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PUBLIC HEALTH RECOMMENDA-
tions for complex emergen-
cies,1,2 based on important
studies conducted in refugee

camps,3-5 are now codified in guide-
lines and minimum standards for hu-
manitarian interventions.6-8 Programs
derived from these recommendations,
such as mass measles vaccination cam-
paigns, provision of water and sanita-
tion facilities, and food aid, are now sys-
tematically implemented in refugee
camps during the acute phase of an
emergency. In refugee camps, the United
Nations High Commissioner for Refu-
gees has traditionally taken the respon-
sibility for overseeing surveillance sys-
tems for mortality and nutrition, for
ensuring such data are used in design-
ing programs, as well as for coordinat-
ing programs in the health and nutri-
tion sectors. During famines or other
complex emergencies involving inter-
nally displaced persons, surveillance sys-
tems may be more difficult to imple-
ment, programs may not be based on
adequate data, and a lead agency for co-
ordination may be lacking. Public health
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Context The World Food Programme estimated that 10 million people were at risk
of starvation in Ethiopia in 2000 but later reported that a famine had been averted.
However, no population-based data on mortality or nutrition existed for Gode dis-
trict, at the epicenter of the famine in the Somali region of Ethiopia.

Objectives To estimate mortality rates, determine the major causes of death, and
estimate the prevalence of malnutrition among children and adults for the population
of Gode district.

Design and Setting Two-stage cluster survey conducted from July 27 through Au-
gust 1, 2000, which included anthropometric measures and 8-month retrospective mor-
tality data collection.

Participants A total of 595 households comprising 4032 people living in Gode dis-
trict of Ethiopia.

Main Outcome Measures Crude mortality rates and mortality rates for children
younger than 5 years, causes of death, weight for height of less than −2 z scores among
children aged 6 months to 5 years, and body mass index of less than 18.5 kg/m2 among
adults and older persons.

Results Of the 595 households, 346 (58.2%) were displaced from their usual places of
residence. From December 1999 through July 2000, a total of 293 deaths occurred in the
sample population; 159 (54.3%) deaths were among children younger than 5 years and
72 (24.6%) were among children aged 5 to 14 years. The crude mortality rate was 3.2/
10000 per day (95% confidence interval [CI], 2.4-3.8/10000 per day), which is 3 times
the cutoff used to define an emergency. The mortality rate for children younger than 5
years was 6.8/10000 per day (95% CI, 5.4-8.2/10000 per day). Approximately 77% of
deaths occurred before major relief interventions began in April/May 2000. Wasting con-
tributed to 72.3% of all deaths among children younger than 5 years. Measles alone or
in combination with wasting accounted for 35 (22.0%) of 159 deaths among children
younger than 5 years and for 12 (16.7%) of 72 deaths among children aged 5 to 14
years. The prevalence rate for wasting (weight for height of ,−2 z score) among children
aged 6 months to 5 years was 29.1% (95% CI, 24.7%-33.4%). Using a method to adjust
body mass index for body shape, the prevalence of undernutrition (body mass index ,18.5
kg/m2) among adults aged 18 to 59 years was 22.7% (95% CI, 17.9%-27.5%).

Conclusions To prevent unnecessary deaths, the humanitarian response to famine
needs to be rapid, well coordinated, and based on sound epidemiological evidence.
Public health interventions, such as mass measles vaccination campaigns with cover-
age extended to children aged 12 to 15 years should be implemented as the first pri-
ority. The prevalence of wasting and undernutrition among children and adults, re-
spectively, should be assessed in all prolonged, severe famines.
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priorities may be met more systemati-
cally in refugee camps than for famine-
affected populations that are dispersed
over extensive geographic areas.9

Ethiopia has been subject to recur-
rent drought and food shortages exac-
erbated by civil strife.10,11 These crises
have generally resulted in massive ex-
cess mortality and internal population
displacement without the formation of
discrete camps. Beginning in 1999, data
from early warning systems in many re-
gions of Ethiopia indicated that the food
security and nutrition situation was de-
teriorating rapidly.12 The World Food
Programme estimated that more than 10
million people needed food assistance at
the peak of this crisis.13 The Somali re-
gion, in which the predominantly pas-
toral and agro-pastoral communities had
lost a large proportion of their live-
stock, was the worst affected. Ongoing
civil conflict and extremely poor health
infrastructure in this region exacer-
bated the food security situation. In ad-
dition, in early 2000, measles cases be-
gan to be reported by nongovernmental
organizations (NGOs). It was not until
April 2000, however, when media atten-
tion began to focus on the town of Gode
in the Somali region,14 that a large-scale
international humanitarian response was
triggered. Interventions included foodaid
and selective programs, such as supple-
mentary feeding programs for moder-
ately wasted children and therapeutic
feeding centers for severely wasted chil-
dren, and resulted in populations be-
coming concentrated around the major
sites of humanitarian services.15 In May
2000, some United Nations agencies re-
ported that the situation, although seri-
ous, was not a famine and that mortal-
ity was “under control.”16 Later, the
World Food Programme claimed that a
widespread famine was averted by the
rapid humanitarian response.17

