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Abstract

lodine is an essential micronutrient for cognitive development and growth. Optimal intakes
are critical during pregnancy. We report the iodine status and thyroid function of pregnant
women living in areas previously affected by severe iodine deficiency and in longstanding
iodine sufficient areas in Java, Indonesia. This cross-sectional study was conducted in
Magelang, Java, from July to November 2015, in four sub-districts; two previously affected
by severe iodine deficiency (area 1) and two that were iodine-sufficient (area 2). lodine
intake was estimated using median urinary iodine concentration in spot samples and mean
urinary iodine excretion in 3 x 24-hour samples, thyroid hormones (thyroid-stimulating hor-
mone and free thyroxine) were measured in venous blood samples, and iodine content of
household salt samples was estimated by titration. We recruited a total of 244 pregnant
women, 123 in area 1 and 121 in area 2. Urinary iodine results suggested adequate habitual
iodine intakes in both areas (median urinary iodine concentration in area 1: 222 pg/I (inter-
quartile range 189, 276 ug/l), area 2: 264 pg/l (interquartile range 172, 284 ug/l), however,
the risk of inadequate intakes increased with advancing trimester (Odds Ratio = 2.59 (95%
Cl1.19-5.67) and 3.85 (95% CI 1.64-9.02) at second and third trimesters, respectively).
Estimated prevalence of thyroid function disorders was generally low. Salt was iodized to
approximately 40 ppm and foods rich in native iodine did not contribute significantly to die-
tary intakes. Adequately iodized salt continues to prevent iodine insufficiency in pregnant
women living in areas previously affected by severe iodine deficiency in Java, Indonesia.
Monitoring and surveillance, particularly in vulnerable groups, should be emphasized to
ensure iodine sufficiency prevails.
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Introduction

Iodine is an essential micronutrient, required for the synthesis of thyroid hormone. Pregnant
women are more vulnerable to iodine deficiency than the general population and an optimal
iodine intake during gestation can help to prevent the sequelae of iodine deficiency, known as
the Iodine Deficiency Disorders (IDD). These include irreversible brain damage with neuro-
logical abnormalities such as cretinism if iodine deficiency during pregnancy is severe [1].
Mild gestational iodine deficiency may also affect cognitive development and growth, though
studies to date are equivocal [2-4]. WHO/UNICEF/IGN recommends a daily iodine intake of
250 pg to maintain sufficiency during pregnancy [5, 6].

In 1980, Indonesia was classed as severely iodine-deficient based on the total goiter rate
from surveys in school-aged children (SAC) [7, 8]. In addition to distribution of 100 mg oral
iodized oil capsules, Universal Salt Iodization (USI) has been mandatory in Indonesia since
1994 [9].

National Health Surveys conducted in 2003, 2007, and 2013 revealed that the iodine status
in SAC was optimal at the national level [10-12], and distribution of iodized oil ceased in
2009. However; the 2013 Indonesian Basic Health Research showed a USI coverage of 77%,
with only 43% of samples being adequately iodized to the Indonesian national standard of
30 ppm [11]. Furthermore, the median urinary iodine concentration (MUIC) in pregnant
women suggested a continued risk of deficiency, with MUIC indicating borderline sufficiency
in both rural (151 pg/L) and urban (163 pg/L) areas and more than 24% of pregnant women
were categorized with UIC <150 ug/L at national level [11, 13]. Moreover, it is well-known
that pockets of risk of inadequate or excessive iodine intakes can exist at regional or local levels
despite an optimal national picture. Disaggregated data from 2013 and 2014 in two sub-dis-
tricts in Magelang, Central Java, a region previously endemic for iodine deficiency, suggested
that iodine intakes in pregnant women were borderline sufficient [14, 15].

Given the 2013-2014 data, we hypothesized that pregnant women living in areas previously
affected by severe iodine deficiency would have lower habitual iodine intakes than pregnant
women living elsewhere in central Java. Therefore, the present study aimed to assess the iodine
status and thyroid function of pregnant women living in areas previously affected by severe
iodine deficiency. We also assess the consumption of iodized salt and iodine-containing foods,
with specific consideration to the increased iodine requirement during pregnancy.

