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Abstract
During the last few decades painstaking eﬀorts have been made to eliminate iodine deﬁciency
throughout the world. Todays in regions where dietary iodine intake is adequate or borderline,
the main focus is increasing dietary iodine supply in the target population during pregnancy and
the ﬁrst years of life.
Objective: The aim of this study was to obtain longitudinal data on urinary iodine excretion
and the changes of maternal thyroid parameters in two groups of healthy women with mild-tomoderate iodine deﬁciency and iodine suﬃciency residing in an iodine replete area of Tehran
capital city of IR Iran, for more than one decade.
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Research designs and methods: The present study is part of a cohort study, investigating
the relative inﬂuences of iodine intake on thyroid size and function of mothers and their infants
during and after pregnancy. A total of 500 pregnant women enrolled from two mother-child
health care centers and was divided into group I, with median urinary iodine excretion (MUIE)
< 150 μg/L, and group II with MUIE ≥ 150 μg/L. Sonographic thyroid volume measurement,
urinary iodine excretion and thyroid function tests were measured sequentially in all pregnant
women during the three trimesters (T) of pregnancy.
Results: The mean ± SD age of the participants was 25.1 ± 5.1 years. The MUIE in group
I and II in the ﬁrst, second and third trimester were 123 and 250 μg/L, 127 and 166 μg/L, 120
and 150 μg/L, respectively. The MUIE in the third trimester of pregnancy in group I did not
diﬀer signiﬁcantly from the values in the ﬁrst and second trimesters (p = 0.67), but it did decline
signiﬁcantly in group II (p < 0.001). The median thyroid volume of subjects, in the ﬁrst, second and
third trimesters were 7.8, 8.2 and 8.1 ml in group I and 7.5, 8.0 and 8.4 ml in group II, respectively.
No diﬀerence in thyroid volume was found between two groups in each of the three trimesters of
pregnancy (p > 0.05). The mean (± SD) TSH concentration of subjects in ﬁrst, second and third
trimester was 2.3(± 2.6), 2.1(± 1.8), 2.3(± 1.7) mIU/L in group I and 2.1(± 3.1), 2.1(± 1.8) and
2.0(± 1.3) mIU/L in group II, respectively. The trend of TSH rising in group I was 26.7% and in
group II it was 13.3%. The mean TSH value in three trimesters did not diﬀer signiﬁcantly in either
groups (p > 0.05). The mean (± SD) total T4 concentrations of subjects in ﬁrst, second and third
trimesters were 13.2(± 3.4), 13.8(± 3.3), 13.0(± 2.9) μg/dl in group I and 13.1(± 3.2), 13.7(± 2.9),
13.4(± 3.2) μg/dl in group II, respectively. The mean total T4 value in three trimesters did not diﬀer
signiﬁcantly in either groups (p > 0.05). There was no correlation between the thyroid volume
and three observed parameters (UIE, total T4 and TSH) during the pregnancy in either groups.
Conclusion: Even in areas with well-established universal salt iodization program,
pregnancy could be a risk of having iodine deﬁciency and systematic dietary fortiﬁcation needs to
be implemented in this vulnerable group.
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Introduction
It is well known that thyroid hormones are essential for the
development of the central nervous system (CNS). The lack
of thyroid hormones during the critical period of maturation
of the CNS can result in morphological, physiological and
biochemical abnormalities [1]. Iodine is essential for the
production of thyroid hormones. The iodine requirement
during pregnancy is increased due to an increase in maternal
T4 production to maintain maternal euthyroidism, transfer of
thyroid hormones and iodine to the fetus and some increase in
renal clearance of iodine [2,3]. During second half of gestation
a fraction of the maternal inorganic iodine pool is diverted
towards the fetal-placental unit [4].
In severely iodine de icient areas, pregnancy results in
marked hypothyroidism and intense thyroid stimulation in
both mothers and newborns, but in iodine-suf icient areas,
physiological iodine losses are not associated with signi icant
changes in the maternal thyroid economy [5,6]. Although
there has been considerable progress in the prevention and
control of iodine de iciency disorders (IDD) globally, it is
estimated that there are still about 39 million infants born
each year unprotected from the risk of cognitive damage
from iodine de iciency [7]. Todays in regions where dietary
iodine intake is adequate or borderline, the main focus is
increasing dietary iodine supply in the target populations
during the pregnancy and the irst years of life. World Health
Organization (WHO)-recommended daily iodine requirement
are 250 μg for pregnant and lactating women. Although this
recommended daily iodine intake can be readily achieved in
countries with adequate household consumption of iodine,
dietary supplements would be required in other parts of the
world for these target groups [8].
A WHO technical consultation on prevention and control of
iodine de iciency in pregnancy, lactation and in children less
than 2 years of age held in 2005 set the adequate MUIE of > 150
μg/L during pregnancy and lactation, made recommendations
to assess and categorize the level of implementation of salt
iodization program and, based of this analysis, complementary
strategies should be considered [8]. Nowadays there is a
growing trend from learned societies that supplementation in
pregnancy should be used in countries with mild-to-moderate
iodine de iciency, although some scienti ic organizations
recommend that all pregnant and breastfeeding women
should take at least 150 μg iodine supplementation, not only
in iodine de icient regions but also in iodine suf icient areas.
But there are not adequate randomized control trials (RCTs)
on the impact of mild-to-moderate iodine insuf iciency on
pregnancy outcomes and child neurodevelopment and the
bene its of correcting this condition in pregnant women is a
debate of matter.
The aim of this study was to obtain longitudinal data on
urinary iodine excretion and the changes of maternal thyroid
https://doi.org/10.29328/journal.afns.1001026

