutrition prevalence. However, there are reports from several countries
that the two criteria identify different children. In order to examine the external validity of these observations we
have compared the direction and degree of discrepancy across countries.

Methods: Anonymous data were collected from 1832 anthropometric surveys from 47 countries with measured
children aged from 6 to 59 months and at least 75 malnourished subjects. The prevalence of total acute malnutrition
and severe acute malnutrition was calculated using either absolute-MUAC or WHZ (WHO2006 standards). For each
country, the total number of children diagnosed as acutely malnourished by either criterion alone or by both criteria
were summed from all the surveys conducted in that country.

Results: In all countries a minority of children were diagnosed as malnourished by both criteria. Both the magnitude
and direction of the discrepancy varied dramatically between countries with some having most children diagnosed
as malnourished by MUAC and others where nearly all the children were diagnosed by WHZ alone. Eight additional
countries with insufficient malnourished children were also analysed and they support the conclusions.

Conclusion: For all countries examined the discrepancy was not adequately explained by any single hypothesis, such
as variation in relative leg to body length. The perceived need for humanitarian intervention can be affected by the
measurement chosen to assess the prevalence of malnutrition which will vary from region to region. It is recommended
that MUAC measurement be included in all anthropometric surveys and that the two criteria are not alternative measures
of the loss of body tissue leading to an increased risk of death, but complementary variables that should both be used
independently to guide admission for treatment of malnourished children.
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Background
To estimate the nutritional status of a population an-
thropometric surveys are conducted. Where there is an
excessive prevalence of malnutrition, or a deteriorating
nutritional state, interventions are planned and imple-
mented to prevent further deterioration and to identify
malnourished individuals that require treatment. The
relationship between subnormal anthropometric status
and increased mortality is well established [1–4]. The
prevalence of acute malnutrition in children is used
internationally to define the risk of death and level of
nutritional stress in a population leading ultimately to
famine [5, 6].
The current definitions of acute malnutrition are

based either upon a weight-for-height Z-score (WHZ)
below -2 standard deviations of the international refer-
ence population (World Health Organization 2006
Growth Standards) or a mid-upper arm circumference
(MUAC) lower than 125 mm [7]. These indicators are
used independently to define the sum of moderate and
severe acute malnutrition, commonly referred to as glo-
bal acute malnutrition (GAM). Severe acute malnutri-
tion (SAM) [8] is defined as the children with WHZ < -3
SD or MUAC <115 mm. These cut-off points are used
both to estimate the prevalence of malnutrition and
also to identify those children who should be admit-
ted for individual treatment of their acute malnutri-
tion. The MUAC cut-off points were selected from
statistical analysis of nutritional surveys to approxi-
mately correspond to the WHZ cut-off points so that
the same prevalence of acute malnutrition would be
found with each criterion.
As an individual looses weight, the tissue lost is mainly

fat and muscle with relative preservation of the viscera.
It has been tacitly assumed that the loss of these tissues
from the carcass and from the upper arm is in propor-
tion so that the two definitions of GAM and SAM
should identify the same malnourished children.
However, in practice, there is a discrepancy between
the prevalence of children identified as malnourished
by WHZ and by MUAC. In 2009, World Health
Organization (WHO) estimated about a 40 % overlap
between the two indicators [8]. Since then there have
been reports from individual countries indicating that
the proportion of children identified by both criteria
varies from country to country [9–12]. Among se-
verely malnourished children hospitalized in rural
Kenya, 65 % of the WHZ < -3SD SAM cases also had a
MUAC < 115 mm and 56 % of the MUAC < 115 mm
SAM cases also had a WHZ < -3SD [9]. Overall 43 %
cases were identified by both indicators. Fernandez
et al. reported that among 34,937 children between
the ages of 6 and 59 months from 39 nutritional
surveys 75 % of the children with a WHZ < -3SD

were not identified by a MUAC < 115 mm [10]. In
Cambodia, this proportion was above 90 %, whereas
80 % of MUAC < 115 mm were not detected by
WHZ < -3SD [11]. In South Sudan, Grellety et al.
showed that 32 % of deaths occurred in children ad-
mitted for treatment with a WHZ < -3SD but a
MUAC of above 115 mm [12] so that they would
have been denied treatment if only the MUAC cri-
terion was used for admission.
Such discrepancy will result in divergent perceptions

of the severity of a population’s nutritional status and
the need and scale of intervention required would
depend upon which indicator is chosen to estimate the
prevalence of malnutrition; consequent confusion
amongst policy and decision makers about the appro-
priate criterion and response to acute malnutrition
may delay and bias humanitarian aid delivery [13, 14].
On one hand, a strategy where the diagnosis can be
based on either indicator, as recommended by some
[8, 11], my unduly inflate the cost and workload of nu-
tritional programmes whilst preventing few additional
deaths and morbidity. On the other hand, relying on
only one criterion may under-detect cases and deny
treatment to a large proportion of the children at high
risk of death [11, 12].
WHZ has been repeatedly criticized because it is af-

fected by the body shape of the individual. In particular,
ethnic groups, such as the Dinka/Nuar in South Sudan,
with relatively long legs, as measured by sitting height/
total height ratio, will have a relatively low WHZ be-
cause more of their height is contributed by their legs
which are lighter than their torso. Myatt et al. explains
the lower prevalence using the MUAC criterion in pas-
toralist communities on this basis [15] and suggests that
they are at relatively low risk of death and therefore can
safely be excluded from treatment. However, recent evi-
dence indicates that those with deficits in MUAC or
WHZ carry the same risk of death, with those with both
deficits having a higher risk [16]. On the other hand,
because MUAC increases with age, when absolute-
MUAC, un-standardised for the size of the child, is used
as the criterion younger/smaller children will be more
likely to be selected and older children who are also at
risk of death may be excluded from treatment. This de-
liberate bias is justified on the grounds that younger
children are inherently at a higher risk of death than
older children; for this reason, most Non-Governmental
Organizations (NGOs) and more latterly WHO recom-
mend that both MUAC and WHZ are used as independ-
ent criteria for admission to feeding programmes [8]. In
most populations, many nutritional surveys result in
approximately the same prevalence of malnutrition using
one or the other indicator, reinforcing the idea that the
two indicators are alternative proxies for the same
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deficit. However, because of the ease of use of MUAC
[17] and strong advocacy based mainly the relative sensi-
tivity and specificity of WHZ and MUAC in predicting
long-term all-cause mortality in the community, many
organizations are now moving to MUAC-only programs
[18]. Such a policy has distinct advantages, particularly
the ability to screen children in the community, at the
potential cost of excluding children, particularly older
children, at high risk of death from malnutrition [12],
for whom no simple community screening methods have
been developed.
The actual degree and direction of discordance be-