Mortality and nutrition data are both
critical to define high-risk groups and
to target programs during famine. Be-
cause no population-based data on mor-
tality or nutrition were available for
Gode district, Save the Children Fund
USA, with support from the United Na-
tions Children’s Fund and the Centers

for Disease Control and Prevention, car-
ried out a survey in the district from July
27 through August 1, 2000, with the fol-
lowing objectives: to estimate mortal-
ity rates, to determine the major causes
of death, and to estimate the preva-
lence of malnutrition among children
and adults.

METHODS
We carried out a 2-stage, 30-cluster
household survey in Gode district. As-
suming a design effect of 2, a sample
size of 768 children younger than 5
years was needed to achieve 5% preci-
sion around an estimated prevalence of
wasting of 50% with a 95% confidence
interval (CI). Although the 1994 So-
mali region census18 gives the propor-
tion of children younger than 5 years
as 12.6%, we assumed this group made
up 20% of the population on the basis
of data from more recent surveys in
other parts of Somali region.19 Assum-
ing a mean family size of 6,18 a total
sample of 638 households with 3828
persons was required. For people aged
18 to 59 years, defined as adults, a
prevalence of undernutrition of 50%
was also assumed. Although we also
collected anthropometric data on per-
sons 60 years or older, defined as older
persons, we anticipated that the sample
size would be small because this age
group makes up only 3% of the popu-
lation in the region.18

Baseline mortality rates were not
available by region, but national data
for Ethiopia indicates that the crude
mortality rate (CMR) is approxi-
mately 0.5/10000 per day.20 We esti-
mated the mean CMR during the pre-
vious 8 months to be 4/10000 per day
or 4 times the cutoff used to define an
emergency.1 This rate corresponded to
a cumulative mortality of approxi-
mately 10% from December 9, 1999,
through July 26, 2000, defined as the
retrospective period of interest for this
study.Becausemortalitywasmore likely
to be clustered than malnutrition, we
assumed a design effect of 4. Our sample
size of 3832 people would result in a
CMR estimate with a precision of 2 per-
centage points and a 95% CI.

We used the 1994 census as a basis
for our population sampling frame for
Gode district,18 and adjusted it using
more recent estimates by NGOs in-
volved in food distribution and by the
Ethiopian military, which had con-
ducted comprehensive headcounts. In
the first stage of the survey, 30 clus-
ters were assigned proportionally to vil-
lage population size. In the second
stage, we selected households using Ex-
panded Programme on Immunization
methods.21 A household was defined as
a group of people who usually live un-
der the same roof and share meals. If
more than 1 household was present in
the same dwelling, 1 was randomly se-
lected. The questionnaire was admin-
istered to the head of household or an-
other adult member who also provided
oral informed consent. If no adult mem-
ber of the household was home at the
time of the survey, the survey team re-
turned to that household later in the
day. If there was still no one at home
when the study team returned, the team
selected the next house. If children in
a household had been admitted to a
therapeutic feeding center, we weighed
and measured them at the center. The
survey protocol was reviewed by rep-
resentatives of the Centers for Disease
Control and Prevention, the United Na-
tions Children’s Fund, and Save the
Children Fund USA for ethical consid-
erations.

No major linguistic variations ex-
isted within the district, and the ques-
tionnaire was translated into the So-
mali dialect used by the majority
Tolmoge clan and back-translated into
English. A local calendar of events was
used to determine age and date of death.
We determined the total number of
people and children younger than 5
years present in each household at the
beginning of the period, December 9,
1999, the first day of Ramadan and a
major religious event in the region.
Deaths in the family occurring during
the period of interest were recorded and
the month of death was identified. We
then used a series of questions in a
structured format to assign cause of
death into 10 categories according to
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standard case definitions. To simplify
most analyses, causes of death were ag-
gregated into 4 broad categories: (1)
wasting alone; (2) wasting in combi-
nation with symptoms of measles, di-
arrhea, malaria, or respiratory tract in-
fection; (3) symptoms of measles,
diarrhea, malaria, or respiratory tract
infection without wasting; or (4) other.
The questionnaire was piloted in the
Save the Children Fund USA feeding
center in Gode among 20 mothers of
malnourished children and among 30
families in a village that was not in-
cluded in the survey.