parameters (thyroid volume and serum total T4 and TSH)
in two groups of healthy women with MUIE <150 μg /L and
those with MUIE ≥ 150 μg/L residing in an iodine replete area
of Tehran. The results of this study will add further knowledge
regarding the impact of iodine nutrition by universal salt
iodization (USI) on feto-maternal thyroid parameters in
pregnant women residing in suf icient iodine intake of general
population for more than one decade.

Material and methods
Subjects
The present study is part of a cohort study, investigating
the relative in luences of iodine intake on thyroid size
and function of mothers and their infants during and after
pregnancy.
A sample size calculation was used and a total of 500
pregnant women enrolled from two mother-child health care
centers in Tehran, capital city of IR. Iran. Thirty ive individuals
discontinued study and inally 465 individuals enrolled in
the study and the same women were followed during three
trimesters of pregnancy. At initial presentation, during the
irst trimester, after obtaining written informed consent from
each subject, three separate urine samples were obtained
during one week for measurement of urinary iodine excretion
and based on the MUIEs of these three urine samples, the
cohort was divided in two groups: Group I: subjects with
MUIE < 150μg/L, and group II: subjects with MUIE ≥ 150 μg/L.
Ultrasonic thyroid volume measurement, urinary iodine
excretion and thyroid function tests were measured
sequentially in all women during the three trimesters (T) of
pregnancy (T1, n = 465, T2, n = 400, T3, n = 306). All pregnant
women were singleton-pregnant and delivered live singleton
normal infants and received no iodine-containing supplements
during pregnancy.
Methods
Thyroid volume was measured according to Brunn, et al.
[9] using Aloka SSD-500 (Tokyo-Japan) portable ultrasound
unit with a standard 5.0 MHz transducer; for each lobe,
the maximum antero-posterior dimension (width) and
medio-lateral dimension (thickness) were measured on a
transverse image and the maximum length was measured on
a longitudinal image. The volume of each lobe was calculated
by the formula:
Thyroid volume (ml) = width × length × thickness (mm) × 0.48.

Urinary iodine excretion was measured in random urine
samples using a manual method based on Sandell-Kolthoff
technique [10]. Results were expressed as microgram of
iodine per liter of urine (μg/L).
Total and free T4 and T3 were measured by
radioimmunoassay (RIA) method and TSH measurement
https://www.heighpubs.org/hfns
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was done by immunoenzymometric assay (IRMA) using
commercial kits (Isotop, Budapest, Hungray) with gamma
counter (Wallac Wizard, Wallac Oy, Turku, Finland). Intra and
inter-assay coef icient of variations (CV) were 3.3% and 6.2%
for T4, 6.7% and 7.8% for T3, 3.8% and 5.8% for free T4 and
3.9% and 7.1% for TSH, respectively.
T3-uptake was measured by enzyme immunoassay (EIA)
using Pishtazteb kit (Tehran, Iran). The intra and inter-assay
CVs for its measurement were 2.5% and 3.3% respectively.

Statistics
The normality of urinary iodine excretion (UIE), serum
total T4, TSH and thyroid volume (TV) in three trimesters
of pregnancy was checked using histogram and kolmogrovSmirnov test. For non-normal distribution variables we
employed non-parametric methods for the analysis and data
were expressed as median and inter quartile range (IQR), for
normal distribution variables data were expressed as mean
± SD. The trend of UIE, serum total T4, TSH and TV in three
trimesters was analyzed using Friedman test in each group.
To test the difference between two groups in each trimester,
we applied Mann-Withney test, using Bonferroni correction
for these analysis and p-value less than 0.016 considered as
signi icant, for the rest of analysis, p < 0.05 was considered
signi icant. SPSS Version 20 was used for all data analysis.

Figure 1: Changes of median urinary iodine excretion (UIE) during three trimesters
of pregnancy.
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Figure 2: Changes of median thyroid volume (TV) during three trimesters of pregnancy.

