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Short-term Prognosis in Severe Adult
and Adolescent Malnutrition During Famine
Use of a Simple Prognostic Model
Based on Counting Clinical Signs
Steve Collins, MBBS
Mark Myatt, BA

FOR MANY YEARS, IT HAS BEEN REC-
ognized that malnutrition
increases both susceptibility to
and severity of infection. Vita-

min, mineral, and other dietary defi-
ciencies, depressed cell-mediated and
humeral immunity, gastric acidity,
mucosal integrity, and altered flora are
all known to increase susceptibility to
infection.1,2 The situation in famine is
usually worsened by a breakdown in
public health infrastructure and con-
gregationofdisplacedpeople incrowded
and unhygienic conditions.3 In situa-
tionsofmalnutrition indevelopedcoun-
tries, exhaustion of fat or fat-free mass
is most often the terminal event,4,5 but
the combination of poor public health
environment and immunosuppression
infaminemeansthat it is infection, rather
than absolute loss of fat or fat-free mass,
that kills people.

The strong association between infec-
tion and mortality indicates that clini-
cal signs are likely to be useful prognos-
tic indicators. Clinical models for
prediction of mortality, useful in the
screening of admission to child feeding
centers, have been proposed.6 Although
reported to be effective in identifying
children at high risk of mortality,7 these
models have been criticized because
interactions between the features used,
such as edema and hypoproteinemia,
were not taken into account.8 In adults,
the use of clinical models to assess nutri-

tional status appears to have been
restricted to well-nourished surgical
patients.9 To date, similar assessments
have not been made in severely mal-
nourished adults or during famines.

Extreme conditions often character-
ize famine relief programs. Levels of
need are high and trained staff, equip-
ment, and buildings are scarce. Some-

Context In the setting of famine, infection is likely to cause mortality among se-
verely malnourished persons. Although clinical signs are likely to be useful prognostic
indicators in this setting, use of a clinical assessment model has not been studied.

Objective To examine the use of clinical signs in the prediction of short-term mor-
tality in severely malnourished adults and adolescents during famine.

Design Retrospective cohort study.

Setting Concern Worldwide Adult Therapeutic Feeding Center in Baidoa, Somalia.

Patients Data from the clinical records of 383 adult and adolescent inpatients ad-
mitted to the center between November 1992 through March 1993 who were aged
15 years or older and had a body mass index (BMI) of 13.5 kg/m2 or less or any signs
of edematous malnutrition.

Main Outcome Measures Association of mortality with presence or absence of 8
clinical signs (edema, hydration, ascites, dysentery, diarrhea, anemia, chest infection,
and ability to stand) and BMI at admission, and sensitivity and specificity of models
including a count of clinical signs and BMI in the prediction of mortality at the center.

Results Ninety-one patients (23.8%) died, with a median time to death of 8 days
from admission. Of the 8 clinical signs, severe edema (unadjusted odds ratio [OR],
2.45; 95% confidence interval [CI], 1.41-4.27), apparent dehydration (unadjusted OR,
2.73; 95% CI, 1.60-4.66), and inability to stand (unadjusted OR, 2.96; 95% CI,
1.40-6.26) were independently associated with mortality. The most useful clinical
model was that based on the presence of any 1 of these 3 signs, with a sensitivity of
77% and a specificity of 59%. Ability of admission BMI to predict mortality was less
than random.

Conclusions Models based on clinical signs predicted death better than BMI. Simple
counts of clinical signs performed as well as more complex models based on the ad-
dition of ORs. Counting relevant clinical signs is an easy and effective prognostic tool
in severe adult and adolescent malnutrition during famine; however, it is not sensitive
enough for use as a screening tool.
JAMA. 2000;284:621-626 www.jama.com

Author Affiliations: Concern Worldwide, Dublin, Ire-
land (Dr Collins); Center for International Child Health,
Institute of Child Health (Dr Collins) and the Interna-
tional Centre for Eye Health, Institute of Ophthalmol-
ogy, University College London (Mr Myatt), Lon-
don, England; and Valid International Ltd, Llanidloes,
Wales (Dr Collins).
Corresponding Author and Reprints: Steve Collins,
MBBS, Oleuffynon, Old Hall, Llanidloes, Powys SY18
6PJ, Wales (e-mail: steve@validinternational.org).
Section Editor: Annette Flanagin, RN, MA, Manag-
ing Senior Editor.

