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Continuously sustained elimination of iodine deficiency:

A quarter of century success in the Islamic Republic of Iran

Hossien Delshad, Parvin Mirmiran, Zahra Abdollahi, Forouzan Salehi,
Fereidoun Azizi
J Endocrinol Invest (2018)

Abstract:

Background: Iodine deficiency and related disorders were very common in Iran prior to
1996, when universal salt iodization (USI) was implemented and in 2000 Iran was declared
iodine deficiency disorders (IDD) free. The aim of this study was to evaluate the adequacy of
iodine intake by Iranian households in all 30 provinces of Iran, a quarter of century after
intervention.

Methods: A total of 18,000 school aged children (8-10 years with mean 8.7+1 year) were
included in this study. Urine samples were collected from all children for measurement of
urinary iodine excretion and 1800, 210 and 3000 salt samples were randomly collected from
the family kitchen, production site of 73 salt factories and distribution circles of 30 provinces,

respectively.

Results: Median urinary iodine concentration (UIC) of participants was 16lpg/L. The
proportion of children with UIC of, 20-49, 50-99 and =100pug/L were 10.3, 15.9 and 73.7%,
respectively. The mean (+ SD) and median salt iodine values were 28.2 (£ 12.6) and 31.7

ppm, at the production site, and 31.5 (x13.6) and 29.6 ppm at the distribution circles,




respectively. About 80% of factory salts had more than 20 ppm iodine. 98% of houscholds
consumed iodized salt, 80% had appropriate salt storage, and 83% of the household salts

contained =20 ppm.

Conclusions: Based on the results of this study, Iranian populations are consuming adequate
iodine. The well maintained and monitored USI program has improved dietary iodine intakes

of the population and the country has achieved all criteria of a well controlled IDD program.

Introduction:

As an essential nutrient, iodine is required for the production of thyroid hormones (1). Since
the body does not make iodine, it relies on the diet for sufficient iodine intake. The main
cause of iodine deficiency is low iodine content in the diet. Severe iodine deficiency has
adverse effects on the mean intelligence quotient of population (2) and iodine
supplementation could increase the intelligent quotient in children affected from iodine
deficiency (3). Low iodine intake is the main cause of preventable mental retardation.
Worldwide efforts by international agencies resulted in achieving iodine sufficiency by the
year 2005 (4-7), although many countries, even in  industrialized ones are still iodine
deficient (8-12). Universal salt iodization as a safe, cost-effective and sustainable strategy
was recommended by the World Health Organization (WHO) and the United Nations
Children's Fund (UNICEF) in 1994 to ensure sufficient intake of iodine by all individuals.
Over the last century, considerable efforts world-wide have been paid to control this
nutritional problem, but still many countries in the world are iodine deficient. Globally,
29.8% of school-age children (246 million) are estimated to have insufficient iodine intake.
During past decade the number of iodine deficient countries has decreased from 54 to 30

while iodine-sufficient ones have increased from 67 to 112: the number of countries with




excessive iodine intake has increased from 5 to 10. Although worldwide, 90% of households
consume adequately iodized salt, consumption is still below 50% in 39 countries (13-15).

In Iran iodine deficiency was common in most of its regions with moderate to severe
endemic goiter, cretinism, retarded brain and mental development being common in the many
parts of the country (16, 17). Deficiency in iodine nutrition despite being recognized in Iran
since 1968 (18), was not categorizes as a public health problem until 1980. The National
Iranian Committee for Control of IDD was formed in 1989 and since then USI has resulted in
sustainable preventive programs of IDDs, leading to great success in IDD control and
elimination. In 2000, LR Iran had recognized as an iodine sufficient country by WHO Eastern

Mediterranean Regional Office (19).

The sustainability of iodine sufficiency is the major concern after achieving criteria of iodine
repletion (20, 21). A false sense of the iodine sufficiency of population is the major cause of
failure in iodine deficiency elimination programs (22). The National Iranian Committee for
Control of IDD has scheduled control programs every 5-6 years to evaluate the sustainability

of the program. This study aimed confirming updated data on iodine nutrition among

schoolchildren in the I.R. Iran.

Materials and methods

A cross-sectional cluster survey among schoolchildren aged 8-10 years was conducted between
October 2013 and February 2014, using recommended standard methods and approaches.
Urinary iodine levels and the amount of iodine content of salt were measured among
schoolchildren, at factories, distribution sites and houscholds. The survey protocol was
reviewed and approved by the ethics committee of the Research Institute of Endocrine

Sciences (RIES) affiliated to Shahid Beheshti University of Medical Sciences.

Subjects and sampling




Urinary iodine concentration

For urinary iodine determination, 600 subjects, equal number of girls and boys, i.e 30 clusters
of  schoolchildren (n=20each), aged B-10 years were selected in each province. Thirty
primary schools were selected proportionate to population size (23) in each province from the
national database maintained by the Ministry of Education; and twenty children, aged 8-10
years were sampled at random in each school. From 30 provinces of the country, urine
samples of overall 18,000 schoolchildren (equal numbers of rural and urban) were obtained.
These samples were transferred in screw-top plastic bottles on ice to the RIES laboratory and
kept frozen at —20 C until the time of iodine measurement at the end of the study. Verbal
consent was obtained from the parents of participating children. All participants were
requested to bring a salt sample from their house, with the brand name written on it.

