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Endemic goitre in the Sudan despite long-standing programmes

for the control of iodine deficiency disorders
Abdel Monim MH Medani,? Abdelsalam A Elnour® & Amal M Saeed®

Objective To describe the status of iodine deficiency disorders (IDDs) in the Sudan more than 25 years after the initiation of IDD control
programmes and to explore the causes of endemic goitre in the country.

Methods Testing for IDDs was carried out in 6083 schoolchildren 6 to 12 years of age from the capital cities of nine states in different
areas of the country using the three indicators recommended by the World Health Organization: the prevalence of goitre, laboratory
measurements of urinary iodine concentration in casual urine samples and serum thyroglobulin (Tg) levels. Serum levels of thyroxine
(T4), triiodothyronine (T3) and thyroid-stimulating hormone (TSH), as well as urinary secretion of thiocyanate, which can affect the
transport of iodine into thyrocytes, were also measured.

Findings The prevalence of goitre in the different samples ranged from 12.2% to 77.7% and was 38.8% overall. The overall median
urinary iodine concentration was 6.55 pg/dl, with the lowest median value having been found in Kosti city (2.7 pg/dl), situated in the
centre of the country, and the highest (46.4 pg/dl) in Port Sudan, on the Red Sea coast. The highest mean serum Tg level (66.98 ng/
ml) was found in Kosti city, which also had the highest prevalence of goitre.

Conclusion IDDs still constitute a public health problem throughout urban areas in the Sudan and iodine deficiency appears to be the
main etiological factor involved.

Abstracts in ey H13Z, Frangais, Pyccxmit and Espaiiol at the end of each article.

Introduction
In the Sudan, the period from the early 1980s to the mid 1990s

witnessed substantial activity in connection with iodine defi-
ciency disorders (IDDs) in the form of epidemiological and
ctiological studies and assessments of the effects of different
interventions.” The total prevalence of goitre reported in those
studies ranged from 13% in the castern city of Port Sudan and
17% in Khartoum state, to 78% in the central region and 87% in
Darfur, in the west. According to a national study conducted in
1997, the overall prevalence of all types of goitre was 22%" and
prevalence figures ranged from 5% in the city of Khartoum to
42% in the Upper Nile region. It has been estimated that every
year more than 200000 children born in the Sudan are at risk
ofiodine deficiency’ and that 3% of those children may develop
cretinism, while 10% may experience severe intellectual impair-
ment and 87% less severe intellectual disability.

Various etiological factors in addition to iodine deficiency
contribute to goitre endemicity in the Sudan.'~>7 They include
vitamin A deficiency and protein-energy malnutrition, both of
which can affect thyroid function, and the very high consump-
tion of pearl millet, which contains thiocyanate, a goitrogenic
substance.

Although IDD control programmes in the form of distribu-
tion of iodized oil capsules and iodized sugar and the universal
salt iodization strategy, were launched in the Sudan as carly as
the mid 1970s,>'%"" in 2006, when this study was conducted, no
progress in implementation had been made.” Indeed, most iodine
supplementation programmes, if not all, had ceased to exist, and
only 1% of all Sudanese houscholds had access to iodized salt,
according to estimates by the United Nations Children’s Fund

(UNICEF)."* A more recent situational analysis has shown that
IDDssstill affect children and women throughout the Sudan and
that no policy supporting universal salt iodization is in place."
Thus, the aim of this study is to evaluate the current status of
IDDs in the Sudan and to provide baseline impact indicators for
future IDD control programmes. The study also secks to respond
to the 2005 World Health Assembly resolution (WHAS8.24)
mandating countries to report on their IDD situation every
three years.