The 6 survey teams consisted of 4
persons each. Before the survey, team
members received 3 days of training
that included exercises designed to re-
duce interobserver and intraobserver er-
ror in anthropometric measurement. A
health professional from the Save the
Children Fund USA, United Nations
Children’s Fund, or Centers for Dis-
ease Control and Prevention super-
vised each survey team. For children,
weight was measured to the nearest
100 g with Salter scales Model MP 25
(CMS Weighing Equipment Ltd, Lon-
don, England) and for adults, weight
was measured to the nearest 0.5 kg with
Camry bathroom scales (Camry, Bei-
jing, China). Scales were calibrated daily
using standard weights of 0.5 kg, 2 kg,
and 5 kg. Height was measured to the
nearest 0.1 cm using Oxfam children’s
height boards and locally produced
adult height boards made to Oxfam
specifications (Oxfam, Oxford,
England). We measured demispan (the
distance between the tip of the middle
finger and the sternal notch) using CMS
demispan tapes (CMS Weighing Equip-
ment Ltd). Each measurement was con-
firmed by at least 1 other team mem-
ber. Because vaccination cards had not
been distributed with previous vacci-
nation campaigns, an oral report from
the child’s mother was used to define
measles vaccination status.

Among children aged 6 months to 5
years, we classified wasting using a
weight for height z score derived from
the NCHS, Centers for Disease Con-
trol and Prevention, and World Health

Organization (WHO) reference popu-
lation. Moderate wasting was defined
as a weight for height z score between
–2.0 and –3.0. Severe wasting was de-
fined as a weight for height z score of
less than –3.0 or nutritional edema. Be-
cause percentage median weight for
height is generally the accepted method
used by NGOs to determine admis-
sion and discharge criteria for feeding
centers, we used percentage median
weight for height in calculations of
feeding center coverage (the propor-
tion of malnourished children in each
category attending feeding centers). Un-
dernutrition was defined as a body mass
index (BMI) of less than 18.5 kg/m2 and
severe undernutrition as a BMI of less
than 16.0 kg/m2 for adults.22 Data were
analyzed using Epi Info software (ver-

sion 6.04b), which includes C-sample
for determining 95% CIs and SEs for
cluster surveys.23

Because the Somali population is tall
and thin, before we could apply stan-
dard international cutoffs we needed to
adjust BMI for differences in Cormic in-
dex (the ratio of sitting height to stand-
ing height) between the sample popu-
lation and the populations from which
the WHO’s BMI cutoffs for defining un-
dernutrition were derived (BOX). We
found the Cormic index to be 0.485
(SE, 0.001) in the Somali population
compared with 0.520 in the standard
international population.

Because height decreases with nor-
mal aging, the WHO recommends the
measurement of long bones and sub-
sequent correlation with height for

Box. Adjusting Body Mass Index (BMI) for Cormic Index
and Loss of Height

Many factors, including the Cormic index, body proportion of muscle and fat, and
nutritional status influence the BMI. Among adults, we used the methods de-
scribed by Norgan24 to adjust for body shape. Regression equations, which were
derived from our own data, were calculated for both men and women, relating
Cormic index to BMI.

Cormic Index
Because no significant difference existed between the sexes, we used a combined
equation (BMI=47.13[Cormic index]−3.9) to estimate the relationship between
Cormic index and BMI in the sample population. This equation was then used to
calculate the estimated BMI, which uses each individual’s Cormic index from the
sample population. The calculation of estimated BMI assumes that there is no varia-
tion among individuals in the relationship between BMI and Cormic index and thus
eliminates variation associated with nutritional status. The difference between mea-
sured BMI (the observed BMI for the individual) and estimated BMI represents the
individual variation attributable to nutritional status. The same regression equation
was then used to calculate the BMI assuming that each individual in the population
had a Cormic index of 0.52 (BMI0.52). The BMI0.52 eliminates variation due to the
Cormic index and nutritional status. The quantity (observed BMI minus estimated
BMI) was then added back to BMI0.52 to restore the variation due to nutritional sta-
tus. The final adjusted BMI is therefore calculated as:

Adjusted BMI=BMI0.52+(Observed BMI−Estimated BMI).

Loss of Height
To derive height for older men using demispan, we used the following equation:

Height=1.563Demispan+31.8 (r=0.8, r2=0.7).

To derive sitting height, we used the equation:
Sitting Height=0.333Height+26.8 (r=0.7, r2=0.5).

We used the following equations for older women:
Height=1.153Demispan+65.6 (r=0.7, r2=0.5)

Sitting Height=0.283Height+34.0 (r=0.6, r2=0.3).
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calculating BMI in persons aged 60
years or older.25 Because published
regression equations correlating
demispan or armspan with height
were not available for the Somali
population, we used data from adults
aged 18 to 59 years in our survey for
this purpose. The adjustment for body
shape using the Cormic index, as out-

lined in the Box, was then performed
for older persons.

