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Three hundred and two pregnant women participated in this study. Our results showed that the range, mean and
median urinary iodine excretion (UIE) were 28.1 to 218.1, 152.09 + 41.65 and 163.1 ug/l, respectively. The range, mean
and median TSH concentration were 0.7 - 5.9, 1.4 £ 0.7 and 1.3 plU/mlI, respectively. Our results showed that none of
the women have severe iodine deficiency, 2% had moderate iodine deficiency, 12% had mild iodine deficiency, while
80% had optimal iodine nutrition and 6% have more than adequate. We observed a progressive and significant (P =
0.0009) decrease in the mean UIE from the 1st to the 3rd trimester. We observed also that 95% of the pregnant
women had TSH concentration within the normal range. The TSH values between the three trimesters showed no
significant difference (P = 1.20). The Urinary lodine Excretion and Thyroid Stimulating Hormone concentration values
suggest that iodine deficiency has been eliminated as a public health problem in Orlu. The progressive decrease in
the median UIE from the 1st to the 3rd trimester should be addressed to meet the increased demand of iodine as a
result of the pregnancy.
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INTRODUCTION

lodine is an essential trace element necessary for the
synthesis of thyroid hormones (Delange, 1994; Hetzel and
Maberly, 1989). These hormones promote growth and
development of bone, muscle, height and weight and
maintain the stabilization of energy and material metabo-lism
(Fuge and Johnson, 1986). The thyroid hormones are also
vital for growth and development of all organs especially the
brain, reproductive organs, nerves, skins, nails and teeth
(Fisher and Delange, 1998). Deficiency of iodine resulting
from inadequate dietary intake is related to a spectrum of
diseases collectively known as iodine deficiency disorders
(IDD) (Hetzel, 1983). IDD can be corrected by re-supplying
iodine in the diet (Delange, 2000). The impact of IDD is
enormous and it affects all the stages of life (Hetzel, 1983;
ICCIDD/UNICEF/WHO, 2001). lodine deficiency disorders
are primarily the result of inadequate amounts of iodine in
soil, water and food as well as consumption of foods rich in
goitrogenic substances (Aston and Brazier, 1979;
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Sharma et al., 1999; Ene-Obong, 2001). lodine deficiency
in the fetus is the result of iodine deficiency in the mother.
The consequence of iodine deficiency during pregnancy
is impaired synthesis of thyroid hormones by the mother
and the fetus. An insufficient supply of thyroid hormones
to the developing brain may result in mental retardation
(Morreale et al., 2004; Auso et al.,, 2004; Koibuchi and
Chin, 2000; Delange, 2001). It has been established
through some experimental evidence that the varying
manifestation of IDD in fetus could be as a result of low
thyroxine level in the blood of the iodine deficient mother
and the lower the level of thyroid hormone of the
pregnant women, the greater the threat to the fetus
development (WHO, 1996). These children also have a
greater occurrence of congenital abnormalities, lower
birth weight and lower mortality rate as indicated by
higher perinatal and infant mortality (US Foods and
Nutrition Board, 2001). The commonest manifestation of
iodine deficiency is goitre, which occurs when the iodine
level of the blood is low; the cells of the thyroid gland
enlarge in an attempt to trap as many particles of iodine



as possible. Sometimes the gland enlarges until it is
visible (Hamilton et al., 1998; Chatterjea and Rana,
2004). This gland enlargement is caused by an increased
production of thyroid stimulating hormone (TSH) (Ubom,
1991).