Methods

We performed a descriptive cross-sectional study to investigate
the burden of IDDs using three indicators recommended by
the World Health Organization (WHO): goitre prevalence,
median urinary iodine concentration (UIC) (determined from
casual urine samples) and mean serum thyroglobulin ('Tg) levels.
Mean serum levels of thyroxine (T4), triiodothyronine ('T3) and
thyroid-stimulating hormone (TSH) were also measured, along
with urinary thiocyanate (USCN) excretion.'”'" Our study,
which was conducted from June to November 2006, covered
ethnically and socioeconomically heterogeneous populations
of schoolchildren aged 6 to 12 years residing in the capital cities
of nine states located in different parts of the Sudan. The cities
were Nyala (west), Elfasir (west), Wau (south), Atbraand Dongla
(north), Kosti (centre), Dmazine (south-east), Port Sudan (east)
and Khartoum (centre). The sampled populations varied consid-
erably with respect to their sources of drinking water and their
staple foods. The locations from which population samples were
drawn are shown on the map of the Sudan in Fig. 1.
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Fig. 1. Map of the Sudan showing cities included in study of iodine status among
schoolchildren aged 6 to 12 years in the country, June-November 2006
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A multistage sampling technique
was used.'* Each city was first divided
into three sectors and one school from
each sector was then randomly selected,
regardless of the gender of the school’s
attendees. Subsequently 150 to 250
children were randomly selected from
each school and a total of 6083 children
between the ages of 6 and 12 years
were examined for goitre by a single
investigator through palpation of the
thyroid gland. Goitre size was graded
according to the criteria recommended
by WHO, UNICEF and the Inter-
national Council for the Control of
Iodine Deficiency Disorders (grade 0,
no goitre; grade 1, thyroid palpable but
not visible; and grade 2, thyroid visible
with neck in normal position) ."* The
combined prevalence of grade 1 and
2 goitre provided the total prevalence
of goitre in the study population. In
this study, the endemicity of goitre
was classified on the basis of median
urinary iodine excretion as established
for schoolchildren by WHO.'¢ < 2.0 ug/
dl, severe iodine deficiency; 2.0-4.9 pg/
dl, moderate iodine deficiency; 5.0-9.9
ug/dl, mild iodine deficiency.

Blood and urine samples were col-
lected from 360 children who were
chosen by systematic random sampling,
irrespective of gender or of the results of

122

thyroid gland palpation. Serum samples
were analysed for T4, T3, TSH and Tg
using radioimmunoassay with reagents
obtained from the Department of Iso-
topes of the China Institute for Atomic
Energy in Beijing. Urine samples were
used for two purposes: a fresh portion was
used to determine the urinary iodine con-
centration and a portion that was kept at
—20°C for S months was used to measure
USCN excretion. The UIC was measured
using a modified Sandell-Kothoff reac-
tion."” USCN excretion was measured
by the method described by Aldridge'
as modified by Michajlovskij & Langer.”
Blood and urine samples were analysed in
the laboratories of the Sudan Atomic En-
ergy Commission. Statistical analysis was
performed using SPSS version 13.0 (SPSS
Inc., Chicago, United States of America).
The central tendency was described by the
arithmetic and geometric mean in the case
of serum levels and by the median in the
case of urine levels. Linear regression was
used to explore the relationship between
variables (goitre prevalence, T3 and T4,
Tg, UIC and USCN). The y* test was
used to test for differences in proportions
(goitre prevalence) and the differences
among all pairs of proportions were de-
termined by the Marascuilo procedure.
One-way analysis of variance was used
to explore differences in mean serum T4,
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T3, TSH and Tglevels in the nine study
cities. The procedure of least significant
difference was applied to look for differ-
ences among pairs of means. Signiﬁcance
was set at < 0.05.

The present study was approved
by the review board of the Sudanese
Academy of Sciences, and consent was
obtained from local health and education
authorities and from the department of
school nutrition of the Ministry of Educa-
tion. Permission for collecting blood and
urine samples was verbally obtained from
one of the parents of each pupil through
school headmasters and parent councils.
Pupils who declined to participate were
randomly substituted with other students
from the same classroom.

Results

The prevalence of all types of goitre is
shown in Table 1. It was found to be
38.8% overall and ranged from 12.2% in
Omdurman to 77.7% in Kosti city.

Median UIC and median USCN
excretion are presented in Table 2. The
overall median urinary iodine concentra-
tion was 6.55 pg/dl, which is indicative of
mild iodine deficiency, and 35% of the
population had <5 pg/dl. The median
local urinary iodine concentration was
< 10ug/dl in all cities with the exception
of Port Sudan. It was lowest in Kosti,
where goitre was most prevalent, and
highest in Port Sudan. Median USCN
excretion ranged from 0.26 mg/dlin Port
Sudan to 0.49 mg/dl in Wau and Nyala.
The overall median value was 0.37 mg/dl.