Results
The mean ± SD age of participants was 25.1 ± 5.1 years.
The MUIEs in groups I and II in the irst, second and third
trimesters were 123 and 250 μg/L, 127 and 166 μg/L, 120
and 150 μg/L, respectively. The MUIE in the third trimester
of pregnancy in group I did not differ signi icantly from the
values in the irst and second trimester (p = 0.67), but it did
decline signi icantly (p < 0.001) in group II (Figure 1).
The median thyroid volumes of subjects, in the irst, second
and third trimesters were 7.8, 8.2 and 8.1 ml in group I and 7.5,
8.0 and 8.4 ml in group II, respectively. In both groups, thyroid
volume signi icantly did increase during pregnancy (p < 0.01)
(Figure 2). The median thyroid volumes of subjects with
TSH > 2.5 mIU/L in the irst, second and third trimester were
8.8 and 7.7 ml , 11.1 and 8.2 ml , 8.0 and 7.3 ml in group I and
II, respectively. However, no difference in thyroid volume was
found between two groups in each of the three trimesters of
pregnancy (Figures 3,4). The mean (± SD) TSH concentration
of subjects in the irst, second and third trimester was
2.3(± 2.6), 2.1(± 1.8), 2.3(± 1.7) mIU/L in group I and
https://doi.org/10.29328/journal.afns.1001026

Figure 3: Changes of median thyroid volume (TV) during three trimesters (T) of
pregnancy in subjects with TSH < 2.5 mIU/L.

Figure 4: Changes of median thyroid volume (TV) during three trimesters (T) of
pregnancy in subjects with TSH ≥2.5 mIU/L.
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2.1(± 3.1), 2.1(± 1.8) and 2.0(± 1.3) mIU/L in group II,
respectively. In group I, 68.5% had TSH < 2.5 and 31.5%
had TSH > 2.5 mIU/L and in group II, 74.8% had TSH < 2.5
and 25.2% had TSH > 2.5 mIU/L in the irst trimester of
pregnancy. 26.3 % of subjects in group I vs. 13.3% of subjects
in group II had changes indicating a rising TSH trends in favor
of hyperthyrotropinemia up to the end of pregnancy (p = 0.06,
OR = 2.33 , 95% CI = 0.92 – 5.79 ).
The mean (± SD) total T4 concentrations of subjects in the
irst, second and third trimesters were 13.2(± 3.4), 13.8(± 3.3),
13.0(± 2.9) μg/dl in group I and 13.1(± 3.2), 13.7(± 2.9), 13.4
(± 3.2) μg/dl in group II, respectively. There was no correlation
between the thyroid volume and three observed parameters
(UIE, total T4 and TSH) during the pregnancy in the two
groups. Twelve percent in group I and 7% in group II were
anti-TPO positive. Median (IQR) of Tg was 10.08(5.7-20.4)
and 8.3(3.9-18.2) μg/dl in group I and group II, respectively.

Discussion
The aim of this prospective study was to obtain information
on urinary iodine excretion, and to evaluate changes of
maternal thyroid parameters in relation with iodine status in
healthy pregnant women with median urinary iodine < 150
μg/L and ≥ 150 μg/L, living in an area with iodine suf iciency
in Tehran.
The iodine requirement increases during pregnancy and
recommended intake is 250 μg/day [8]. Pregnant women
is a group recommended for active assessment of iodine
status [11], but monitoring iodine status during pregnancy
is a challenge. The recommendation from WHO suggest that
a median urinary iodine concentration > 150 μg/L indicates
adequate iodine intake in pregnancy [12].
Salt iodization in IR Iran has begun since 1990. The
production, distribution and consumption of iodized salt
had increased gradually, and the results of national surveys
from 1996 to 2014 have shown that more than 95% of
Iranian population in urban and more than 92% in rural
areas were consuming iodized salt. IR. Iran has ful illed all 10
programmatic indicators set by WHO/UNICEF/ICCIDD [13]
and has achieved a sustainable IDD control program since
1996. This has been recognized by WHO/EMRO in the year
2000 [14]. It has been shown that moderate to severe iodine
de iciency adversely affects maternal thyroid parameters and
cognition and growth in their children [15-19]. Mild to moderate
growth retardation and alteration in auditory, neurologic and
psychomotor development have been shown in apparently
normal subjects residing in areas of iodine de iciency before
iodine supplementation in Iran [20,21]. It had been estimated
that populations with chronic iodine de iciency experience a
reduction up to 13.5 points in intelligent quotient [22]. Our
study in villages with sever iodine de iciency has shown 8
point increase in intelligence quotient 10 years following
iodine supplementation [23]. But the potential adverse effects
https://doi.org/10.29328/journal.afns.1001026