RESULTS
We completed a standardized question-
naire for 595 households comprising
4032 people at the beginning of the pe-
riod of interest; 346 (58.2%, 95% CI,
46.4%-70.0%) households were dis-

placed from their usual place of resi-
dence. The monthly rate for displace-
ment was highest before April 2000 and
paralleled the mortality trends (FIGURE,
A). The mean household size was 6.4,
and children younger than 5 years con-
stituted 25.3% of household mem-
bers. Three households refused to par-
ticipate, and security curfews and long
travel times to some villages resulted in
43 fewer households being surveyed
than originally intended. Nonethe-
less, the required sample size for chil-
dren younger than 5 years was achieved
because households were larger than
anticipated.

Mortality
Overall, 293 deaths occurred in the
sample population during the period of
interest; 159 (54.3%) deaths were among
children younger than 5 years. The CMR
was 3.2/10000 per day (95% CI, 2.4-
3.8/10000 per day). Assuming a base-
line CMR of 0.5/10000 per day, approxi-
mately 6070 excess deaths (95% CI,
4442-7600) occurred among the 98700
population of Gode district during the
period of interest. The mortality rate
among children younger than 5 years of
6.8/10000 per day (95% CI, 5.4-8.2/
10000 per day) was approximately
double the CMR throughout the pe-
riod of interest. Mortality trends among
children younger than 5 years tended to
parallel measles mortality trends. Mor-
tality rates were high at the beginning
of the period of interest, but by April
2000 mortality rates were near the cut-
off levels for definition of an emer-
gency (Figure, B). Of the total deaths,
225 (76.8%) had occurred before any
major humanitarian intervention com-
menced. Mortality rates began to in-
crease again after the intervention be-
gan in April/May 2000.

Cause of death by age group is shown
in TABLE 1. Almost 80% of all deaths
were among children aged 14 years or
younger and around 8% occurred
among older persons. Wasting or wast-
ing together with 1 of 4 major commu-
nicable diseases contributed to 206
(70.3%) deaths. Measles alone or to-
gether with wasting contributed to 47

Figure. Famine-Related Displacement and Mortality Rates
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The retrospective period was from December 9, 1999, through July 26, 2000.

Table 1. Cause of Death by Age Group for December 1999 Through July 2000*

Age
Category, y

Cause of Death, No. (%)

Total No. (%)
of Deaths

Wasting
Alone

Wasting and Measles,
Diarrhea, Malaria, or RTI

Measles, Diarrhea,
Malaria, or RTI Other

,5 29 (43.3) 86 (61.9) 30 (60.0) 14 (37.8) 159 (54.3)

5-14 22 (32.8) 30 (21.6) 12 (24.0) 8 (21.6) 72 (24.6)

15-59 9 (13.4) 13 (9.4) 4 (8.0) 12 (32.4) 38 (13.0)

$60 7 (10.4) 10 (7.2) 4 (8.0) 3 (8.1) 24 (8.2)

Total 67 (100) 139 (100) 50 (100) 37 (100) 293 (100)

*RTI indicates respiratory tract infection.
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(16.0%) deaths and 35 (22.0%) of the
159 deaths among children younger
than 5 years. Measles alone or to-
gether with wasting contributed to 12
(16.7%) of the 72 deaths among chil-
dren aged 5 to 14 years. Of the 47
measles-related deaths, 35 (74.5%) were
among children younger than 5 years,
8 (17.0%) were among children aged
5 to 9 years, and 4 (8.5%) were among
children aged 10 to 14 years.

Cause of death differed before and af-
ter April/May 2000 when major hu-
manitarian interventions had been
implemented. Excluding the category
“other,” of the 210 deaths occurring
from December 1999 through May
2000, 29% were attributed to wasting
alone, 55% to wasting and 1 of the 4
major communicable diseases, and 16%
to 1 of the 4 major communicable dis-
eases alone. After April/May 2000, ex-
cluding the “other” category, only 15%
of the 46 deaths were due to wasting
alone, 50% to wasting and 1 of the 4
major communicable diseases, and 35%
to 1 of the 4 major communicable dis-
eases alone (P,.01 for all).