tween different populations and countries is not well
defined. Thus, as the two indicators appear to correlate
poorly and the extant data comes from a limited number
of countries, the objective of this study was to examine
the relationship between the two criteria for admission
in a large number of anthropometric surveys, with sub-
jects randomly selected from the community, from
around the world.
Regional differences potentially have a critical bear-

ing on the perception of the severity of a population’s
nutritional status and the decision to intervene in a
nutritional crisis, and consequently upon the program
size and cost.

Methods
This study included data from 1832 surveys which
had been conducted in 47 different countries in
Africa (1619), Asia (166), Central America (2) and the
Caribbean (45) between 1986 and 2014 and had a
minimum of 75 malnourished children identified with
the countries’ combined surveys; 11 additional surveys
from eight countries where few malnourished children
were identified were also analysed.
Un-cleaned raw datasets of those anthropometric sur-

veys which included all of the variables: age, sex, weight,
height/length, MUAC and oedema, were obtained from
the main agencies working in the field of international
nutrition (NGOs, United Nations Agencies and Govern-
ments). Most of the surveys used two-stage cluster
sampling with probability of being sampled propor-
tional to the population; a few were systematic random
samples of children where the total sampled population
was limited (such as a refugee camp). All the agencies
conducting these surveys routinely followed standard
methods to taking weight, height and MUAC as recom-
mended by WHO.
Any dataset that had been obtained with a sample size

of less than 196 was not included, a priori, in the analysis.
This sample size was chosen as sufficient to estimate a
prevalence of 15 % with a precision of ± 5 % assuming a
simple random sample.

The data were initially cleaned by deleting the records
of individual children from the analysis with any of the
following criteria:

1. Age < 6 months
2. Age > 59 months
3. Age, sex, weight, height, oedema or MUAC not

recorded.

WHZ (WHO2006 growth standards) and the other an-
thropometric indices were calculated using Emergency
Nutrition Assessment (ENA) software for Standardized
Monitoring and Assessment of Relief and Transitions
(SMART) [19].
In each survey outliers were excluded using SMART

flags; children with a weight-for-height which was more
than 3.100 Z-scores above or below the survey’s mean
WHZ were excluded from the analysis on the basis that
their weight or height were most likely to be incorrectly
measured or recorded, or that they did not properly rep-
resent the population being surveyed. Similarly, children
with a MUAC which, when compared with WHO stan-
dards of MUAC-for-age Z-scores (corrected for any
height deficit) which was more than 3.100 z-scores
above or below the survey’s mean were also excluded.
As WHO recommends only excluding children with
values that are biologically implausible, the analysis was
repeated excluding only those children whose WHZ or
MUAC lay outside the limits specified by WHO.
GAM was defined as a weight-for-height of less than

-2.000 Z score units or MUAC < 125 mm and SAM as a
weight-for-height of less than -3.000 Z score units or a
MUAC < 115 mm.
All analyses were performed in R software version

2.9.2 [20].

Ethics statement
This is a secondary analysis of anonymous data where
no individual, cluster or village location could be identi-
fied so that formal ethical clearance was not required.
Permission to use and analyse the dataset was obtained
from the organisations providing the raw datasets.

Results
Of the original 1,404,396 children with plausible data in
the 1832 surveys, 0.49 % had been excluded for oedema
and 1.4 % were then excluded using SMART flags leav-
ing a total of 1,384,068 children (see Additional file 1:
Table S1). Table 1 shows the regions, countries, number
of surveys from each country and the numbers of
children that were included in the analysis. Most of the
children (88.1 %) were from an African setting.
Overall 16.3 % of children were identified as GAM

by either WHZ < -2SD or MUAC < 125 mm and
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Table 1 The regions, countries and numbers of surveys and children analysed

Region Country Surveys No Total children Age % <26.5 months Age % >26.5 months Height % <88.5 cm Height % >88.5 cm