From salt factories, five samples from different parts of each of the 73 iodized salt producing
factories, and 100 samples from distribution sites in each province were collected and sent to
the food and drug control laboratory of the health center in each province. At the
measurement site, a small portion of the salt was tested with a rapid test kit (MBI Kits, India).
Salt envelopes  were marked with the subjects' unique codes and samples were delivered to
the laboratory of the Research Institute for Endocrine Sciences for measuring the iodine
content by titration. Quantitative iodine measurement was performed at the center. Samples
of iodized salt for household use (1800 samples from all provinces) were collected for quality
and quantity control, and the content of household salt was measured in the field, using rapid
testing kits (24). Approximately 10% of salt samples were randomly selected and transferred
to the laboratory for food and drug control of the health center in each province for

1odometric titration.




Laboratory measurement

Three trained technicians measured iodine concentration of all urine samples using the acid
digestion method at the RIES laboratory, (25, 26). The intra-assay coefficient of variation
(CV) of the UIC measurement method for concentrations of 3.5, 15, and 38ug/L was 11.2,
8.2, and 9.4%, respectively, and the inter-assay CV values for these concentrations were 12.5,
8.9, and 10.3%, respectively. lodometric titration assay was used for quantitative salt iodine
measurements (27) and values are shown in parts per million (ppm). The reaction mechanism
for iodometric titration, includes two steps: (1). Liberation of free iodine from salt by addition
of H2804 liberates free iodine from the iodate in the salt sample. Then excess KI is added to
help solubilize the free iodine, which is quite insoluble in pure water under normal
conditions. (2). Titration of free iodine with thiosulfate. Free iodine is consumed by sodium
thiosulfate in the titration step. The amount of thiosulfate used is proportional to the amount
of free iodine liberated from the salt. Starch is added as an external (indirect) indicator of this
reaction, and reacts with free iodine to produce a blue color. When added towards the end of
the titration i.e, when only a trace amount of free iodine is left, the loss of blue color, or
endpoint, which occurs with further filtration, indicates that all remaining free iodine has
been consumed by thiosulfate. This titration method has been standardized by RIES and
approved by the Ministry of Health and Medical Education (MHME) for uniform
measurement of salt iodine in the laboratories for food and drug control of the health center
of each province.

Definitions

lodine deficiency was considered as a median urinary iodine concentration (UIC) < 100 pg/L.
Median UICs of 50-99, 20-49, and < 20 pg/L, were considered mild, moderate, and severe
iodine deficiency, respectively, while median UICs of 100-199, 200-299, and > 300 pg/L

were considered adequate, more than adequate, and excessive, respectively (28). For salts,
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iodine levels of < 20, of 2040, and of >40 ppm were considered inadequate, adequate, and
excessive, respectively.

Statistical analyses

Frequency, percentage, arithmetic mean, median, standard deviation and 95% confidence
interval were used to present the data. Appropriate tests of significance (y2, Student’s t,
analysis of variance (ANOVA), and Mann—Whitney U tests) were applied wherever
necessary. Correlations between continuous numerical variables were assessed by
Spearman’s Rank and Pearson coefficients. SPSS 9.05 software package (SPSS, Inc.,

Chicago, IL) was used for the statistical analysis and p < 0.05 was considered significant.
Results

A total of 18,000 school aged children (8-10 years with mean 8.7+ 1 year) were included in
this study.
Urinary iodine concentration

Median UIC of schoolchildren was 161ug/L. Figure 1 shows median UICs of all provinces
in bar graphs compared to previous study; 10.3, 15.9 and 73.7% of children had urinary
iodine excretion levels of 20-49, 50-99 and >100ug/L, respectively. There was no significant
difference in UICs between boys and girls or between rural and urban areas (Table 1). All
provinces had median UIC > 100pg/L.
Salt iodine at production level
The mean (+ SD) and median salt iodine at the production level were 28.2 (+ 12.6) and 31.7
ppm, respectively. lodine levels of < 20, of 20-40, and of >40 ppm were observed in 9%,
71%, and 20% of samples, respectively. About 80% of factory salts had = 20 pg/L iodine.

Salt iodine at distribution level
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Mean (£5D) and median of iodine level concentrations were 31.5 (£13.6) and 29.6 ppm,
respectively, at the distribution level. lodine levels of < 20, of 20-40, and of > 40 ppm were
observed in 11, 59, and 30% of samples, respectively.

Salt iodine at household level

Ninety-eight percent of housecholds consumed iodinated salt of which 82% was crystallized
iodized salt. Fifty-eight percent of households had appropriate salt storage, Quantitative
assays of household salt samples showed that median iodine content was 30 ppm. lodine
levels < 20, 2040, and > 40 ppm were observed in 17, 63, and 20% of houschold salts,
respectively. Figure 2 depicts the distribution of salt iodine content at different levels in this
study.

Discussion

The prevalence of goiter has decreased gradually over the last 25 years in Iran. According to
our previous national study (29), weighted TGR was 5.7% and all subjects had low grade
goiter, and median urinary iodine concentration (UIC) was over 100pg/dl, indicating that the
subjects had adequate iodine intake. The present national survey which was conducted in
2013-2014, indicated sustainable elimination of IDDs and favorable urinary iodine values in
school-aged children of 30 provinces of Iran (Table 1). Since clinical evaluation of low-grade
goiter has less validity, in this study urinary iodine rather than goiter prevalence was used as
the principal indicator of iodine status.