Malnutrition and Morbidity
Anthropometric measurements were
taken for 867 children aged 6 months
to 5 years. The mean weight for height
z score was –1.53 (95% CI, −1.60 to
–1.46). Overall, at least 8 months after
the famine began, 252 (29.1%; 95% CI,
24.7%-33.4%) children in this age
group had wasting; 203 (23.4%; 95%
CI, 19.7%-27.0%) had moderate wast-

ing and 49 (5.7%; 95% CI, 4.1%-
7.3%) had severe wasting. Differences
between sexes were not statistically sig-
nificant. Of the 144 children who met
NGO criteria for admission to supple-
mentary feeding programs (percent-
age median weight for height of 70%-
80%), only 31 (21.5%; 95% CI, 7.4%-
35.7%) were enrolled in feeding
programs at the time of the survey. Of
the 33 children who met NGO criteria
for admission to therapeutic feeding
centers (percentage median weight for
height of ,70%), only 4 (12.1%; 95%
CI, 1.1%-23.1%) were actually receiv-
ing therapeutic feeding at the time of
the survey.

Of the 867 surviving children who
were younger than 5 years in the sur-
vey, 519 (59.9%; 95% CI, 48.5%-
71.0%) had been vaccinated against
measles and 530 (61.1%) were re-
ported to have had an illness in the 2
weeks before the survey. Of these 530,
188 (21.7%) had a respiratory tract in-
fection; 159 (18.3%), watery diarrhea;
102 (11.8%), fevers and chills; 55
(6.3%), measles; and 26 (3.0%), bloody
diarrhea. Cumulative incidence rates of
measles in the previous 2 weeks in-
creased with increasing levels of wast-
ing: 4.7% of well-nourished children
had measles; 8.4% of moderately wasted
children had measles (relative risk, 1.8;
95% CI, 1.0-3.3); and 18.4% of se-
verely wasted children had measles
(relative risk, 3.9; 95% CI, 1.8-8.5).

Among the 722 adults (aged 18-59
years) with complete data, 97 preg-

nant women were excluded from the
analysis of BMI. For the 625 remain-
ing adults, the mean (SE) unadjusted
BMIs were 18.0 (0.2) kg/m2 for men and
19.3 (0.1) kg/m2 for women; mean (SE)
adjusted BMIs were 19.7 (0.2) kg/m2

and 20.9 (0.1) kg/m2, respectively.
Overall, the prevalence of undernutri-
tion (BMI, ,18.5 kg/m2) using the un-
adjusted BMI was 49.3% (95% CI,
44.0%-54.5%) and using the adjusted
BMI was 22.7% (95% CI, 17.9%-
27.5%), a difference of 26.6 percent-
age points. For both men and women,
the prevalence of both moderate and
severe undernutrition decreased sub-
stantially after the BMI adjustment
(TABLE 2).

Among the 104 older persons, the
mean (SE) unadjusted BMIs were 17.2
(0.3) kg/m2 for men and 18.4 (0.4)
kg/m2 for women; mean (SE) adjusted
BMIs were 19.1 (0.3) kg/m2 and 19.3
(0.4) kg/m2, respectively. With the ex-
ception of mildly undernourished
women, the prevalence of undernutri-
tion declined after BMI adjustment
(Table 2).

COMMENT
Mortality

From December 1999 through July
2000, the CMR in Gode district was ap-
proximately 6 times higher than the
prefamine baseline and 3 times higher
than the accepted cutoff for the defini-
tion of the acute phase of a complex
emergency.1 Given the widespread and
severe food shortages, high preva-

Table 2. Comparison of Prevalence Rates for Undernutrition Among Adults and Older Persons Using Adjusted and Unadjusted Body Mass
Index

Body Mass
Index, kg/m2

No. (%) [95% Confidence Interval]

Adults (18-59 y) (n = 625) Older Persons ($60 y) (n = 104)

Men Women Men Women

Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

,18.5 (Total) 107 (61.5)
[53.1-69.9]

49 (28.6)
[19.6-36.7]

199 (44.5)
[38.5-50.6]

92 (20.6)
[15.8-25.4]

25 (71.4)
[55.2-87.6]

13 (37.1)
[24.4-49.9]

40 (58.0)
[48.1-67.9]

30 (43.5)
[33.5-53.5]

17.0-18.4 (Mild) 49 (28.2)
[20.5-35.8]

38 (22.2)
[14.2-29.5]

97 (21.7)
[17.7-25.7]

65 (14.5)
[10.5-18.6]

11 (31.4)
[16.4-46.5]

9 (25.7)
[12.6-38.9]

12 (17.4)
[9.2-25.6]

14 (20.3)
[12.6-28.0]

16.0-16.9
(Moderate)

33 (19.0)
[12.2-25.7]

6 (3.5)
[1.1-5.8]

53 (11.9)
[8.5-15.2]

15 (3.4)
[1.8-4.9]

6 (17.1)
[3.9-30.4]

2 (5.7)
[0-12.4]

10 (14.5)
[6.8-22.2]

