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The possibility of improving iodine deficiency disorder (IDD) in school children in Khon Kaen province was
investigated during the period of 1 year, using an operational research approach. Four schools in Pupaman and
Srichompu districts, namely Ban Khoa Wong, Na Fai Witaya, Ban Pa Num Tieng and Ban Non Khom, were
selected for this study. Ban Non Khom served as the control school. Different methods were used for iodine
fortification. Iodized salt was used for the children of the Ban Khoa Wong school, iodized water was used for
Na Fai Witaya school and iodized fish sauce was used for Ban Pa Num Tieng school. The iodized salt, water
and fish sauce were provided with the help of the school teachers under the supervision and advice of the team
of investigators. Urine iodine excretion as well as palpation of the thyroid gland and the thyroid hormones T4,
T3 and TSH were selected for monitoring and evaluation. The proportion of children with low urine iodine
excretion, indicated by a cut-off point suggested by the WHO/ICCIDD/UNICEF working group, decreased
during the course of the project in all schools receiving iodine supplementation as well as in the control school.
However, the decrease was less in the control school in comparison with the implementation schools.
Furthermore, the goitre rate decreased in all schools under investigation. The decrease of the goitre rate for the
children of the control school might have been due to the activities of a village health volunteer from a nearby
village who was using iodized salt for IDD control according to the ongoing national programme initiated by
the Ministry of Public Health. No significant difference in the level of thyroid hormones was detected before or
at the end of the supplementation for either the experimental schools or the control school. The results from the
determination of thyroid hormone serum levels could not be used for assessing the outcome of the project. The
measuring of urinary iodine excretion might be helpful in monitoring the iodine intake during the intervention
phase. Long-term effects of iodine fortification could be seen best by the declining proportion of children with
goitre. However, an observation of 1 year might not have been enough to clearly see the outcome of the project.
The other possible contributing error to this study is intra-observer variation of the palpation technique when the
sample size was not big enough. Goitrogens in this area might be another risk factor for the high prevalence rate
of goitre. Further study in this field should be encouraged. The results of the study indicate that iodine
fortification of salt and fish sauce is more effective than iodine fortification of drinking water. Due to the local
preference of adding fish sauce (nam pla) instead of salt to almost all dishes, fish sauce proved to be the best
vehicle for iodine fortification. The success of the project depended heavily on the understanding and
cooperation of the school teachers and the school children. Major constraints in conducting this project were the
insufficient distribution of iodized salt and potassium iodide solution for the fortification of drinking water, and
the inconsistency of iodide concentration in the salt after fortification.
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impairments. Also, thyroid insufficiency during foetal devel-
opment and childhood results in short stature. !4

In Thailand, endemic goitre is found in the north and
north-eastern regions of the country.56 A Thai-German co-
operation project entitled ‘Promotion of health and nutri-
tional status of rural women in North-east Thailand’ recently
aimed to improve the nutritional status of women in north-
east Thailand. A baseline survey in connection with this pro-
Ject was conducted in 12 villages spread over three districts
in the Khon Kaen province. The project estimated the preva-
lence rate of goitre among women of childbearing age to be
35.1,58.4 and 71.6%.7 In the study area, an investigation was
conducted to find the best way to control and monitor iodine
deficiency. The vehicles used for iodine fortification were
salt, fish sauce and drinking water. Results showed that forti-
fied fish sauce and iodized salt were well accepted by the
villagers.® Although the study was focused on women of
childbearing age, other vulnerable groups such as school
children should also benefit from iodine fortification.

The prevalence of goitre among school children in Khon
Kaen province is also high, as seen in a survey conducted by
the Division of Nutrition, Ministry of Public Health.%-10
lodine supplementation in this population group should be
initiated. The aim of this study was to provide iodine supple-
mentation to school children using the same vehicles pro-
vided previously to women of childbearing age.8

A system of evaluation and monitoring was established
whereby urinary iodine concentrations were determined
before iodine supplementation was provided to the school
children and then at three month intervals during the one year
study period. Serum thyroid hormone and goitre palpations
were also carried out before the intervention period and again
at its conclusion.

Materials and methods

School children from four primary schools, namely Ban
Khao Wong, Na Fai Witaya, Ban Pa Num Tieng and Ban Non
Khom, located in two districts in Khon Kaen province were
randomly selected for this study.!! General observations such
as age, sex, prevalence of goitre as well as urinary iodine
concentration and serum thyroid hormone were determined
before iodine supplementation was provided. After the
results had been reviewed, implementation was planned as
follows:

1. In Ban Khao Wong school, iodized salt was used in a
concentration of 50 g KIO, in 1000 kg NaCl resettling in a
concentration of 50 p.p.m. KIO, in NaCl. This iodized salt
was given regularly to all school children throughout the
study period. The normal intake of salt was 5-10 g/day,
meaning that the children might receive approximately
100-150 pg/1000 mL of iodine per day.

