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Abstract
Objective: This ®rst nationwide survey was undertaken to estimate the prevalence
rates and severity of iodine de®ciency disorders (IDD) and the proportion of
households consuming iodized salt.
Design: The country was strati®ed into two ecological zones and 30 clusters (primary
schools) from each zone, including the required numbers of pupils, were selected
randomly. A subsample of pupils provided urine and salt samples for the
determination of urinary iodine excretion (UIE) and presence of iodate, respectively.
Setting: Yemen.
Subjects: There were a total of 2984 pupils aged 6±12 years of whom 2003 were boys
and 981 girls. The majority (1800) pupils were from the lowland/coastal areas (zone
II) and the rest (1184) from the mountainous regions (zone I).
Results: The total goitre rates (TGR) in the whole country, zones II and I were 16.8%,
31.1% and 7.4%, respectively. The TGR in zone I for males was 32.8% and 27.3% for
females, while in zone II the corresponding rates were 8.1% and 5.9%, respectively,
and the differences were not statistically signi®cant. Only three cases of visible goitres
were encountered. The median UIE levels in zones I, II and the whole country were
13.6, 18.9 and 17.3 mg dl -1, respectively. Based on UIE cut-off points recommended by
WHO, IDD was severe in 4.7% of pupils in zone I and 2.6% in zone II. Mild and
moderate IDD were found in 18.5% and 8.7% of the pupils respectively. Nearly 70% of
the surveyed pupils had UIE values of > 10 mg dl -1 (no de®ciency). Girls had relatively
better iodine nutrition as suggested by higher levels of median UIE. In addition, across
all age groups median UIE values were above 10 mg dl -1. Over half of the households
consumed iodized salt.
Conclusions: Since the introduction of universal salt iodization in 1996 both the
prevalence and severity of IDD in Yemen were reduced markedly and Yemen can
now be classi®ed as a country with a mild IDD problem. However, the low level of
households consuming iodized salt may hamper the goal of IDD elimination.

Before 1991, levels of IDD were not perceived by Yemeni
health authorities to be a public health problem. The
seminal and comprehensive national nutrition survey of
the Yemen Arab Republic 1 in 1979 did not address IDD or
goitres as is customary in large-scale nutrition surveys, but
a similar survey in the former South Yemen 2 in 1983
reported a TGR of 0.15% for that country. In 1991, WHO 3
conducted a rapid goitre survey in four governorates in the
northern part of Yemen and reported a TGR of 32% among
school children which suggested that Yemen is a country
with a severe IDD problem. Subsequently, in 1995,
UNICEF, in collaboration with the Ministry of Public
Health, launched a national IDD control programme with
universal salt iodization as the major strategy to combat
IDD.
Four years after the initiation of universal salt iodization,
Yemen lacked data on the epidemiology of IDD. This
survey was undertaken to rectify this de®ciency and its
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results will assist the national IDD programme in
establishing a baseline and to monitor progress towards
the elimination of IDD.
Objectives of the survey
The objectives of the survey were to: (i) estimate the
prevalence of goitres among pupils aged 6±12 years; (ii)
determine the iodine nutritional status by measuring
urinary iodine levels in a subsample of school children;
and (iii) estimate the proportion of households consuming
iodized salt.
The setting
The total land area of the Republic of Yemen, excluding
the Al-Rub Al-Khali desert, is 555 000 km 2. Located in the
southern part of the Arabian Peninsula, Yemen is bounded
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by the Arabian Sea and Gulf of Aden in the south, the
Sultanate of Oman in the east, the Red Sea in the west and
the Kingdom of Saudi Arabia in the north.
Yemen is divided into three broad natural regions, each
with unique topographical and climate conditions 4. These
are, ®rstly, the mountains and highlands which cover 60%
of the total landmass. The highland region comprises the
north±south mountain range running parallel to the Red
Sea coast down to the Bab al Mandab Strait in the far south,
and the east±west range, running parallel to the Gulf of
Aden coast up to Oman. Secondly, there are the coastal
plains, which extend over 2500 km from north to south
along the Red Sea and from west to east along the Gulf of
Aden and the Arabian Sea. Thirdly, there are the eastern
plains comprising around 15% of Yemen's total land area;
these extend along the eastern and northern L-shaped
massif running from north to south and then eastward all
the way to Saudi Arabia and Oman.
The population of Yemen was projected to be 17
million 5 in 1998. With a total fertility rate of seven live
births and an annual growth rate of 3.5%, it is one of the
fastest growing populations in the Arabian Peninsula.
Infant mortality rates (83 per 1000 live births) and child
mortality rates (102 per 1000 live births) are also among
the highest in the region 6. Yemen is one of the poorest
countries of the world, measured not only by its US$270
per capita GNP in 1997, but also in almost every measure
of quality of life 7.
Materials and methods
Sampling
Although the country has three distinct ecological zones, it
was divided in two ecological zones to re¯ect the
distribution of IDD and simplify logistics. Zone I was the
mountainous governorates or districts with an estimated
TGR of 32% determined from a previous rapid assessment
survey 3 in four governorates of this area. The zone
comprises approximately 80% of Yemen's estimated 17
million population 5. Zone II is the submountainous and
lowland governorates/districts with an estimated maximum goitre prevalence of 10%.
The sample size (n) for each ecological zone was
calculated according to the following formula using
EPIINFO software, version 6.04 b (Centre for Disease
Control and Prevention, Atlanta):