©2000 American Medical Association. All rights reserved. (Reprinted) JAMA, August 2, 2000—Vol 284, No. 5 621

Downloaded From: http://jama.jamanetwork.com/ by a University of St. Andrews Library User  on 05/13/2015



times, crowds of several thousand
people may gather, attempting to gain
admission to centers. Such centers may
become overfilled, disorganized, and
dysfunctional if patient selection and
prioritization is not efficient. Tools to
assess patients must be quick, simple,
and reliable, even when used by mini-
mally trained staff, who may be barely
literate.This study investigates theeffec-
tiveness of 2 assessment tools, body
mass index (BMI) and models using
readily ascertainable clinical signs, dur-
ing the height of a major famine.

METHODS
Subjects

This retrospective cohort study involved
clinical recorddataof393patientsadmit-
ted to the Concern Worldwide Adult
Therapeutic Center, Baidoa, Somalia,
between November 4, 1992, and March
15, 1993. Criteria for inclusion in this
retrospective analysis were a BMI at
admission of 13.5 kg/m2 or less or any
signs of edematous malnutrition, a
reported age of 15 years or older, the
presence of an inpatient treatment and
clinical data card, and no record that the
patient was admitted because of medi-
cal criteria alone. Of these 393 patients,
10 were excluded owing to the absence
of outcome data. The mean reported age
of the remaining 383 subjects was 33.0
years, with no significant age differ-
ence between sexes (t380=1.32; P=.19).
Of those admitted, 48.4% were men
(TABLE 1). Mean (SD) BMI at admis-
sion was 12.7 (2.0) kg/m2; mean (SD)

weight was 34 (7.2) kg. Mean admis-
sion BMI of survivors was 12.6 kg/m2 vs
12.9 kg/m2 for nonsurvivors.

Center, Staff, and Equipment
The therapeutic feeding center con-
sisted of 9 stick shelters with plastic
sheeting roofs and mud floors. Sepa-
rate shelters were designated for new
admissions, those with edematous mal-
nutrition, those with dysentery, and
those suspected of having pulmonary
tuberculosis. Beds were not available
and all patients had to lie on plastic
sheets on compacted mud floors.

The center was staffed by 1 expatri-
ate physician, 1 to 2 expatriate nurses,
3 local nurses, and approximately 30
other helpers and cooks. High levels of
supervision were maintained, with staff-
patient ratios of 1:8 or less, particularly
during the first few days after admis-
sion. These staff members distributed
food and oral rehydration solution
(ORS), encouraged patients to eat and
drink, and helped feed those who were
unable to feed themselves.

A set of standard Hanson spring
scales and a locally constructed height
board were used to weigh and mea-
sure patients. The scales were cali-
brated in London, England, and Baidoa
using known weights. Results were
similar at both sites. In the useful range
of 20 to 50 kg, there was a linear in-
crease in error (r=0.99). A correction
factor derived using ordinary least
squares linear regression was used to
correct each weight measurement.

Medical Treatment
Oral antibiotics were needed by the ma-
jority of patients on admission, with
many patients continuing to receive an
antibiotic throughout their stay in the
center. Penicillin V and ampicillin were
the first-line antibiotics for pulmo-
nary infection, as were trimethoprim-
sulfamethoxazole and metronidazole
for dysentery and persistent diarrhea.
Chloramphenicol was the only second-
line antibiotic used.

Discharge criteria were predomi-
nantly clinical. Freedom from infec-
tious disease, a good appetite, constant
weight gain, and ability to walk and care
for oneself were all necessary condi-
tions for discharge. The presence of
minimal pedal edema did not preclude
discharge as long as these criteria were
met. On discharge, transport to pa-
tients’ home villages was provided.