Table 2 also shows mean serum T4,
T3, TSH and Tglevels. The overall mean
serum T4 and T3 levels were within the
normal range. The mean serum T4 level
in Dongla was similar to the mean level
found in Port Sudan and lower than the
level found in other cities. Mean serum
T3 levels also varied widely among cities.
Opverall, serum Tg values were >40 ng/
ml in more than 40% of the children.
No correlation was found between goi-
tre prevalence and mean serum Tg or
between goitre prevalence and median
urinary iodine concentration ( Table 3).

Table 3 shows Pearson’s correla-
tion coefficients between the measured
variables exploring the relationship and
significance levels between variables (goi-
tre prevalence, thyroid hormones, TSH,
Tg, UIC and USCN excretion in 360
Sudanese schoolchildren from selected
Sudanese cities.
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Discussion

WHO recommends using the follow-
ing physiologic indicators to assess the
iodine status of populations beyond the
neonatal period: mean urinary iodine
concentration (based on measurements
in casual urine samples), the prevalence
of goitre (based on palpation of the thy-
roid gland) and mean serum TSH and
Tg.* At the individual level, these physi-
ologic indicators are sensitive to iodine
deficiencies of different duration. For
example, urinary iodine concentration is a
sensitive indicator of recent iodine intake
(days), Tgshows an intermediate response
(weeks to months), and the size of the
thyroid reflects long-term iodine intake
(months to years). The overall prevalence
of goitre and the median urinary iodine
concentration in schoolchildren 6 to 12
years of age are the most accepted mark-
ers for assessing the severity of IDDs in a
given region.' In this study, all methods
recommended by WHO were employed
to assess IDDs in the population of
schoolchildren. While the prevalence
of goitre puts the Sudan among coun-
tries with a severe IDD problem, the
median urinary iodine concentration is
indicative of a mild IDD problem.”’ In
the nine cities studied, the prevalence
of endemic goitre ranged from mild to
severe. A population is considered to
have iodine sufficiency when the median
urinary iodine concentration is between
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Table 1. Goitre prevalence (GP) in schoolchildren aged 6 to 12 years from selected
cities in the Sudan, June-November 2006

City No. of children GP (%)
With goitre Without goitre Total
Wau 255 261 516 494
Elfasir 435 224 659 66.0
Nyala 307 172 479 64.1
Dmazine 140 382 522 26.9
Kosti 407 117 524 7.7
Atbra 150 495 645 23.3
Khartoum 71 426 497 14.3
Khartoum north 89 430 519 17.2
Omdurman 72 517 589 12.2
Dongla 207 272 479 43.2
Port Sudan 228 426 654 34.9
Total 2361 3722 6083 38.8

10 and 19.9 pg/dl and less than 20% of
the people have a concentration <5 ug/
dL*! Goitre prevalence and urinary iodine
concentration showed no correlation with
cach other (Table 3). In the population
studied, goitre prevalence placed the cities
in a higher IDD status category than did
the median urinary iodine concentration,
perhaps because other goitrogenic factors
besides insufficient iodine intake may be
at play."” Thiocyanate probably played
little or no role in the etiology of goitre in
this study, since its urinary concentration
was much lower than reported in other
arcas with iodine deficiency.”” Despite the
clear lack of correlation between mean se-

rum Tgand goitre prevalence, the highest
mean serum Tgwas found in Kosti, where
goitre prevalence was highest and median
urinary iodine concentration was lowest.
Although some studies have found serum
Tg to be a sensitive indicator of chronic
and acute thyroid stimulation,”** other
studies have shown that serum Tg may
be affected by other factors.”>** This may
explain why mean serum Tg in children
from Khartoum was rather high despite
the relatively low prevalence of goitre.
The exceptionally high median
urinary iodine concentration (46.40 pg/
dl) in Port Sudan is well above the level
(30 pg/dl) indicative of a high individual

Table 2. Goitre prevalence (GP) and other clinical indicators of thyroid function? and iodine status® in schoolchildren aged 6 to 12
years from selected cities in the Sudan, June-November 2006

City GP T4 T3 TSH Tg uic USCN
(nmol/1) (nmol/1) (mlU/N) (ng/ml) (ng/di) (mg/dI)