Median urinary iodine concentration of schoolchildren in the current survey was 161pg/L.
This value was 205ug/L in 1996, 165ug/L in 2001 and 140 pg/L in 2007 (Table 2). In 1996,
two years after mandatory salt iodization in Iran, the median UIC values of schoolchildren
were higher than the WHO/ UNICEF/ICCIDD optimal levels in many provinces of the
country and in 2001, after 7 years of national salt iodization, despite any change in salt iodine

content, the median UIC of Iranian schoolchildren was optimal. The decline in median UIC




values from 1996 to 2013 in our study may have been due to changes of dietary habits,
particularly in younger people or some other environmental factors. Iodized oil injection
during earlier years of salt iodization may also have played key role in above optimal levels
of median UIC of schoolchildren in 1996. Such a downward trend was also observed
between National Health and Nutrition Examination Surveys | and 3 in the United States;
however it finally stabilized at adequate UIC levels in the next survey (30). This change is
particularly important during pregnancy and lactation when low iodine intakes could be
accompanied by adverse outcomes in vulnerable populations such as neonates, infants, and
young children (31).
Since 1996, the mean (£SD) and median salt iodine at the production level have not changed
significantly, as current values are 28.2 (£ 12.6) and 31.7 ppm, respectively, while
corresponding values in 1996 for 278 factory salt samples were 33.8 (= 13.2) and 33.9 ppm,
in 2001 for 297 samples were 33.2 (£ 13.4) and 32.8 ppm, and for 280 samples in 2007 were
23.2 (= 13.8) and 34.7 ppm, respectively (32-34). In 2013, frequency distributions of factory
salts with iodine contents of < 20, 2040, and > 40ppm were 9 , 71 , and 20% of samples,
whereas in 2007, 2001 and 1996 it was 12, 70, and 18%, 17.2, 54.5, and 28.3% and 15.8,
54.7, and 29.5%, respectively. The median iodine contents of household salt sample was 30
ppm in 2013 and 2007 and 32.8 ppm in both 2001 and 1996. The frequency distributions of
household table salts showed no significant differences during last four periods. lodine
content of < 20, 2040, and > 40 ppm were 27, 53, and 20% in 2007; 8.3, 71.7, and 20.0% in
2001 and 7.8, 71.9, and 20.3% in 1996, respectively.

lodine deficient soil is the major cause of iodine deficiency. Lapses in the monitoring
programs and inadequate iodine supplies to the population at risk are the main factors for
recurrence of iodine deficiency in a community. Evidence shows IDD relapse in some

countries that had previously been successful in controlling IDD; in several countries with
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well controlled IDD by USL control programs faltered, and IDD recurred (35-40). In some
industrialized countries such as Australia and New Zealand, previously thought to be iodine
sufficient, IDDs have also relapsed (37, 38). A study by Zimmermann et al., in an area of
endemic goiter in Morocco, showed that changes in thyroid function have occurred after
sudden interruption of USI (39). A survey by Vanderpump indicates that the U.K. population
is 1odine deficient. In this study, 69% of 810 British girls, aged 14-15 years hade median
UIC< 100 pg/L; which is consistent with iodine deficiency according to WHO standards. In
addition, 18% had UIC levels below 50 pug/L (40). These data indicate that IDD control
programs are fragile, and depend on a strong, long-term commitment from governments,
donors, consumers, and the salt industry and monitoring of the indicators is a vital element of
an effective and sustained program for the control and elimination of iodine deficiency
disorders. (41).

In conclusion, the well-monitored salt iodization program in Iran has ultimately resulted in
optimization of UIC, and drastically decreased the goiter rate 18 years after USI, although the
later effect appeared some years after normalization of UIC. The median urinary iodine of
schoolchildren was as similar to adequate levels as those reported in 1996, 2001 and 2007,
indicating a well-established sustainable IDD program in Iran. An effective national office
(IDD National Committee) has been active since 1989. The ministry of industries made it
mandatory for salt factories to produce only iodized salt for household use. Public education
and social mobilization on the importance of IDD and the consumption of iodized salt has
been vigorously maintained over the last 25 years. The program has been integrated into the
health network. Complete data on salt iodine at factory (daily), retail (monthly) and
household levels and laboratory data on urine iodine in school aged children (yearly) and also
at a national level every 5 yr, are collected in each province and analyzed by the IDD

executive office. According to these criteria, the IR of Iran has achieved and maintained a
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sustainable IDD control program since 1996. We conclude that the implementation of a
sustainable and well- monitored IDD control program needs many effective programmatic
steps, in particular its integration into the health network; furthermore, it may also require
mandatory iodized salt consumption in certain situations.

For a sustainable and well- monitored IDD control program, prompt attention of the
authorities of the Ministry of Health, salt producers, and other officials responsible for
promotion, implementation, and monitoring of the National Iranian Program for Elimination
of IDD and, periodical monitoring of any IDD control program following elimination of IDD

are essential.