Materials and methods
Study design

This cross-sectional study was conducted in pregnant women living in four sub-districts of
Magelang, Central Java between July and November 2015.

Setting

Previously iodine deficient area, area 1. Sawangan and Bandongan are rural farming
communities in mountainous areas that have a history of severe iodine deficiency [16], with
total goiter rates (TGR) of over 70% and 50% recorded in the 1970’s, respectively [17]. House-
hold iodized salt is the main source of iodine in these areas [18], and recent survey data sug-
gests iodine sufficiency in SAC [13, 18].

Iodine sufficient area, area 2. Mungkid and Borobudur, are sub-urban areas with a die-
tary iodine intake from iodized salt in addition to other sources such as seafood. There is no
history of IDDs in these communities with longstanding TGRs of less than 3% [19].
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Participants

The inclusion criteria for all subjects were: 1. confirmed pregnancy (gestational weeks 0-40);
2. age 16-44 years; 3. no exposure to iodized oil capsules in the last five years; 4. no reported
chronic illnesses, or health state that could disturb the collection and/or measurement of the
biomarkers collected in this study (UIC, TSH, fT4), as assessed by a physician. The first day of
the last normal menstrual cycle was used to estimate the gestational week. Based on the trimes-
ter classification defined by the American College of Obstetricians and Gynecologists (ACOG)
[20], women were allocated to trimesters: trimester 1: 0-13 weeks; trimester 2: 14-27 weeks;
trimester 3: 28-40 weeks. Finally, we assessed the general nutritional status of each woman
using the mid-upper arm circumference (MUAC). Pregnant women with a MUAC <23.5
were defined as having chronic energy malnutrition, and were referred for medical attention,
however, were allowed to participate in the study.

We identified eligible women in a two-stage cluster sampling method [21], using the total
number of villages, 29 in area 1 and 36 in area 2, as the primary sampling unit for each cluster.
For the sampling frame, all eligible women were stratified by trimester in each cluster. Simple
random sampling was used to choose a subject from the sampling frame to obtain the repre-
sentative sample for each stratum. A cross-sectional study with a population-based sampling
frame, based on the 2013 National Health Survey and results from a previous iodine study in
pregnant women [10], using the Lemeshow formula for stratification surveys, we estimated a
minimum sample size of 122 women per area would be required to estimate the prevalence of
iodine deficiency in this study with an 80% power and 10% error [22]. Based on proportional
allocation, 36 women were taken from trimester 1; 36 from trimester 2; and 18 from trimester
3 to obtain the minimum sample from each area.

The study and all procedures were approved by the Indonesian Health Research and Develop-
ment Ethics Committee. All participants provided written informed consent before participation.

Study procedures and laboratory measurements. Urine samples. To assess iodine status
in participating women, we used two types of urine collection: urinary iodine concentration
(UIC) in spot urine samples, and urinary iodine excretion (UIE) in three 24-hour urine collec-
tions, taken on a Sunday, Tuesday, and Thursday. UIE samples were verified by volume and
mixed by inversion before being aliquoted. Aliquots were prepared from UIC and UIE samples
in triplicate and frozen a -18°C before analysis. Urinary iodine analysis based on the ammo-
nium persulfate digestion Sandel-Kolthoff reaction was performed. The Indonesian National
Research and Development Laboratory of the Indonesian National Health Research and
Development Unit in Magelang (Indonesia, BP2GAKI Magelang), was successfully involved in
the Urinary Iodine Quality Ensurement (EQUIP) program (US Center for Disease Control
and Prevention, Atlanta). Both the UIC from spot samples and UIE from 24 h samples were
used to estimate habitual iodine intake.

Blood samples. We measured thyroid function using thyroid-stimulating hormone (TSH)
and free thyroxine (fT4) in venous blood samples. Participants were asked to provide a 5 ml
blood sample, which was obtained by venipuncture by a trained laboratory technician. Serum
was separated by centrifugation, and used to measure TSH and fT'4 by Enzyme-Linked Immu-
noassay (ELISA), using the Human Reagent kit (Human Gesselschaft fur Biochemica and
Diagnostica mbH, Max-Planck-Ring21 65205 Wiesbaden, Germany) at the Indonesia
National Health Research and Development Unit Laboratory in Magelang.

