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Abstract 
Background/Aim: Iodine is an essential component 
of thyroid hormones required for the normal growth, 
development and func t ion ing of the body. Its 
def ic iency c a u s e s in te l l ec tua l i m p a i r m e n t , 
reproductive risks such as overt hypothyroidism, 
infertility, gestational hypertension, increased first 
trimester abortions and still births. Paradoxically, 
iodine deficiency disorders (1DD) arc among the 
easiest and cheapest preventable disorders. This 
study therefore evaluated dietary iodine status and 
some thyroid parameters in first trimester (1 Oth-12th 
week) pregnant women 
Methods: Forty-two healthy pregnant women, mean 
age and gesta t ional age of 30±5 .22 years and 
11.43±0.83 weeks respectively were recruited in 
consecutive manner for this study after obtaining 
their informed consents. Urinary iodine levels were 
analysed in c a s u a l u r ine s a m p l e s us ing the 
ammonium persulphate method as described by 
Dunn etaI while thyroid stimulating hormone (TSH) 
and free thyroxine (fT4) were measured in scrum 
using Enzyme Immunoassay technique. 
Results: 40 .5% of the participants had adequate 
dietary iodine, 47 .6% had more than adequate, 9.5% 
had mild iodine deficiency, while 2.4% had excess 
dietary iodine. 92.9% of the participants had normal 
TSH values, 4 .8% and 2.4% fell in the hypothyroid 
and hypcrthyroid ranges respectively. 91.4% of the 
participants had normal values for fT4, 8.6% had 
below normal while none had above. Qualitative salt 
analysis shows iodization of salt in all the salt 
samples tested. 
Conclusion: This study reveals adequate iodine 
nutrition in the first t r imester sub-popula t ion , 
however, s c r e e n i n g for over t and subc l in ica l 
hypothyroidism should still be strongly considered. 
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Resume 
Contexte / But: L/iodc est un composant csscnticl 
des hormones thyro id iennes ncccssa i rcs a la 
croissancc, au dcveloppcmcnt et au fonclionncmcnt 
n o r m a u x du corps . Sa c a r c n c c cn t ra inc unc 
dclicicncc intcllcctucllc, des risques dc reproduction 
tels que Phypothyroidic manifesto, P infertility, 
rhypcrtcnsion gcstationncllc, raugmcntal ion des 
avortcmcnts au premier trimcstrc ct des d'enfants 
mort-ncs. Paradoxalcmcnt, les troubles dus a la 
carcncc cn iodc (IDD) sont parmi les troubles 
evitablcs les plus facilcs ct moins chcrs. Cettc etude 
a done evaluc Pctat dc Piode alimentairc ct certains 
para met res thyroidicns chcz les femmes enceintes 
du premier trimcstrc (10cmc - 12C,!K' scmainc). 
Methodes : Quarantc-dcux femmes cnccintcs cn 
bonne santc, age moyen ct age gcstationncl dc 30 ± 
5,22 ans et 11,43 ± 0,83 scmaincs respectivemcnt 
ont etc rccrutcs dc fa^on consecutive pour cettc etude 
aprcs avoir obtcnu leur conscntemcnt informc. Les 
n ivcaux d ' i o d c u r ina i r c a n a l y s e s dans des 
cchant i l lons d ' u r i nc occas ionnc l s cn ut i l isant 
la mcthodc du pcrsulfatc d 'ammonium dccrite par 
Dunn et al tandis que la thyrcostimulinc (TSH) ct la 
thyroxine librc (IT,) ont etc mcsurccs dans le scrum 
cn u t i l i sant la t echn ique d ' e s s a i d ' i m m u n c 
cnzymatiquc. 
Resultats : 40,5% des participants avaicnt un apport 
alimentairc adequat cn iodc, 47 ,6% avaicnt plus 
qu\adcquat, 9,5 % avaicnt unc lcgcrc carcncc cn iodc 
ct 2,4% avaicnt un cxccs d'iodo alimentairc. 92,9% 
des pa r t i c ipan t s avaicnt des va lcu r s dc T S H 
normalcs, 4 ,8% et 2 ,4% ctaicnt a portcc avee 
P h y p o t h y r o i d i c ct Phypcr thyro i 'd ic 
respect ivemcnt. 91,4% des participants avaicnt des 
valcurs normalcs pour PfT,, 8,6% avaicnt un taux 
inlcricur a la normalc alors q i faucun n'avait au-
dcla. L 'ana lysc qual i ta t ive des scls a montrcc 
Piodation du sel dans tons les cchantillons dc scl 
testes. 
Conclusion: Ce t tc e tude rcvclc unc nutr i t ion 
adequate en iodc dans la sous-population du premier 
trimcstrc; ecpcndant, Ic depistage dc Phypothyroidic 
manifesto ct sub-clinique devrait ctrc fortcmcnt 
envisage. 
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Introduct ion 
Iodine is required for the synthes i s of thyroid 
hormones, which are important for the development 
of foetus especially for the maturation of the central 
nervous system 11 ]. Adequate dietary iodine intake 
during pregnancy is essential to prevent adverse 
maternal and neonatal outcomes. In fact, mild to 
moderate degrees of iodine deficiency during foetal 
development have been linked to reduced intellectual 
function [2, 3). Insufficient iodine intake as well as 
its associated thyroid d isorders negat ively and 
irreversibly affects the psychoneurotic- intellectual 
development of the foetus, especial ly when the 
deficiency occurs during the first t r imester [4]. 
Furthermore, there is also evidence for an increased 
risk of adverse obstetrical outcomes such as pre-
eclampsia, placental abruption, and negative effects 
on the offspring which include preterm birth, low-
birth weight or even foetal death [5]. 