Inadequate dietary iodine leads to reduced synthesis of
thyroid hormones (T3 and T4). Lower level of T4 in the
blood stimulates the pituitary gland to secrete TSH to
fulfill the production of thyroid gland hormones. It is
important not to over consume iodine as it has a relatively
narrow range of intakes that reliably support good thyroid
function. Consumption of an excessive amount of iodized
salt or seaweeds could readily result to complex disrupt-
tive effect on the thyroid and may cause either hyperthy-
roidism or hypothyroidism in susceptible individuals, as
well increasing the risk of thyroid cancer. A large
percentage of the world population is at a risk of IDD
(Delange and Hetzel, 2003). Several parts of Nigeria
have been before now identified with goiter endemicity
and hence labeled the “goitre belt” (Nwokolo and
Ekpechi, 1966; Olurin, 1975; Isichie et al., 1987; Ubom,
1991). In 1993 a national goitre rate of 20% was reported
and 20 million Nigerians were estimated to be affected by
IDD (UNICEF, 1993). The Participatory Information
Collection Study (1993), using thyroid hormone concen-
trations as indicators of iodine status reported an iodine
deficiency prevalence of 65.6% in South-East, 41% in the
South-West, 43% in the North- West of Nigeria. As part of
the strategies to reduce the prevalence of IDD in Nigeria,
the Universal Salt lodization (USI) Programme was
introduced in 1995. The update from the report of the
Nigeria Demographic and Health Survey (NDHS, 2003)
showed that almost all Nigerian households (97.3%)
consumed adequately iodized salt, while about 1.7%
consumed uniodized salt. This study was used to eva-
luate the iodine nutrition in Orlu suburban area of Nigeria
using pregnant women as a case study after several
years of availability and consumption of iodized salt.

MATERIALS AND METHODS
Experimental design

This study is a hospital based study conducted amongst pregnant
women attending the antenatal clinic of Imo State University
Teaching Hospital, a government hospital, in Orlu senatorial district
of Imo State South-East, Nigeria. Three hundred and two pregnant
women (mean age 33 years) participated in the study. All subjects
were volunteers and were selected from among pregnant women
visiting the antenatal clinic. All subjects provided written informed
consent in accordance with the ethical standards of the local ethical
committee. Selection criteria were the absence of chronic disease
such as thyroid disease, diabetes mellitus, anemia, hypertension
and coronary artery. Casual urine samples were obtained from the
three hundred and two pregnant women, labelled and immediately
preserved in a cooler with ice chips. Blood samples were collected
from two hundred and nine of the women in standardized conditions
to reduce sources of pre-analytical variation. Venipuncture was
performed after an overnight fast. All blood samples were collected
by experienced medical laboratory scientists using conventional

venipuncture. The blood samples were allowed to clot before
separation by centrifugation at 3000 g for 15 min. All serum
samples were stored frozen at refrigerated until testing at the end of
the collection period. The urine and blood samples obtained from
the women were used for the determination of urinary iodine
excretion (UIE) and thyroid stimulating hormone (TSH).

Determination of urinary iodine excretion

Measurement of urinary iodine is the most common method to
monitor dietary iodine intake (Fray et al ., 1973) . This makes
urinary iodine a good biochemical marker for control of iodine
deficiency disorders. The iodine in the urine is measured by a
modification of the traditional colorimetric method of Sandell and
Kolthoff (1937). This was done using the Ammonium Persulfate
Method as described by Pino et al. (1996). Urine was digested with
ammonium persulphate. The iodine in the urine samples catalyses
the reduction of ceric ammonium sulphate (yellow colour) to the
cerous form (colourless) in the presence of arsenious acid. The
degree of reduction in colour intensity of the yellow ceric ammonium
sulphate is proportional to the iodine content in the urine sample.
This method was applied to all urine samples.

Measurement of the TSH serum concentration

Serum TSH concentration was measured by enzyme-linked
immunosorbent assay using commercial kits (Syntron Bioresearch,
Inc. Carlsbad, CA - USA). The normal range of TSH concentration
determined with this kit was 0.5 - 4.10.

Statistical analysis

The data obtained were subjected to statistical analysis using the
statistical software package, Statistical Analysis Software (SAS).
The mean, Median and range of the data was determined. Results
will be considered significant when P<0.05 at 95% confidence.