To estimate prevalence of thyroid dysfunction via interpretation of thyroid hormone values,
we applied threshold criteria. For TSH, we followed the 2017 American Thyroid Association
(ATA) guidelines, which recommend, where possible, use of a population-specific reference
range for TSH, since there are significant geographic and ethnic differences in TSH
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concentrations during pregnancy [23]. In the absence of relevant data from Indonesia and whilst
wanting to take ethnic differences into account, we searched for proxy thresholds from another
South East Asian country to apply in this case. We thus identified and applied a TSH reference
range proposed from a study in n = 1947 healthy Thai adults with no thyroid disease or autoim-
munity [24]. To adapt their thresholds for pregnant women, in the first trimester, in line with the
2017 ATA guidelines [23], we reduced the lower threshold by 0.4 mIU/L and the upper threshold
by 0.5 mIU/L. The TSH thresholds applied in the present study are therefore 0.1-4.6 mIU/L in
the first trimester, and 0.3-5.1 mIU/L in the second and third trimesters. For the interpretation
of fT4, we applied the Human Reagent (Human Gesselschaft fur Biochemica and Diagnostica
mbH, Max-Planck-Ring21 65205 Wiesbaden, Germany) kit-specific reference range for preg-
nant women of 0.8-2.2 ng/dL. Trimester-specific values were not available. To permit compari-
son with previous studies, ng/dL was converted to Standard International Units using the
conversion coefficient 12.9 [25]. We used the following criteria to estimate the prevalence of thy-
roid dysfunction in the study population: subclinical hypothyroidism: elevated TSH, fT4 within
range; overt hypothyroidism: elevated TSH and low fT4 or TSH >10 mU/L and fT4 within
range; subclinical hyperthyroidism: low TSH and fT4 within range; overt hyperthyroidism: low
TSH and elevated fT4; isolated hypothyroxinemia: TSH within range and low T4 [23, 26, 27].

Dietary iodine intake. We estimated individual iodine intakes by asking participants about
their dietary patterns, cooking methods, and the number of family members in the household.
We used a food frequency questionnaire (FFQ) to assess the usual food intake and to examine
the contribution of foods rich in native iodine. Using this information, we estimated the pat-
tern of daily iodine intake from food. Iodine content of foods was estimated using results from
Gunanti et al. [28]. To estimate the contribution of iodized salt, we used the duplicate portion
method (described below) and the salt iodine concentration obtained by titration to estimate
habitual iodine intakes from salt.

We collected household salt samples into a clean plastic container to measure the salt iodine
concentration. All participants provided a sample, by duplicating the amount of salt that was used
during cooking for one day. We divided the weight of the salt provided and divided it by the total
number of persons in the household to obtain approximate individual intakes. Being an approxi-
mation only, the ages of household members were not taken into account for this calculation.

Statistical methods. Data management and statistical analyses were performed using
IBM SPSS v21 (IBM Corp., Armonk, NY, USA). Data were tested for normality using the Kol-
mogorov Smirnov test. When data were not normally distributed, median, interquartile range
(IQR) and 95% bootstrapped confidence intervals, based on 1000 bootstrapped samples, are
reported, and Kruskall Walls and Mann-Whitney non-parametric tests were used to compare
mean rank between trimester of pregnancy and between areas respectively.

We assessed iodine status based on the WHO/UNICEF/IGN criteria for pregnant women
of a median UIC (MUIC): <150 pg/L indicating a risk of insufficient habitual iodine intakes;
150-499 ug/L an habitual sufficient iodine intake; and >500 pg/1 habitual excessive iodine
intakes. Logistic regression analysis was used to describe the relationship between trimester of
pregnancy, risk of iodine deficiency, and thyroid dysfunction in both areas. First, a selection
variable was used to identify the variable with the potential risk of thyroid dysfunction using
the > test, which was then analyzed via logistic regression to identify a prevalence ratio that
was previously adjusted. The significance of all comparative tests was set at p <0.05.