Pregnancy is associated with changes in 
maternal thyroid physiological function which can 
be viewed globally as a balance between hormone 
requirements and the availability of iodine [6, 1\. 
During pregnancy, synthesis of thyroid hormones is 
increased by up to 50% with an increase in the 
requirement of thyroxin (T () in order to maintain a 
normal global metabolism in the mother [8-10]. This 
increase in hormone demands is due to several 
factors that concur to exert stimulatory effects on 
the thyroid machinery. These factors include the 
adjustment of the thyroidal economy during the first 
trimester to the marked increase in the circulating 
levels of thyroxin-binding g lobu l in ( T B G ) in 
response to increased oestrogen production caused 
by human chorionic gonadotropin (hCG) [9]. 

The second factor is thyrotropic action of 
hCG, also occurring in the first trimester, which tends 
to transiently elevate free thyroxin (IT,) levels and 
decrease scrum thyroid stimulating hormone (TSH). 
A third factor which intervenes later in gestation is 
related to modification in the peripheral metabolism 
of the thyroid hormones, particularly at the placenta 
level [9J. Other factors include the transportation of 
iodide and T, from maternal circulation to the foetus. 
The foetal thyroid hormone production increases 
during the second half of gestation 111) and after 
delivery; iodide is also transported into the breast 
milk [11). 

Another factor is the increased loss of iodide 
through the kidney [6, 11 ]. The majority of dietary 
iodine (90%) is excreted in the urine. Urinary iodine 
excretion is largely a passive process dependent on 
glomerular filtration rate ( C F R ) (12). Pregnancy 
results in increased loss of rena l iod ine . In 

c i r c u m s t a n c e s of borderl ine or overt iod ine 
deficiency, pregnancy-related increases in ( j | ; K 
could deplete total body iodine reserves without the 
capacity for replenishment if dietary intake remains 
low 1131. This is due to Gl ;R increases within the 
first month after conception peaking by the end of 
the first trimester at approximately 40-50% above 
prc-pregnancy levels in normal pregnancy [14). 

A consensus statement from the American 
T h y r o i d Assoc ia t ion (ATA) highl ights the 
i m p o r t a n c e of higher dietary iodine intake in 
pregnancy and higher pregnancy-specific urinary 
iod ine concen t r a t i on (U1C), to a l low for 
physiological changes during pregnancy [15]. The 
recommendation stipulates that a median UIC of 150-
249j.ig/L is expected in iodine sufficient pregnancy 
115).Thyroid hormone synthesis is impaired when 
nutritional iodine intake is low. The body reacts to 
low iodine intake by increasing thyroidal uptake 
efficiency (up to 4 times) in order to maintain the T, 
output. This favours the preferential production of 
the more potent triiodothyronine (T,) over T^ for 
efficient utilization of the available iodine. Clinically, 
culhyroidism is thus maintained but biochemically, 
the pattern of low T4. normal or moderately elevated 
TSH and normal or elevated T ; is often observed 
[16,17] . 