Latin America Guatemala 2 1 393 44.7 55.3 74.4 25.6

Northern Asia Tajikistan 5 4 446 45.1 54.8 63.6 36.4

East Africa Malawi 34 20 014 44.4 55.6 72.1 27.9

East Africa Mozambique 14 3 828 46.2 53.8 63.9 36.1

East Africa Rwanda 22 11 968 36.1 63.8 62.5 37.5

Northern Asia Afghanistan 55 46 217 40.9 59.1 66.4 33.6

Middle Africa Angola 45 37 610 34.9 65.1 58.7 41.3

East Africa Burundi 32 20 729 37.7 62.3 67.5 32.5

West Africa Sierra Leone 71 56 482 41.7 58.3 61.7 38.3

East Africa Zambia 6 3 447 41.0 59.0 61.6 38.4

East Africa Uganda 83 51 526 46.7 53.3 64.4 35.6

East Africa Tanzania 13 6 735 31.1 68.9 54.5 45.5

East Africa Madagascar 6 4 092 42.5 57.5 62.2 37.8

West Africa Ivory Coast 6 7 593 43.5 56.5 64.8 35.2

Middle Africa DRC 208 180 795 43.9 56.1 68.3 31.7

West Africa Liberia 76 50 409 37.5 62.5 57.7 42.3

Caribbean Haiti 45 35 675 42.7 57.3 60.1 39.9

East Africa Eritrea 2 1 597 35.9 64.1 50.5 49.5

Middle Africa CAR 49 36 527 43.7 56.3 64.3 35.7

South Asia Myanmar 15 11 144 43.3 56.7 69.3 30.7

West Africa Guinea 17 12 691 44.0 56.0 63.9 36.1

South Asia Pakistan 27 24 494 38.5 61.5 61.2 38.8

South Asia Nepal 7 4 313 42.5 57.5 71.0 29.0

West Africa Nigeria 45 29 769 42.8 57.2 62.3 37.7

East Africa Zimbabwe 3 1 332 43.2 56.8 69.8 30.2

East Africa Ethiopia 73 63 858 36.0 64.0 52.9 47.1

Sahel Niger 38 46 784 45.3 54.7 66.6 33.4

South Asia Bangladesh 30 18 304 36.8 63.1 63.5 36.5

Sahel Somalia 102 75 717 40.8 59.2 54.4 45.6

Sahel Chad 128 90 615 41.9 58.1 58.1 41.9

South Asia Timor 3 1 673 38.7 61.3 58.3 41.7

Middle Africa Cameroun 9 5 938 37.0 63.0 60.9 39.1

Sahel South Sudan 198 140 046 44.1 55.9 52.1 47.9

West Africa Benin 7 7 823 40.9 59.1 60.4 39.6

South Asia India 9 5 649 39.3 60.7 63.2 36.8

Sahel Sudan 86 71 796 37.2 62.8 51.8 48.2

West Africa Burkina Faso 67 41 244 44.4 55.6 64.4 35.6

Sahel Mali 15 19 668 43.7 56.3 58.8 41.2

Sahel Mauritania 51 40 434 44.1 55.9 57.2 42.8

West Africa Guinea-Bissau 4 2 414 45.5 54.5 61.6 38.4

West Africa Togo 14 6 502 42.0 58.0 58.1 41.9

South Asia Thailand 2 1 797 41.8 58.2 63.0 37.0

East Africa Kenya 49 33 445 41.1 58.9 51.3 48.7

West Africa Gambia 8 6 730 42.3 57.7 57.0 43.0
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3.5 % as having SAM by either WHZ < -3SD or
MUAC < 115 mm.
With analysis of all the children from countries with

more than 75 malnourished children, the proportion of
overlap between the two indicators was 28.2 % for GAM
and 16.5 % for SAM. Although the degree of overlap
ranged from 15.0 % in Sri Lanka to 38.5 % in Sierra
Leone for GAM (Table 2 and Fig. 1) and 6.1 % in Sri
Lanka to 29.8 % in Mozambique for SAM (Table 3 and
Fig. 2), for the 47 individual countries the degree of
overlap was consistently low (GAM: 29.9 ± 15.3 %, SAM
16.0 ± 5.4 %, mean ± SD); the overlap was much smaller
for SAM than for GAM. When the 8 countries with few
SAM children are included Guatemala and Thailand did
not identify any children that satisfied both diagnostic
criteria (Table 3). There were slightly fewer countries in
this analysis that had a higher proportion of children
malnourished by MUAC-only than by WHZ-only (GAM
19 vs 28 countries; SAM 18 vs 20). For GAM the degree
of overlap between the criteria was slightly higher for
those countries where MUAC-only diagnosed more
children as malnourished than WHZ-only (overlap =
29.3 ± 5.9 % v 25.6 ± 6.2 %, p < 0.05); for SAM there was
no difference in the degree of overlap whether more
children were diagnosed by MUAC or WHZ (16.3 ± 5.6
vs 15.8 ± 5.3, p = 0.75).

The numbers of children diagnosed by one criteria or
the other varied dramatically from one country to an-
other. Tables 2 and 3 show the difference in the percent
of malnourished children that are diagnosed by one
criterion or the other. For GAM the difference ranged
from minus-57 to plus-72 %; thus, in 11 countries more
than 75 % of malnourished children would be identified
using MUAC only criteria, whereas in nine countries, in-
cluding Philippines, Sri Lanka and Senegal less than
25 % of malnourished children would be selected if only
MUAC was used as the admission criterion.
For SAM the difference is even more dramatic. MUAC

would not identify more than 75 % of severely malnour-
ished children in any country in which more than 75
SAM children identified; and only in Guatemala when
the 47 countries are considered; however, in 4 of the 38
countries less than 25 % of severely malnourished chil-
dren would be identified and admitted for treatment if a
MUAC only admission policy was being used. The situ-
ation is most dramatic in Sri Lanka and Senegal, where
only 13 and 14 % of SAM children would be found using
a MUAC only strategy.
In analysis by country, if only one of the criteria were

used to diagnose GAM then only 57 ± 18 % of the mal-
nourished children would be identified by MUAC alone
and only 70 ± 15 % by WHZ alone; this falls to 44 and

Table 1 The regions, countries and numbers of surveys and children analysed (Continued)

South Asia Philippines 7 3 905 39.0 60.9 63.3 36.7

South Asia Sri Lanka 5 4 576 39.6 60.4 56.4 43.6

Sahel Senegal 39 30 324 43.4 56.6 55.8 44.2

Total 47 1 832 1 384 068 41.3 ± 3.4 58.7 ± 3.4 61.4 ± 5.6 38.6 ± 5.6

Caribbean 45 35 675 42.7 57.3 60.1 39.9

East Africa 337 222 571 40.2 ± 4.8 59.8 ± 4.8 61.1 ± 7.2 38.9 ± 7.2

Latin America 2 1 393 44.7 55.3 74.4 25.6

Middle Africa 311 260 870 39.9 ± 4.6 60.1 ± 4.6 63.1 ± 4.2 36.9 ± 4.2

Northern Asia 60 50 663 43 ± 2.9 57 ± 3 65 ± 2 35 ± 2

Sahel 657 515 384 42.5 ± 2.6 57.5 ± 2.6 56.8 ± 4.7 43.2 ± 4.7

South Asia 105 75 855 39.9 ± 2.1 60 ± 2.1 63.2 ± 4.6 36.8 ± 4.6

West Africa 315 221 657 42.4 ± 2.2 57.5 ± 2.2 61.2 ± 2.8 38.8 ± 2.8

Additional surveys with total number of GAM children <75

South Asia Indonesia 1 371 52.8 46.7 71.7 28.3

Middle Africa Congo-B 1 870 43.7 56.3 58.0 42.0

Latin America Nicaragua 2 962 33.8 66.3 56.9 43.1

Europe Albania 1 892 41.1 58.9 46.9 53.1

Europe Macedonia 1 845 40.7 59.3 45.7 54.3

Europe Kosovar 1 912 37.4 62.6 43.0 57.0

Latin America Venezuela 3 1 771 39.3 60.7 50.5 49.5

Middle East Syria 1 522 39.6 60.4 49.9 50.1

DRC Democratic Republic of Congo; CAR Central African Republic; Congo-B Congo Brazzaville