Results

Two hundred and forty-four pregnant women completed the study; 123 from area 1 and 121
from area 2. The average age of women was 28.5 + 5.9 years, and average of parity 0.8 (range
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1-3 children). As described previously, we assessed the nutrition status of pregnant women by
measuring the MUAC. There was no difference between age and nutrition status of partici-
pants in each trimester, in both areas (Table 1).

Urinary iodine concentration

Table 1 also describes the MUIC in spot urine samples and mean UIE. Mean UIE was higher
in area 2 compared to area 1 (area 1: 221 + 88 ug/L; area 2: 244 + 92 pg/L; p<0.05 Mann Whit-
ney test), however there was no difference in mean UIE across areas and in each trimester
(p>0.05). MUIC decreased with trimester in both areas (p <0.05 between trimesters 1 and 3).
Correspondingly, the proportion of pregnant women with MUIC <150 ug/L increased with
trimester in both areas (p = 0.011) and the risk of UIC <150 pg/L increased with advancing tri-
mester (OR = 2.59 (95% CI 1.19-5.67) at second trimester; OR = 3.85 (95% CI 1.64-9.02) at
third trimester) in both areas.

Table 1. Participant characteristics, and urinary iodine concentration in spot urine samples with urinary iodine excretion in 24 urine samples.

Areal

Area2

Both Areas

Age; y

Gestational Age; Mo
MUAC; cm

Median UIC; pg/L
IQR; pg/L

95% CI; pg/L

Mean UIE; pg/24 h
SD

Age;y

Gestational Age; Mo
MUAC; cm

Median UIC; pg/L
IQR; pg/L

95% CI; pg/L

Mean UIE; ug/24 h
SD

Age;y

Gestational Age; Mo
MUAC; cm

Median UIC; pg/L
IQR; pg/L

95% CI; pg/L

Mean UIE; ug/24 h
SD

Trimester 1 n Trimester 2 nn Trimester 3 nn All trimesters nn
284+52 37 274+6.3 58 29.0+£7.0 28 28.1+6.2 1123
10.6 +2.4* 20.5 +4.3% 33.4+3.7° 20.4+9.0
26.3+3.7 26.1+3.3 25.8+2.6 26.1+3.3

253 37 211 58 179 28 222 123
145, 340 153, 296 108, 304 189, 276
198-351 155-262 134-294 186-253
224 37 232 58 197 28 2214 1123
99 87 70 88
29.8+5.3 36 28.5+6.1 55 28955 29 289+5.7 1121
10.7 £ 1.9° 20.8 + 4.4° 32.9+32°% 20.8+£9.0
26.6 4.0 264 +4.2 269+2.8 26.6 + 3.8
279° 36 265° 55 193° 29 264 1121
106, 331 177, 310 132,335 172,284
251-363 210-332 134-270 231-286
240 36 252 55 232 29 2444 1121
77 105 82 92
29.1+5.3 73 27.9+6.2 113 289+6.2 57 28.5+5.9 2244
10.6 +2.1° 20.6 +4.2° 33.1+ 3.4° 20.6 £9.0
26.4+3.8 26.2+3.8 263 +2.7 26.3+3.6
266" 73 237%P 113 189*° 57 246 2244
144, 317 189, 285 148, 295 198, 269
247-343 193-283 148-242 221-264
232 73 242 113 215 57 233 2244
89 97 77 90

Unless otherwise indicated, values are mean + SD or n (%).

IQR: interquartile range; SD: standard deviation; UIC: urinary iodine concentration from spot urine samples; UIE: urinary iodine excretion from 24 h urine samples. Y:

year; mo: month; MUAC: mid-upper arm circumference. 95% CI were calculated using 1000 bootstrapped samples. Area 1: villages previously affected by severe iodine

deficiency. Area 2: villages with no history of iodine deficiency. Median UIC thresholds in pregnant women are: <150 pg/L: risk of inadequate habitual iodine intakes;

>500 pg/L: risk of excessive habitual iodine intakes.

