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Resumen

Esta es la primera revisión que aborda las publicaciones relacionadas con los problemas 
de los desórdenes de la malnut rición ent re los niños saharauis. Mucho de los estudios 
revelan problemas principalmente de celiaquía, bocio, geofagia, desnut rición, emacia-
ción, baj a talla, sobrepeso, escorbuto, raquit ismo y anemia ferropénica.
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Abstract

It is irst article that reviews the literature on the problem of disorders of malnutrition 
among Saharawi children. Most  of the studies reveal problems mainly of celiac disease, 
goiter, geophagia, undernut rit ion, wast ing, stunt ing, overweight , scurvy, rickets and 
iron-deiciency anaemia.
© 2010 Asociación Española de Diet istas-Nut ricionistas. Published by Elsevier España, S.L.  
All rights reserved.

Introduction

The Saharawi refugees, mainly 80% are women, children 
and elderly, are located in one of the most  host ile and 
barren deserts of the world, which were previously 

considered uninhabitable desert . It  is located in the remote 
south-western corner of Algeria, near the town of Tindouf. 
They are organized into four large camps called wilayas (is 
similar to province or camp). Each wilaya is named after a 
main town in Western Sahara as are Ausserd (Awsard),  El 
Aaiun (Al-‘ Uyun),  Smara (Smara),  situated in the hamada of 
Tindouf, separated between them by the distance around 9 
and 30 km and placed further north in comparison with the 
other wilaya called Daj la (Dakhla) (Fig. 1). Furthermore, 
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each wilaya is divided into seven or eight  dist rict  called 
daira, which are each made up of four neighbourhoods. 
Wilaya of Dakhla is grouped by eight  daira,  whereas the rest  
of wilayas is const ituted by seven dairas.  Every daira has its 
own primary school, health clinic, and administ rat ion. 
Between 6000 and 8000 refugees live in each daira.  
Furthermore, there are two important  secondary school 
called 12nd October and 27th February. The 27th February 
School started as a boarding school for women that  is 
situated close to the camp of Smara, but  with t ime it  has 
grown and become resident ial,  now the size of a camp’s 
daira, and I therefore refer to it as a ifth camp.1-4

Some of these Saharawi children between the ages of eight  
and thirteen are hosted by European families, mainly in 
Spain and Italy, in their homes for a two-month period 
during the summer according to the “ holydays in peace”  
program. This annual holiday program that  allows between 
7000 and 10,000 Saharawi children receive medical 
examinat ions and t reatment , as well as gif ts of clothes, 
toys, and money which they take back with them to the 
camps and many of them return year after year to the same 
host  homes.2,3,5

Disorders of malnutrition among the Saharawi 
children

Disorders of malnut rit ion among Saharawi children are 
relected in the bibliography being problems mainly of 
celiac disease, goit re, geophagia, undernut rit ion, wast ing, 
stunting, overweight, scurvy, rickets and iron-deiciency 
anaemia.

Celiac disease 

Celiac disease is commonly misdiagnosed due to that  it s 
symptoms are similar to those of other diseases as are 
irritable bowel syndrome, iron-deiciency anaemia caused 

by menst rual blood loss, Crohn’s disease, divert iculit is, 
intest inal infect ions, and chronic fat igue syndrome.6 Rätsch 
and Catassi (2001)7 shown that  abdominal pain and distension 
are symptoms signiicantly commoner among Saharawi 
children with celiac disease. To diagnose celiac disease, 
physicians will usually test  blood to measure levels of 
Immunoglobulin A (IgA), ant i-t issue t ransglutaminase (tTGA) 
and/ or IgA ant i-endomysial ant ibodies (AEA) being used in 
several studies7-12 of Saharawi children with posit ive results 
for the celiac disease. Furthermore, the serological diagnosis 
is conirmed habitually by inding the typical celiac 
enteropathy upon intest inal biopsy. According to Catassi et  
al (1999)8 and Sarquella et  al (2004),12 there is unusually 
high prevalence (5.6 and 10.4%, respect ively) of celiac 
disease among the Saharawi people that  in any other 
populat ion thus studied in the world (0.5-1%) being probably 
related to following factors:

Nut rit ional  fact ors.  In the last  century, the Saharawi 
dietary habits have changed being mainly two opt ions to 
explain the high prevalence of celiac disease.7 First ,  the 
reduct ion of the durat ion of exclusive breast feeding. 
Second, gluten-containing cereals, especially wheat , can 
provide more than 50% of the total dietary energy in this 
group populat ion in comparison with the historic diet  of this 
populat ion based in the consumpt ion of small cereals to the 
det riment  of diet  based on prolonged camel milk and meat , 
dates and sugar and supported with on prolonged 
breast feeding. 

Genet ic fact ors.  Celiac disease is closely associated with 
genes that  code human leukocytes ant igens from class two 
(HLA-II),  mainly of DQ2 and DQ8 classes being DQ2 (90%) 
much less frequency DQ8 (5-10%).14 However, there is 
between 5 and 10% of celiac disease pat ient  with DQ2 and 
DQ8-negative, for this reason is necessary but not a suficient 
condit ion to develop this digest ive disease. López-Vázquez 
et  al (2004)14 suggested that  another possible gene present  
called DQ2/ DR3/ B8, in addit ion to the DQ2 and DQ8 
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heterodimers, may modulate the development  of a slow 
progression and less aggressive forms of celiac disease 
called atypical form which the ext ra-intest inal features 
predominate including chronic iron deiciency anaemia and 
short  stature among others. Tieng et  al (2002)15 indicated 
that  the allele including in the DQ2/ DR3/ B8 haplotype help 
to encode an altered form of the protein without  the 
int racytoplasmat ic tail that  could be expressed in the apical 
zone of enterocytes which affect  to the interact ion with 
the intest inal int raepithelial lymphocyte and this may 
provide a protect ive effect  in gut  epithelium, which could 
explain the absence of intest inal manifestat ions in the 
atypical form. The DQ2/ DR3/ B8 haplotype has been studied 
in the Saharawi populat ion affected with the celiac 
disease.14 Results indicated that  the development  of atypical 
or typical forms for this group populat ion may be due to 
gene or genes located in the side of the DQ2/ DR3/ B8 
haplotype. 