Dietary Treatment
Patients were orally rehydrated using
the World Health Organization for-
mula for ORS (sodium chloride, 3.5 g/L;
trisodium citrate, 2.9 g/L; potassium
chloride, 1.5 g/L; and glucose, 20 g/L).
All patients were given 6 to 8 meals per
day. Diets consisted of high-energy milk
(made from dried skimmed milk, veg-
etable oil, and sugar), sweet tea, rice,
oil, beans, biscuits, and local fruits, es-
pecially bananas. During the first few
days after admission, the high-energy
milk component was diluted with ORS
to reduce the incidence and severity of
watery diarrhea and vomiting that is of-
ten associated with the early stages of
refeeding severely malnourished per-
sons. The degree to which the high-
energy milk was diluted was tailored ac-
cording to severity of diarrhea.

Twotherapeuticdietswereused in the
center. For the higher-protein diet,
patients were offered 156 g of protein
and 16.53103 kJ (16% of energy from
protein; protein-energy ratio, 9.5 mg/kJ
per day) each day; for the lower-
protein diet, patients were offered 81 g
of protein and 16.53103 kJ (8.5% of
energy from protein; protein-energy
ratio, 5 mg/kJ per day) each day. In
patients with edema, the higher-

Table 1. Characteristics of the Study Population*

Variables
All Patients
(N = 383)

Survivors
(n = 292)

Nonsurvivors
(n = 91)

Self-reported age, mean
(SD) [range], y

33.0 (16.0) [15.0-89.0] 32.7 (14.8) [15.0-89.0] 33.8 (16.5) [15.0-80.0]

Sex
No. 382 292 90

Male, No. (%) 185 (48.4) 140 (47.9) 45 (50.0)

Female, No. (%) 197 (51.6) 152 (52.1) 45 (50.0)

BMI, kg/m2

No. 296 244 52

Mean (SD) [range] 12.7 (2.0) [9.0-24.0] 12.6 (2.0) [9.0-24.0] 12.9 (1.9) [9.3-17.6]

Weight, kg
No. 341 271 70

Mean (SD) [range] 34.0 (7.2) [19.2-59.5] 34.0 (7.2) [21.0-59.5] 34.1 (7.4) [19.2-53.4]

*No. for sex, BMI (body mass index), and weight indicates how many persons for whom data were available.
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protein diet was associated with pro-
longed anorexia, increased or persis-
tent edema, and occasional instances of
suddendeath. Introductionof the lower-
protein diet in December 1992 reduced
these complications dramatically. This
effect was so marked that subse-
quently, all patients with edema were
given the low-proteindietduring the ini-
tial phase of treatment. Data collected
at thecenterhave supported theseobser-
vations, demonstrating a 4-fold reduc-
tion in mortality among patients with
severe edema who received the low-
protein diet.10

Data Collection and Coding
On admission, patients were regis-
tered and weighed and had their height
measured by trained local enumera-
tors, supervised by a specially trained
nurse or the clinician responsible for
collecting clinical data (S.C.). Body
mass index was calculated from weight
measurements taken within 2 days of
admission; 97.6% (n=289) of BMIs
were calculated on the day of admis-
sion. A rapid clinical screen, assessing
degree of pitting edema, ascites, hydra-
tion, dysentery, diarrhea, anemia, signs
of chest infection, and ability to stand,
was performed by either the supervis-
ing clinician or a nurse. Weight and/or
clinical condition of each patient was
monitored daily. Outcome (death in the
center, discharge alive, or lost to follow-
up) was recorded on individual pa-
tient cards and in the center’s register.

Data were transferred from inpatient
recordcardsontospeciallydesignedcod-
ing forms, double-entered into a per-
sonal computer, and validated for entry
error. Pitting edema was coded using the
classification of Beattie et al11 (0=ab-
sent; 1=minimal edema on foot or ankle
that is demonstrable but not visible;
2=visible on foot or ankle; 3=demon-
strable up to knee; 4=demonstrable up
to inguinal ligament; 5=anasarca). Pit-
ting edema that was recorded as present
butunquantifiedwasassumedtobemod-
erate (grade 3). Periorbital edema was
codedas1(mild),2 (moderate), or3 (se-
vere), with present but unquantified
edema again assumed to be moderate

(grade 2). Ascites was similarly coded.
Severe edematous malnutrition was
defined as either pitting edema greater
than grade 2, periorbital edema greater
than grade 1, or any ascites. Apparent
dehydration was defined as sunken eyes,
decreased urine output, or dry mucous
membranes. Diarrhea (profuse, fre-
quent, watery stool) and dysentery (pro-
fuse, frequent, watery stool with blood
and with or without pus) were coded as
present or absent. Missing data values
were coded as not present.