Grellety and Golden BMC Nutrition  (2016) 2:10 Page 5 of 17



Table 2 The diagnosis of GAM by WHZ, absolute-MUAC or by both criteria 47 countries with more than 75 GAM children and from
8 other countries

Country GAM subjects WHZ < -2
only %

MUAC <125 mm
only %

Both criteria % %WHZ minus
%MUAC

Total WHZ
< -2 %

Total MUAC
<125 mm %

Guatemala 77 13.0 70.1 16.9 −57.1 29.9 87.0

Tajikistan 843 17.1 57.2 25.7 −40.1 42.8 82.9

Malawi 2 343 20.5 59.5 20.1 −39.0 40.5 79.5

Mozambique 572 21.0 43.9 35.1 −22.9 56.1 79.0

Rwanda 1 882 21.7 44.8 33.5 −23.2 55.2 78.3

Afghanistan 7 628 22.6 43.7 33.7 −21.1 56.3 77.4

Angola 6 053 23.5 45.6 30.9 −22.2 54.4 76.5

Burundi 3 239 23.6 45.5 31.0 −21.9 54.5 76.4

Sierra Leone 9 476 23.7 37.8 38.5 −14.1 62.2 76.3

Zambia 251 23.9 52.2 23.9 −28.3 47.8 76.1

Uganda 5 790 24.4 46.1 29.4 −21.7 53.9 75.6

Tanzania 1 034 25.9 37.4 36.7 −11.5 62.6 74.1

Madagascar 742 29.5 35.2 35.3 −5.7 64.8 70.5

Ivory Coast 644 30.9 36.6 32.5 −5.7 63.4 69.1

DRC 23 416 32.6 42.7 24.6 −10.1 57.3 67.4

Liberia 6 289 33.4 33.5 33.1 −0.1 66.5 66.6

Haiti 2 415 33.8 40.5 25.8 −6.7 59.5 66.2

Eritrea 275 33.8 42.2 24.0 −8.4 57.8 66.2

CAR 3 675 33.9 39.4 26.8 −5.5 60.6 66.1

Myanmar 2 323 34.6 30.5 34.9 4.1 69.5 65.4

Guinea 1 014 36.0 34.6 29.4 1.4 65.4 64.0

Pakistan 3 769 36.8 35.2 28.0 1.7 64.8 63.2

Nepal 1 082 39.4 26.6 34.0 12.8 73.4 60.6

Nigeria 3 856 40.1 29.1 30.8 10.9 70.9 59.9

Zimbabwe 128 41.4 32.8 25.8 8.6 67.2 58.6

Ethiopia 10 883 41.8 30.3 27.9 11.5 69.7 58.2

Niger 7 963 44.7 21.6 33.7 23.1 78.4 55.3

Bangladesh 3 321 46.8 25.2 28.0 21.5 74.8 53.2

Somalia 19 550 48.6 26.4 25.1 22.2 73.6 51.4

Chad 17 582 50.9 18.7 30.4 32.2 81.3 49.1

Timor 285 51.2 20.7 28.1 30.5 79.3 48.8

Cameroun 570 52.8 18.8 28.4 34.0 81.2 47.2

South Sudan 33 770 52.9 18.2 28.9 34.6 81.8 47.1

Benin 652 53.7 19.5 26.8 34.2 80.5 46.3

India 1 498 54.9 11.7 33.4 43.3 88.3 45.1

Sudan 15 336 55.1 15.3 29.7 39.8 84.7 44.9

Burkina Faso 5 173 55.8 15.1 29.1 40.8 84.9 44.2

Mali 2 625 57.1 17.3 25.7 39.8 82.7 42.9

Mauritania 4 851 59.5 22.2 18.3 37.3 77.8 40.5

Guinea-Bissau 147 60.5 19.0 20.4 41.5 81.0 39.5

Togo 432 65.0 13.7 21.3 51.4 86.3 35.0

Thailand 129 72.1 10.9 17.1 61.2 89.1 27.9

Kenya 6 657 72.9 11.1 16.0 61.8 88.9 27.1

Grellety and Golden BMC Nutrition  (2016) 2:10 Page 6 of 17



56 % when all the children in the 47 countries are con-
sidered. For SAM a MUAC-only policy would identify
55 ± 19 % and a WHZ-only policy 61 ± 18 % of severely
malnourished children at immediate risk of death.
It should be noted that the proportions, and whether

MUAC or WHZ diagnoses more children globally, are
dependent upon the particular number of surveys
from each country included in the analysis. Neverthe-
less, in this analysis there are more children identified
as malnourished using WHZ than MUAC criteria (the
reverse might have been found if the predominant
number of surveys came from countries similar to
Guatemala or Malawi).
As MUAC increases with age and height one would

expect that surveys with an excess of young or short
children would diagnose relatively more children by
MUAC and those surveys with an excess of old or tall
children would diagnose more children using WHZ. If
the surveys had an even distribution of ages, half the
children would be below and half above 26.5 months of
age ({59–6}/2); according to the WHO standards, the
height of a normal child of 26.5 months would be
88.5 cm. Table 1 gives the proportion of children above
and below 26.5 month and 88.5 cm in each country’s
surveys. Overall, only 41 % of the children were younger
than 26.5 months and in none of the countries did the
percent of younger children reach 50 %; however, 61 %
of the children were shorter than would be expected for
a normally grown child of 26.5 months, similarly in none

of the countries did the percent of shorter children reach
50 %. These distributions could potentially influence the
numbers of children diagnosed by MUAC-only or
WHZ-only; albeit the age and length proportions of the
children would have opposite effects upon the numbers
diagnosed by each criterion.
Figure 3 shows the relationship between the propor-

tion of younger children and the percentage of malnour-
ished children who have a WHZ of < -2 and a MUAC of
≥125 mm. There is no relationship between the age
distribution of the children and the relative importance
of WHZ or MUAC for diagnosis of GAM (r2 = 0.00).
The age range of the children does not relate to the
proportion or direction of the discrepancy in the diagno-
sis of GAM.
Figure 4 shows the relationship between the propor-

tion of shorter children and the percent of malnourished
children diagnosed by WHZ alone. There is a tendency
for there to be fewer children diagnosed as GAM by
WHZ when there are more short children. The regres-
sion is significant (r2 = 0.19, P < 0.01, y = 67.5– 0.14×);
there is a 10 % decrease in the proportion of children
diagnosed by WHZ with each 1.4 % increase in the
proportion of shorter children.
The result of reanalysis of the data using all plausible data

i.e. using WHO flags and including all the children ex-
cluded by SMART flags are shown in the Additional file 1:
Tables S1, S2 and S3. The results are similar to those
presented with the SMART flags.