RESULTS
Urinary iodine excretion (UIE)

Urinary iodine excretion (UIE) of 302 pregnant women
was used to monitor the effect of Universal Salt lodization
in Nigeria. The results obtained from the 1st to the 3rd
trimester showed that the mean and median UIE were
152.09 + 41.65 and 163.1 pg/l, respectively. The UIE
ranged from 28.1 to 218.1 ug/l. The results showed that
none of the women have severe (<20 pug/l) iodine
deficiency, 5 (2%) have moderate (20 - 49 pg/l) iodine
deficiency, 37 (12%) have mild (50 - 99 pug/l) iodine
deficiency, while 242 (80%) have optimal (100 - 199 pg/l)
iodine nutrition range and 18 (6%) have more than
adequate (200 - 299). The UIE for the three trimesters
varied significantly (P = 0.0009). The UIE between the 1st
trimester and the 2nd trimester varied slightly (P = 0.046),
while UIE between the 1st and 3rd trimester varied
significantly (P = 0.0001). There was no significant
difference between UIE in the 2nd and 3rd trimester (P =
0.06). From the result, a progressive decrease in the
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Figure 1. Distribution of UIE concentration values of 87 pregnant women in 1st trimester of pregnancy.

mean UIE from the 1st to the 3rd trimester was observed
and the decrease was significant (P 0.0009). The
results obtained from each trimester are presented in
Figures 1, 2 and 3.

The result of UIE of 87 pregnant women in their first
trimester is shown in Figure 1. The result showed that
none of the women have severe iodine deficiency but 9
(10%) have mild iodine deficiency, 64 (74%) have optimal
iodine nutrition and 14 (16%) have more than adequate.
The results from the pregnant women in the first trimester
gave a mean UIE of 164.22 + 40.56 ug/l, median UIE of
173.1 pg/l and the UIE ranged from 53.1 to 218.1 ug/l.

The result UIE of 112 pregnant women in their 2nd
trimester is shown in Figure 2. The results showed that
none of the women have severe iodine deficiency, 2 (2%)
have moderate iodine deficiency, 17 (15%) have mild
iodine deficiency. The result also showed that, 90 (80%)
have optimal iodine nutrition and 3 (3%) have more than
adequate. From the result, the mean UIE was 152.22 +
42.80 pg/l, median UIE was 170.6 pg/l. The UIE ranged
from 48.1 to 205.6 pg/l.

The result of UIE of 103 pregnant women in their 3rd
trimester is shown in Figure 3. The results showed that
none of the women have severe iodine deficiency, 3 (3%)
have moderate iodine deficiency. Also, 11 (11%) have
mild iodine deficiency, 88 (85%) have optimal iodine

nutrition and 1 (1%) have more than adequate. From the
result, the mean UIE was 141.69 + 38.78 ug/l, median
UIE was 150.6 pg/l. The UIE ranged from 28.1 to 200.6

pg/l.

Thyroid Stimulating Hormone

The result of TSH concentration measurements, of 58
pregnhant women in their 1st trimester of pregnancy are
showed in Figure 4. The result showed that 7 (12 %) of
the pregnant women had TSH values between 0.0 to 0.5
plU/ml (Hyperthyroid status). A total of 50 (86%) of the
women had TSH level between 0.6 to 4.10 plU/ml
(normal thyroid status). Also the result showed that 1(2%)
of the pregnant women had TSH value > 4.10 plU/ml
(Hypothyroid). From the result, the mean and median
TSH concentration values were 1.11 + 0.76 and 1.07
plU/ml, respectively and the TSH values ranged from
0.39 to 6.00 plU/ml.

The result of TSH concentration measurements, of 82
pregnant women in their 2nd trimester of pregnancy are
showed in Figure 5. The result showed that 2(2%) of the
pregnant women had TSH values between 0.0 to 0.5 plU/ml
(Hyperthyroid status). A total of 80 (98%) of the pregnant
women had TSH level between 0.6 to 4.10 plu/ml



Numbier of subjects
@
o

o [ ] ||
i9 49 Q9 i99 209 Moie
UIE concentration (po/L})

Figure 2. Distribution of UIE concentration values of 112 pregnant women in 2 trimester of pregnancy.
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Figure 3. Distribution of UIE concentration values of 103 pregnant women in 3rd trimester of pregnancy.
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Figure 5. TSH concentration distribution of 82 pregnant women in 2nd trimester of pregnancy.
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Figure 6. TSH concentration distribution of 69 pregnant women in 3rd trimester of pregnancy.