*p value <0.05 (Kruskall-Walls) between trimester of pregnancy;

Pp value <0.05 (Median test) between trimester of pregnancy;

“p value <0.05 (x chi-square 3x2) between trimester of pregnancy;

dp value <0.05 (Mann Whitney test) between area 1 and area 2. Kolmogorov Smirnov test for UIE p >0.05.

https://doi.org/10.1371/journal.pone.0242575.t001
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Thyroid function

Table 2 describes the median TSH and fT4 for pregnant women in both areas and from each
trimester. Though values generally remained within our proxy thresholds (see methods),
median TSH concentrations increased through gestation (p = 0.015 and 0.039 for area 1 and
area 2, respectively; p = 0.001 for both areas together); whilst median fT4 in women decreased

Table 2. Thyroid function and thyroid function disorders in the sample population across area 1 and area 2.

Trimester 1 n Trimester 2 n Trimester 3 n All trimesters nn

Areal Median TSH; mIU/L 0.81% 37 1.39° 58 1.55% 28 1.30° 123

IQR; mIU/L 0.64, 1.96 1.08, 2.05 0.79, 2.85 1.23,2.04

95% CI; mIU/L 0.43-1.06 1.13-1.62 0.99-2.66 0.97-1.47

Median fT4; 37 58 28 123

ng/dL 1.205 1.13; 0.95; 1.12

pmol/L 154 14.5 12.2 14.4

IQR;

ng/dL 0.32,0.55 0.35,0.49 0.16, 0.63 0.38,0.51

pmol/L 4.00,7.10 4.55,6.42 1.68, 8.00 4.84,6.58

95% CI;

ng/dL 1.05-1.36 0.97-1.27 0.90-1.21 1.02-1.22

pmol/L 13.5-17.5 12.5-16.3 11.6-15.6 13.1-15.7

Overt hypothyroid-ism 0(0.0) 37 0(0.0) 58 0(0.0) 28 0(0.0) 1123

Subclinical hypothyroid-ism 0(0.0) 1(1.7) 2(7.1) 3(2.4)

Isolated hypothyroxin-emia 1(2.7) 4(6.9) 0(0.0) 5(4.1)

Overt hyperthyroid-ism 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Subclinical hyperthyroid-ism 4(10.8) 7 (12.1) 2(7.1) 13 (10.6)
Area2 Median TSH; mIU/L 0.94* 36 1.56° 55 1.70° 30 1.27° 1121

IQR; mIU/L 0.75, 3.48 1.34,2.78 0.83, 2.48 1.37,2.37

95% CI; mIU/L 0.41-1.13 0.86-1.85 0.84-2.02 0.97-1.58

Median fT4;

ng/dL 1.30° 1.16 1.00° 1.12°

pmol/L 16.8 14.9 12.9° 15.2°

IQR;

ng/dL 0.26, 0.55 0.31,0.52 0.92,1.11 0.35,0.53

pmol/L 3.35,7.06 3.93,6.77 2.64, 6.35 4.45,6.93

95% CI;

ng/dL 1.24-1.49 1.07-1.29 0.18-0.50 1.11-1.27

pmol/L 15.9-19.4 13.8-16.6 11.9-14.9 14.2-16.5

Overt hypothyroid-ism 0(0.0) 36 0(0.0) 55 0(0.0) 30 0(0.0) 1121

Subclinical hypothyroid-ism 0(0.0) 3(1.8) 1(3.3) 2(1.7)

Isolated hypothyroxin-emia 0(0.0) 3 (5.5) 2(6.7) 2(1.7)

Overt hyperthyroid-ism 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Subclinical hyperthyroid-ism 2 (5.6) 10 (18.2) 1(3.3) 14 (11.5)

Unless otherwise indicated, values are n (%). fT4: free thyroxine; IQR: interquartile range; TSH: thyroid-stimulating hormone. 95% CI were calculated using 1000
bootstrapped samples. Area 1: villages previously affected by severe iodine deficiency. Area 2: villages with no history of iodine deficiency.

*p value <0.05 (Kruskall-Walls test) between trimester of pregnancy;

Pp value <0.05 (ANOVA) between trimester of pregnancy. Criteria applied to define thyroid function disorders: subclinical hypothyroidism: elevated TSH, fT4 within
range; overt hypothyroidism: elevated TSH and low fT4 or TSH >10 mU/L and fT4 within range; subclinical hyperthyroidism: low TSH and fT4 within range; overt
hyperthyroidism: low TSH and elevated fT4; isolated hypothyroxinemia: TSH within range and low fT4 [23, 26, 27].

https://doi.org/10.1371/journal.pone.0242575.t1002
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between trimesters in area 2, (p = 0.194 and 0.010 for area 1 and area 2, respectively; p = 0.003
for both areas together).