Table 2 The diagnosis of GAM by WHZ, absolute-MUAC or by both criteria 47 countries with more than 75 GAM children and from
8 other countries (Continued)

Gambia 738 73.7 7.2 19.1 66.5 92.8 26.3

Philippines 325 76.6 7.4 16.0 69.2 92.6 23.4

Sri Lanka 873 77.2 7.8 15.0 69.4 92.2 22.8

Senegal 3 648 78.4 6.8 14.8 71.6 93.2 21.6

Total/%a 225 824 43.8 28.0 28.2 15.8 56.2 43.8

Mean ± SDb - 43 ± 18 29.9 ± 15.3 27.1 ± 6.3 28.6 ± 20.4c 70.1 ± 15.3 57 ± 18

Countries with total number of GAM children in surveys <75

Indonesia 74 27.0 51.4 21.6 −24.3 48.6 73.0

Congo-B 47 48.9 17.0 34.0 31.9 83.0 51.1

Nicaragua 15 53.3 40.0 6.7 13.3 60.0 46.7

Albania 43 55.8 18.6 25.6 37.2 81.4 44.2

Macedonia 16 56.3 37.5 6.3 18.8 62.5 43.8

Kosovar 14 57.1 21.4 21.4 35.7 78.6 42.9

Venezuela 18 61.1 27.8 11.1 33.3 72.2 38.9

Syria 25 72.0 16.0 12.0 56.0 84.0 28.0

The data are presented as percent of the total number of GAM children fulfilling either WHZ or MUAC criteria
DRC Democratic Republic of Congo; CAR Central African Republic; Congo-B Congo Brazzaville
aTotal children with GAM and percent of all children in the database with that characteristic
bThe mean and SD of the 47 countries
ccalculated using absolute numbers
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Fig. 1 Pie charts of individual countries showing the proportion of children with GAM diagnosed by both MUAC < 125 mm and WHZ < -2SD
(blue) or by MUAC alone (green) or by WHZ alone (red)
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Table 3 The diagnosis of SAM by WHZ, absolute-MUAC or by both criteria in 38 countries with more than 75 SAM children and
from 9 other countries

Country SAM subjects WHZ < -3
only %

MUAC <115 mm
only %

Both criteria % %WHZ minus
%MUAC

Total WHZ
< -3 %

Total MUAC
<115 mm %

Mozambique 171 18.7 51.5 29.8 −32.7 48.5 81.3

Malawi 493 19.3 73.4 7.3 −54.2 26.6 80.7

Tajikistan 226 19.5 67.7 12.8 −48.2 32.3 80.5

Ivory Coast 106 25.5 62.3 12.3 −36.8 37.7 74.5

Uganda 1 031 25.5 63.7 10.8 −38.2 36.3 74.5

Rwanda 491 26.1 51.3 22.6 −25.3 48.7 73.9

Burundi 734 26.3 57.9 15.8 −31.6 42.1 73.7

Sierra Leone 2 585 26.3 51.4 22.2 −25.1 48.6 73.7

Haiti 329 27.4 60.5 12.2 −33.1 39.5 72.6

Afghanistan 1 729 27.5 52.2 20.4 −24.7 47.8 72.5

Madagascar 163 28.2 54.6 17.2 −26.4 45.4 71.8

Angola 1 456 28.7 56.0 15.2 −27.3 44.0 71.3

Guinea 158 29.1 53.8 17.1 −24.7 46.2 70.9

CAR 622 31.2 56.3 12.5 −25.1 43.7 68.8

DRC 4 683 34.8 55.4 9.8 −20.6 44.6 65.2

Tanzania 255 35.7 42.7 21.6 −7.1 57.3 64.3

Pakistan 795 37.0 43.6 19.4 −6.7 56.4 63.0

Liberia 1 383 39.3 45.5 15.3 −6.2 54.5 60.7

Myanmar 489 40.5 37.4 22.1 3.1 62.6 59.5

Nepal 238 43.3 36.6 20.2 6.7 63.4 56.7

Ethiopia 1 973 43.4 41.0 15.6 2.4 59.0 56.6

Bangladesh 532 44.7 42.5 12.8 2.3 57.5 55.3

Niger 1 537 50.7 25.4 23.9 25.4 74.6 49.3

Nigeria 764 51.0 32.2 16.8 18.8 67.8 49.0

Chad 3 813 51.9 25.8 22.3 26.1 74.2 48.1

South Sudan 8 286 57.2 25.5 17.3 31.7 74.5 42.8

Somalia 5 541 57.4 28.9 13.6 28.5 71.1 42.6

Benin 95 57.9 24.2 17.9 33.7 75.8 42.1

Burkina Faso 916 58.7 23.0 18.2 35.7 77.0 41.3

Cameroun 90 60.0 26.7 13.3 33.3 73.3 40.0

Sudan 3 312 60.5 19.2 20.4 41.3 80.8 39.5

Mauritania 675 61.5 27.6 11.0 33.9 72.4 38.5

India 341 61.6 15.5 22.9 46.0 84.5 38.4

Mali 449 62.6 23.4 14.0 39.2 76.6 37.4

Kenya 1 156 77.7 12.9 9.4 64.8 87.1 22.3

Gambia 112 78.6 10.7 10.7 67.9 89.3 21.4

Senegal 534 86.0 6.7 7.3 79.2 93.3 14.0

Sri Lanka 115 87.0 7.0 6.1 80.0 93.0 13.0

Total/%a 48 697 47.3 36.3 16.5 11.0 63.7 52.7

Mean ± SDb - 44.7 ± 19.1 39.3 ± 18.2 16 ± 5.4 31.4 ± 19.4c 60.7 ± 18.2 55.3 ± 19.1