Environment al  fact ors.  Data of Catassi et  al (1999)8 not  
support a negative inluence of celiac disease on childhood 
mortalit y, due to the percentage of AEA-posit ivity tended to 
increase with age. This group speculated that  this digest ive 
disease gave a select ive advantage to affected individuals 
by “ protect ing”  them from intest inal infect ions/ parasites 
due to that  in the enteropathy is covered by less 
dif ferent iated enterocytes that  part ially lack the membrane 
receptors used for adhesion of bacteria and/ or parasites. 

The t reatment  of celiac disease, based on lifelong 
exclusion from the diet  of gluten containing cereals, is 
exceptionally dificult in Saharawi refugee camps but Rätsch 
and Catassi (2001)7 is developing a mult ifaceted proj ect  
including implementat ion of a gluten-free diet , incorporat ion 
of machinery to be used to mill these cereals, educat ional 
courses for health and school personnel and families, 
identiication and registration of all affected individuals, 
cent ralized management  of gluten-free food storage and 
dist ribut ion and maintain contacts with other nat ional 
societ ies and internat ional agencies to help to the 
t reatment . Furthermore, Saharawi children hosted in other 
count ries must  be diagnosed in the celiac disease and 
advised to their families in the consumpt ion of gluten-free 
food during their staying in summer.16

Euthyroid goitre 

Goit re refers to any visible enlargement  of  the thyroid 
gland being the only organ in the body to use iodine. The 
recommended daily iodine intake is 50 μg for infants (<12 
months),  90 μg for children up to the age of  6 years,  120 
μg for children 7-12 years old,  150 μg for adolescents and 
adult s,  and 200 μg for pregnant  and lactat ing women. 17 
Goit re is common around the world because many regions 
have inadequate iodine intake; however the situat ion is 
“ sl ight ly”  dif ferent  because in Saharawi refugee camps, 
there is an excessive intake of  iodine, 18 t his situat ion has 
been cited in three place in the world;  Cent ral China, 19 
Hokkaido (Japan)20 and in USA21 t hat  have an endemic 
goit re caused by excessive iodine intake. To diagnost ic 
goit re,  several measurements must  be carried out ,  as 
are:

1.   Urinary iodine. It  is a good marker of the very recent  
dietary intake of iodine. The cut -off  values for urinary 
iodine excret ion are demonst rated in Table 1. Several 
studies demonst rated high values in urinary iodine 
concentration in Saharawi children as relected in Table 
2. Benmiloud et  al (1994)26 relected that in Algeria, 
excluded Saharawi refugee camps in Tindouf, the mean 
value of urinary iodine is 26.6 μg/ L.

2.   Clinical sign as is visible goit re. Tables 3 and 4 show the 
simpliied classiication of goitre and prevalence of 
visible goit re in Saharawi children, respect ively. Díaz-
Cadórniga et  al (2003)24 detected a percentage of visible 
goit re in females higher than males and being the highest  
prevalence in the range from 10 to 12 years and a 
reduct ion from 16 years old, unt il 60 and 37% in females 
and males, respect ively.

3.   Determinat ion of the serum levels of thyroid st imulat ing 
hormone (TSH) and thyroid hormones. Díaz-Cadórniga et  
al (2003)24 analyzed TSH and thyroxin (T4) in 129 children 
in schools of Saharawi refugee camps in Tindouf obtaining 
a mean of 8.7 μg/ dL and 2.7 mU/ L, respect ively.

In the bibliography, the following hypotheses were 
explained to j ust ify the relat ion of excess iodine and 
goit re:

1.   High iodine concent rat ion in food and drinking water. 
Díaz-Cadórniga et  al (2003)24 obtained a range of 
concent rat ion between 180 to 400 μg/ L in drinking water 
from three schools (9th June, 12th Octuber and 27th 
February) of Saharawi refugee camps in Tindouf (Algeria). 
Pezzino et  al (1998)18 detected a mean concent rat ion of 
259 and 934 μg/ L in drinking water from Rabouni and 
Dakhla, respect ively, and UNHCR/ WFP/ NIRFN (2005)29 
observed adequate iodine level in samples of water from 
tank and aqueduct  from Dakhla (8.3-20 μg/ L) and Smara 
(25.7 μg/ L) and ext remely high level in El-Aauin (292.8-
294.7 μg/ L) and Ausserd (319.7-325.2 μg/ L) areas. 
However, UNHCR/ WFP/ NIRFN (2005)29 suggested that  if  
in the summer season the consume of drinking water can 
be higher than 1 lit re/ person/ day and the daily iodine 
intake can reach 1 mg/ person/ day, there is no concern 
for toxicity assuming 1 mg as the maximum allowed 
intake level.30 But  it  is a mistake. This explanat ion would 
be certain if  we used the maximum allowed intake level 
(1 mg/ person/ day) for adult ,  however IOM (2002)30 
established the maximum allowed intake level in 200 and 

Table 1 Urinary iodine concent rat ions17 in Saharawi 
children

Degree of intake in 
populat ion

Populat ion median urinary 
iodine (μg/ L)

Excessive intake22 300
Normal intake 100-299
Mild deiciency 50-99
Moderate deiciency 20-49
Severe deiciency <20
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300 μg/ person/ day for children in the range of 1-3 and 
4-8 years, respect ively. Really, children with goit re are 
ingested iodine between three and ive times of the 
maximum allowed intake level. For foods, the only rich 

source of iodine is seafood, but  several studies7,23,29,31-33 
relected a low ingestion being sardines and tuna ish the 
most  common seafood.