2. In Na Fai Witaya school, drinking water was iodized
by adding concentrated iodine solution to the existing drink-
ing water container in the school. The final iodine concentra-
tion was 200 pg/1000 mL of drinking water. It was estimated
that the school children would receive at least 200 pg of
iodine per day.

3. In Ban Pa Num Tieng school, fish sauce fortified with
iodine was used. The final concentration of iodine in fish
sauce was 80 pg/10 mL. The fish sauce was given to all
school children as well as to their families for cooking in the

household. The estimated amount of fish sauce intake per day
was 15-20 mL, meaning that iodine intake might have been
120-160 pg/day. However, it was estimated that the children
would receive iodine from other sources as well.

4. Ban Non Khom school served as the control. Being
under the regular service of a national programme, the school
was occasionally provided with information, iodized salt or
other forms of iodine supplements.

With the exception of the control school, the three imple-
mentation schools received all of the iodine-fortified items
throughout the study period. Monitoring and evaluation were
carried out every third month by research teams in co-
operation with teachers from the schools.

The children in all four schools were examined for urin-
ary iodine concentration. This was done before the opera-
tional period and every third month after supplementation for
1 year. Serum T4 (thyroxine), T3 (tri-iodothyronine), thyroid
stimulating hormone (TSH) and thyroid palpation were
carried out in the periods before and after implementation.

Laboratory analysis

Casual urine samples were collected in the morning from all
subjects. Twenty-millilitre aliquots of urine samples were
chilled upon collection, frozen within 18 h and subsequently
stored at —20°C. Urinary iodine concentrations were mea-
sured using acid digestion, a method recommended by
WHO/ICCIDD/UNICER.!2 Thyroid palpation was carried
out by the same physician throughout the study period.!3
Serum T4, T3 and TSH were determined using the method of
radio-immunoassay supplied by a commercial kit from Diag-
nostic Products Cooperation, Los Angeles, CA, USA. 14

Data analysis

Data analysis was done by using the standard statistical
methods provided by the Minitab computer program
(Minitab Inc, PA, USA).!S Medians and 95% confidence
intervals (CI) were calculated. The Mann—-Whitney U test
and the Wilcoxon rank sum test was used to compare the dif-
ferences between implementation and control groups.

Results
Number, age range and method of iodine implementation are
shown in Table 1. Median and 95% CI of urinary iodine con-
centration in all school children before and every 3 months
after implementation are also shown in Table 1. Urine iodine
concentration increased significantly in all schools. Table 2
shows the medians and 95% CI of serum T3, T4 and TSH of
the school children in all of the implementation schools as
well as in the control school, both before and after imple-
mentation. No significant differences were found when thy-
roid hormones before and after supplementation were
compared. However, serum T3 and T4 in the school children
from Na Fai Witaya (intervention with iodized drinking
water) and Ban Pa Num Tieng (intervention with fortified
fish sauce) increased significantly after implementation as
compared with those from Ban Khao Wong (intervention
with iodized salt) and Ban Non Khom (control school).
Serum TSH in the children from Na Fai Witaya also
increased significantly after implementation (Table 2).

The prevalence of severe iodine deficiency disorder
(IDD) in school children, with urinary iodine concentration




1

Evaluation and monitoring of IDD 133

being used as an indicator as recommended by
WHO/ICCIDD/UNICEEF, 2 before and after implementation
is shown in Table 3. Severe levels of IDD among the school
children from all three of the implementation schools
decreased, particularly at Na Fai Witaya (iodized drinking

Table 1. Medians and 95% confidence interval of urinary
iodine concentration in school children before and after

water) where especially severe IDD (urinary iodine < 2.0
ug/dL) was found. The results after implementation show
that the prevalence of normal children in the implementation
schools increased. Table 4 shows the prevalence of goitre in
the school children before and after implementation, accord-
ing to goitre grading. An increasing number of normal goitre
grade (grade 0) was shown in all implementation groups,
while a decrease was observed in the control group. Preva-

lence of goitre (grades 1A, 1B and 2) decreased in the school
children from all implementation schools but in the control