Countries with total number of SAM children in surveys <75

Guatemala 14 7.1 92.9 0.0 −85.7 7.1 92.9

Zambia 44 15.9 77.3 6.8 −61.4 22.7 84.1
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Discussion
There have been several reports showing a discrepancy
between children who fall below the cut-off points for
diagnosis of malnutrition using WHZ or MUAC criteria
[8–14]. Our analysis, confirms that this is a general
phenomenon across 1832 surveys from at least 47 differ-
ent countries and that in all countries and surveys, the
majority of children were malnourished by one or the
other criteria, but not by both, and that the countries
differ dramatically in which indicator identifies more
children.
As an individual loses weight, the loss comes mainly

from fat and muscle [21, 22]; intuitively such a loss
should affect both the upper arm and the body as a
whole. This begs the question as to why there is a uni-
versal discrepancy between the two criteria for diagnosis
and why the direction of the discrepancy favouring one
or the other criterion differs so markedly from one
country to another.
First, part of the explanation must be related to the

fact that, in contrast to WHZ, the diagnosis of acute
malnutrition based on MUAC relies on a single absolute
cut-off point independent of age, height and sex. As a
child grows height, weight and MUAC all increase stead-
ily albeit at different rates; children with exactly the
same WHZ are more likely to fall below the absolute
cut-off point for MUAC if they are shorter or younger.
Thus, those diagnosed as malnourished by MUAC are
likely to be substantially younger, on average, than those
diagnosed as malnourished by WHZ [9, 12–14]. The
relative proportions in each country will depend mainly
upon the age-distribution of children included in the
surveys, as well as the relative age-specific malnutrition
rates. This is not an adequate explanation for the differ-
ent directions of the discrepancy as the age categories
did not differ significantly from one country to another
in order to generate either the direction or degree of dis-
crepancy observed (Fig. 3). There is no indication that

those surveys where MUAC predominated included
mainly younger children and those where WHZ pre-
dominated had older children. The relative proportions
of children in the younger and older age groups were
not sufficiently different between the countries despite
the percent of GAM children diagnosed by WHZ alone
varying from about 15 to almost 80 %.
Second, in countries where the children are more

stunted (low height-for-age) a higher proportion of chil-
dren will have a MUAC below the cut-off point at any
particular WHZ prevalence simply because they are
smaller. However, if poor nutrition affects both longitu-
dinal and ponderal growth then a positive association
between stunting and wasting would also increase the
proportion of children with a low WHZ and ameliorate
any discrepancy based upon stunting [9, 23]. Figure 4
shows the proportion of taller and shorter children in
the surveys. There is indeed a tendency for those coun-
tries with a higher proportion of shorter children to have
fewer children diagnosed as GAM by WHZ, and thus
more by MUAC alone. However, the association is very
weak with only about 19 % of the variance explained on
this basis. Stunting is therefore an inadequate explan-
ation for the discrepancy for most countries or regions,
for example in the Philippians, Thailand and Guinea-
Bissau, 60−80 % of the children were diagnosed by
WHZ alone whereas in Tajikistan, Rwanda, Mozambique
and Uganda less than 30 % of GAM was identified by
WHZ, despite the fact that all these countries, and many
others, had about the same proportion of short children.
Third, WHZ may overestimate acute malnutrition in

children with a low sitting-to-standing height ratio
(SSR), i.e. with long limbs, and underestimate acute mal-
nutrition in those with relatively short limbs, because
the legs weigh less per unit length than the torso.
Absolute-MUAC is less dependent on body proportions
[15]. Thus, differences in SSR between populations
might influence the diagnosis by WHZ and hence inflate

Table 3 The diagnosis of SAM by WHZ, absolute-MUAC or by both criteria in 38 countries with more than 75 SAM children and
from 9 other countries (Continued)

Timor 40 35.0 32.5 32.5 2.5 67.5 65.0

Zimbabwe 37 37.8 48.6 13.5 −10.8 51.4 62.2

Eritrea 44 47.7 43.2 9.1 4.5 56.8 52.3

Guinea−Bissau 22 59.1 31.8 9.1 27.3 68.2 40.9

Togo 52 61.5 32.7 5.8 28.8 67.3 38.5

Philippines 51 78.4 15.7 5.9 62.7 84.3 21.6

Thailand 15 80.0 20.0 0.0 60.0 80.0 20.0

The data are presented as percent of the total number of SAM children fulfilling either WHZ or MUAC criteria
DRC Democratic Republic of Congo; CAR Central African Republic
aTotal children with GAM and percent of all children in the database with that characteristic
bThe mean and SD of the 38 countries
ccalculated using absolute numbers
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Fig. 2 Pie charts of individual countries showing the proportion of children with SAM diagnosed by both MUAC < 115 mm and WHZ < -3SD
(blue) or by MUAC alone (green) or by WHZ alone (red)
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Fig. 3 The percent of children in each country below 26.5 months of age by the percentage of GAM children that are diagnosed as malnourished by
the WHZ < -2.00Z criterion alone (i.e. with a MUAC of ≥125 mm)