9 (13.0)
[4.8-21.3]

,16.0 (Severe) 25 (14.4)
[9.1-19.7]

5 (2.9)
[0.1-5.6]

49 (11.0)
[8.1-13.9]

12 (2.7)
[1.4-4.0]

8 (22.9)
[10.0-35.8]

2 (5.7)
[0-13.7]

18 (26.1)
[16.2-36.0]

7 (10.2)
[2.6-17.7]

*Adjusted for body shape.
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lence rates for wasting, and reports of
measles in the other districts within the
zone,15 we believe that the mortality
rates for the entire zone were likely to
be similar to those for Gode district. The
CMRs of around 3.5/10000 per day
were consistently reported from sites in
other districts in Gode zone during the
same period (oral communication, Rudi
Coninx, MD, International Commit-
tee of the Red Cross, June 30, 2000).
By extrapolating our mortality rates to
the larger zonal population of approxi-
mately 330000, we estimate that ap-
proximately 19900 (95% CI, 14500-
25000) excess deaths occurred across
Gode zone during the same period. Evi-
dence suggests that other zones, such
as Degehabur, Shinile, Fik, and Ko-
rahe, were at least as badly affected by
famine as Gode zone even though they
attracted less humanitarian aid.15,26,27

For example, in Iodora town (Shinile
zone), a rapid assessment in June 2000
estimated that the prevalence of wast-
ing (weight for height z score, ,−2)
among children 6 months to 5 years was
70%.15 If mortality rates in these other
4 zones were similar to those for Gode
zone, an estimated 98000 (95% CI,
71600-122700) excess deaths may have
occurred during the famine among the
1.5 million people living in these 5
zones.

Children younger than 5 years gen-
erally account for the majority of deaths
during complex emergencies in devel-
oping countries.28 Wasting and com-
mon communicable diseases have his-
torically caused most deaths during
such emergencies.29 Consistent with
these findings, wasting alone or in com-
bination with 4 major communicable
diseases (ie, measles, diarrhea, ma-
laria, and respiratory tract infections)
was the most common cause of mor-
tality in Gode district. More than half
the deaths were in children younger
than 5 years. However, a relatively large
proportion of deaths in our sample oc-
curred among children aged 5 to 14
years whose baseline mortality rates
would be expected to be far lower.
These results underscore the impor-
tance of considering relative increases

in age-specific mortality as well as ab-
solute mortality in such situations.30

Mortality rates were highest in De-
cember 1999 and January 2000 coin-
ciding with the highest rates for famine-
related displacement. Both displacement
and mortality rates decreased until
reaching a nadir in April 2000. After hu-
manitarian interventions began in Gode
from April to May 2000, more people
moved to sites such as Gode town, from
which major food distributions and hu-
manitarian services were delivered. Hy-
giene and sanitation conditions for these
displaced persons were poor. Commu-
nicable diseases contributed to a signifi-
cantly higher proportion of deaths in the
period after major humanitarian inter-
ventions began, suggesting that the
population concentration and poor hy-
giene and sanitation may have contrib-
uted to disease transmission. Rates for
mortality, particularly measles-specific
mortality, increased after April 2000 sup-
porting this contention.

Malnutrition
During assessments in complex emer-
gencies, the nutritional status of chil-
dren younger than 5 years is consid-
ered a good proxy for community
nutritional status. Therefore, children
have generally been the only demo-
graphic group regularly included in nu-
trition surveys. However, by the time
NGOs begin operating in such emer-
gencies, the most severely wasted chil-
dren may have already died. Finding
low prevalence rates for wasting among
children in such situations may lead to
the erroneous conclusion that the nu-
tritional situation is stable or improv-
ing.31 Therefore, the collection and
analysis of retrospective mortality data
are particularly important for the in-
terpretation of results from nutrition
surveys during prolonged famine. In
our survey, mortality rates for chil-
dren younger than 5 years had been
high early in the period of interest and,
as a result, prevalence rates for severe
wasting among children in July 2000
were likely to be subject to survival bias
and thus underestimated. Under such
circumstances, the assessment of adult

nutritional status may contribute to a
better understanding of community nu-
tritional status. The importance of adult
undernutrition itself, as a cause of mor-
tality during prolonged, severe famine
is now recognized.31-33 Adults, how-
ever, are still not regularly included
in nutrition surveys in complex emer-
gencies.