Previous reports have shown that TSH levels 
maybe decreased hi some women with otherwise 
h e a l t h y thyro id g lands in the first t r imes te r . 
Approximately 10% of women have TSH levels 
be low normal and up to 10% of women have 
suppressed levels of TSH [18). However, the lower 
TSH level in the first trimester mirrors the highest 
level of hCG and a significant negative correlation 
between these levels has been reported [19). The 
hCG and TSH molecules share similarities as do the 
hCG and TSII receptors. Consequently, hCG weakly 
s t imulates the thyroid gland. The TSH receptor 
stimulation depends on the amplitude and duration 
of the hCG peak which may induce gestational 
hyperthyroidism that occurs in 2-3% of pregnancies 
[9]. During pregnancy, TSI I level increases and reach 
the highest value in the third trimester, irrespective 
of iodine supply [20 - 231. In mild iodine deficiency, 
lower levels of IT, and free triiodothyronine ( f l \ ) 
and higher levels of TSH, thyroglobulin and TBG 
were observed in the second and third trimester of 
p r e g n a n c y compared with the first t r imester 
[ 19).Total thyroxin slightly increased in the first 
trimester and decreased by approximately 30% to 
low normal values in the second and third trimester 
124) 
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Although Ojulcand Osotimchin [25. 20) and 
Akanji et al. 1271 have reported maternal iodine and 
thyroid status in Ibadan, none addressed specifically, 
the status of llrst trimester pregnant sub-population. 
More so. the f ind ing by Pop et al. 12X) that 
neurological impairment of the Ibetus is most critical 
at I2vveeks gestation and that treatment may be 
ineffective if given after this period, it becomes 
imperative to understand the interplay between UIC 
and thyroid hormones status during the first trimester 
pregnancy 

Materials and methods 
The s tudy g roup c o n s i s t s o f 42 c o n s e c u t i v e 
apparently healthy pregnant women aged between 
20-40ycars with gestational age of 10-12weeks. They 
were rccruitcd in a consecutive manner at St-Gregory 
Specialist Ultrasound Clinic, Ibadan. Pregnant 
women with previous history of thyroid diseases or 
any IDD and those on any medication that could 
affect iodine and thyroid hormones homeostasis were 
excluded f rom the s tudy. Shor t s t r u c t u r e d 
questionnaire was administered on each participant 
to obtain information on education, socio economic 
background, medication use, dietary intake and 
awareness about universal salt iodization. Informed 
consent was obtained from each participant and study 
approved by the University of Ibadan/University 
College Hospital Joint Ethics Review Committee. 

Three mi Hi litres of venous blood samples 
were collected from each participant into bottles 
without anticoagulant. The samples were allowed 
to clot and retract then ccntrifugcd at 3000rpm for 
5min to obtain the scrum. Similarly, 10ml of spot 
urine samples were collcctcd from each participant into 
clcan universal bottles and cooking salt samples being 
used at home were collected for salt iodine analysis 
from the participants. The sera and urine samples were 
stored frozen at 20°C until the day of analysis. 

Determination of Urinary Iodine Concentration 
Urinary iodine concentration was determined using 
ammonium persulphate method as described by 
Dunn et al.[29]. After an initial heating of samples 
at 100°C for 60 minutes, iodide was measured by its 
catalytic action on the reduction of the eerie ion 
(Cc4 ' ) to the ccr rous ion ( C c 3 ) coupled to the 
oxidation ofarscnite(As1 ' ) to (AsSt). The absorbance 
was measured al a wavelength of 420 nm using a 
spectrophotometer. 

Determination oj serum TSH 
The Ultra-TSH lilAgcn assay was based on the one-
step immune-enzymatic sandwich principle, in 

conjunction with the Biotin-Streptavidin technology 
using enzyme immunoassay test kit obtained from 
Adalt is Italia S.P.A., Italy and fol lowing the 
manufacturer 's instruction.. In this method, two 
monoc lona l a n t i - T S H s of high a f f i n i t y and 
specif ici t ies were used: one was labelled with 
horseradish peroxidase (HRP) and the other with 
biolin while the microplatc wells were coated with 
strcptavidin. Samples, calibrators and controls were 
dispensed into the wells, followed by the mixture of 
the two labelled anti-TSH. During the incubation, 
the two monoclonal ant ibodies bind the TSH 
molecule to two different and specific sites and at 
the same time, the strcptavidin immobilizes the forming 
immunological sandwich to the wells through the 
binding to the biotin moiety of the biotinilatcd antibody. 
Alter washing to eliminate the un-rcactcd species, the 
mixture of chromogcn/substratc was added. The 
reaction was then blocked by adding the slop solution 
and the developed colour was measured photometrically 
at wavelength of 450 nm. The intensity of the colour 
was directly proportional, within the working range of 
the assay, to the concentration of TSH in the sample. 
The concentration of TSH in a participant's sample or 
control was then determined by the interpolation on 
the calibration curve. 