n52 

Z 2 P 1 2 P
d2

where Z = 95% con®dence level, P = estimated prevalence,
2 = design effect and d = absolute precision. A precision of
4% in zone I and 2% in zone II, and prevalence rates of
goitres of 30% and 10% in zones I and II, respectively,
were the computational assumptions. Accordingly, the
sample size for zones I and II was calculated to be 1170

and 1800 children, respectively. The survey protocol
which was later reviewed by an external consultant,
sampling, supervision of ®eldwork, data entry, analysis
and report writing was done by UNICEF Yemen health and
nutrition of®cers while the organization and management
of the actual ®eldwork was done by staff of the Ministry of
Public Health.
Data handling and analyses were done using the
EPIINFO package. Descriptive statistics were computed
using this software as were the chi-square test for
differences between proportions and the one-way analysis
of variance (F statistics) for testing differences between
means. The association between a risk factor and disease
was tested by generating odds ratios (OR) and the
associated 95% con®dence intervals (CI). The difference
between two medians was tested manually using a nonparametric method, the median test 8.
The 95% CI for the percentage of goitre and household
iodized salt consumption were computed using the
EPITABLE module of EPIINFO, which uses the ¯eiss
quadratic method. This approach takes into account both
the design effect and the cluster sampling methodology.
Sensitivity and speci®city analyses were also done using
the EPIINFO software to test the value of goitre palpation
versus UIE, the `gold standard' as an instrument for
screening IDD in ®eld conditions.
Thirty clusters were selected randomly from each zone.
From each cluster (a primary school) the required number
of school children were selected by a systematic random
sampling method. In each school one or more classes
(grades 1±6), depending on the calculated sample size
and number of pupils attending that class, was then
selected randomly. Based on the sample size calculated
above, 39 children were examined for goitre in each
school in zone I and 60 children in each school in zone II.
In three sites, where a school did not have the required
number of pupils, an adjacent school was used for
replacement.
Goitre palpation
Goitre palpation was performed by two teams of
physicians who had undergone training on goitre
palpation by a physician with considerable experience in
conducting IDD surveys. Goitre classi®cation was according to a simpli®ed recommendation 9. The sum of grades 1
and 2 provided the TGR. Assessment of the severity of IDD
was based on the TGR and UIE. The following TGR values
were used for the determination of IDD severity: 5.0±
19.9% = mild, 20.0±29.9% = moderate, and 30.0% or more
= severe 9.
Urinary iodine excretion
Casual urine samples were collected from a random
subsample of 390 and 600 children from zones I and II,
respectively. Urine samples were collected in 1 ml plastic
bottles with screw caps. The samples were stored in
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refrigerators until shipment to the medical chemistry
laboratory of the Faculty of Medicine and Pharmacy of
Rabat, Morocco, for analysis according to method A
described by Dunn et al. 10 with the results expressed in
mg dl -1. In this laboratory, quality control was performed
by distributing two urine pools through series of samples
to serve as an internal control and the results were
expressed as percent coef®cient of variation (CV%).
Classi®cation of the severity of IDD was according to the
cut-off points of UIE values 9; thus, urinary iodine values
(mg dl -1) , 2 = severe, 2±4.9 = moderate, 5±9.9 = mild and
> 10 = no de®ciency.
Iodine content of salt consumed at the
household level
In each school 20 salt samples, about 20 g of salt each,
were collected by requesting pupils to bring salt samples
from their respective homes. The samples were from
routinely consumed salt. Each sample was tested on the
spot for the presence of iodate using a rapid test kit (MBI
KITS, Madras, India).
Results
In comparison to the sample size suggested by the
calculation exercise during the planning phase of the
survey (2870), a total of 2984 pupils participated in the
study in both geographic zones, suggesting an optimum
survey coverage rate.
Demographic characteristics of the
survey population
The age and sex distribution of the survey population by
geographic zones is shown in Table 1. The total number of
surveyed pupils was 2984; the majority (1800) were from
zone II and the rest (1184) from zone I. The sex ratio
(M : F) was 1 : 2 in both zones, indicating the preponderance of males. The percentage of males in zones I and II
were 68.5% and 66.2%, respectively, while the corresponding percentages for females were 31.5% and 33.8%.