The lack of consensus among inter-
national agencies on the most suitable
anthropometric indicator and anthro-
pometric cutoffs for defining adult un-
dernutrition has been a major ob-
stacle to the nutritional assessment of
adults becoming a standard compo-
nent of health and nutrition assess-
ments in complex emergencies. The
WHO’s BMI cutoffs22 represent the cur-
rent standard for the definition of un-
dernutrition among adults, but the lack
of comparability between ethnic groups
that results primarily from variation in
body shape has prevented widespread
acceptance of criteria based on BMI.
Many communities subject to recur-
rent food shortages and famine in east-
ern Africa and the Horn of Africa are
pastoral groups with low Cormic indi-
ces, such as the Dinka and Nuer in
southern Sudan, or the Turkana and
Masai in Kenya.34,35 Prevalence rates for
undernutrition in these communities,
if based on unadjusted BMI, are likely
to include a large proportion of adults
who are actually not undernour-
ished.36 Comparison of the prevalence
rates for undernutrition among adults
from our survey, using unadjusted and
adjusted BMI, demonstrates the major
differences that result from adjusting
for relative leg length in tall, thin popu-
lations.

In our survey, the overall prevalence
rates for undernutrition among adults
aged 18 to 59 years, using unadjusted
BMI, was 1.5 to 2 times higher than that
for wasting among children aged 6
months to 5 years. In addition, using un-
adjusted BMI, a substantial proportion
of adults were classified as severely un-
dernourished. If these rates were valid,
we would expect deaths among adults
to have accounted for a relatively high
proportion of total mortality during the
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period of interest. However, the propor-
tion of deaths among adults was not high
during this period indicating that the
prevalence rate for undernutrition us-
ing adjusted BMI may be a far more plau-
sible estimate than the rate derived from
unadjusted BMI. The decrease in preva-
lence among the severely undernour-
ished group after adjusting BMI is par-
ticularly important because those adults
with a BMI less than 16.0 kg/m2 have the
highest mortality37 and are most likely
to benefit from therapeutic feeding. Ad-
justing BMI for differences in Cormic in-
dex may allow comparisons with WHO
standards and better targeting of scarce
resources during famine.

Evidence is accumulating that in
some emergencies, older persons may
be more vulnerable than other popu-
lation groups.38-40 Furthermore, high
age-specific mortality rates have been
observed among older persons during
previous famines in Ethiopia.41 Older
persons were frequently left alone dur-
ing the famine in Gode as younger
adults left home to search for suitable
pasture for surviving livestock or for
food aid. In our study, the high preva-
lence rates for undernutrition among
older persons may partially account for
the relatively large proportion of deaths
among this group during the period of
interest. Recently, recommendations
have been made to include this group
in population-based nutritional assess-
ments during famine.42 However, 2 ma-
jor constraints will be encountered in
such surveys. First, in developing coun-
tries, persons aged 60 years or older
generally make up a small proportion
of the total population and a large
total sample size is needed to attain
sufficient precision around preva-
lence estimates for undernutrition.
Second, anthropometry in this group
is complicated by the need to adjust
height for the loss of height that oc-
curs with aging as well as for the dif-
ference in Cormic index.

Measles
Measles vaccination, in combination
with vitamin A distribution, to chil-
dren up to ages 12 to 15 years is the first

program priority in refugee camps.8

Large outbreaks of measles have oc-
curred in camps even when vaccine
coverage rates have been higher than
80%.1 Measles was a major prevent-
able cause of morbidity and mortality
in Gode among both children younger
than 5 years and among children aged
5 to 14 years. Among rural popula-
tions with low natural immunity in
Ethiopia,43 and elsewhere in Africa,44

substantial measles morbidity and mor-
tality have previously been observed
among children older than 5 years. Al-
though the relationship between
measles and wasting is complex, chil-
dren with measles are generally more
susceptible to wasting, and children
who have wasting are more likely to de-
velop complications of measles and
have higher case-fatality rates.45 Among
children aged 6 months to 5 years in
our study, we found a dose-response re-
lationship between the degree of wast-
ing and cumulative incidence of measles
in the previous 2 weeks. A higher in-
fectious dose of measles is associated
with more severe disease, and chil-
dren contracting measles from sib-
lings or in crowded places generally re-
ceive higher infectious doses.46,47 In
Gode, children who had wasting were
more likely to be in crowded feeding
centers or displaced centers in the pres-
ence of infectious children. Therefore,
these children probably had a higher
chance than well-nourished children of
receiving a larger infectious dose of
measles virus and of developing clini-
cal signs of measles of sufficient sever-
ity to be reported by their mothers.