2.   Presence of goit rogens. Goit rogens are substances 
suggested to interfere with the proper funct ioning of 
thyroid hormone synthesis and ut il izat ion. The pseudo-
halide ion thiocyanate (SCN–) interferes with the thyroid 
gland’s uptake and metabolism of iodine through 
compet it ive inhibit ion.34,35 Díaz-Cadórniga et  al (2003)24 
obtained a low value (0.36 mg/ 100 mL) of urinary SCN– in 
Saharawi children in refugee camps. Furthermore, 
several studies of these children7,23,29,31-33 relected a low 
ingest ion of foods with goit rogens known. In the other 
hand, Delange et  al (1980)36 suggested that  many 
substances have been proposed as potent ial goit rogens 
of public health importance but it has been dificult to 
conirm or reject these hypotheses or to estimate the 
importance of a goit rogenic effect  in any one populat ion. 
For this reason, this author proposed that  the 
epidemiological indicator urinary I/ SCN– rat io could help 
to assess the presence of the potent ial goit rogenic 
effects. According to the study of Díaz-Cadórniga et  al 

Table 2 Urinary iodine concent rat ions in Saharawi children

Sample (Number/ Age range) Place Urinary iodine  
concent rat ion (μg/ L)

References

Adolescents (42/ 10-19) Dakhla (Algeria) 747 62-1380 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (23/ 10-19) Smara (Algeria) 1823 350-3320 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (16/ 10-19) Awserd (Algeria) 1416 126-2350 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (34/ 10-19) El Aiun (Algeria) 1754 390-3900 UNHCR/ WFP/ NIRFN (2002)23

Children (207/ 7-16) 9th June School (Algeria) 992 — Díaz-Cadórniga et  al (2003)24

Children (205/ 7-16) 12th October School (Algeria) 954 — Díaz-Cadórniga et  al (2003)24

Children (74/ 7-16) 27th February School (Algeria) 919 — Díaz-Cadórniga et  al (2003)24

Children Saharawi refugee camps in 
Tindouf (Algeria)

— 363-769 Pezzino et  al (1998)18

Children (416/ 6-14) Saharawi refugee camps in 
Tindouf (Algeria)

565 102-3594 SMH-DH/ NCA/ AUC (2008)25

Table 3 Revised classiication of goitre27

Classiication Descript ion

Grade 0 No palpable or visible goit re
Grade 1 A goit re that  is palpable but  not  visible 

when the neck is in the normal posit ion 
(i.e. the thyroid is not  visibly 
enlarged). Thyroid nodules in a thyroid 
which is otherwise not  enlarged fall 
into this category

Grade 2 A swelling in the neck that  is visible 
when the neck is in a normal posit ion 
and is consistent  with an enlarged 
thyroid when the neck is palpated

Table 4 Prevalence of visible goit re in Saharawi children

Sample (Number/ Age range) Place Prevalence (%) References

Adolescents (162/ 10-19) Dakhla (Algeria)  6.8 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (158/ 10-19) Smara (Algeria) 13.9 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (112/ 10-19) Awserd (Algeria)  4.5 UNHCR/ WFP/ NIRFN (2002)23

Adolescents (157/ 10-19) El Aiun (Algeria)  2.6 UNHCR/ WFP/ NIRFN (2002)23

Children (242/ 7-16) Spain*  0.4 Paricio Talayero et  al (1998)28

Children (208/ 7-16) 9th June School (Algeria) 56 Díaz-Cadórniga et  al (2003)24

Children (205/ 7-16) 12th October School (Algeria) 58 Díaz-Cadórniga et  al (2003)24

Children (157/ 7-16) 27th February School (Algeria) 61 Díaz-Cadórniga et  al (2003)24

Children Saharawi refugee camps in Tindouf (Algeria) 28 Pezzino et  al (1998)18

Children (242/ 7-16) Spain*  0.4 Paricio Talayero et  al (1998)28

Children (421/ 6-14) Saharawi refugee camps in Tindouf (Algeria) 11 SMH-DH/ NCA/ AUC (2008)25

*Studied children are hosted in Spain during summer.
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(2003)24 and using their data, we obtain a mean urinary 
I/ SCN– rat io of 268 μg/ mg. This value is higher than the 
postulated cut -off  <3 μg/ mg to indicate the possible 
goit rogenic effect . However, several authors34,37-41 have 
quest ioned this rat io and the ut il it y of the I/ SCN– rat io 
for assessment  of potent ial goit rogenic effects was 
unclear. 

3.   Presence of other minerals. Gaur et  al (1989)42 and Yang 
et  al (1994)43 described a high prevalence of goit re (29.5 
and 72%, respect ively) in area of India and China, 
respect ively. The last  study claimed a drinking water 
with high values in luoride and iodine concentration 
due to that the analysis of urinary iodine and luoride 
detected 816 μg/ L and 2.08 mg, respect ively whereas 
Gaur et  al (1989)42 hypothesised this goit re due to the 
presence of several minerals in drinking water as are 
calcium, magnesium, luoride and chloride among 
others. Taylor (1954)44 and Murray et  al (1982)45 conirmed 
the endemic goit re in areas with hard water.  Díaz-
Cadórniga et  al (2003)24 analyzed drinking water in three 
school children in Saharawi refugee camps in Tindouf 
obtaining high values for chloride (1500 mg/L), luoride 
(0.7-1.5 mg/ L),  hardness water (20-50 F) and total solids 
(2100 mg/ L). 

4.   The Wolff-Chaikoff  effect . Wolff  et  al (1949)46 explained 
a t ransient  phenomenon suggested that  a dramat ic 
increase in the plasma iodide load causes the thyroid 
gland to block iodine organiication. According to this 
effect , Díaz-Cadórniga et  al (2003)24 and Suzuki (1980)47 
justiied this effect among others by explaining of 
eurythroid goit re.

5.   Thyroid autoimmunity. Boyages et  al (1989),48 Delange 
(1995)49 and Dunn (1989)50 suggested that  endemic goit re 
by excessive iodine intake is caused by thyroid 
autoimmunity. However, Díaz-Cadórniga et  al (2003)24 
demonst rated that  autoimmunity is negat ive. 