% Mean SE Mean SE Mean SE Mean SE Median  Median

Nyala 64.1 112.8 4.00 1.90 0.07 1.83 0.18 22.83 1.99 6.15 0.48
Elfasir 66.0 110.1 3.40 1.70 0.06 1.73 0.15 28.31 1.89 3.35 0.45
Dmazine 26.9 104.6 4.40 1.97 0.07 2.71 0.24 30.98 3.75 7.30 0.41
Wau 49.2 112.4 5.60 2.22 0.12 1.69 0.14 25.71 2.52 9.40 0.49
Atbra 23.3 108.7 4.40 1.85 0.10 2.42 0.18 40.47 2.30 2.80 0.40
Kosti 7.7 1104 4.70 1.74 0.07 1.78 0.19 66.98 4.47 2.70 0.35
Khartoum 14.3 101.0 5.60 213 0.08 1.71 0.15 56.33 2.83 5.80 0.32
Khartoum north 17.2 96.8 4.50 2.19 0.07 2.18 0.31 38.45 3.81 7.00 0.37
Omdurman 12.2 105.3 5.20 2.19 0.06 1.95 0.15 37.99 3.97 6.85 0.34
Dongla 43.2 87.4 410 1.83 0.09 3.13 0.32 27.22 1.82 8.90 0.31
Port Sudan 34.9 82.6 5.00 1.54 0.09 3.71 0.56 46.02 4.21 46.40 0.26
Overall 38.8 103.2 1.50 1.94 0.03 2.25 0.08 38.00 1.16 6.55 0.37

SE, standard error; T4, thyroxine; Tg, thyroglobulin; T3, triiodothyronine; TSH, thyroid-stimulating hormone; UIC, urinary iodine concentration; USCN, urinary

thiocyanate.

2 Normal total serum levels of T3, T4, TSH and Tg according to the Sudan Atomic Energy Commission are as follows: T4, 60—165 nmol/l; T3, 0.8—3.0 nmol/I; TSH,

0.7-5.0 mlU/i; Tg, 4.1-24.0 ng/ml.

® For UIC and USCN excretion, 1020 pg/dl and <0.9 mg/dl, respectively, were considered normal values.
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risk of iodine-induced hyperthyroidism
and, in genetically susceptible individu-
als, of autoimmune thyroid disease from
excess iodine intake.”” However, in this
city mean serum T4 and T3 levels were
lower and the mean TSH level was higher
than in other cities, as noted ecarlier by
Eltom* and recently by Hussein.”” The
high median urinary iodine concentra-
tion in Port Sudan could be attributed
to the consumption of seafood rich in
iodine, since the city is located on the
coast of the Red Sea. It is noteworthy that
the city of Atbra was not studied before,
since its location between Khartoum and
Port Sudan and between Khartoum and
the northern states leads one to expect
a diversified diet. However, the median
urinary iodine concentration in Atbra
was 2.8 pg/dl and only 5 pupils out of 35
had sufficient (10 pg/dl) urinary iodine
concentration. This supports previous
findings that goitre may be spreading to
new areas of the Sudan.

The results of the current study
strongly agree with those of previous
studies.”””'"** Todine deficiency is
probably the most important but not
the only factor leading to the high
prevalence of goitre in the population
studied. Such a population, it may be
worth noting, was composed of school-
children living in urban areas, who may
have had a more diversified diet and one
higher in iodine than children living in
rural areas. In areas where iodine intake
is low, hypothyroidism,’" different
degrees of intellectual impairment and
even cretinism can sometimes affect a
significant proportion of people, even
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Table 3. Correlation between various clinical indicators of thyroid function and iodine
status in study of 360 schoolchildren aged 6 to 12 years from selected cities
in the Sudan, June-November 2006