Estimated prevalence rates of thyroid dysfunction in pregnant women is described in
Table 2 by trimester, and in Table 3, according to UIC. No possible cases of overt thyroid dis-
ease were identified in this study. Subclinical hyperthyroidism was the most prevalent type of
thyroid dysfunction (10.% and 11.5% in area 1 and area 2, respectively), though no difference
was found between trimesters (p >0.05 across both areas). Taken together, the prevalence of
isolated hypothyroxinemia and subclinical hypothyroidism increased with advancing trimes-
ters of pregnancy (1.4%; 8.0%; 8.6%). The overall prevalence of thyroid dysfunction in the sec-
ond trimester of pregnancy was higher than in the first and third trimesters in area 2
(trimester 1: 5.6%; trimester 2: 25.5%; trimester 3: 6.7%, p = 0.012; trimester 1-2 p = 0.015, tri-
mester 1-3 p = 0.621, trimester 2-3 p = 0.035). In area 1, there was no difference in prevalence
of thyroid dysfunction between trimesters (overall p = 0.913).

Though not statistically significant, in both areas and in all trimesters of pregnancy, preva-
lence of hypothyroidism (subclinical, and hypothyroxinemia) was 1.9 times (95% CI 0.65-
5.62) higher in pregnant women with UIC <150 pg/L (p>0.05), and of subclinical hyperthy-
roidism, 3.1 times (95% CI 0.8-10.5) higher in pregnant women with UIC >500 pg/L
(p>0.05). These data are described in Table 3.

Dietary iodine intake

The mean household salt iodine concentration in area 1 and area 2, was 40.7 + 21.1 ppm and
40.3 +20.2 ppm, respectively (p = 0.91). The mean (SD) salt iodine content across both areas
was 40.5 + 20.6 ppm, which would correspond to an approximate UIC of 262 pg/l in pregnant

Table 3. Thyroid function disorders according to urinary iodine concentration in women across all trimesters.

Areal

Area2

Both areas

Thyroid dysfunction classification n UIC <150 pg/L UIC 150-499 pg/L UIC >500 pg/L All Risk' (95% CI)
Overt hypothyroidism 123 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2.28 (0.54-9.66)
Subclinical hypothyroidism 3(7.7) 0(0.0) 0(0.0) 3(2.4)

Isolated hypothyroxinemia 1(2.6) 3 (4.0) 1(11.1) 5(4.1)

Overt hyperthyroidism 123 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0.17 (0.02-1.40)
Subclinical hyperthyroidism 1(2.6) 10 (13.3) 2(22.2) 13 (10.6)

Overt hypothyroidism 121 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1.50 (0.27-8.21)
Subclinical hypothyroidism 0(0.0) 1(1.2) 1(6.7) 2(1.7)

Isolated hypothyroxinemia 2(7.7) 1(1.2) 2 (13.3) 5(4.1)

Overt hyperthyroidism 121 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0
Subclinical hyperthyroidism 2(7.7) 9(11.2) 3(20.0) 14 (11.5) 0.57 (0.12-2.75)
Overt hypothyroidism 244 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 1.92" (0.65-5.62)
Subclinical hypothyroidism 3 (4.6) 1(0.6) 1(4.2) 5(2.0)

Isolated hypothyroxinemia 3 (4.6) 4(2.6) 3(12.5) 10 (4.1)

Overt hyperthyroidism 244 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0
Subclinical hyperthyroidism 3 (4.6) 18 (11.6) 5(20.8) 26 (10.7) 0.33 (0.09-1.13)

Unless otherwise indicated, values are n (%).