Table 1: Median urinary iodine content (UIC) among schoolchildren of 30 provinces of Iran
(n=18000) aged 810 years

Girls Boys Total
Urban 163* 161 164
Rural e 163 158
Total 158 162 161

*ug/L

Table 2: Changes in median urinary iodine (MUI) and total goiter rate (TGR) in
school-aged children between 1989 and 2013

Year MUI (ug/L) TGR (%)
1989 12-82 68.0
1996 205 54.0
2001 165 9.8
2007 145 5.7

2013 161 not done
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Inadequate iodine nutrition of pregnant women in an area of
iodine sufficiency
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Abstract:

Purpose: 1.R.Iran has been considered iodine replete since 2000, but iodine nutrition of
vulnerable subjects is not clear. The main goal of this study was assessment of iodine
nutrition and thyroid function in pregnant Iranian women.

Methods: A total of 1072 pregnant women from ten provinces in the different parts of the
country, were recruited from November to March 2014. Median urinary iodine concentration
(UIC) as the measure of iodine status and serum free T4 (FT4), thyrotropin (TSH),
thyroglobulin (Tg), anti-thyroglobulin and anti-thyroidperoxidasre antibodies (TgAb and
TPOAb) were measured.

Results: Mean +SD age of the cohort was 27.0 + 7.2 years and gestational age was 20.7 +
10.0 weeks. The median UIC for pregnant women was 87.3ug/L, being 92.1, 86.0 and 76.8
ug/L, in three trimesters of pregnancy, respectively. Median UIC of <100, 100-149, 150-249,
250-499 and =500 pg/L was found in 58.4, 19.8, 16.2, 5.13 and 0.46% of subjects,

respectively. Median (IQR) values in the first, second, and third trimesters were 1.7(0.9 —




2.8), 2.1 (1.5 - 2.9), and 2.1 (1.4 — 2.8) mIU/L for TSH, and 16.4 (12.21-21.13), 14.34
(12.16-19.69), and 14/07(12.02-18.64) pmol/L for FT4, respectively. The frequency of
elevated serum TSH was 9.0% (6.6% subclinical, 2.4% overt hypothyroidism). The
frequency of low serum TSH was 0.6%. The frequency of positive TPOAb was 7.6 %.
Conclusions: Results of this study, has clarified that despite iodine sufficiency of school
children in Iran, pregnant women have moderate iodine deficiency and need iodine
supplementation.

Key words: lodine, Prégnancy, lodine deficiency, UIC, Thyroid function
Introduction

lodine is the major component of thyroid hormones which are vital for neurocognitive
development of the fetus and newborn (1, 2). Inadequate levels of thyroid hormones during
pregnancy may contribute to obstetric complications for the mother and the fetus (3).
Pregnant women are vulnerable to iodine deficiency as the effects of in utero deficiency on
the developing fetus may have life-long consequences for the offspring. Severe iodine
deficiency during pregnancy is well-known to cause cretinism and severe mental retardation
(4- 7). Bath SC et al have recently found mild-to-moderate iodine deficiency in a large UK
cohort of pregnant women and the children of those that had low iodine status in early
pregnancy were more likely to have significantly lower 1Q and reading scores(8).

The fundamental changes in thyroid function during normal pregnancy and lactation include
increased thyroid hormone production, increased renal iodine excretion and iodine secretion
into breast milk, and iodine requirement for the fetus (9). Therefore. a woman needs more
iodine during pregnancy and lactation to maintain normal metabolism as well as for the
transfer of thyroxine and iodine to the fetus and neonate. Though it is vital that pregnant
women meet their iodine requirements, this is not always achieved even in developed

countries such as the USA (10). Ideally, women should have adequate intra-thyroidal iodine




stores before conception, which should be ensured by universal salt iodization (UIC)
programs, but the American Thyroid Association (ATA) has recommended 150pg iodine
daily as dietary supplement for all pregnant women (11). The most recent recommendation
has been endorsed by World Health Organization (WHO) (12), UNICEF (13) and lodine
Global Network (IGN) formerly ICCIDD (14). According to recent guidelines of both the
ATA (15), and the Endocrine Society (16), daily intake of 250 pg iodine has been advised for
all pregnant and breastfeeding women, not only in iodine-deficient areas, but also in iodine-
sufficient regions.

lodine deficiency has been aggressively addressed in LR. Iran by the production and
consumption of iodized salt since 1970 and three national surveys have shown iodized salt
consumption by > 95% of the population and an adequate UIC of 232, 190, and 140 ng/L
among schoolchildren in 1996, 2001, and 2006, respectively (17-19). In our latest national
survey in 2014, the median UIC of 18,000 schoolchildren was 161pg/L, which indicates
sustainability of iodine sufficiency in L.R. Iran (unpublished data). However, pregnant as well
as lactating women and their newborns (up to early infancy) are among the populations the
most vulnerable to the detrimental effects of iodine deficiency. Therefore, the aim of this
study was to assess iodine intake and the prevalence of thyroid dysfunction in a national
representative sample of pregnant women in Iran.