of mild to moderate iodine de iciency during pregnancy are
uncertain [24]. The reports of controlled trials of iodine
supplementation in mildly iodine de icient pregnant women
suggest either no change or a bene icial effects on maternal
and newborn thyroid parameters [25-29]. MUIE of subjects
in these trials was between 30 to 75 μg/L at the beginning of
the studies but supplementation of iodine (between 50 to 230
μg/day) signi icantly increased maternal UIE (between 100130 μg/L) in all trials. The effect of iodine supplementation
on maternal and newborn thyroid parameters in these trials
was challengeable. In Romano, et al. study [25], the maternal
median urinary iodine increased from 34 μg/L to 100μg/L
by giving 120-180 μg iodine/day but thyroid volume did not
change and treatment had no effect on maternal TSH.
In Pedersen, et al. study [26], the maternal UIE increased
from 55 μg/L to 90-110 μg/L by supplementation of 200 μg
iodine/day. This group had less thyroid volume increment and
lower serum Tg and TSH than control group, but no signi icant
differences were found between groups for T3 and T4. Glinor,
et al. [27] supplemented pregnant women with 100 μg iodine/
day. In this study, by increasing UIE in treated group, thyroid
volumes and TSH showed signi icant differences but there
was not signi icant difference for T3, FT4 and T3/T4 ratio. In
Liesenkotter, et al. study [28], treatment with 230 μg iodine/
day and increment of MUIE to 104 μg/L had signi icant effect
on maternal TSH, T3, T4 and thyroid volume. In Antonangeli,
et al. study [29] there were no differences in maternal FT4,
FT3, TSH and thyroid volume between treated groups with
200 μg iodine/day (median UIE 230 μg/L) and with 50 μg
iodine/day (median UIE 128 μg/L). Zimmerman, et al. [30]
also have demonstrated that supplementation had no effect
on maternal and newborn total or free thyroid hormone
concentrations.
It has recently been proposed to use “trimester-speci ic”
reference ranges for serum TSH levels during pregnancy and
serum TSH levels above 2.5 mIU/L may be indicative of a slight
thyroid under-function [31-33]. In our study, the mean serum
TSH did not change signi icantly during three trimesters of
pregnancy in those with median UIE ≥ 150 μg/L and those
with median UIE < 150 μg/L, which is compatible with some
investigation in this regards (25,26,29,30). 26.7% of subjects
in group I vs. 13.3% in group II had changes indicating a rising
TSH trends in favor of hyperthyrotropinemia up to the end
of pregnancy, although this difference was not statistically
signi icant (p = 0.06), but regarding to the relative risk (OR=
2.33, 0.95% CI = 0.92- 5.79 ), it seems that in women with UIE
< 150 / μg L, living in iodine suf icient areas , the occurrence of
hyperthyrotropinemia is more likely which could propel them
and their infants toward the thyroid dysfunction.
The median thyroid volume showed signi icant differences
during three trimesters of pregnancy in either groups. UIE
also showed signi icant difference only in iodine suf icient
group. There are a few known factors in luencing the thyroid
https://www.heighpubs.org/hfns
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volume. Iodine supply, TSH concentration, anthropometric
parameters, sex, age, parity and genetic factors are the most
important determinants of the thyroid gland size [34,35].
Thyroid volume and urinary iodine excretion are the function
of the ambient iodine intake. Renal loss of iodine during
pregnancy, has been suggested as the cause of goiter in
pregnant women [36], although this is unclear [37,38]. It has
been shown that thyroid volume increases during pregnancy
in iodine de icient areas but there was no difference in
sonographic measured thyroid volume between pregnant and
non-pregnant women in iodine replete areas [39-42].
In regions with a suf icient iodine intake, changes in thyroid
volume remained minimal (10% - 15% on the average), but
in regions with a lower iodine intake, the changes were much
larger, with thyroid volume increments ranging between
20% - 30% on the average [43-46]. Change of thyroid volume
in iodine suf icient areas, has been attributed mainly to
vascular thyroid swelling during pregnancy [47,48].
In our study, mild increments of thyroid volume in either
groups might be due to vascular thyroid swelling but the
change of TSH between two groups is considerable because
in 26.7% of women with UIE < 150 μg L, TSH did rise to more
than 2.5 mIU/L up to the end of pregnancy and this value
for women with UIE ≥ 150 μg /L was 13.3%, although this
difference is not statistically signi icant but it is challengeable.
In summary, this study is the only investigation in which
two groups of pregnant women were selected according
to the recommendation of WHO/ICCIDD/UNICEF based on
their UIE from an area with iodine suf iciency where more
than 95% of household are consuming iodized salt and the
results indicate that even in areas with well-established
universal salt iodization program, pregnancy could be a
risk of having iodine de iciency and despite WHO/ICCIDD/
UNICEF recommendation which believe that dietary iodine
forti ication during pregnancy depends primarily on the extent
of pre-existing iodine deprivation [49], systematic dietary
forti ication needs to be implemented in this vulnerable group.
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