However, there were no statistically signi®cant differences
in these percentages (Table 1).
The greatest number of pupils were aged 8 years in the
highland zones and in the overall survey sample, but were
aged 9 years in zone II. Pupils aged 9 years old and below
comprised 64% of the survey sample. In both zones, the
median age was 9 years and was therefore identical.
Prevalence rates and severity of goitres
Of the total 2984 pupils palpated for goitres in the two
zones, there were 501 grade 1 and grade 2 goitres
(Table 2), resulting in an over all TGR of 16.8% (CI 16.5±
20.5) for the whole country, 31.1% (CI 27.4±35.0) in zone I
and only 7.4% (CI 5.8±9.3) in zone II. Except for zone I
where rates of IDD are severe (TGR > 30%), zone II and
the whole country can be classi®ed as having a mild IDD
problem.
The prevalence rates of zero grade goitres in zones I and
II were 68.9% and 92.6%, respectively, while the
corresponding total rates of grade 1 goitres in these
zones were 30.8% and 7.4%, respectively, indicating a
four-fold occurrence of goitres in the highland mountainous zone. Grade 2 goitres were encountered only in
zone I and with a low prevalence rate of 0.3%.
The age-speci®c prevalence rates of goitres by grades
and zones are shown in Table 2. Age-speci®c grade 1
goitre rates in zone II varied between 28.1% and 34.2%
across all age groups, with a peak prevalence rate among
10-year-old pupils. In zone II, age-speci®c grade 1 goitre
rates were consistently lower in comparison with zone 1,
varying between 3.6% among 6-year-old pupils to a
maximum of 10.5% among 8-year-old pupils.
The prevalence rates of goitres by gender are shown in
Table 3. Since the number of grade 2 goitres is very small,
all such goitres were combined with grade 1 for the
purpose of this analysis. Accordingly, the sex-speci®c
prevalence rates of male goitres exceeded those of females
irrespective of zones. In zone I the TGR of males and
females were 32.8% and 27.3%, respectively, while in zone
II the corresponding rates were 8.1% and 5.9%.

Table 1 Percentage distribution of pupils by age, sex and zones
Zone I

Age (years)
6
7
8
9
10
11
12
Total

Male
(n = 811)
(%)*

Zone II

All zones

Female
(n = 373)
(%)²

Total
(n = 1184)
(%)

Male
(n = 1192)
(%)*

Female
(n = 608)
(%)²

Total
(n = 1800)
(%)

Male
(n = 2003)
(%)

Female
(n = 981)
(%)

Total
(n = 2984)
(%)

5.9
16.5
19.9
17.5
15.7
11.3
12.9

10.4
16.6
21.4
17.1
16.6
8.8
8.8

7.3
16.5
20.4
17.4
16.0
10.5
11.6

9.9
18.7
17.7
15.9
15.1
14.4
7.8

12.6
17.4
18.2
23.2
18.4
6.9
3.1

10.9
18.3
17.9
18.4
16.3
11.9
6.3

8.3
17.8
18.6
16.5
15.4
13.1
9.9

11.8
17.1
19.4
20.9
17.7
7.6
5.3

9.4
17.6
18.9
18.0
16.2
11.3
8.4

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

2

*Differences between the percentage of males in both zones, NS (x = 2.01; d.f. = 1; P = 0.15).
²Differences between the percentage of females in both zones, NS (x 2 = 2.51; d.f. = 1; P = 0.11).
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Table 2 Age-speci®c goitre (grade 1 or 2) prevalence rates by zone
Zone 1
Age
(years)
6
7
8
9
10
11
12
Total

Zone II

Grade 1

Grade 2

No.
examined

No.