6.   Other factors. Díaz-Cadórniga et  al (2003),24 El Mahdi et  
al (1986),51 Gaitan (1990)34 and Peterson (2000)52 
suggested other possibilit ies to j ust ify this goit re as are 
malnut rit ion and bacterial contaminat ion of drinking 
water but  these studies didn’ t  carry out  this analysis. In 
1997, Mora-Cast ro,53 UNHCR administ rator responsible 
for water, indicated that  the water in the Saharawi 
refugee camps is either of borderline quality or unit for 
human consumpt ion and is also highly contaminated with 
faecal mat ter. Lopriore et  al (2004)54 relected, strangely 
classiied as parasitic infections, the presence of 
Escherichia coli in several samples screened in Saharawi 
refugee camps. Docampo and Molinero (2006)55 relected 
that  the highest  value (>30 colony forming unit / 100 ml) 
of contaminat ion for coliforms is obtained in Dakhla 
being the prevalence of goit re in this wilaya lower (6.8%) 
than in Smara (13.9%).23 The problem of bacteriological 
contaminat ion of drinking water required a technical 
solut ion being the best -proposed idea of Mora-Cast ro.53 
He indicated that  a cent ralised water-supply system for 
each camp, with a building of a reservoir in the 
surrounding hills, an adequate number of water supply 
points fed by gravity and automat ic chlorinat ion devices 
in the reservoirs to disinfect  the water, can help to 
reduce the bacteriological problems. 

Malnutrition

Underweight 

It  is called to the prevalence for low z-score for Weight  for 
Age (WAZ) but  not  dist inguish between wast ing (acute 
malnut rit ion) and stunt ing (chronic malnut rit ion).  A child 
can be underweight  for his age because he is stunted, 
because he is wasted, or because he is wasted and stunted. 
However, WAZ is a good over all indicator of  a populat ion’s 
nut rit ional status. Z-score <–3 and z-score <–2 (corresponds 
to a weight  three and two standard deviat ions, respect ively, 
smaller than the mean) indicated severe underweight  and 
underweight  (including severe underweight ,  z-score <–3), 
respect ively. Z-score cut -of fs are rout inely used to assess 
the need for a nut rit ional intervent ions. Table 5 shows the 
prevalence of WAZ in several studies carried out  with 
Saharawi children. In general,  these values are higher than 
the prevalence of Underweight  in Western Africa 
(26.8%).56

Stunting 

The z-score for Height  for Age (HAZ) is a measure of linear 
growth. Stunt ing is called to the prevalence for low z-score 
for Height  for Age (HAZ) which indicated the result  of 
reduced (stunted) skeletal growth. Stunt ing occurs due to 
poor economic conditions rather than to dietary deiciency, 
but  there is lit t le or no proof of stunt ing having been caused 
by a speciic deiciency in a population. Z-score <–3 and 
z-score <–2 indicated severe stunt ing and stunt ing (including 
severe underweight , z-score <–3), respect ively. The 
prevalence of HAZ is relected in Table 6. Stunting, which is 
present  from 16.1% in children higher than 5 years33 to 46% 
in children fewer than 5 years,57 is the prevalent  form of 
malnut rit ion in children. These values are higher than the 
prevalence of stunt ing in Western Africa (32%).56 The 
increment  of stunt ing between 2001 and 2005 can be 
explained to that  World Food Program had earlier given 
complementary food to all children less those 5 years but  
between 2001 and 2005, this was stopped. Ferrari (2006)58 
indicated that  stunted children have a higher risk (RR=1.7-
1.8) of being overweight  adults (BMI 85th percent ile). 
Furthermore, malnourished children coexisted with 
maternal overweight / obesity in 37.6% of the households.

Wasting 

Wast ing, or thinness, is called to the prevalence for low 
z-score for Weight  for Height  (WHZ) which indicated 
unusually thin or wasted bodies due to a reduct ion in soft  
t issue mass. Wast ing occurs due inadequate feeding habits, 
to lack of food in the families or to be a result  of  widespread 
diarrhoea or febrile disease. Z-score <–2 indicated wast ing 
or thinness, if  there is also an oedema, it  is called global 
acute malnut rit ion, whereas severe acute malnut rit ion 
includes those cases with a weight  for height  index below 
a z score of –3. Table 7 shows the prevalence of WHZ in 
several studies. In general,  the last  value is slight ly lower 
than the prevalence of wast ingt  in Western Africa 
(10.2%).56
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Overweight 

The high WHZ (z-score <2) is indicator of being overweight . 
According to the Table 7, the prevalence of overweight  in 
Hausa (Smara) was higher than in other wilayas,32 and 
studies23,29,33,57 being relected in some of them of 
combinat ion of child malnut rit ion and overweight , called 
dual forms of malnut rit ion.

Vitamin deiciencies

The literature focussed in the Saharawi children emphasized 
mainly three deiciencies as are:

Vitamin C deiciency. Scurvy results from insuficient 
intake of vitamin C. One out  of 843 (0.1%) Saharawi 
children,23 aged from 6 to 59 months, revealed peri-follicular 
haemorrhages but  no other clinic signs were detected being 
the signiicance of this observation remained unclear. There 
is a marked cont rast  in comparison with 27.4% of the cases 
with clinical signs of vitamin C deiciency in women in 

fert ile age.29 Rätsch and Catassi (2001)7 studied the 
cumulat ive frequency of food items ingested by the Saharawi 
children with celiac disease being potatoes the third food 
more consumed with 27% of frequency of consumpt ion. 
Furthermore, the ingest ion of camel milk, with 15% of 
frequency composition, relected other option to take 
vitamin C.60 The available of vitamin C rich food, as are 
potatoes, tomatoes and onions, was found 36, 45 and 63% 
households, respect ively, in the study of NCA/ AUC 
(2005).32

Vitamin D deiciency. It  causes rickets due to the failure 
of osteoid to calcify in a growing person being also associated 
to dietary deiciency of calcium or phosphorus. UNHCR/
WFP/ ICH (2002)23 revealed only two out  of 843 (0.2%) 
children with signs of bowlegs and none with rachit ic rosary. 
However, Doménech et  al (2007)16 relected rachitic rosary 
in one out  of 270 (0.4%) Saharawi children hosted in Spain.

Vitamin A deiciency. A personal communicat ion of Ferrari 
cited in NCA/ AUC (2005)32 indicated that  51 and 7% of the 
Saharawi children had moderate (serum ret inol <20 μg/ dL) 
and severe (serum ret inol <10 μg/dL) vitamin A deiciency, 

Table 5 Prevalence of Weight  for Age (WAZ) in Saharawi children

Place n Age (months) Z-score (%) Ref.