Indicator Correlation Indicator
T4 T3 TSH Tg uiC USCN GP
T4 7 1 0.328 -0.174  0.014 -0.201 0.190  0.082
2 0.000 0.001 0.786 0.000 0.000 0.122
T3 r 0328 1 -0.062 0.008 -0.149 0.111 -0.255
P 0.000 0238 0875 0.005 0.036 0.000
TSH r -0.174 -0.062 1 0.093  0.301 -0.083 -0.046
P 0.001  0.238 0.078 0.000 0.118 0.384
Tg r 0.014 0.008 0.093 1 0.053 -0.101 -0.006
P 0.786 0.875 0.078 0.315 0.057 0.910
uiC r -0.201 -0.149 0301 0.053 1 -0.036  0.059
P 0.000 0.005 0.000 0315 0.491  0.262
USCN r 0190 0.111 -0.083 -0.101 -0.036 1 0.085
P 0.000 0.03 0118 0.057 0.491 0.107
GP r 0.082 -0.255 -0.046 -0.006 0.059 008 1
P 0122 0000 0384 0910 0262 0.107

T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; Tg, thyroglobulin; UIC, urinary iodine

concentration; USCN, urinary thiocyanate.
2 Pearson’s correlation coefficient.
® Significance on two-tailed test.

if mean serum T4, T3 and TSH levels
are within normal ranges.””

In conclusion, despite the fact that
IDD control programmes were initi-
ated in the Sudan more than 25 years
ago, IDDs continue to be an important
public health problem in the country.
Although imported iodized salt is com-
mercially available, no data on its con-
sumption exist. An evaluation of existing
IDD control programmes is urgently
needed and strong consideration should
be given to reinstituting the universal salt
iodization programme. Ml
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Résumé

Goitre endémique au Soudan malgré les programmes permanents de contrdle des troubles dus a la carence

en iode

Objectif Décrire I'état des troubles dus a la carence en iode (IDD,
lode Deficiency Disorder) au Soudan, plus de 25 ans apres le début
des programmes de controle des IDD, et explorer les causes de goitre
endémique dans le pays.

Méthodes Des tests de carence en iode ont été menés sur 6083
écoliers de 6 4 12 ans dans les capitales de neuf Ftats situés dans
différentes régions du pays en utilisant les trois indicateurs recommandés
par I'Organisation Mondiale de la Santé : la prévalence du goitre, des
mesures en laboratoire de la concentration en iode sur des échantillons
occasionnels d’urine et les niveaux de thyroglobuline sérique (Tg). Ont été
également mesurés les taux sériques de thyroxine (T4), de triiodothyronine
(T3) et de I'normone de stimulation de la thyroide (TSH) ainsi que la
sécrétion urinaire de thiocyanate susceptibles d’affecter le transport de
I'iode dans les thyrocytes.

Résultats La prévalence du goitre dans les différents échantillons,
de 12,2 % a 77,7 %, était globalement de 38,8 %. La concentration
médiane d’iode dans I'urine était de 6,55 pg/dl, avec la valeur médiane
la plus basse relevée a Kosti (2,7 pg/dl), dans la région centrale du pays,
tandis que la valeur médiane la plus forte (46,4 pg/dl) a été relevée a
Port Soudan, sur la cote de la mer Rouge. Le plus haut taux moyen de
Tg (66,98 ng/ml) a été relevé dans la ville de Kosti, qui a également la
plus haute prévalence de goitre.

Conclusion Les IDD constituent encore un probleme de santé publique
dans les zones urbaines du Soudan et la carence en iode semble étre le
principal agent étiologique impliqué.

Pesrome

PacnipocTpaHeHHOCTD 3HAeMuYecKoro 306a B CyaHe, HECMOTPA Ha OCYIeCTBIEHNE JONTOCPOYHBIX
nporpaMM 60pb0ObI C HapyIIeHNAMM, 00YCTOBTIEeHHBIMY JIOTHON HEJOCTATOYHOCTHIO