implementation

Parameters Ban Khao NaFai BanPaNum Ban Non A . :
Won Witava Ti Khom group an increase in the prevalence of grade 1A goitre was
E oo £ found (Table 4).
Number 68 75 57 63
Age (years) 8.9 9.6 9.4 9.4 Discussion
S i(()8d_iig()i i((?(;ii(e)()i ioEjgi;;t(;z)n é?);tlrg)l School childr.en belong to one of the vulnerable groups for
. cal S in fish IPD, according to WHOHCCI]?DHJNICEF recommend?-
implementation St tlons..12 These groups 1r}?lude (1) infants; (ii) p.re—school chil-
Urine iodine (ng/dL) dren in MCH clinics; (iii) preschool children in households;
Before 9.6ab 12.3a¢ 10.8a¢ 12.9¢ (iv) children in schools; (v) pregnant women in MCH clinics;
(6.8-12.8) (9.5-13.6) (9.3-12.9) (11.8-14.7) and (vi) adult women in households. In the past, the iodine
After 27.22 12.9v 12.70 20.02 status of vulnerable groups was mostly assessed by using
3months  (22.1-34.8) (10.8-14.6) (104-14.6) (16.3-29.7)  clinical symptoms such as an increase in the size of the thy-
After 17.6 14.2 15.8 13.0 roid gland. Problems arose when thyroid size was used to
6months  (13.4-19.5) (104-17.8) (12.6-17.6) (10.7-17.2) monitor the result after supplementation because the size was
After 9.5 16.7° 10.9¢ 17.40 inconsistently reduced. Therefore, the use of urine iodine
A9ﬁr;onths (8'(1);.152;0) (103'3._5112‘1) (7']62;2131'1) (li'g;)ﬁ'o) determination and thyroid hormone was recommended by

WHO/ICCIDD/UNICEF as a useful method for evaluation
and monitoring. Although problems still exist because of the
complicated and difficult nature of these methods, many
countries and regions still use the urine iodine determination

12 months ~ (16.1-23.9) (18.340.0) (16.6-24.9) (16.8-40.0)

abed Any difference in index letters along the same horizontal line indicates
difference between the values P < 0.05 using Kruskal-Wallis analysis of
variance and multiple comparison.

Table 2. Medians and 95% confidence interval of serum T4, T3 and TSH in school children before and after implementation

Parameters Ban Khao Wong Na Fai Witaya Ban Pa Num Tieng Ban Non Khom
Number 68 75 57 63
Age 8.9 (8-10) 9.6 (9-10) 9.4 (9-10) 9.4 (9-10)
Method of iodine implementation Iodized salt Iodized water Iodization in fish sauce Control
Serum T4 (pg/dL)
Before implementation 8.92b (8.6-10.0) 8.7¢ (8.4-9.0) 7.6bd (7.2-8.1) 7.24 (6.9-7.5)
After implementation 7.82 (6.6-8.6) 7.42(6.8-7.8) 8.5 (7.5-9.3) 7.5% (7.0-8.0)

Serum T3 (ng/dL)
Before implementation
After implementation
Serum TSH (puIU/mL)
Before implementation
After implementation

125.93 (124.0-132.0) 127.52b (122.0-133.0)
121.02 (115.0-126.4)  130.3> (125.2-133.8)

140.5b (134.0-146.3)
136.0° (132.0-145.0)

144.0% (136.8-152.3)
119.02 (114.3-127.2)

1.32 (1.0-1.5) 1.1° (1.0-1.2) 1.12 (1.0-1.3) 1.4¢(1.2-1.9)
1.42 (1.2-1.5) 2.0°(1.7-2.4) 1.42(1.1-1.9) 1.7¢ (1.5-1.8)

abed Any difference in index letters along the same horizontal line indicates difference between the values P < 0.05 using Kruskal-Wallis analysis of variance
and multiple comparison.

Table 3. Prevalence of severity of IDD in school children using urinary iodine concentration as an indicator by
WHO/ICCIDD/UNICEF recommendation before and after implementation

Urine iodine Ban Khao Wong (n = 68) Na Fai Witaya (n = 75) Ban Pa Nam Tieng (» =57)  Ban Non Khom (n = 63)
Before (%) After (%) Before (%) After (%) Before (%) After (%) Before (%)  After (%)

Severe IDD — — 2.7 — — — —
(<2.0 pg/dL)

Moderate IDD 8 (11.8) — 3(4) 22.7) 3(5.3) —- 3(4.8) 1(1.6)
(2.0-4.9 pg/dL)

Mild IDD 24 (25.3) 8 (11.8) 24 (32) 8 (10.7) 21 (36.8) 7 (12.3) 19 (30.2) 9(14.3)
(5.0-9.9 pg/dL)