<–3 <–2 Normal >2

Saharawi refugee camps  
in Tindouf

26
587
693

0-6
6-59
60-119

—
9.4
4.3

 3.8
25.7
17.5

96.2
64.9
78.2

—
—
—

UNHCR/ CISP/ NRIFN (2001)33

Saharawi refugee camps  
in Tindouf

785 6-59 7.7 28.8 63.5 — UNHCR/ WFP/ NIRFN (2005)29

Table 6 Prevalence of Height  for Age (HAZ) in Saharawi childre

Place n Age (months) Z-score (%) Ref.

<–3 <–2 Normal >2

Saharawi refugee camps in 
Tindouf

26
535
671

0-6
6-59

60-119

—
14
 8.2

—
21.5
16.1

100
 64.5
 75.7

—
—
—

UNHCR/ CISP/ NRIFN (2001)33

Saharawi refugee camps in 
Tindouf

200
175
181
168
126

6-17
18-29
30-41
42-53
54-59

12
14.3
13.8
10.1
 3.2

18
23.4
21
23.2
23.8

 70
 62.3
 65.2
 66.7
 73

—
—
—
—
—

UNHCR/ WFP/ ICH (2002)23

Saharawi refugee camps in 
Tindouf

785 6-59 15.6 38.9  45.5 — UNHCR/ WFP/ NIRFN (2005)29

Saharawi refugee camps in 
Tindouf

— 6-59 — 46  54 — Branca (1997)57

Saharawi refugee camps in 
Tindouf

1144 36-72 — 32.7  67.3 — Lopriere et  al (2004)54
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respect ively, in a study carried out  in 2001. This high 
prevalence is related with the relat ively high presence of 
night  blindness reported in women in fert ile (20.6%). 32

Mineral deiciencies

The literature focussed in the Saharawi children emphasized 
mainly two deiciencies as are:

Zinc deiciency. Lopriore et  al (2004)54 reported to most  
Saharawi mothers that  their children would frequent ly eat  
soil,  called geophagia, being behaviour indicat ive of severe 
iron and zinc deiciencies.61

Iron deiciency. If  there is intest inal bleeding (caused by 
parasit ic infect ions) and/ or dietary intake or absorpt ion of 
iron is insuficient occurs iron-deiciency anaemia. The data 
shows a st rong ecological correlat ion between the 
prevalence of iron deiciency and anaemia. To diagnostic 
this type of anaemia, several measurements must  be carried 
out , as are mainly:

1.   Serum t ransferrin receptor (sTfR). This parameter is a 
measure of iron deiciency because it is relatively 
unaffected by the acute phase response associated with 
inlammation and infection.59 The normal range is 
between 3 and 8.5 μg/ mL in the studies of Saharawi 
children according to the used manufacturers inst ruct ions. 
The overall level of iron deiciency in Saharawi adolescent, 
aged from 10 to 19 years, is 34.1%23 and 34.1 and 62.3% 
for Saharawi children aged from 0.5 to 5 years29,59 as 
determined of sTFR with a cut -off  of >8.5 μg/ mL.

2.   Haemoglobin. WHO (2001)62 proposes the cut -off  points 
used to deine classes of anaemia based on blood 
haemoglobin concent rat ions, which are shown in Table 8. 
Furthermore, WHO (2001)62 suggested that  a prevalence 
of anaemia of at  least  40%, 15-40% and of less than 15% 

can be classiied as high, medium and low, according to 
the public health signiicance. Table 9 relected 
prevalence of anaemia among Saharawi children. The 
mean of haemoglobin concent rat ion in children, aged 
from 0 to 119 months, is 11.7 g/ dL33 showing two 
situat ions; i ) the biggest  reduct ion, going down from 
7163 to 44%33 in children between 6 and 59 months 
although is very high level of public health signiicance, 
and i i ) the decrease of anaemia from 4863 to 18%33 for 
children, aged from 60 to 119 months, is 11.7 g/ dL 
showing the biggest  reduct ion, going down from 71 to 
44%33 in children between 6 and 59 months although is 
very high level of public health signiicance. UNHCR/
WFP/ ICH (2002)23 detected 35.3% anemic children being 
the percentage slight ly higher in boys (36.1%) than girls 
(34.4%) aged from 6 to 59 years. Rätsch and Catassi 
(2001)7 relected that haemoglobin values tended to be 
lower in these children with celiac disease than in 
populat ion without  this digest ive disorder.

The prevalence of anaemia in Saharawi children hosted 
in Spain or Italy is relected in several studies.7,9-11,28,64 There 
are a large number of risk factors that  may cont ribute to 
the development  of anaemia in Saharawi children as are:

1.  Poor iron dietary intake. It is relected by Vijayaraghavan 
(1995).65 Lopriore et  al (2004)54 carried out  a study of 374 
stunted children which ingested a highly nut rient -dense 
spread fortiied with multiple vitamins and minerals. This 
study relected that this product had a highly signiicant 
effect  on haemoglobin concent rat ion and hematocrit  as 
well as on anaemia dist ribut ion over the six-month period 
dropping by nearly 90% of total anaemia and demonst rated 
that the anaemia was caused by a dietary deiciency. 
Furthermore, this micronutrient-fortiied spread is 
adequate to correct  pre-exist ing anaemia in high-risk 

Table 7 Prevalence of Weight  forHeight  (WHZ) in Saharawi children

Place n Age (months) Z-score (%) Ref.