Fig. 4 The percent of children in each country (abbreviations are the United Nations 3-letter country identification codes) with a height
below 88.5 cm by the percentage of GAM children that are diagnosed as malnourished by the WHZ < -2.00Z criterion alone (i.e. with a
MUAC of ≥125 mm)
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or deflate the prevalence in WHZ related malnutrition
relatively independently of MUAC. The SSR of pastoral-
ist populations is lower than in settled populations, par-
ticularly exemplified by the Dinka/Nuar tribes of South
Sudan, but also to a lesser extent in other pastoralist
populations of the Sahel. On the other hand, if malnutri-
tion disproportionately affects the growth of the limbs
rather than the body then WHZ may underestimate
malnutrition in severely stunted populations. Similarly,
individuals from cold climates tend to have shorter limbs
than those from warm climates [24, 25].
If this phenomenon has a dominant effect upon the re-

lation between MUAC and WHZ, then the difference in
the proportions diagnosed by each criterion should cor-
relate with the relative limb length of the children (SSR).
Although there is a tendency for Sahalian countries to
have fewer short children (Table 1, Fig. 4) and are more
likely to have a higher proportion of the children diag-
nosed by WHZ (Table 2, Fig. 4) the relative leg length is
not the main reason for the discrepancy as many authors
assume. Thus, 14 countries have a higher proportion
diagnosed by WHZ than South Sudan where the popula-
tion is almost exclusively Dinka/Nuar; the archetypal
long-limbed population (and if we include those surveys
with few malnourished cases 6 of the 8 additional coun-
tries have a higher proportion of children diagnosed
using WHZ than South Sudan). Although, several of
these 14 countries in West Africa have mixed pastoral-
ist/sedentary populations, in others such as India,
Guinea-Bissau, Philippines, Thailand, and Sri Lanka the
vast majority of children are diagnosed as GAM by
WHZ alone. The available data suggests that the limbs
of these latter children are not proportionately long
and at least for these populations variation in limb
length is an inadequate explanation for the much
greater proportion of children diagnosed by WHZ and
not by MUAC. This conclusion is supported by an
analysis by Roberfroid et al [26]. They examined the
relationship between WHZ and MUAC from 16 sur-
veys in which sitting height had been measured and
concluded that leg length had a minor effect upon the
discrepancy and that other factors were dominant.
Forth, there are ethnic differences in fat distribution

throughout the body in normally nourished populations
living in the same environments [27–32]. In ethnic
groups where fat is predominantly on the limbs rather
than the torso it will increase MUAC relatively more
than WHZ, whereas if it is predominantly truncal if will
disproportionately increase WHZ. Although most data
on ethnic fat-patterning comes from normally nourished
and older individuals, to our knowledge the effect of
malnutrition on the relative loss of fat from the limbs
and trunk from any ethnic, age, sex, livelihood or disease
grouping is unknown. Similarly, although MUAC is a

relatively good indicator of total body fat in children, it
is a poor indicator of fat-free tissue, mainly muscle [33],
despite the assertions of the “muscle mass hypothesis”
[34]. The various muscles lose different amounts of
weight with malnutrition in animal studies [35] and clin-
ically, muscle is mainly lost from the buttocks (“baggy
pants”) and shoulders, rather than from the arms.
Whether different populations of children loose muscle
disproportionately from various body muscles is un-
known. Thus, both muscle and fat losses may affect
MUAC and WHZ differentially; and, the assertion that
the arm and the carcass should reflect loss of tissue pro-
portionately would then be incorrect.
Fifth, in adults body shape can be divided into those

with endomorphic, mesomorphic and ectomorphic body
shapes depending upon the width of the trunk (limb gir-
dles) [36]. If the children of Southern Asia and pastoral-
ists are predominantly ectomorphic then this may partly
explain why they have such a high prevalence using
WHZ and not by MUAC; but this is unlikely to be the
reason for the gross discrepancy between such countries
as Guinea-Bissau and Benin versus Sierra Leone and
Rwanda; the body habitus of each of these populations
appears to be mesomorphic.
The relationship between MUAC and WHZ is clearly

much more complicated than previously thought, and
the contention that the variation is simply due to some
populations having longer legs than others is not sup-
ported by the present data. Although it appears that
none of these reasons for the discrepancy provide an
adequate explanation for each of the anomalies, it is
probable that each of the factors affects some of the
populations, but not others, so that in combination they
each can play a role in generating the discrepancy. How-
ever, apart from absolute-MUAC being more likely to
identify younger and stunted children [9, 13, 14], who
are known to have an increased risk of death than older
children, how each of the other factors affect the risk of
death and serious side effects or complications from
malnutrition needs to be determined before a decision is
made to abandon WHZ as an independent criterion for
the diagnosis of acute malnutrition.
The move towards using MUAC as the single criterion

to admit severely malnourished children for treatment is
partly based upon statistical analysis (receiver operating
characteristic curves) of anthropometric indices against
all-cause mortality in community studies over many en-
suing months. These analyses show that MUAC has a
better sensitivity and specificity than WHZ in predicting
subsequent all-cause mortality of the individual child
[37]. There are other cogent reasons for favouring
MUAC such as its ease of use in the community [16].
However, both low MUAC and low WHZ are associated
with an increased risk of subsequent death; albeit at least
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half the deaths are not related to anthropometric status
[1, 16, 38] and deaths due to accidents such as drowning
are more likely in active well-nourished children. The
slightly superior power of MUAC to predict which chil-
dren will die would only be a strong argument for using
only MUAC for identification of SAM and GAM chil-
dren if they were both proxies for the same deficit and
predicted the death of the same children. This appears
not to be the case. If the two variables identify different
children then the increased mortality associated with
one deficit will be experienced by different children from
the deaths associated with the other deficit. Thus, the
present data suggest that the two indicators are comple-
mentary and additive rather than alternative measures
that compete to identify the same individual children at
increased risk of death. This is supported by the obser-
vation that children with both a deficit in MUAC and
WHZ have a worse prognosis that those with a single
anthropometric deficit [16]; furthermore addition of
other deficits such as a low height-for-age or weight-for-
age progressively increase the risk of death confirming
the additive effect of such deficits [39].
The countries of Southern Asia and the Sahel would

appear to have a much higher prevalence of GAM if
their nutritional status is assessed using WHZ than
would occur if their nutritional status was assessed using
absolute MUAC. On the other hand, countries of East
and Southern Africa, and probably Latin America and
Northern Asia would have a much higher prevalence of
malnutrition if their nutritional status was assessed using
absolute MUAC. Such differences in the way that the
prevalence of malnutrition is assessed and the conse-
quent perception of the severity of a situation are likely
to affect the choices made by decision makers within
National Governments, Donors, the United Nations
system and implementing agencies to determine where
they direct resources and the urgency and scale of the
assistance given. The dramatic difference in prevalence
between countries using the two diagnostic criteria is
potentially critical in the distribution of resources. The
national surveys conducted by Demographic and Health
Surveys (DHS) [40] and, until recently, Multiple