Material and methods

Study population

This is an observational, cross-sectional study. A total of 1200 pregnant women attending
antenatal care clinics in the mother and child health care centers in 10 provinces, randomly
selected from 31 provinces of the country, included women aged 20-40 years who had lived
in the city for more than 5 years with pre-gestational regular menses and were pregnant with

a singleton pregnancy and in the first, second and third trimester of their pregnancy (400
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pregnant women in each trimester) were consecutively recruited from November to March
2014. Excluded were smokers and those women with a history of thyroid disease or any
other chronic diseases, and subjects on any medical regimen before pregnancy that may affect
thyroid function, such as glucocorticoids, dopamine, or antiepileptic drugs. All women were
asked to complete the study questionnaire at their first visit and written informed consent was
obtained. The study was approved by the human research committee of the Research Institute
for Endocrine Sciences. Of these 1200 women, 128 subjects were excluded, because of
inadequate urine samples for measurement of urinary iodine concentration, and finally 338,
389 and 295 pregnant women recruited at the first, second and third trimester, respectively.
Procedures
Trained midwives explained the rationale of the study to the pregnant women and collected
demographic data (including age, parity and gestational age) and medical history (including
thyroid medications and history of previous thyroid disorders). Gestational age was
calculated from the first day of the last normal menstrual period and gestational ages <12, 12-
23.9, and =24 weeks comprised the first, second, and third trimesters of pregnancy.
Laboratory measurements

Urinary iodine concentration (UIC) was measured in random urine samples using a manual
method based on the Sandell-Kolthoff technique (20) and the results were expressed as
microgram of iodine per liter of urine (ug/L). The urine samples were not dipsticked for other
assays. The analytical sensitivity for iodine was 1.39 pg/L and the intra-assay and inter-assay
coefficients of variation were 4.4 and 3.9%, respectively.

Venous blood samples were collected from pregnant women, using anticoagulant-free tubes
and after centrifugation the serum samples were stored at -80° C until analyses. Serum
FT4,TSH, and thyroglobulin (Tg) were measured by the electrochemiluminescence

immunoassay (ECLIA) method, using Roche Diagnostics kits and the Roche/Hitachi Cobas
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e-411 analyzer (GmbH, Mannheim, Germany). Anti-thyroid peroxidase (TPOADb) and anti-
thyroglobulin (TgAb) antibodies were determined by immunoenzymometric assay (IEMA)
using commercial kit (Monobind, Costa Mesa, CA, USA). All tests performing by enzyme-
linked immunosorbent assays were done by a Sunrise ELISA reader (Tecan Co. Salzburg,
Austria). Lyophilized quality control material (Lyphochek Immunﬂassajr Plus Control, Bio-
Rad Laboratories, Irvine, CA, USA) in three different concentrations were used to check
accuracy of assays; also a pooled serum was prepared, aliquoted and stored at —80° and
assayed in all runs for monitoring precision of measurements. The intra assay coefficients of
variation (CV) of serum FT4,TSH, TPOAb, TgAb, and Tg were 1.49-4.18%, 2.1 -3.3% ,
2.40-6.1%, 1.3- 4.7% and 1.9- 5.0%, respectively. The interassay CV wvalues for above
mentioned parameters were 4.65-7.99%, 1.30-7.85%, 2.2- 6.7%, and 3.8-5.8%, respectively.
Definitions and diagnostic criterion for thyroid disorders

We applied our local trimester specific reference ranges of TSH and FT4 made by our
laboratory based on Guideline 22 of the National Academy of Clinical Biochemistry (21) A
total of 466 Iranian pregnant women, who had the same ethnicity of Persians, in the first
trimester of pregnancy attending antenatal care clinics in the mother and child health care
centers of two general hospitals of Tehran were consecutively recruited from November 2004
to November 2006. Only women with singleton pregnancies were enrolled. Inclusion criteria
required documentation that thyroid-related measurements were available in all of the three
trimesters. Of 466 women who were referred in the first trimester, 147 subjects were
excluded because of preexisting thyroid disorders or nodules; those taking medications
affecting thyroid function and those not available in all trimesters or lost to follow-up
(referring elsewhere for delivery, nonviable pregnancy) were excluded, and 219 healthy
pregnant women were selected. A further 20 subjects were excluded due to laboratory results

of positive serum thyroid peroxidase antibodies (TPOAb > 40 IU/mL), low urinary iodine
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level (<150 ug/dL in two out of 3 sample measurements in the first trimester) (34 subjects),
and enlarged thyroid gland (thyroid velume greater than 30 mL) by ultrasonography (9
subjects). None had overt hypo- (TSH > 4.5 mIU/L and T4 < 5.5) or hyperthyroidism (TSH <
0.1 mIU/L & T4 > 14.5) or subclinical hypothyroidism (TSH > 10 mIU/L). Those with
subclinical hyperthyroidism (serum TSH levels under 0.1 mIU/L and normal T4) were not
excluded due to normal TSH suppression at pregnancy. Finally 152 healthy iodine sufficient
women with viable, singleton pregnancies comprised the cohort study. Reference intervals in
the first, second, and third trimesters were as follows: TSH 0.2-3.9, 0.5-4.1, and 0.6-
4.1 mIU/L, respectively (22). Subclinical hypothyroidism was defined as TSH between 3.9
and 10mIU/L in the first and between 4.1 and 10 mIU/L in both the second and third
trimester, with normal FT4 in all trimesters of pregnancy. Overt hypothyroidism was defined
as TSH> 10 mIU/L or TSH> 3.9 mIU/L and FT4 < 12.5 pmol/L  in the first, TSH > 4.1
mlIU/L and FT4< 12.8 pmol/L in the second, and TSH> 4.1mIU/L and FT4< 12.0 pmol/L in
the third trimesters of pregnancy. The reference of TPOAb 0-35 IU/ml, and TgAb 0-115
[U/m] were provided by the manufacturer. According to UIC values, pregnant women were
divided into five groups: UIC< 100 pg/L, UIC 100-149 pg/L, UIC 150-249 ug/L, UIC 250-
499 ng/L, and UIC= 500 pg /L, but for defining nutritional status, they stratified in tow
groups with UIC< 150 and UIC = 150 pg /L.