Per cent

No.

87
196
242
206
190
125
138

25
59
68
64
65
38
46

28.7
30.1
28.1
31.1
34.2
30.4
33.3

0
1
1
0
0
1
0

1184

365

30.8*

3

Grade 1

Per cent

No.
examined

No.

Per cent

0.0
0.5
0.4
0.0
0.0
0.8
0.0

196
330
323
331
293
214
113

7
25
34
21
21
13
12

3.6
7.6
10.5
6.3
7.2
6.1
9.0

0.3*

1800

133

7.4*

2

*Difference between the TGR rate of zone I and II is statistically highly signi®cant (x = 286.96; d.f. = 1; P = 0.0001).

Table 3 Total goitre rates by zones and gender
Zone I*

Zone II²

All zones³

Gender

No.
examined

No. with
goitre

Per cent

No.
examined

No. with
goitre

Per cent

No.
examined

No. with
goitre

Per cent

Male
Female

811
373

266
102

32.8
27.3

1192
608

97
36

8.1
5.9

2003
981

363
138

18.1
14.1

368

31.1

1800

133

7.4

2984

501

Total

1184
2

16.8
2

*Difference within zone I, NS (x = 3.55; d.f. = 1; P = 0.059). Risk of having goitres among boys in zone I, NS (OR = 1.3; 95%CI 0.98±1.722; x = 3.54; P = 0.059).
²Difference within zone II, NS (x 2 = 2.89; d.f. = 1; P = 0.89). Risk of having goitres among boys in zone II, NS (OR = 1.41; 95%CI 0.93±2.13; x 2 = 2.89; P = 0.08).
³Difference between zones I and II, highly signi®cant (x 2 = 7.75; d.f. = 1; P = 0.005).

The differences in sex-speci®c goitre prevalence rates
were statistically highly signi®cant only when data for both
zones were pooled, while there were no statistically
signi®cant differences in these rates in zone I. Further
analysis was made to establish the association between
goitres and gender. In zone I the risk of having goitre was
1.3 times greater for boys compared with girls, and in zone
II this risk was 1.41 times greater for boys. These
associations were not statistically signi®cant (Table 3).

determination of urinary iodine. The internal quality
control of urine samples resulted in a CV% of 12 and 9
for pools at 6.4 and 28.0 mg dl -1, respectively. Table 4
shows median UIE values by age and zone. In zone I the
lowest median UIE values were observed among 7, 10 and
11 year olds and the highest at 12 years of age. In zone II
median UIE values were less variable. Relatively higher
median values of urinary iodine were observed in zone II
and the difference between the zones is statistically
signi®cant (Table 4). Furthermore, in each zone there
were cases whose urinary iodine concentration were very
high, equivalent to eight times the median level for each
zone.
Table 5 depicts median and centile UIE values by
gender and zone. In both zones and the whole country,
the median urinary iodine concentration values of females

Urinary iodine excretion
The number of pupils who provided urine samples in
zone I, zone II and the combined zones were 408, 602 and
1010, respectively. These ®gures re¯ect the systematic
sampling (one in three) of pupils for obtaining urine
samples. Of these, 974 (96.4%) were available for the

Table 4 Median urinary concentration of iodine (mg dl -1) for pupils by age and zones
Zone I
Age (years)

Zone II

All zones

No. examined

Median UIE

No. examined

Median UIE

No. examined

Median UIE

31
63
83
63
62
39
46

16.3
11.6
12.7
13.6
11.1
11.6
22.4

65
96
104
114
99
69
40

19.6
17.5
18.4
18.7
19.7
19.3
19.9

96
159
187
177
161
108
86

19.2
16.0
14.6
16.5
18.9
12.8
21.4

387

13.6*

587

18.9*

974

17.3

6
7
8
9
10
11
12
Total
2

*Median test signi®cant: x = 24.5; d.f. = 1; P , 0.001.
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Table 5 Median and centile urinary concentration of urine (mg dl -1) values by gender and zones
Zone I

Zone II

All zones

Gender

5th centile

Median

95th centile

5th centile

Median

95th centile

5th centile

Median

Male
Female

2.12
2.25

12.9*
15.2*

48.02
75.20

3.40
3.02

18.4²
20.4²

64.27
56.3

2.59
2.48

16.3³
18.6³

95th centile
57.02
65.28

*x 2 = 0.018; P . 0.05; NS.
²x 2 = 0.07; P . 0.05; NS.
³x 2 = 0.05; P . 0.05; NS.