Limitations
There are a number of limitations to our
study. Recall bias is an important limi-
tation in any retrospective study of mor-
tality. Events occurring more recently are
generally better remembered. For this
reason, we chose to limit our study
period to 8 months and to define the be-
ginning of the study period by a reli-
gious date known to the entire popula-
tion. Second, because only households
present on the day of the survey were
sampled, households in which all mem-

bers had died during the famine could
not have been selected, and we may have
underestimated mortality. Finally, be-
cause there was no functioning surveil-
lance system, no death registration, and
no distribution of vaccination cards in
the district, we relied on oral reports of
the responding household member
(usually the mother) to determine mor-
bidity, cause of death, and vaccination
status of children. We attempted to im-
prove the accuracy of reporting by ask-
ing a series of questions detailing each
death. The use of standardized case defi-
nitions and specific terms in Somali for
causes of death also improved the ac-
curacy of verbal reports. Furthermore,
to avoid misclassification of deaths due
to a combination of wasting and a com-
municable disease (a common cause of
death during famine) into one or an-
other category, such combinations were
included as potential causes of death.
Although such verbal autopsy tech-
niques may be specific and sensitive in
African settings for certain common
causes of death, such as measles,48 some
misclassification may still have oc-
curred.

Conclusions and
Recommendations
A prolonged and severe famine oc-
curred in Gode district and the sur-
rounding area from December 1999 or
earlier and continued at least until July
2000. Most deaths were due to wast-
ing and major communicable diseases
and occurred before the humanitarian
intervention began in April/May 2000.
The humanitarian response in Gode
was delayed and inadequate, consist-
ing primarily of food aid and selective
feeding programs at a few central lo-
cations. Despite this programmatic
emphasis on food-related interven-
tions, coverage of feeding programs re-
mained extremely low, particularly in
remote villages, because of long dis-
tances to centers, poor transport infra-
structure, and poor awareness and ac-
ceptance by the population. Our results
raise the possibility that the humani-
tarian interventions may have in-
creased communicable disease trans-
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mission and mortality by attracting
nonimmune, malnourished people to
central locations. In such situations in
the future, less centralized, community-
based programs for selective feeding
need to be considered.

Despite low measles vaccination cov-
erage and an ongoing measles epi-
demic from December 1999 through
July 2000, a measles vaccination cam-
paign with coverage sufficient to stop
the epidemic was not implemented in
Gode district until August 2000. Pub-
lic health recommendations for com-
plex emergencies, now codified as
guidelines and minimum standards and
systematically implemented in refu-
gee camps, need to be enforced in other
types of emergencies. Measles vaccina-
tion, in combination with vitamin A dis-
tribution, is a lifesaving intervention
that needs to be implemented imme-
diately in all types of complex emer-
gencies. Vaccination coverage should
be above 90% and extended to chil-
dren up to age 12 to 15 years.8

Nutrition and mortality data should be
collected, analyzed, and interpreted to-
gether during famine emergencies. Such
data may help identify the underlying
public health causes of malnutrition in
famine, such as measles or diarrhea, that
may interact with poor availability and
access to food to increase the risk for
mortality. Such data may also challenge
the assumption that only children
younger than 5 years are at a higher risk
for malnutrition and mortality. In Gode,
the lack of anthropometric data on
adults, particularly older persons, re-
sulted in groups at potentially high risk
of mortality due to undernutrition not
being targeted for selective feeding in-
terventions.

The nutritional assessment of adults
and older persons, however, is con-
strained by the lack of international
consensus on definitions of undernu-
trition in these groups. Using a BMI that
is not adjusted for body shape to as-
sess adult undernutrition is unlikely to
be useful in the many famine-prone ar-
eas of the world in which most pasto-
ral communities are particularly vul-
nerable to undernutrition and have a

low Cormic index. The method de-
scribed herein to adjust BMI for body
shape and thus allow comparison with
international cutoffs should be re-
peated and the results validated against
mortality and functional health out-
comes in other famines and among
other ethnic groups. After this method
is further validated, a database of base-
line mean BMIs and Cormic indices for
populations regularly affected by fam-
ine should be collated for future refer-
ence and computer software to per-
form the relevant calculations should
be developed for field surveys.

Finally, unlike refugee camps in
which the United Nations High Com-
missioner for Refugees coordinates the
humanitarian response, in complex
emergencies involving large famine-
affected populations and/or internally
displaced persons, no international
agency has a mandate for overseeing
surveillance systems, designing pro-
grams based on such data, or for coor-
dinating the humanitarian agencies.
Ultimately, governments are respon-
sible for such activities but when their
capacity to fulfill this role is over-
whelmed, they should assign it to a
competent international organization.
By working in partnership with gov-
ernment ministries, such an agency
could also build capacity for im-
proved emergency response in the fu-
ture. In the absence of such structural
changes to the humanitarian system,
entirely preventable loss of life is likely
to continue to occur on a large scale
during complex emergencies.
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Man must evolve for all human conflict a method
which rejects revenge, aggression and retaliation. The
foundation of such a method is love.

—Martin Luther King, Jr (1929-1968)
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