Statistical analysis

The Kolmogorv-Smimov method was used to test data distribution normality. Normally
distributed values are reported as mean + SD, or if not so, were reported as median and
interquartile range (IQR). Repeated measure test was used to compare FT4between 3
trimesters and the Friedman test was used for TSH comparison. McNemar test was applied
for comparison of prevalence of hypothyroidism based on 2 different cut points of TSH; P-

values< 0.05 denoted statistical significance. One-way ANOVA with post hoc Scheffe
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correction was used to test differences of serum Tg between groups of participants. Linear
regression was used between UIC and thyroid function parameters. Mann-Whitney test was
used to compare differences in continuous variables between trimesters. The statistical soft

ware SPSS version 20) was used for data analysis.

Results

A total of 1072 participants were recruited in this study. Table 1 shows demographic and
biochemical parameters in participating women,

Urinary iodine concentration (UIC)

In total cohorts, the median (IQR) of UIC was 87.3(46.5-139.1) pg/L, it was 92.1(48.8-
145.5), 86.0(46.2-137.5), and 76.8 (42.8-132.8) pg/L in the first, second, and third trimesters,
respectively. 838(78.2%) of women had UIC < 150 pg/L and 234 (21.8) had UIC < 150
ng/L. According to WHO critenia, 19.8% of all pregnant women had mild (UIC=100 — 150
pg/L) and 58.4% had moderate (UIC=50 — 100 pg/L) iodine deficiency. Table 2 shows the
percent of frequency distribution of median UIC by trimester of pregnancy. The mean,
median, 10™ and 90™ percentiles of UIC in the study population are depicted in table 3.
Thyroid tests results
The median (IQR) of serum TSH concentration was 1.70(0.90-2.80), 2.10(1.50-2.90) and
2.10(1.40-2.80) mIU/L in the first, second, and third trimester, respectively (p<0.001). The
median (IQR) of FT4 was 16.40 (12.21-21.13), 14.34 (12.16-19.69), and 14.07 (12.02-18.64)
pmol/L in the first, second and third trimester, respectively (NS). TPOAb was positive in 82
subjects (7.6%) of whom 44(4.0%), 24(2.3%), and 14(1.3%) subjects who were in their first,
second, and third trimesters, respectively. Table 4 depicts serum concentrations of TSH, FT4,
Tg and positive TPOAD in ditferent UIC groups.

Prevalence of thyroid dysfunction
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Considering our local trimester specific reference range for TSH (0.2 — 3.9 mIU/L in the first
and 0.3 — 4.1 mIU/L in the second and third trimesters) 0.6 % (7 subjects) had low TSH and
the frequency of elevated serum TSH was 9.0% (96 subjects). 97.9% of subjects with
elevated TSH had subclinical hypothyroidism, but when the ATA recommended trimester
specific reference ranges were used, 33.9% (359 subjects) had TSH > 2.5 mIU/L in the first,
while 10.6% (114 subjects) had TSH=3.0 mIU/L in the second and third trimesters (Fig.1). In
total cohorts there was significant difference in the prevalence of subclinical hypothyroidism
based on 2 different cut points (p=0.001). Overt hypothyroidism was detected in 6, 5, and 7
women in the first, second and third trimesters of pregnancy. No body had isolated
hypothyroxinemia. In the total population, the frequency of positive TPOAb was 7.6 %.
Median serum Tg was not significantly different in women with UIC = 150 pg/L and those
with UIC< 150 pg/L. Table 5 depicts prevalence of thyroid disorders in different UIC groups.
Discussion

The median UIC of subjects in this study indicates moderate iodine deficiency among
pregnant women in Iran, a country considered as iodine sufficient based on school-aged
children UIC for one decade. The overall prevalence of thyroid dysfunction in pregnant
women in this study was 9.6%. Mean FT4 was not significantly different in three trimesters
of pregnancy (P=0.20). TPOAb was positive in 7.6 % of women and nobody had increased in
Tg levels. There are currently no validated thresholds for serum Tg values in pregnancy with
regard to identifying population iodine status.