Table 6 Severity of IDD by urinary Iodine concentration levels
Zone I
Severity

No. examined
-1

Severe (,2 mg dl )
Moderate (2±4.9 mg dl -1)
Mild (5±5.9 mg dl -1)
No de®ciency (>10 mg dl -1)

18
47
82
240

Total

387

Zone II

Per cent

No. examined

4.7*
12.1²
21.2³
62.0

15
38
98
436

100.0

587

All zones
Per cent
2.6*
6.5²
16.7³
74.3
100.0

No. examined

Per cent

33
85
180
676

3.4
8.7
18.5
69.4

974

100.0

2

*x (Yates corrected) = 2.06; P = 0.15; NS.
²x 2 (Yates corrected) = 0.72; P = 0.39; NS.
³x 2 = 0.58; d.f. = 1; P = 0.44; NS.

were greater than those of males. However, the differences
in the median values were not statistically signi®cant
(Table 5). The median urinary iodine concentration levels
in zones I, II and the whole country were 13.6, 18.9 and
17.3 mg dl -1, respectively. Since these values are above
10 mg dl -1, the cut-off point for no IDD, it can prima facie
be generalized that IDD is no longer a public health
problem in Yemen. However, further data analysis (Table
6) revealed that this conclusion is not yet warranted as
30.6% of the pupils had mild, moderate or severe IDD.
The TGR value in zone I (. 30%) suggested a severe
IDD problem in this area, but only a mild IDD problem in
zone II and the whole country. In contrast, the UIE values
indicated that only 4.7% of pupils in zone I, 2.6% in zone II
and 3.4% in the whole country had severe IDD. Both
moderate and mild IDD levels are also greater in zone I.
Over all, nearly 70% of the survey population was replete
with iodine, while 18.5% had mild, 8.7% had moderate and
3.4% had severe IDD. When tested statistically, the rates of
severity of IDD (mild, moderate and severe) did not differ
signi®cantly between the two zones (Table 6). However,

Table 7 Sensitivity and speci®city of goitre palpation versus urinary
iodine excretion
Urinary iodine level (mg dl -1)
Goitre

,10

>10

Total

the rates of `no de®ciency' are relatively higher in zone II
and are statistically signi®cant. The extent of the
discrepancy between data on goitre palpation and urinary
iodine concentration was analysed by subjecting data on
these parameters to sensitivity and speci®city analysis by
using urinary excretion data (Table 7).
From data in Table 7 the sensitivity and speci®city of
goitre palpation were 25.5% and 81.9%, respectively. The
associated positive and negative predictive values of the
test were 38% and 71.4%, respectively. Clearly goitre
palpation is associated with low sensitivity.
Household iodized salt consumption
Although all pupils were asked to bring salt samples from
their homes for testing, 222 (18.7%) pupils in zone I, 900
(50%) in zone II and 1122 (37.6%) for the entire study
population did not provide salt samples. The salt samples
brought for analysis were ground, sea and rock. Only sea
and ground salts were iodized.
The proportion of households consuming iodized salt is
54.1% for the whole country (Table 8). If the design effect
for the cluster sampling used in this study is taken into
account the 95%CI around this percentage is 50.2±57.8%
which is the range or interval of estimates for the unknown
true values of the proportion of households consuming
iodized salt. The proportion of households consuming
iodized salt in both zones is similar.

Present
Absent

76 (25.5%)*
222 (74.5%)²

122 (18.0%)³
554 (81.9%)§

198
776

Discussion

Total

298

676

974

The survey teams had to contend with several operational
and logistical problems. The major problems encountered
were lack of security in remote areas, reluctance of older
girls (10±12 years of age) to undergo goitre palpation due

*TP (true positive, sensitivity).
²FN (false negative).
³FP (false positive).
§TN (true negative, speci®city).
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Table 8 Proportion of households consuming iodized salt
Zone I

Zone II

All zones

Iodine present

No.

Per cent (95%Cl)

No.

Per cent (95%Cl)

No.