<–3 <–2 Normal >2

Saharawi refugee camps in 
Tindouf

 27
561
655

0-6
6-59

60-119

—
4.5
8.2

 7.4
 8.7
16.1

88.9
64.5
75.7

3.7
0.7
2.4

UNHCR/ CISP/ NRIFN (2001)33

UNHCR/ WFP/ ICH (2002)23

UNHCR/ WFP/ NIRFN (2005)29

Saharawi refugee camps in 
Tindouf

200
175
181
168
126

6-17
18-29
30-41
42-53
54-59

3
1.1
1.7
1.2
4.8

 9.5 
 8
10.5
 4.8
 8.7

87.5
90.9
87.8
94
86.5

—
—
—
—
—

UNHCR/ WFP/ ICH (2002)23

Lopriere et  al (2004)54

Saharawi refugee camps in 
Tindouf

785 6-59 2.3  7.7 90 — UNHCR/ WFP/ NIRFN (2005)29

Saharawi refugee camps in 
Tindouf

155,430 6-59 — 10.6 89.4 — Seal et  al (2005)59

Saharawi refugee camps in 
Tindouf

— 6-59 — 10 90 — Branca (1997)57
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groups, in comparison with the ineficiency of iron-
fortiied lour and vitamin A- and vitamin C- fortiied 
powdered skim milk used previously in this group 
populat ion.

2.  Parasit ic and other infect ions. As are: 

—  Malaria, as possible risk factor of anaemia, is discharged 
in Saharawi refugee camps in Tindouf due to the very dry 
Saharan desert  environment .23,59

—  Helminth infect ions are discharged due to that  no 
evidence of signiicant levels UNHCR/WFP/ICH (2002).23

Lopriore et  al (2004)54 demonst rated that  the ant iparasit ic 
treatment not produce any signiicant differences in the 
reduct ion of anaemia in stunted children aged 3 and 6 
years.

3.   Other causes. UNHCR/ WFP/ ICH (2002)23 suggested the 
consumpt ion of tea as risk factor of anaemia due to the 
chelat ion of iron in the intest ine that  makes it  unavailable 
for absorpt ion by the body. Saharawi children, aged from 
10 to 14 years, in Saharawi refugee camps in Tindouf, 
consumed this drink.16,31 Other causes as blood loss due 
to the menst ruat ion or inherited condit ions are not  
relected in any studies of Saharawi children.

Acknowledgements

This review was inancially supported by Conselleria de 
Inmigración y Ciudadania of the Generalitat  Valenciana 
(3014/ 2007). J.M. Soriano thanks to the European Union for 
the grant  Long Life Learning Programme.

Conlict of interest

The authors declare no conlict of interest. 

References

1. Dukic N, Thierry A. Saharawi refugees: life after the camps. 
Forced Migrat ion Review. 1998;2:18-21.

2. Refugee Studies Cent re. The t ransnat ionalisat ion of care: 
Sahrawi refugee children in a Spanish host  programme. Lessons 
Learned Report . Oxford: University of Oxford; 2005.

3. Soriano JM. Food guide for families hosted Saharawi children 
for summer holidays. Valencia: University of Valencia; 2008.

4. Spiegel PB. Forgot ten refugees and other displaced popula-
t ions. Lancet . 2003;362:72-4.

5. Crivello G, Fiddian E, Chat ty D. Mobilit y and the care of Saha-
rawi refugee youth. Anthropology News. 2006;47:29-39.

6. Catassi C. The global village of celiac disease. Recent i Prog 
Med. 2001;92:446-50.

7. Rätsch IM, Catassi C. Coeliac disease: a potent ially t reatable 
health problem of saharawi refugee children. Bull World Health 
Organ. 2001;79:541-5.

8. Catassi C, Rätsch IM, Gandoli L, et al. Why is celiac disease 
endemic in the people of the Sahara? Lancet . 1999;354:647-8.

9. Gutierrez Junquera C, Lillo Lillo M, Onsurbe I. [Iron-deiency 
and celiac disease in saharawi children]. An Esp Pediat r. 
1999;51:575-6.

10. Mart ínez M, Pérez E. Health test  for children from Saharawi 
refugee camps hosted during the summer. Annual Meet ing Eu-
ropean Society for Social Paediat ric. 2003 [citado 7 Ene 2009]. 
Disponible en: ht tp:/ / www.pediat riasocial.com/ Documentos/
LIBRO%20ESSOP.pdf 

11. Rosell Camps A, Zibet t i S. [Celiac disease in Saharan children]. 
An Esp Pediat r. 2001;54:89.

Table 8 Deinition of anemia based on blood haemoglobin concentrations (g/dL) according to the WHO (2001)62

Age Severe anemia Moderate anemia Mild anemia No anemia

Children (6-59 months) <7 7-9.9 10-10.9 11

Table 9 Prevalence of anaemia in Saharawi children

Place (Year) n Age 
(months)

Anaemia (%) Ref.

Severe Moderate Mild No anaemia

Saharawi refugee camps in Tindouf 
(2001)

29
601
697

0-6
6-59
60-119

—
3.5
—

17.2
23
3

31
17.6
15.2

51.7
55.9
81.8

UNHCR/ CISP/ NRIFN 
(2001)33

Saharawi refugee camps in Tindouf 
(2002)

204 6-59 — 17.6 17.7 64.7 UNHCR/ WFP/ ICH 
(2002)23

Saharawi refugee camps in Tindouf 
(2005)

382 6-59 10.5 38.7 23.8 26.9 UNHCR/ WFP/ NIRFN 
(2005)29

Saharawi refugee camps in Tindouf 
(2001-2002)

204 6-59 35.3 64.7 Seal et  al 
(2005)59

Saharawi refugee camps in Tindouf 
(1997)

— <60 70 30 Branca 
(1997)57



18 J.M. Soriano et  al 

12. Sarquella G, Asso L, García AM, et  al.  Use of brief visit  for hos-
ted Saharawi children to detect  nut rit ional disorders. An Pe-
diat r.  2004;60:134.

13. Scalici C, Licast ro G, Manzoni D, et  al.  [Celiac disease and the 
saharawi. Clinical experience with saharawi children]. Acta Pe-
diát rica Mediterránea. 2005;21:101-4.

14. López-Vázquez A. MHC class I region plays a role in the develo-
pment  of diverse clinical forms of celiac disease in a Saharawi 
populat ion. Am J Gast roenterology. 2004;99:662-7.

15. Tieng V, Le Bouguenec C, Du Merler L, et  al.  Binding of Esche-
richia coli adhesion AfaE to CD55 t riggers cell surface expres-
sion of the MHC class I-related molecule MICA. Proc Nat l Acad 
Sci USA. 2002;99:2977-82.