Inadequate levels of thyroid hormone during pregnancy may contribute to obstetric
complications for the mother and neurodevelopmental deficits in the fetus (4, 5). This topic
received increased attention during last few decades and in 2012, the Endocrine Society
guideline recommended: "As long as possible before pregnancy and during pregnancy and

breastfeeding, women should increase their daily iodine intake to 250 pg on average by daily
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oral iodine supplement of 150-200 pg/d irrespective of historical iodine nutrition status" (16).
As a component of thyroid hormones, iodine is essential for regulation of metabolic processes
in most cells, besides playing a vital role in the development of most organs, in particular the
brain for adequate thyroid hormone synthesis throughout life, therefore assuring adequate
iodine nutrition, especially during pregnancy is essential. Many physicians who encounter
pregnant women do not have sufficient information about management of thyroid disorders
and providing iodine support during pregnancy and lactation (23). There are a few well
conducted studies on iodine nutrition in pregnancy, based on median UIC (24- 28). Different
studies have shown that median UIC in children cannot be used to define normal iodine
nutrition in pregnancy and it is suggested that even in an iodine-sufficient area, an additional
iodine supply might be necessary during pregnancy and lactation. The Yozen Fuse et al study
(29) in Japan, which is regarded as an iodine-sufficient or even excessive country, a
substantial percentage of pregnant and lactating women had UICs below 100 pg/L and could
be at risk for iodine deficiency if there is a restriction of iodine-rich foods. In the present
study conducted in an area with iodine sufficiency, it was shown that despite a legislated
national program of iodization of all household salts and the consumption of iodized salt by
more than 95% of the population, with sustained adequate median UIC among schoolchildren
in all provinces of Iran during the years after national salt iodization, the median UIC of
pregnant women was 87.3 pg/L, indicating moderate iodine deficiency. Only 21.8% of
subjects had UIC = 150 pg/L. In our previous study we found variations of urinary iodine
concentration (UIC) during a 4-week period among pregnant and non-pregnant women in
Tehran, capital city of Iran. There was a wide intrapersonal variation in UIC values among
pregnant and non-pregnant women residing in an iodine-replete area, supporting the notion
that causal UIC would not reflect the iodine status of the individual (30). Similar findings

have been demonstrated in Ireland (31), Switzerland (32), Tasmania ( Australia) (33), and
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Japan (34),whereas studies from Spain (35), France (36), and Hong Kong (37) have shown
that with the progression of pregnancy, the median UIC was increased, however, a
statistically significant change was observed only in Hong Kong study.

Based on trimester specific reference ranges of thyroid parameters derived from our local
study, the overall prevalence of thyroid dysfunction in Iranian pregnant women in present
study was 9.5%. According to recently published guidelines (15,16) which recommend
normal TSH value less than 2.5 mIU/L in the first trimester and 3.0 mIU/L in the second and
third trimesters, in our study 395 subjects (66.8%) had elevated TSH which was significantly
higher than those using our local reference range (p<0.001) (Fig.1). In the present study, the
frequency of positive TPOAb was 7.6%. Pregnant women  diagnosed with thyroid
autoimmunity early in pregnancy should be monitored for further changes in serum TSH
during the subsequent trimesters, since these women are considered to be at higher risks of
early miscarriage and also of developing hypothyroidism later. There is no universal
consensus regarding to prescribe levothyroxine in euthyroid women with autoimmune thyroid

disease, but a few studies have addressed this issue (38).

In this study we have found mild to moderate iodine deficiency among a pregnant population
by measuring UIC, yet this deficiency was not reflected by other indicators (FT4 and TSH),
supporting the notion that thyroid function is not considered to be a valid marker for mild to
moderate iodine deficiency in adult. Study by Moleti M and his co-worker has shown that the
neuro-intellectual outcomes in children appear to be more dependent on their mothers'
nutritional iodine status than on maternal thyroid function. These results support the growing
body of evidence that prenatal, mild-to-moderate iodine deficiency adversely affects

cognitive development later in life, with a seemingly greater impact on verbal abilities (39).
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The causal UIC reflects iodine intake over a short time period and the variation is huge,
which affects the reliability of studies of iodine nutrition and UIC should not be used for the
purpose of individual diagnosis and treatment. Also, some studies have confirmed that if the
spot urine samples are randomly collected from a sufficient number of individuals, the
median UIC obtained would be a reliable indicator of iodine status of that population and
there would be no need for cumbersome and less feasible methods of measurement of iodine
and/or creatinine in 24 hour urine samples. The number of spot urine samples required to
estimate iodine status in a population with a 95% confidence interval within precision range
of 10% and 5% should be approximately 125 and 500, respectively (40). A study by
Antonin Korenek et al of 168 pregnant women of the Czeck republic shows that although all
participants had sufficient UIC measured as the amount of iodine in urine over 24 hours
during the first trimester of pregnancy, 14 subjects had elevated TSH levels signaling
subclinical or incipiently clinical hypothyroidism (41). A similar study by Raverot V et al
from Lyon has shown that healthy pregnant French women are iodine deficient, and overall
11% of them had abnormal TSH or positive TPOAb (42). These data raise the question of
what is the most appropriate indicator for assessing iodine status during pregnancy, maternal
free T4 during pregnancy is an important risk factor for impaired psychomotor development
in infants and in an individual pregnant women, the best surrogate for measuring iodine
sufficiency is maternal thyroid function. It seems that TSH and freeT4 may be better
indicators for iodine deficiency in the first trimester, but this would require the development
of method-specific and trimester specific reference intervals for free T4 estimates in
pregnancy. On the other hand most experts would disagree with this concept,