Per cent (95%Cl)

Yes
No

340
310

52.3* (46.7±57.8)
47.7

400
318

55.7* (50.3±60.9)
44.3

740
628

54.1 (50.2±57.8)
45.9

Total

650

100.0

718

100.0

1368

100.0

*x 2 = 0.85; d.f. = 1; P = 0.35; NS.

to religious and cultural factors, the demand of some
communities for survey teams to provide direct medical
care, and lack of communication between survey teams
and supervisors. Some of these problems, such as the
inclusion of female physicians on the team as well as the
provision of medical care, should be addressed in any
future epidemiological surveys in Yemen. The provision of
mobile telecommunication equipment to survey teams
greatly facilitated work in the latter part of the survey. In
general the survey was acceptable to the study population
both in terms of undergoing goitre palpation and
provision of urine samples. At a unit cost of US$9.4 per
child, the survey has been reasonably cost-effective. If
future surveys use only UIE and determination of iodine
salt samples, the unit cost will be reduced markedly.
That the prevalence rates of goitres in zone I were
greater than those in zone II is not surprising as zone I is
mountainous and a previous survey has documented very
high goitre rates in this zone 3. Although goitre prevalence
rates in zone II were lower than in zone I, the magnitude
of the goitre prevalence rate is more than expected. An
earlier survey 2 in parts of this zone reported a very low
goitre prevalence rate of 0.15%.
A TGR of 16.8% for the whole country found in this
survey is half of the TGR reported for Yemen previously 3.
Based on TGR alone, zone I is an area where IDD still
constitutes a severe public health problem. However two
other indicators ± a UIE level above 10 mg dl -1 in all ages
and sexes and 70% of children excreting > 10mg dl -1
iodine (thus exceeding the recommended value of 50%
as the core indicator 9 for monitoring progress towards
IDD elimination) ± provide unequivocal evidence of the
rapid progress made in Yemen towards elimination of IDD
in a period of just 30 months following the introduction of
universal salt iodization.
A potential bias that might explain the decline of IDD

Table 9 Association of gender with submission of urine samples
Zone I samples*

Zone II samples²

Gender

Yes

No

Yes

No

Male
Female

138
270

235
541

187
415

421
777

Total

408

776

602

1198

*x 2 = 1.55; P = 0.21; NS.
²x 2 = 2.98; P = 0.08; NS.

prevalence and severity since 1991 could have been the
status of subjects who did not provide urine samples.
Comparison of the gender and mean age frequencies of
the two groups (Tables 9 and 10) did not reveal any
differences. In addition, the differences in both goitre
prevalence and UIE values observed in the two zones are
chie¯y attributable to altitude as the two areas are
comparable in all other aspects. Similarly, there were no
differences between these areas in the proportion of
households consuming iodized salt nor in the distribution
of age and gender of the survey population.
The rapid assessment survey 3 in 1991 reported goitre
prevalence rates between 60% and 100% with many visible
goitres. This picture has changed dramatically as only
three visible goitres were encountered in this survey, and
iodine nutrition is adequate across all ages and among
sexes, indicating that IDD in Yemen is no longer a severe
public health problem but a mild one. This is due to the
initiation of a salt iodization programme in 1996, which
was conceptualized in 1993 by UNICEF 14. As part of the
strategy of universal salt iodization, the government
passed its salt iodization legislation 15 in 1996, but legal
enforcement did not take place until October 1997. In
addition, advocacy, social mobilization, training, monitoring and quality control were initiated.
At the factory level, over 90% of salt produced in Yemen
is iodized. Between 1996 and 1998 a total of 119 million kg
of iodized salt with potassium iodate was produced 21,
enough to provide each Yemeni with an average of 7 g of
iodized salt per day. In the present survey, the percentage
of households who consumed iodized salt approached
60%, this is nearly a three-fold increase over the rate of
22% reported in 1996 5. However, it is recommended to
repeat household salt consumption surveys as the nonresponse rate for salt samples was 37.6%.
Compared with males, both goitre prevalence rates and

Table 10 Comparison of mean age in years of pupils by urine
sample submission status
Zone I samples*

Mean 6 SD

Zone II samples²

Yes
(n = 408)

No
(n = 776)

8.9 6 1.79

8.9 6 1.77 8.7 6 1.74

*F = 1.008; P = 0.31; NS.
²F = 0.14; P = 0.71; NS.
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Yes
(n = 602)