Ienp OmmcaTsb CUTYALMIO C TOffe DU THBIMI 320 0/IeBaHMAMMI
(MI3), B Cynane, re y>xe 6oyee 25 jIeT OCYIIeCTBIISAIOTCA
nporpaMmbl 60pb6bI ¢ VI3, U MccaefoBaTh NPUYIMHBI
PacIpoCTpaHEHHOCTY SHIEMUYECKOTO 300a B 9TO CTpaHe.
MeTtoppl brino npoBefjeHO TecTUpoOBaHUE Ha VI3 6083
IIKOJILHVKOB B BO3pacTe OT 6 0o 12 jieT M3 CTONMMYHBIX
TOPOLOB HeBATU LITATOB B Pa3HbIX YaCTAX CTPAHBI C
UCIIO/Ib30BAHMEM TPEX MHAMKATOPOB, PeKOMEH/IOBAHHBIX
BcemupHoIT oprannsanyeit 35paBoOXpaHeHNst: YacToTa 300a,
nmaboparopHOe M3MepeHye KOHIIEHTPALUM 10fja B MOYe IIpK
MIEPUOAIYECKOM B35 TIN 00PasIIOB MOYM 11 I3MEPEHIIE YPOBHel
cpiBopoTouHOro tupeornobymmsa (Tr). Vsmepsmich Takxke
YPOBHM CBIBOPOTOYHOTrO TrpokcuHa (T4), TpuitofoTnpoHnHa
(T3) u tupeorponnoro ropmona (TTTI), a Taxke cexpenus
THOLMAHATOB B MOYe, KOTOPasi MOXKeT IOB/VSTH Ha TPAHCIIOPT
jiofia B TUPOLUTEL
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PesynbraTsl HacToTa pacpoCcTpaHeHHOCTY 3002 B Pa3/IMIHbIX
obpasnax BappupoBanach ot 12,2 1o 77,7% n B 1enom
cocrapyana 38.8%. CpegHaAs MefMaHa KOHLIEHTpAIUy jofia
B MOYe cOoCTaBjAna 6,55 MKr/[j, mpuyeM HauMeHbIIee
MenMaHHOe 3HayeHue ObUIo oTMedyeHo B I. Koctm (2,7 MKr/
IUT), PacIONIO>KeHHOM B LIeHTPA/IbHOM YacT! CTPaHBbL, a caMoe
BbIcOKOe (46,4 Mxr/mn) - B Ilopr-Cynane, Ha mobepexne
Kpacnoro mops. Camblil BBICOKMIT YPOBEHb CHIBOPOTOYHOTO
Tr (66.98 ur/mi) 6611 0T™MedeH B I. KocTu, rie Takke oTMedeHa
caMasi BBICOKas 9aCTOTa PACIIPOCTPAHEHHOCT 300a.

Boisop V1]]3 mposio/KatoT 0CTaBaThCs Cephe3Hoit mpo6emoii
00I1[eCTBEHHOTO 3[JpaBOOXPAHEHNsI B TOPOACKNUX parioHax
CynaHa, a JiofHas HeOCTaTOYHOCTD, I10-BUIMMOMY, ABJIAETCS
OCHOBHBIM (PaKTOPOM X STUOIOTHIA.
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Resumen

Persistencia del bocio endémico en Sudan pese a la aplicacion desde hace tiempo de programas para

controlar los trastornos por deficiencia de yodo
Objetivo Describir el estado de los trastornos por deficiencia de yodo (TDY)
en Sudan mas de 25 afios después de poner en marcha los programas de
control de los TDY 'y descubrir las causas del bocio endémico en el pais.
Métodos Se realizaron las pruebas de TDY a 6083 alumnos de entre 6 y
12 afios procedentes de las capitales de nueve estados en diversas zonas
del pais empleando los tres indicadores recomendados por la Organizacion
Mundial de la Salud: la prevalencia del bocio y las mediciones realizadas
en laboratorio de la concentracion urinaria de yodo en muestreo casual
de orina y de la concentracion sérica de tiroglobulina (Tg). También se
midieron las concentraciones séricas de tiroxina (T4), triyodotironina (T3)
y tirotropina (TSH); asi como la secrecion urinaria de tiocianato, que puede
afectar al transporte de yodo a los tirocitos.

Resultados La prevalencia de bocio en las diversas muestras oscil6 desde
un 12,2% a un 77,7% y fue en total de un 38,8%. La media global de
concentracion urinaria de yodo fue de 6,55 pg/dl. La media mas baja se
registro en la ciudad de Kosti (2,7 pg/dl), situada en el centro del pais, y
la més elevada (46,4 pg/di), en Puerto Sudan, en la costa del Mar Rojo.
La concentracion sérica mas elevada de Tg (66,98 ng/ml) se registré en la
ciudad de Kosti, donde también se registrd la mayor prevalencia de bocio.
Conclusion Los TDY siguen siendo un problema de salud publica en las
zonas urbanas de Sudan, y la deficiencia de yodo parece ser el principal
factor etiologico implicado.
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