Determination of serum JT4 
The f f 4 was measured using enzyme immunoassay 
lest kit obtained from Adaltis Italia S.P.A., Italy and 
following the manufac tu r e r ' s instruct ion. The 
method is based on a solid phase competitive enzyme 
immunoassay . Scrum samples , s t andards and 
thyroxin-enzyme conjugate working reagent were 
added to wells coated with monoclonal TA antibody, 
IT, in the specimen and the JA labelled conjugate 
compete for available binding sites on the antibody. 
After washing to remove unbound T4 conjugate, the 
substrate solution was added resulting in a colour 
development. The colour development was stopped 
with the addition of the stop solution and absorbance 
read spectrophotometrieslly at 450 nm. The intensity 
of the colour formed was proportional to the amount 
of enzyme present and was inversely related to the 
amount of un-Iabclled IT, in the sample. The 
concentrations of IT in unknown samples were 
quantified by reference to a series of f 
assayed in the same way. 

standards 

Determination of salt iodine levels 
The rapid test kit is a stabilized starch-based solution 
from UNICI£I; for the qualitative determination of 
iodine in salt. In this method, iodine (if present in 
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salt) rcact with starch in the solution to give a blue/ 
purple colouration. 

StatisticaI anal)\sis 
The data were analyzed using the Statistical Package 
for Social Sciences, version 20.0. Values were 

Results 
The mean, standard deviation (SD), median and 
range of age, gestational age, scrum TSH, fT4 and 
urinary iodine (Ul) arc shown in table (1). Table 2 
shows the relationship between the level of education 
and knowledge of universal sail iodization. In this 

Tabic 1: Characteristics of the studied pregnant women 

Characteristics Mean (SD) Median Range 

Age (years) 30.00(5.22) 30.00 20.00-40.00 
Gestational age (weeks) 11.43 (0.83) 12.00 10.00- 12.00 
TSH (mlU/L) 1.83 (1.55) 1.40 0.20-8.00 
1T4 (pmol/L) 11.35 (0.24) 10.32 6.45 - 20.64 
UI cxcrction (ng/dL) 191.20 (63.00) 197.50 80.00-300.00 

Table 2: Educational Status and Knowledge about Universal Salt Iodisation (USI) 

Level of Education Knowledge of USI No knowledge of USI Total 
n (%) n (%) n (%) 

Primary 0 (0.00) 1 (2.38) 1 (2.38) 
Secondary 1 (2.38) 8(19.05) 9(21.43) 
Tertiary 11 (26.19) 21 (50.00) 32 (76.19) 
Total 12 (28.57) 30 (71.43) 42 (100) 

X = 2.273: p-value = 0.321 and df - 2: n = number. % = percentage 

Tabic 3: Sub-classification of the pregnant women based on reference interval 

Classification Reference Interval n (%) mean (SD) 

UI(pg/L) Mild deficiency 50 - 99 4(9.5) 88.75 (6.30) 
Adequate* 100- 199 17(40.5) 148.75 (29.50) 
More than adequate 200 - 299 20 (47.6) 242.20 (24.90) 
Excess >300 1 (2.4) 300.00 (0.00) 

TSH (mlU/L) Hyperthyroidism <0.3 1 (2.4) 0.20(0.00) 
Euthyroidism** 0.3 - 4.5 39 (92.9) 1.60(0.98) 
Hypothyroidism >4.5 2(4.8) 7.10(0.27) 

ff4 (pmol/L) Low <9.0 3 (8.6) 6.84 (0.06) ff4 (pmol/L) 
Normal** 9 .0 -25 .7 32(91.4) * 11.87 (0.23) 
High >25.7 0 (0.0) 0.00(0.00) 

*Rcjcrcnce interval for the general population /30J **Reference intetral for first trimester pregnancy f3lj 

reported as mean ± standard deviation (SD), median 
and range. Pearson's correlation was used to establish 
the relationship between the variables and Chi-squarc 
test was used to estimate the statistical difference in 
the level of awareness of Universal Salt Iodisation 
(US1) and the levels of education. 

table, 32 women had tertiary education while 9 
women and 1 woman had secondary and primary 
educat ion respectively. Despite the increasing 
awareness about US I, only 12 women (28.57%) were 
a w a r e of US I regardless of the educat ional 
background. In table [3], the mean, percentage and 
frequency distribution of the study group sub-
classification according to the reference values for 
the measured parameters arc depicted. Using WHO 



( 'iiiim v iodine and l/tvnnd hormones m pregnant worn em 2 6 3 

conven t iona l r e f e r e n c e in t e rva l , the s u b -
classification of the women revealed that none of 
the women had severe iodine deficiency. Thirty-nine 
women (92.*)%) had euthyroidism while 2 women 
(4.8%) and 1 woman (2.4%) had hypothyroidism and 
h y p e r t h y r o i d i s m respec t ive ly . An inverse 
relationship was observed when IT4 was correlated 
with TSH and UI. The correlation between IT4 and 
TSH was significant (Table 4). 