No
(n = 1198)
8.6 6 1.73
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median UIE values are lower for females for no apparent
reasons. The fact that twice as many males as females were
represented in the study is a re¯ection of the problem of
access for girls to education and is related to sociocultural
factors. It has been reported that the primary school
enrolment rate for males was 70.7% while only 37.4% for
females, with a national average of 55.0% 4. It has also been
recommended that if the proportion of children attending
school is less than 50%, spot surveys should be done on
two groups of children of the same age (i.e. those who
attend school and those who do not) to ascertain if there is
any signi®cant difference between the two 9. In view of the
school enrolment rate prevalent in Yemen the recommendation to undertake two separate studies was not
necessary.
With regard to the high prevalence rate of goitres (30.8%
in zone I), more credence should be given to the results of
UIE levels rather than goitre palpation as the latter was
associated with low sensitivity (25%). UIE values indicated
that the severity of IDD in zone I was only 4.7% compared
with . 30% suggested by the goitre prevalence rates. In
addition, as an IDD prevention programme progresses,
goitre rates become progressively less useful, and urinary
iodine levels progressively more useful, as elimination
criteria 9. Under ®eld conditions rates of UIE are the best
indicators to assess iodine de®ciency as they signi®cantly
correlate with TGR and thyroid volume 11.
Clusters associated with severe IDD in Yemen were
traced to the mountainous areas of Sana'a, Hodeida,
Dhamar, Shabwa and Abyan governorates. As the
methodology employed in this survey does not permit
the identi®cation of hyperendemic areas, lot quality
assurance sampling (LQAS) is the recommended method 9.
Comparison of the epidemiological ®ndings of this
survey with similar ones is fraught with problems, as
survey methodologies are not uniform, particularly in the
selection of age groups. It has been recommended to
include pupils between 6 and 12 years of age in IDD
surveys 9; however, many surveys still use pupils aged
between 8 and 10 years 14±16. For the sake of comparison, if
this survey had adopted a similar age range the TGR would
be 30.7% in zone I with a median UIE of 12.9 mg dl -1, 8.0%
in zone II with a median UIE of 18.9 mg dl -1, and for the
whole country the TGR would be 16.8% with a median UIE
of 16.5 mg dl -1. These ®gures indicate a close agreement of
TGR and UIE data to those found when a 6±12-year age
group is used. Therefore, for economic reasons 8±10-yearold pupils should be sampled in future IDD surveys in
Yemen.
As well as the problem of lack of uniformity in the
selection of target age groups for IDD surveys, many
surveys in the Middle East were carried out in the early
1990s. For example, large- and small-scale surveys were
conducted in Egypt, Iran, Iraq, Morocco, Sudan, Syria and
Tunisia 15 between 1990 and 1993. In recent years, Oman 18,
Lebanon 17 and the West Bank and Gaza Strip 13 have
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conducted surveys for the ®rst time or to update previous
ones. As the territories of Yemen, Oman and Saudi Arabia
are geographically contiguous, data from these countries
on IDD is of particular interest. In Oman a 1995 IDD
survey among 8±11-year-old pupils reported a median
UIE level of 9±10 mg dl -1 which suggested a mild IDD
problem 18, while in the Gizan area in south-western Saudi
Arabia, goitre prevalence was reported to be 2.7% among
school pupils and urinary iodine was . 10 mg dl -1 in 78.8%
of the surveyed pupils 19.
In our survey some subjects excreted iodine up to eight
times the median value of the entire study population.
Some physicians in Yemen have expressed concern about
excessive iodine-induced hyperthyroidism (IIH). Among
the recommendations of the ICCIDD 20 on IIH, two are
very pertinent to Yemen:
1. Particular efforts towards early diagnosis should be
made in subjects with multinodular goitre presenting with
symptoms compatible with but not necessarily diagnostic
of hyperthyroidism, because early diagnosis and treatment
offers the best opportunity to avoid the serious complications, particularly those on the cardiovascular system.
Heightened awareness on the part of the health sector will
promote early detection of IIH.
2. All programmes of intervention with iodine should be
carefully monitored for quality control of the vehicle and
its biological impact. Monitoring offers the best opportunity for assessing the risk of IIH as well as the effectiveness
of iodine de®ciency prevention.
Three critical areas for the elimination of IDD in Yemen
are sustaining iodized salt production and increasing the
demand for it, strengthening monitoring and evaluation,
and continuous public education. In addition, strategies
must be developed to address the problem of severe IDD
in areas where they occur.
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