No deficiency 36 (52.9) 60 (88.2) 46 (61.3) 65 (86.7) 33(57.9) 50 (87.7) 41 (65.1) 53 (84.1)

(=10 pg/dL)
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Table 4. Prevalence of goitre in school children before and after implementation

Goitre grading Ban Khao Wong (n = 68)

Na Fai Witaya (n =75)

Ban Pa Num Tieng (n =57)  Ban Non Khom (n = 63)

Before (%) After (%) Before (%) After (%) Before (%) After (%) Before (%)  After (%)
Grade 0 53.0 68.2 55.1 49.3 7.0 76.8 72.6 66.7
Grade 1A 37.9 27.3 34.8 35.6 21.1 16.0 16.1 31.7
Grade 1B 9.1 4.5 10.1 13.7 49.1 5.4 11.3 1.6
Grade 2 - — — 1.4 22.8 1.8 - —

method to monitor iodine supplementation. These include
Algeria,'¢ central Ethiopia,!” French-speaking Africa,!8 Thai-
land,'? Japan,2® and Bohemia.2! There might be some varia-
tions in the urinary iodine concentration due to time of
specimen collection.?2-23 In a study carried out on 824 males
and females, Brug et al. reported that it was better to use
urinary iodine concentrations reported in proportion of
microgram iodine/g creatinine than iodine concentrations
alone.?* However, in some areas the excretion of creatinine
from children might vary depending on protein intake. The
proportion of iodine concentration and gram creatinine will
therefore not be correct.2-26 Because of this, only urine
iodine concentration (ug/dL) was used in this study to com-
pare the results after supplementation.

Serum T4, T3 and TSH before and after supplementation
were also determined by using radio-immunoassay as the
standard method.2 In this study, the median of these thyroid
hormones from the children both before and after supple-
mentation were not found to be significantly different (Table
4). Serum TSH has been used to screen congenital hypothy-
roidism?® and non-thyroidal illnesses (NTI)2° as well as to
monitor oral iodized oil supplementation.!® Benmiloud et al.
concluded that thyroid hormones could not be used to evalu-
ate and monitor supplementation.!6 High TSH levels were
observed in only a few of the subjects suffering from mild
iodine deficiency but in most of the subjects with severe
iodine deficiency.30 It has been suggested that TSH be used
only for epidemiological surveillance.!?

Considering the prevalence of severity of IDD in school
children, using urinary iodine concentration as an indicator
as recommended by WHO/ICCIDD/UNICEF before and
after implementation as shown in Table 3, the level of sever-
ity in school children decreased in all implementation
schools and severe IDD (urinary iodine > pg/dL), as found in
Na Fai Witaya (iodized drinking water), disappeared. In all of
the implementation schools, the number of normal children
(urinary iodine = 10 pg/dL) increased and was higher than in
the control school (Table 3). However, the proportion of chil-
dren without goitre in the control group also increased during
the study period. This may have been due to activities such
as the regular organization and distribution of iodized salts at

the village level, carried out by health volunteers around the
control school.

The increase of urine iodine concentration in both the
implementation and control schools did not correlate with
time (Tables 1, 2). There appeared to be seasonal variations
in food intake. This observation is supported by Schelp et al.,
who reported that food supplementation is dependent on sea-
son.3! Therefore, although iodine supplementation was pro-
vided, food intake varied in each season, which brought
about unexpected results.

Using urinary iodine concentration as a criterion, the
results showed an increasing percentage of non-deficiency in
all of the implementation schools in comparison with the
control school (Table 3). Using palpation of the thyroid
gland, an increase was observed in the percentage of grade 0
of children from the intervention schools, while a decrease
was observed in the control school (Table 3). It was shown
that prevalence of goitre was not related to urinary iodine
concentration.” Therefore, it is appropriate to use urinary
iodine concentration as a tool to monitor an iodine supple-
mentation programme.

Regarding grades 1A, 1B and 2 prevalence, grade 1A
showed an increase of 16.1-31.7% in Ban Non Khom (con-
trol school), while a decrease in grades 1A, 1B and 2 was
observed in all of the implementation schools, most notice-
ably at Ban Khao Wong and Ban Pa Num Tieng (Table 4).
These two schools were supplemented with iodized salt and
iodized fish sauce. These two methods probably need contin-
uous supplementation, as shown in a previous study.$

The decrease of goitre prevalence was not consistent with
time (Table 4). A possible explanation for this might be found
in other factors which cannot be controlled, such as intra-
observer variation of palpation by physician, goitrogen inter-
ference and small sample size. Further study into this is
required.
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