The level of supervision of data col-
lection was variable. Occasionally, ex-
patriate access to the center by the su-
pervising clinician and nurses was
restricted for part of a day because of
gun fighting, bandit attacks, attempts
at hostage taking, and military occu-
pations that occurred in Baidoa dur-
ing the study period.

Data Analysis
Bivariate and multivariate logistic regres-
sion analyses were used to assess the as-
sociation of clinical features at presen-
tation with mortality in the center.
Variables that were not independently as-
sociated with mortality were elimi-
nated from the logistic models in a back-
ward-stepwise fashion using estimation
techniques. Odds ratios (ORs) of the 3
signs independently associated with
death were used to construct a predic-
tive model. If a patient exhibited none
of these signs, the score was 0. If they ex-
hibited 1 sign, their score was the OR as-
sociated with that sign. If more than 1
clinical sign was present, their score was
the sum of the ORs associated with each
sign. The sensitivity and specificity of
predicted mortality at score intervals of
0.5 were calculated and receiver operat-
ing characteristic (ROC) curves were
plotted. Receiver operating characteris-
tic curves plot sensitivity against
100−specificity and are a useful means
of assessing the ability of an indicator to
discriminate between healthy and dis-
eased persons or, in this case, between
patients with differing outcomes (sur-
vival or death). A simpler model using
a count of clinical signs was also con-
structed. In this model, the score for each

patient was the number of 3 relevant
clinical signs exhibited.

The association between BMI and
survival was explored in a systematic
manner. A series of indicator variables
was created using successively higher
BMI cut-points at intervals of 0.5 kg/m2

(ie, variables were created to indicate
whether an individual BMI was ,10.0,
10.5, 11.0, 11.5, 12.0, 12.5, etc). Each
indicator was tabulated against sur-
vival. The indicator with the most sig-
nificant positive association (BMI ,11.0
kg/m2; OR, 2.44; 95% confidence in-
terval, 1.11-5.32; Yates-corrected
x2

1=5.22; P,.05) was then included in
the predictive model.

A simulation exercise was under-
taken to validate the methods used to
construct the models. Each run of the
simulation involved splitting the data set
into 2 parts by randomly selecting (us-
ing a pseudorandom number genera-
tor) approximately half of the available
records as a training data set and using
the other half of the data as a validation
data set. The ORs and uncorrected x2 for
each association between predictor vari-
ables and death were calculated using the
training data set. Sums of ORs and sign-
count models were then constructed us-
ing variables with significant positive as-
sociations with death, defined as any
variable having an OR of greater than
unity and an uncorrected x2 of greater
than 3.84 (ie, P#.05 for tables with 1 df).
Models constructed using these vari-
ables were then tested on the valida-
tion data set. The simulation was run
1000 times. All data entry and analyses
were performed using Epi Info,12 Logis-
tic,13 and Microsoft Excel.14

RESULTS
Ninety-one (23.8%) of the 383 pa-
tients died before discharge. Median
time to death was 8 days (range, 1-53
days). TABLE 2 shows the clinical sign
variables that were independently as-
sociated with survival and the ORs as-
sociated with these variables. Ascites
was not associated with survival. Se-
vere edema, inability to stand, and ap-
parent dehydration were indepen-
dently associated with mortality.
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TABLE 3 presents the sensitivity and
specificity for prediction of death in all
383 patients for all combinations of
clinical models created using edema, in-
ability to stand, and apparent dehydra-
tion. The most discriminatory model
(ie, the model with the greatest sum of
specificity and sensitivity) was that
based on the presence of any 1 of these
3 signs. This model predicted 77% of
deaths at a specificity of 59%.