16. Domènech G, Escortell S, Gilabert  R, et  al.  Dietary intake and 
food pat tern of Saharawi refugee children in Tindouf (Algeria). 
Proc Nut r Soc. 2008;67:E174.

17. World Health Organizat ion. Trace elements in Human Nut rit ion 
and Health. Geneva: WHO; 1996.

18. Pezzino V, Padova G, Vigneri R, et  al.  Iodine-independent  ende-
mic goiter in Saharawi refugee camps in Southwestern Algeria. 
IDD Newslet ter. 1998;14:1.

19. Li M, Liu DR, Qu CY, et  al.  Endemic goit re in Cent ral China 
caused by excessive iodine intake. Lancet . 1987;2:257-9.

20. Trowbridge FL, Matovinovic J, McLaren GD, et  al.  Iodine and 
Goiter in Children. Pediat rics. 1975;56:82-90.

21. Suzuki H, Higuchi T, Sawa K, et  al.  Endemic coast  goit re  
in Hokkaido, Japan. Acta Endocrinol (Copenh). 1965;50:161-
76.

22. Delange F, De Benoist B, Pretell E, et al. Iodine deiciency in 
the world: where do we stand at  the tum of the century? 
Thyroid. 2001;11:437-47.

23. United Nat ions High Commissioner for Refugees (UNHCR)/
World Food Programme (WFP)/ Inst itute of Child Health (ICH). 
Anthropomet ric and micronut rient  nut rit ion survey. Saharawi 
Refugee Camps. Tindouf. 2002 [citado 7 Ene 2009]. Disponible 
en: ht tp:/ / www.unhcr.org/ publ/ PUBL/ 45fa67bf2.pdf

24. Díaz-Cadórniga FJ, Delgado E, Tartón T, et  al.  Endemic goit re 
associated with high iodine intake in primary school children in 
the Saharawi Arab Democrat ic Republic. Endocrinol Nut r. 
2003;50:357-62.

25. Saharawi Minist ry of Health-Department  of Health (SMH-DH)/
Norwergian Church Aid (NCA)/ Akershus University College 
(AUC). Prevalence of goit re and evaluat ion of food intake 
among Saharawi refugees in camps in Tindouf, Algeria. Lilles-
t rom: Akershus University College; 2008.

26. Benmiloud M, Chaouki ML, Gutekunst  R, et  al.  Oral iodized oil 
for correcting iodine deiciency: optimal dosing and outcome 
indicator select ion. Journal of Clinical Endocrinology and Me-
tabolism. 1994;79:20-4.

27. World Health Organizat ion (WHO)/ The United Nat ions 
Children’s Fund (UNICEF)/  Internat ional Council for Cont rol of 
Iodine Deiciency Disorders (ICCIDD). Assessment of iodine de-
iciency disorders and monitoring their elimination. A guide for 
programme managers. 2001 [citado 7 Ene 2009]. Disponible en: 
ht tp: / / www3.all iance-hpsr.org/ reproduct ive-health/ docs/ io-
dine_deiciency.pdf

28. Paricio Talayero JM, Santos Serrano L, Fernández Feij oo A, et  
al.  [Health examinat ion of children from the Democrat ic Saha-
ra Republic (North West  Africa) on vacat ion in Spain]. An Esp 
Pediat r. 1998;49:33-8.

29. United Nat ions High Commissioner for Refugees (UNHCR)/
World Food Programme (WFP)/ Nat ional Inst itute of Research of 
Food and Nut rit ion (NIRFN). Nut rit ion survey saharawi refugee 
camps Tindouf-Algeria. Geneva: UNHCR; 2005.

30. Inst itute of Medicine (IOM). Food and Nut rit ion Board. Dietary 
references intakes for vitamin A, vitamin K, arsenic, boron, 
chromium, copper, iodine, iron, manganese, molybdenum, nic-

kel, silicon, vanadium and zinc. Washington DC: The Nat ional 
Academic Press; 2002.

31. Bengoa Aisa A, De Luis González JM, Culebras Fernández JM, et  
al.  Nut rit ional evaluat ion: comparat ive study of childen aged 
10-14 from Leon (Spain) and Saharawi children from Tindouf 
(Algeria). Pediát rika. 1999;19:167-72. 

32. Norwergian Church Aid (NCA)/ Akershus University College 
(AUC). Base-line and assessment  study of the nut rit ional situa-
t ion in two regions in the Saharawi Refugee Camps, Tindouf, 
Algeria. Lillest rom: Akershus University College; 2005.

33. United Nat ions High Commissioner for Refugees (UNHCR)/ Co-
mitato Internazionale per lo Sviluppo dei Popoli (CISP)/ Nat io-
nal Research Inst itute for Food and Nut rit ion (NRIFN). Nut rit io-
nal status of the highly vulnerable groups in Saharawi refugee 
camps. Geneva: UNHCR; 2001.

34. Gaitan E. Goit rogens in food and water. Annu Rev Nut r. 
1990;12:127-9.

35. Thilly CH, Contempre B, Vanderpast  J. Excess of thiocyanate 
and selenium deiciency: cofactors in the etiology of endemic 
goiter and cret inism in North Zaire. Bull Mem Acad R Med Belg. 
1990;145:440-8.

36. Delange F, Thilly C, Ermans AM. Endemic goit re in Kivu area, 
Africa: Focus on cassava. En: Ermans AM, Mbulamoko NM, De-
lange F, Ahluwalia R, editores. Role of cassava in the et iology 
of endemic goit re and cret inism. Ot tawa: Internat ional Deve-
lopment  Research Cent re; 1980. p. 29-36.

37. Bourdoux P, Delange F, Gerard M, et  al.  Ant ithyroid act ion of 
cassava in humans. En: Ermans AM, Mbulamoko NM, Delange F, 
Ahluwalia R, editores. Role of cassava in the et iology of ende-
mic goit re and cret inism. Ot tawa: Internat ional Development  
Research Cent re; 1980. p. 61-8. 