Table 4: Pearson Correlation between IT4. TSH and UI 

FT, (ng/dL) 
r-valuc p-value 

TSH (mlU/L) 0.42* 0.012 
UI (pg/L) 0.18 0.300 

"significant at p<().()5 

Discussion 
The validity of UIC as an indicator of dietary intake 
is dependent on the relationship between dietary 
iodine intake and urinary excretion [13]. Using the 
conventional World Health Organization (WHO) 
reference criteria, our study showed that as much as 
40.5% of the participants had adequate iodine intake 
between 100 - 199 |Jg/L [30). This could be a 
ref lec t ion of the agg re s s ive campa ign on salt 
iodization by various Health Institutions in Nigeria. 
Likewise, it could be a p s c u d o - U l C sincc the 
conventional WHO reference criteria did not account 
for the commonly observed increased ioduria which 
occurs during early pregnancy as a result of increased 
GFR which could hitherto overestimate iodine nutrition. 
Similar concern was raised by Stilwcll et al. [ 13J. 

Similarly, our findings showed that 47.6% 
of the participants had more than adequate iodine 
nutrition while 2 .4% had excess iodine intake. Thus, 
implying that about 50% of the studied participants 
had iodine nutritional value greater than 200j.tg/L. 
This observat ion requires at tention in order to 
p reven t iod ine i nduced h y p e r t h y r o i d i s m as 
experienced in Tasmania 132], Zimbabwe [33] and 
Zaire [34].Therefore, imminent solutions of regular 
assessment of nutritional iodine and effective quality 
control of salt iodization are required. 

Furthermore, the observed median urinary 
iodine value for the entire study population is in line 
with the WHO criteria for median urinary iodine 
concentration which should be greater than 100 jig/ 
L in 'iodine sufficient ' population [30]. Although, 
National Health and Nutrition Studies in the United 
States between 1971 and 2002 put forth inconsistent 

reports on UIC median levels. Their reports showed 
that median urinary iodine excretion increased in 
pregnancy when compared with non-pregnant 
women of reproductive agc|35-37(.Therefore, the 
absenec of clearly defined reference intervals for 
iodine excretion in pregnancy underscores the urgent 
need for appropriate and specific UIC ranges in 
pregnancy. 

Surprisingly, educational s tatus did not 
affect the UIC. The result shows that 50% of the 
studied women with adequate UI Chad no knowledge 
of USI despite having attended a tertiary institution. 
This is a good succcss for USI campaign which has 
been in place in Nigeria and strongly supported by 
legislation sincc 1995. The result implies that 
majority of Nigerians consume table salt without 
even considering whether they arc fortified or not. 
Thus signifying that eradication of IDDs is achievable 
if 100% of USI can be implemented. This observation 
further shows that government docs not need to fund 
awareness campaign any longer but instead, divert the 
funds to USI implementation which, as shown in this 
study, could be more cost effective. 

Equally of interest, in this study, is the 
finding that 92.9% and 91.4% of the studied women 
had normal levels of TSH and fT4 respectively 
showing that thyroid homeostasis was maintained 
desp i t e the va r ious phys io log ica l changes in 
pregnancy. This could be due to adequate dietary 
iodine intake found in the pregnant women as 
revealed by the UIC. Surprisingly, one woman had 
normal value of IT, ( l . l n g / d L ) with a mildly 
depressed TSH (0.2mlU/L) in the presence of normal 
UIC (160|ig/L). This might be due to transient fall 
in scrum TSH near the end of the first trimester in 
normal pregnancy in associa t ion with elevated 
circulating hCG [38]. The hCG weakly stimulates 
the thyroid g land thus i n d u c i n g ges t a t iona l 
hyper thyroidism which occurs in 2 - 3 % of the 
pregnancies [9]. The overt hypothyroidism observed 
in 2 women desp i te a d e q u a t e u r i n a r y iodine 
excretion, could be due to underlying factors such 
as antibodies to thyroid tissues and goitrogenic factors 
which were not measured in this study. The significant 
negative correlation observed between IT, and TSH is 
in accordance with previous reports [39, 40]. This is 
due to the usual negative feedback mechanism. 

Conclusion 
Iodine deficiency poses reproductive risks such as 
hypothyroidism, infertility, gestational hypertension, 
increased first trimester abortions and still births. 
Although the studied pregnant women in lbadan had 
adequate dietary iodine intake, screening for overt 
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as well as subclinical hypo thy ro id i sm d u r i n g 
prcgnancy should still, be strongly considered. 
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