FIGURE 1 shows the ROC curves for
the prediction of short-term mortality
using the sum-of-ORs clinical model
and BMI. The prediction of death by the
sum of the ORs of severe edema, in-
ability to stand, and apparent dehydra-
tion performed at the highest level of
sensitivity and specificity. Prediction of
death using BMI alone in these pa-
tients yielded worse-than-random re-
sults. When BMI was used in a sub-
population selected to include only
marasmic patients who could stand

(n=218), performance was similar to
the clinical model, predicting 46% of
deaths at a specificity of 85%. When use
of BMI was further restricted to in-
clude only marasmic women who could
stand (n=108), BMI performed better
than the clinical model, predicting 56%
of deaths at a specificity of 87%.

The ROC curve for the model con-
structed by counting clinical signs was
identical to that produced using the
sum-of-ORs clinical model. Addition of
a BMI marginally improved these mod-
els. ROC curves for these models are
presented in FIGURE 2.

Nine hundred ninety-three runs
(99.3%) of the simulation of the sum-
of-ORs clinical model yielded a predic-
tive model better than random. The
mean area under the ROC curves for
these 1000 simulations was 63.25% (SD,
4.39%). Nine hundred ninety-seven runs
(99.7%) of the sign-count clinical model
and BMI yielded a predictive model bet-

ter than random. The mean area under
the ROC curves for these 1000 simula-
tions was 63.42% (SD, 4.23%).

COMMENT
The risks of mortality associated with ap-
parent dehydration, inability to stand,
and severe edema were independent of
each other. A patient presenting with
more than 1 of these signs therefore had
a risk of mortality equivalent to the sum
of the risks of all the signs that were pres-
ent. A scoring system based on the sum
of the ORs predicted 77% of deaths at a
specificity of 59%. A simplified model,
using only the presence or absence of 3
clinical signs—severe edema, inability
to stand, and apparent dehydration—
predicted deaths in a near identical fash-
ion (Figure 2). Use of this sign-count
model required only a count of rel-
evant clinical signs, not calculation of
ORs, which would be difficult in the
field. Eliciting the 3 clinical signs used
in the model was quick and easy in all
patients and required no equipment.
Consequently, the sign-count model can
be readily taught to local workers and
is suitable for use as a prognostic model
in the field, even during the early phases
of a famine relief program.

The capacity of BMI to predict death
was limited. Only among female ma-
rasmic patients who could stand did
BMI perform better than the clinical

Table 2. Clinical Signs Associated With Survival in Severe Malnutrition (N = 383)

Variables
Survivors, %

(n = 292)
Nonsurvivors, %

(n = 91)
Unadjusted Odds Ratio

(95% Confidence Interval)

Inability to stand 7 19 2.96 (1.40-6.26)

Dehydration 22 43 2.73 (1.60-4.66)

Severe edema 19 36 2.45 (1.41-4.27)

Dysentery 29 38 1.50 (0.88-2.53)

Anemia 21 25 1.28 (0.71-2.31)

Diarrhea 34 37 1.18 (0.70-1.99)

Chest infection 58 57 0.97 (0.58-1.61)