38. Bourdoux P, Delange F, Gerard M, et  al.  Evidence that  cassava 
ingest ion increased thiocyanate format ion, a possible et iologic 
factor in endemic goiter. J Clin Endocrinol Metab. 1978;46:613-
21.

39. Cooke RD. Effects of cassava processing on residual cyanide. 
En: Delange F, Ahluwalia R, editores. Cassava toxicity and 
thyroid: Research and Public Health Issues. Ot tawa: Internat io-
nal Development  Research Cent re; 1983. p. 138-42.

40. Delange F, Ermans A. Role of a dietary goit rogen in the et iology 
of endemic goiter on Idj wi island. Am J Clin Nut r. 1971;24:1361-
73.

41. Delange F, Iteke FB, Ermans AM. Nut rit ional factors involved in 
the goit rogenic act ion of cassava. Canada: Internat ional Deve-
lopment  Research Cent re; 1982.

42. Gaur DR, Sood AK, Gupta VP. Goiter in school girls of the Mewat  
area of Haryana. Indian Pediat r. 1989;26:223-7.

43. Yang Y, Wang X, Guo X. Effects of high iodine and high  
luoride on children’s intelligence and the metabolism of iodi-
ne and luoride. Zhonghua Liu Xing Bing Xue Za Zhi. 1994;15:296-
8.

44. Taylor S. Calcium as a goit rogen. J Clin Endocrinol Metab. 
1954;14:1412-22.

45. Murray MM, Ryle JA, Simpson BW, et  al.  Thyroid enlargement  
and other changes related to the mineral content  of drinking 
water. Lancet . 1982;5:363-6.

46. Wolff  J, Chaikoff  I,  Goldberg R, et  al.  The temporary nature of 
the inhibitory act ion of excess iodide on organic iodide synthe-
sis in the normal thyroid. Endocrinology. 1949;45:504-13.

47. Suzuki H. Et iology of endemic goiter and iodide excess. En: 
Stanbury JB, Hetzel BS, editores. Endemic goiter and endemic 
cret inism. New York: Wiley Sons Inc; 1980. p. 237-53. 

48. Boyages SC, Bloot  AM, Maberly GF, et  al.  Thyroid autoimmunity 
in endemic goiter caused by excessive iodine intake. Clin Endo-
crinol (Oxf). 1989;31:453-65.

49. Delange F. Correction of iodinedeiciency: beneits and possible 
side effects. Euro J Endocrinol. 1995;132:542-3.



Disorders of malnut rit ion among the Saharawi children 19

50. Dunn JT. Iodine deiciency and excess as environmental goitro-
gens: En: Gaitan E, editor. Environmental goit rogenesis. Boca 
Raton: CRC Press; 1989. p. 139-48.

51. El Mahdi E, Eltom M, Karlsson F, et  al.  Water goit rogens  
and endemic goiter in the Sudan. Trop Geogr Med. 1986;38: 
180-2. 

52. Peterson S. Controlling iodine deiciency disorders. Studies for 
program management  in sub-saharan Africa. Acta Universitat is 
Upsaliensis. Comprehensive Summaries of Uppsala Disserta-
t ions from the Faculty of Medicine 943. Uppsala. Sweden. 
2000.

53. Mora-Cast ro D. Water quality from Saharawi refugee camps, 
Tindouf, Algerie. Geneva: UNHCR; 1997.

54. Lopriore C, Guidom Y, Briend A, et al. Spread fortiied with vi-
tamins and minerals induces catch-up growth and eradicates 
severe anemia in stunted refugee children aged 3-6 y. Am J Clin 
Nut r. 2004;80:973-80.

55. Docampo E, Molinero J. Groundwater resources in the Saharawi 
refugee camps in Tindouf (Algeria). Aquifer exploitat ion under 
ext reme drought  condit ions. 2006 [citado 7 Ene 2009]. Disponi-
ble en: ht tp:/ / ingenierosdeminas.org/ documentos/ 61213-
abastecimientos-campamentos.pdf

56. At inmo T, Oyediran O. Sub-Saharan count ries show encouraging 
t rends. Nut riview. 2005;3:11-4.

57. Branca F. The health and nut rit ional status of saharawi refu-
gees. Rome: Ist ituto Nazionale della Nut rizione; 1997.

58. Ferrari M. Dual forms of malnut rit ion among Saharawi  
refugee populat ion. 2006 [citado 7 Ene 2009]. Disponible en: 
ht t p: / / www.unsystem.org/ scn/ publicat ions/ AnnualMeet ing/
SCN33/ WG%20Emergencies/ 2006%20Session%205%20Dual%20
forms%20of%20malnut rit ion%20amongst%20Saharawis.pdf

59. Seal AJ, Creeke I,  Mirghani Z, et  al.  Iron and vitamin A in long-
term African refugees. J Nut r. 2005;135:808-13.

60. Sawaya WN, Khalil JK, Al-Shalahat A, et  al. Chemical composit ion 
and nutrit ional quality of camel milk. J Food Sci. 1984;49:744-7.

61. Harvey P, Dexter P, Darnton-Hill I.  The impact  of consuming 
iron from non-food sources on iron status in developing coun-
t ries. Public Health Nut rit ion. 2000;3:375-83.

62. World Health Organization (WHO). Iron deiciency anaemia-as-
sessment , prevent ion, and cont rol.  A guide for Programme Ma-
nagers. WHO. Geneva. Switzerland; 2001.

63. United Nat ions High Commissioner for Refugees (UNHCR)/ Co-
mitato Internazionale per lo Sviluppo dei Popoli (CISP)/ Nat io-
nal Research Inst itute for Food and Nut rit ion (NRIFN). Guideli-
nes for est imat ing food and nut rit ion needs in emergencies. 
Geneva: UN High Comission for Refugees; 1997.

64. Casas Iradier B, De la Rubia Sánchez JA, Lasarte Calderay JE. 
[Health assessment  of a Saharawi children in the Health Center 
from Sanlúcar Barrio Baj o in 1995]. Cent ro de Salud. 1996;4: 
507-9.

65. Vij ayaraghavan K. St rategies for cont rol of micronut irent  mal-
nut rit ion. Indian J Med Res. 1995;102:216-22.