Our study highlights the need for ongoing surveillance of the iodine status in various
communities and support the call to raise awareness of the need for pregnant women to

increase their iodine intake. Many controlled iodine supplementation trials in pregnancy
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have been conducted in different countries which have shown no adverse effects of 50-300
pg daily iodine supplementation in moderately iodine deficient women. These studies suggest
that in areas of mild-to-moderate iodine deficiency, the maternal thyroid is able to adapt to
meet the increased thyroid hormone requirements of pregnancy. Whether or not mild-to-
moderate maternal iodine deficiency produces more subtle changes in cognitive and/or
neurologic function in the offspring is uncertain. Mild maternal iodine deficiency may be
associated with low child IQ even in the absence of TSH elevations or low FT4 (8). Other
studies using different measures of impaired maternal thyroid function also have reported
developmental impairment in the offspring of affected mothers, even if maternal
hypothyroidism is mild and asymptomatic (8.43). In a meta-analysis of 37 studies (n=12,292
children), it was shown that the children of mothers supplemented by oral iodine either before
or during pregnancy had higher scores of Intelligence Quotient (IQ) compared to children
whose mothers were living in severely iodine-deficient areas (44 ). The most recent
NHANES survey (2005-2008) conducted in the USA indicated that 35.3% of pregnant
women had UIC less than 100pg/L (45). Regarding concerns about mild iodine deficiency in
at least some pregnant women, the ATA reconunends; that all women need 150-200 pg
iodine daily as dietary supplements during pregnancy and lactation (11). WHO has also
advocated daily iodine supplementation or annual iodized oil supplements for pregnant
women in region where only less than 30% of households use iodized salt. In Iran, the main
source of iodine supply is iodized salt for household use and it 1s mandated to be fortified in
the country. As the universal salt iodization may not be adequate during pregnancy, we
strongly recommend supplementation of 150 ug of iodine during pregnancy, and if possible

for months before conception.




Table 1: Demographic and biochemical parameters of thyroid function by trimester in 1072

pregnant Iranian women

1% trimester
Variable (n=388)
Age (yr) * 27.2+6.9
Gestational age 900424

(weeks) *

TSH (mIU/LYF 1.7 (0.9-2.8)

16.4
FESPoR Y o angnm)
Tg (pg/L)t 12.1 (5.6-20.3)

UIC gLyl 92.1(48.8-145.4)

TPOAb+ (%)t 44.0 (11.3)

2 frimester

(n=389)

26,8+ 7.6

21.4+4.1

2.1 (1.5-2.9)

14.34
(12.16-19.69)

12.4 (5.2-20.9)

86.0 (46.2-137.5)

24.0 (6.2)

3™ trimester
(n=295)

274+ 6.8
339+26

2.1 (1.4-2.8)

14.07
(12.02-18.64)

13.1 (6.9-24.8)

76.8 (42.8-132.8)

14.0 (4.7

All
(n=1072)

271 7.2

207+ 100

2.0 (1.3-2.8)

15.92
(12.14-21-56)

12.4 (5.9-21.7)

87.3 (46.5-139.1)

82.0 (7.6)

+ Values are given as Median (IQR)
*Walues are given as meant 5D

t P<0.004

o ¥




Table 2 Percent of Frequency distribution of median UIC by trimester of pregnancy in study
population

Urine iodine concentration(pg/L)

Trimester of
Pregnancy <100 100 - 149.9 150 - 2499 250 - 4999 =500
First (n = 388) 201(32.200*  94(44.34) 72 (41.40) 20(36.40) 1 (20.0)

Second (n = 389) 245(39.10)  62(29.24) 57 (32.80) 23 (41.80 ) 2 (40.0)

Third (n = 295) 180(28.70)  56(26.42) 45 55 q) 12 (21.80) 2 (40.0)

All (n=1072) 626(5840)  212(1978) 11600 55(5.13) 5(0.46)

*Number of women (%)

o SF I




Table 3. Mean, median, 10" and 90™ percentiles of urinary iodine concentration (UIC) during the three
trimester of pregnancy in the study population

UIC (ug/L)  1* trimester

2 trimester

3rd trimester

Mean + SD 110.6 = 81.1

?&ﬁ?ﬂ 92.1 (48.8-145.5)
Range

(Min-max) : 5,!}-63 4

16™ 30.2

percentile '

gﬂﬂi

percentile k!

106.4 + 86.9

86.0 (46.2-137.5)

17.0-703.0

290

3116

*
100.1 £81.2

80.0 (45.0-136.0)

17.0-666.0

32.0

299.5

106.2 £ 83.3

87.3 (46.5-139.1)

15.0-703.0

28.8

3135

*No significant difference between trimesters




Table 4: Median (IQR) of serum concentration of thyroid parameters in different
UIC groups

UIC( pg/L) n TSH (mIU/L) FT4( pmol/ 1) Tg(pgl)

<100 626  1.9(1.3-2.9) 15.9 (12.4-22.8) 12.9 (5.8-22.9)

100-149 212 1.8(1.327) 16.7(12.24-21.30)  11.1(4.7-20.1)
150-250 174  2.1(1.4-3.1) 15.20 (11.81-21.42)  11.7 (6.8-20.4)
250-500 55 1.9 (1.23.1) 14.59 (8.6-21.08) 13.2 (8.9-18.9)

2500 5 2.1 (1.1-2.9) 15.06(12.11-21.98) 9.8 (6.6-22.3)
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