Table 3. Prediction of Mortality by 3 Clinical Signs (N = 383)*

Signs

No. of
Nonsurvivors

Predicted to Die

No. of
Survivors

Predicted to Die Sensitivity, % Specificity, % Accuracy, % PPV, % NPV, %

Single
Dehydration 39 63 43 78 70 38 81

Edema 33 55 36 81 70 38 80

Inability to stand 17 21 19 93 75 45 79

Combined using “and”
Edema and inability to stand 3 3 3 99 76 50 77

Dehydration and inability to stand 8 4 9 99 77 67 78

Dehydration and edema 9 12 10 96 75 43 77

All 3 signs 1 1 1 100 76 50 76

Combined using “or”
Edema or inability to stand 47 73 52 75 69 39 83

Dehydration or inability to stand 48 80 53 73 68 38 83

Dehydration or edema 63 106 69 64 65 37 87

Any 1 sign 70 121 77 59 63 37 89

Any 2 signs 18 17 20 94 77 51 79

*PPV indicates positive predictive value; NPV, negative predictive value.
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models. When nonmarasmic patients
and those unable to stand were in-
cluded (ie, the entire patient cohort), the
prediction of mortality using BMI was
worse than random (Figure 1). Assess-
ment of BMI was also difficult and time-
consuming. Dehydration present among
patients admitted to the center re-
duced admission BMIs. Because appar-
ent dehydration was also a sign of poor
prognosis, its presence tended to make
BMI a better predictor of death in the
center. The inability of most severely de-
hydrated people to stand meant that they
could not have their BMI estimated
within 2 days of admission and were
therefore not included in the BMI prog-
nostic models. It is therefore likely that
the reduction of admission BMIs due to
dehydration was not a major effect.

Presence of severe edema was asso-
ciated with a poor prognosis and in-
creased admission BMI. This confound-
ing meant that the ability of BMI to
predict death among patients with
edema was worse than random. Be-
cause severe edema was common, BMI
was not useful as a prognostic indica-
tor when applied to the entire center
population (Figure 1).

These results indicate that at the ex-
tremes of emaciation observed in adult
therapeutic feeding centers, clinical ill-
ness is a better indicator of prognosis
than degree of wasting as defined by BMI.
A model using the presence of readily dis-
cernible clinical signs is useful in iden-
tifying patients at high risk of death. The
high-risk patients identified by this prog-
nostic model can then be moved to spe-
cialized feeding centers or areas within
existing feeding centers with the most
motivated staff, a higher level of medi-
cal supervision, and, if necessary, higher
caregiver-patient ratios. This is a differ-
ent role than that of screening admis-
sions for entry into feeding centers, a
research priority in severe adult/
adolescent malnutrition.15 Rather than
identifying inpatients with a poor prog-
nosis, a screening indicator must iden-
tify persons in the general population
who are likely to respond to treatment
if admitted to a feeding center but who
will die if not admitted. The specificity

and sensitivity requirements for screen-
ing are different than those required for
prognostic indicators. To be useful in
famine relief programs, where there are
often large crowds of people attempt-
ing to gain entry into feeding centers, a
screening indicator must have a high
specificity. This is not the prime require-
ment for a prognostic indicator. We have
demonstrated that the sign-count model
is sensitive for predicting death within
a therapeutic feeding center. We have not
assessed its potential for use as a screen-
ing tool to exclude individuals from ad-
mission to feeding centers.

This potential use for screening ad-
missions to therapeutic feeding centers
needs to be investigated further. Al-
though the model is somewhat nonspe-
cific for identification of patients who
would die despite having been given
treatment in the center, it is likely that
in the absence of treatment, many more
of the individuals identified would have
died. The model might therefore be more
specific if used for screening. To in-
crease the model’s specificity for iden-
tifying malnourished individuals at
greater risk of dying, an indicator of nu-
tritional status would need to be added
to the model. Middle upper arm circum-
ference (MUAC), recently shown to be
a potentially useful indicator of acute
adult malnutrition,16 might be suitable.
Addition of MUAC would differentiate
between those with clinical illness but
no malnutrition, who would be better
treated in medical units, from those with
both illness and malnutrition, who
would be best treated in specialized feed-
ing centers. By weighting the model ap-
propriately, having an MUAC below a
certain threshold could be made a nec-
essary prerequisite for selection. This
would ensure a high prevalence of mal-
nutrition in the population assessed by
the sign-count part of the model.

Within this selected population, the
specificity of the clinical signs for iden-
tifying death among persons who did not
receive treatment would be high, fulfill-
ing the requirement for screening. Use
of this single model would be equiva-
lent to application of a 2-stage screen-
ing procedure. Such a 2-stage system is

similar to that used by 1 of us (S.C.)
when confronted with large crowds of
malnourished adults. In such situa-
tions, a rapid visual inspection and a very
brief clinical examination are under-
taken to assess fat in the upper arms out-