(normal thyroid status). The result also showed that none
of the pregnant women had TSH value > 4.10 plU/ml
(Hypothyroid condition). From the result, the mean and
median TSH concentration values were 1.39 + 0.53 and
1.39 plU/ml, respectively. The TSH values ranged from
0.47 to 3.09 plU/ml.

The result of TSH concentration measurements, of 69
pregnant women in their 3rd trimester of pregnancy are
showed in Figure 6. The result showed that none of the
pregnant women had TSH values between 0.0 to 0.5
pnlU/ml (Hyperthyroid status), while 68 (99%) of the
pregnant women had TSH level between 0.6 to 4.10
plU/ml (normal thyroid status). The result also showed
that 1(1%) of the pregnant women have TSH value > 4.10
pulU/ml (Hypothyroid condition). From the result, the mean
and median TSH concentration values were 1.7 + 0.8 and
1.62 plU/ml, respectively. The TSH values ranged from
0.78 to 5.92 plU/ml

DISCUSSION

The results obtained showed a progressive decrease in
the median UIE from the first to the third trimester. This
decrease can be attributed to the increased demand of
iodine as a result of the pregnancy (Aboul-Khair et al.,
1964). Increased demand for micronutrients predisposes
women of reproductive age, preghant and lactating
women to micronutrient deficiencies (McGuire, 1993;
ICCCIDD/UNICEF/WHO, 2001). This result also sug-
gests that the quantity of iodized salt consumed is not

meeting the increased demand for iodine. Increased
iodine requirement during pregnancy is to provide for the
needs of the fetus and to compensate for increased loss
of iodine. It has being reported that intake between 200 -
250 pg/day, for pregnant women is very important to
prevent goiter development and to keep serum levels of
T4 and T3 stable (ICCIDD/WHO/UNICEF, 2001; Glinoer
et al., 1995). The UIE value results showed that 80% of
the pregnant women had optimal iodine nutrition. Also,
our results showed that 5 (2%) of 302 pregnant women
had moderate (20 - 49 ug/l) iodine deficiency and 37
(12%) had mild (50 - 99 pg/l) iodine deficiency. These
results suggested that 42 pregnant women (14%) did not
consume the necessary amount of iodine.

The results of TSH measurements showed that over
90% was observed to have serum TSH within normal
suggesting the optimal iodine nutrition, in which most of
them were was able to keep serum levels of T4 and T3
stable.

The number of the women (80%) with UIE values
corresponding to the optimal nutrition is in line with the
result of the TSH in which over 90% was observed to
have serum TSH within normal, the normal range which
suggests good thyroid function status and an adequate
dietary intake of iodide. The results of the TSH for women
consuming adequate iodine is in line with the requirement
by WHO/UNICEF/ICCIDD (1994) and the report of
Delange (1999). The result of the TSH showed that the
mean concentration of the TSH in the three trimesters
increased gradually as pregnancy progressed, however
variation of the TSH concentration between the three



trimesters was not significant (P = 1.20) . The value of the
mean serum TSH concentration of the pregnant women
suggests that, they had normal thyroid function status.
The result also showed that only 4% of the women had
serum TSH concentration below normal (hyper-
thyroidism), this justifies the 6% of women observed to
have UIE values above optimal. These findings are in line
with that obtained in Australia where lowest TSH was
associated with UIE values of between 200 - 300 ug/l
(Buchinger et al., 1996).

The results obtained in this study, in measuring USI
effect on UIE and TSH concentration, of pregnant women
indicate that iodine deficiency was eliminated as a public
health problem in Orlu. Also, with these results and the
results obtained in previous studies in measuring the
effect of USI on iodide nutrition, Nigeria can be said to be
succeeding in, mitigating the large-scale losses of brain-
power and productivity caused by lodine Deficiency
Disorders. The challenge faced today by the Nigerian
government, salt industries, the communities and other
stakeholders in the IDD elimination drive will be to sustain
these achievements and consolidate the gains of the
universal salt iodization through certification and
monitoring at all levels as a routine by all concerned.
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