Indicator Cluster Surveys (MICS) from United Nations
International Children’s Emergency Fund (UNICEF)
[41], have been particularly influential in directing policy
and aid. These agencies did not measure MUAC (or
oedema [42]) in their subjects. This may have under-
estimated the degree and risk of death from acute
malnutrition in those countries where the majority of
malnourished children are identified as SAM and
GAM using MUAC criteria and consequently directed
aid elsewhere.
On the other hand, in terms of MUAC, many of the

research studies have been conducted in Bangladesh,
particularly for the longitudinal studies of mortality risk,
and Malawi. In view of the current data it would be pru-
dent to consider whether these studies are applicable
globally (i.e. the external validity of the conclusions) and
whether countries such as Sri Lanka, Philippines and
Thailand should abandon the use of WHZ. Thus, in
some countries, such as Malawi and Guatemala a move
towards using MUAC only criteria would be justified as
it identified most of the malnourished children, in other
countries like those of the Sahel and Southern Asia, it
would be appropriate to maintain WHZ as an independ-
ent admission criterion until the mortality risks are ad-
equately assessed. However, some data are difficult to
interpret; for example, why are the discrepancies so dif-
ferent in Myanmar and Thailand or Guinea-Bissau and
Sierra Leone? We have no explanation for the generation
of discrepancies between adjacent countries with similar
ethnic groups.

Limitations of this study
This analysis was by country. Some countries are quite
heterogeneous and there may be differences by region or
sub-region within the country. For example, Southern
India may approximate to the data collected from Sri
Lanka whereas the data from Nepal, Pakistan or
Bangladesh may be closer to data derived from Northern
India; similarly, the data from costal West Africa may
differ from the dry, inland pastoralist areas. By conflating
national data any regional differences would be ob-
scured. For example, Table 4 and Fig. 5 show the data

Table 4 The proportion of GAM children in 5 Ethiopian regions, diagnosed as malnourished by WHZ alone, absolute-MUAC alone or
both criteria

Ethiopia Surveys Total Subjects GAM subjects WHZ < -2 only % MUAC < 125 mm only % Both criteria %

SNNPR 32 27 721 4 724 35 % 37 % 28 %

Amhara 20 18 256 3 210 35 % 33 % 33 %

Oromia 7 6 170 709 42 % 30 % 28 %

Afar 3 2 555 368 47 % 27 % 26 %

Somali 11 9 154 1 879 71 % 11 % 19 %

The data are presented as percent of the total number of GAM children fulfilling either WHZ or MUAC criteria
SNNPR Southern Nations, Nationalities, and Peoples’ Region
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from five regions of Ethiopia. There are regional differ-
ences. Somali region is predominated by WHZ whereas
Southern Nations, Nationalities, and Peoples’ Region
(SNNPR) by MUAC. This has been explained on the
basis of body shape of the Somalian ethnic group, how-
ever the Afar peoples are also asthenic pastoralists and
their discrepancy is much closer to those of the Ethiopian
highlands than of the Somali children. The interpretation
of such differences cannot be due to single simplistic
ideas. It will require many more surveys from other
countries, from individual regions within countries and
including other anthropometric measurements such as
skin fold measurements and bone widths (or more
sophisticated measurements of body composition), in
different age/height groups, to determine the appropri-
ate anthropometrics to define malnutrition.
These data are dominated by surveys from Africa and

from areas requiring humanitarian intervention, some
were from displaced populations. For this analysis the
individual surveys have not been categorised into those
from different livelihood areas. There are also insuffi-
cient data from the countries of South-East Asia, South
and Central America and the regions of India to confirm
or refute the findings from the relatively few countries
included in this analysis from these continents.

Conclusion
There is great variation in the diagnosis of acute malnu-
trition using WHZ or MUAC in the developing world.
In some the preponderance of children are diagnosed
using WHZ and in others absolute-MUAC criteria.
There are sufficient anomalous findings to make the
extant hypotheses untenable to explain the differences
between all the countries included in this analysis; in
particular, relative leg length to body length does not
appear to be a dominant factor in generating most of
these regional differences.
As different children are selected using MUAC and

WHZ, the data showing that slightly more children with
a low MUAC are at risk of death than those with a low

WHZ should not be interpreted as being alternative
proxies with MUAC being “superior”; rather, the two cri-
teria are complementary with each selecting different
children at increased risk of subsequent death in the
community from malnutrition if untreated. As they are
additive and not complementary it would be prudent to
retain both criteria for admission to treatment programs.
Further investigation is required to examine how vari-
ation in body shape, height, age and gender in these
populations affect the relationship between absolute-
MUAC and WHZ. Studies are also required to formally
examine the pathophysiology and functional severity of
the cases diagnosed by the different types of anthropo-
metric deficits.
It is recommended that both criteria continue to be

used for admission to therapeutic feeding and other
programs aimed at alleviating malnutrition and prevent-
ing nutrition-related mortality. The move towards using
MUAC only criteria may be appropriate for some coun-
tries but not for others where WHZ deficits predominate.
In particular, countries of Southern Asia and the Sahel
should maintain WHZ as an admission criterion as
recommended by the WHO [8]; such decisions should be
made by National Governments based upon their own
anthropometric survey data.
As well as MUAC, simple screening tools for use in

the community that identify individuals with a low
WHZ but a normal MUAC need to be developed.
All future anthropometric surveys, including national

DHS surveys, should include measurement of both
MUAC and WHZ (and oedema) and the prevalence of
GAM and SAM reported using both MUAC and WHZ;
we also suggest that total-GAM and total-SAM preva-
lence estimates should be reported to include children
who are diagnosed as malnourished by either criterion
(and oedema for SAM cases). As different children are
diagnosed with acute malnutrition using the two WHO
recommended criteria, reporting the WHZ-only or
MUAC-only prevalence will underestimate the prob-
lem with acute malnutrition in all countries surveyed;

Fig. 5 Pie charts of 5 of the regions of Ethiopia showing the proportion of children with GAM diagnosed by both MUAC< 125 mm and WHZ < -2SD
(blue) or by MUAC alone (green) or by WHZ alone (red)
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it appears to be a much more prevalent problem than
previous reports and global databases of survey re-
sults would suggest.
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