Figure 1. Receiver Operating Characteristic
Curves for Prediction of Mortality by the
Sum of Odds Ratios for 3 Clinical Signs and
Body Mass Index (BMI)
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Figure 2. Prediction of Short-term Mortality
by Counting 3 Clinical Signs With and
Without a BMI Threshold
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side of the center, followed by more in-
volved anthropometric and clinical
inspection inside the center. In this ad
hoc system, the initial screen outside of
the center increases the prevalence of se-
vere malnutrition requiring urgent as-
sistance among persons who are al-
lowed through the gates to be assessed
by a more time-consuming clinical ex-
amination. In this selected population,
the higher prevalence of life-threaten-
ing malnutrition makes the relatively low
specificity of the clinical screen less im-
portant. The sign-count model pro-
posed here, combined with an MUAC
cutoff, would formalize this method,
making it more useful to workers with
less experience. The threshold of both
MUAC and the clinical score chosen as
a screening cutoff would depend on the
context and the relative balance of re-
sources and needs.17

Emergency relief programs must en-
sure that themajorityofapopulationhas
access to the minimum requirement to
maintain life. This requires prioritizing
lower-input interventions with a large
coverage of the vulnerable population
above high-input services treating rela-
tively few.Accesstoalife-sustaininggen-
eral ration, providing at least 8786 kJ
from grains, legumes, and vegetable oil;
adequate water; sanitation; basic health
care; and dry supplementary feeding,
must, therefore, formthebasisof anyre-
liefprogram.18 Therapeutic feedingcen-
tersareefficientandeffectiveonlyif these
basic prerequisites are in place. This hi-
erarchy of interventions constitutes a
form of triage. During the initial stages
of famine, need will usually outstrip the
available resourcesand the focusshould
be on ensuring that the general ration
is adequate before targeted feeding cen-
ters are established. At this stage, those
too malnourished to survive with this
basic support will die. As resources in-
crease, it will become possible to under-
take therapeutic feeding, although, ini-
tially, clinical triage may be necessary.

For example, in the town of Wau in
southern Sudan during June through Au-
gust 1998, more than 100 therapeutic
centers would have been required to treat
the estimated 16000 children and adults

requiring therapeutic feeding.19 At that
time, there was only a single 24-hour
therapeutic feeding center with a maxi-
mum capacity of 400 patients. In this
context, given the limited means avail-
able, selecting only those patients with
a good chance of survival would have op-
timized the efficient use of resources. In
this study, the combination of 2 rel-
evant clinical signs predicted death at
sensitivities of greater than 95%. In Wau,
the combination of these 2 signs would
have been a useful triage tool to deter-
mine the low end of the spectrum of mal-
nutrition severity among patients whom
the center would admit.

Reliefprogramsarerarely totallyover-
whelmed,and it is important that theex-
istence of a triage tool does not under-
mine international will to provide suf-
ficient humanitarian assistance during
emergencies. Screening and prognostic
indicators are also different than mark-
ers of improvement during treatment.
In this study, maintenance of fluid bal-
ance and hydration, disappearance of
edema, and a steady increase in weight
in the absence of increasing edema were
all markers of improvement. This has
been reported previously.10,20

Ideally, a study evaluating the rela-
tionship between clinical signs and risk
of mortality in a general population ex-
periencing famine is required to estab-
lish relevant clinical screening crite-
ria. However, conducting such broad-
based population studies is probably not
feasible during famine and none have
yet been undertaken in such condi-
tions. Given these difficulties, evaluat-
ing prognostic models in selected feed-
ing center populations is a feasible
alternative. It is certainly better than the
current absence of information on prog-
nostic indicators in famine.

In conclusion, counting simple clini-
cal signs is a useful method of assess-
ing prognosis in severe adult and ado-
lescent malnutrition during famine. The
addition of an anthropometric indica-
tor is likely to make these models use-
ful for screening admissions of adults to
feeding centers. The poor association of
BMI with prognosis and difficulties in
obtaining BMI estimations during ex-

treme conditions, such as the famine in
Somalia, make BMI inappropriate for
such a role. Middle upper arm circum-
ference might prove to be more useful
in this context. More work on identify-
ing relevant clinical signs and combin-
ing them with MUAC in such models for
use in screening is required.
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