"The risk was calculated using a 2x2 y” test between thyroid dysfunction and UIC (<150 pg/l and >150 ug/l) (0) as a reference category by logistic regression. Area 1:

Area previously affected by severe iodine deficiency. Area 2: Area with no history of iodine deficiency. UIC thresholds in pregnant women are: <150 pg/L risk of

inadequate habitual iodine intakes; >500 pug/L: risk of excessive habitual iodine intakes. Criteria applied to define thyroid function disorders: subclinical

hypothyroidism: elevated TSH, fT4 within range; overt hypothyroidism: elevated TSH and low fT4 or TSH >10 mU/L and T4 within range; subclinical

hyperthyroidism: low TSH and fT4 within range; overt hyperthyroidism: low TSH and elevated fT4; isolated hypothyroxinemia: TSH within range and low T4 [23, 26,

27].

https://doi.org/10.1371/journal.pone.0242575.t1003
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women, assuming an average urine volume of 1.5 L during pregnancy and a 90% excretion in
urine [29, 30]. This estimate is close to the median UIC of the overall sample in this study of
246 pg/l (Table 1).

In addition to iodized salt, women also ate foods rich in native iodine, including fresh and
dried seafood, seaweed, salted fish and shrimp, although most of these foods are seldom con-
sumed. Consumption of, and estimated iodine intakes provided by these foods are given in
Table 4.

Discussion

With the introduction of iodized salt in Indonesia in 1994, Indonesia has progressively
achieved national iodine sufficiency. An MUIC of 223 ug/L in SAC and 172 pg/L in pregnant
women was recorded in the 2013 Household Survey [11]. In line with the 2013 survey, this
cross-sectional study in two areas of Central Java, one with a history of severe iodine

Table 4. Estimated consumption of foods rich in native iodine, and corresponding estimated dietary iodine intakes.

Source of iodine Area l Area 2 Both areas
Fresh seafood

Mean + SD (g/day) 4.7+104 1.8+4.6 33+83
Estimated iodine contribution, pg (14.5 pg/100g) 0.7+ 1.5 0.3+0.7 0.5+1.21
Rare /seldom (%) 94.7 99.1 96.8
Often /Usual (%) 53 0.9 32
Seaweed

Mean + SD (g/day) 03+15 02+0.7 03+12
Estimated iodine contribution, pg (1.72ug/g) 0.6 +2.6 03+1.2 0.4+ +2.1
Rare /seldom (%) 98.2 99.1 98.6
Often / Usual (%) 1.8 0.9 1.4
Salted fish

Mean + SD (g/day) 22+44 14+48 1.8+4.6
Estimated iodine contribution, pg (249.09 ug/100g) 54+11.0 3.5+12.0 45+11.5
Rare /seldom (%) 89.5' 97.1 93.1
Often /Usual (%) 10.5' 2.8 6.8
Dried seafood

Mean + SD (g/day) 9.2+ 144 85+11.1 8.9+129
Estimated iodine contribution, ug (88.45 ug/100g) 8.1+127 7.5+9.8 79+11.4
Rare /seldom (%) 79.8 87.6 83.6
Often /Usual (%) 20.1 12.4 16.4
Shrimp

Mean * SD (g/day) 1.1+37 0.1+0.5 0.6 +2.7
Estimated iodine contribution, pg (82.4 ug/100g) 09+3.1 0.1+0.4 0.5+2.2
Rare /seldom (%) 99.1 100 99.5
Often /Usual (%) 0.9 0 0.4
Todized salt

Consumption (FFQ) Mean + SD (g/day) 122+ 6.1 10.5+3.4 10.8 + 4.6
Content Mean + SD (ppm) 40.7 +21.1 40.3 +20.2 40.5 +20.6
>30 ppm 80.5 75.2 77.9
<30 ppm 19.5 248 2211

'3 test. Rare / seldom: consumes food <2 times per week; Often/usual: consumes food >3 times per week. Estimations are made using food weight and a habitual

patterns of food intake. Iodine content of foods was estimated using results from [28]. FFQ: Food Frequency Questionnaire.

https://doi.org/10.1371/journal.pone.0242575.t1004
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deficiency, indicates that habitual iodine intakes in pregnant women in both of these areas are
within WHO/UNICEF/IGN recommendations [6] and are a reflection of the national status.
Further, this study supports the necessity of adequately iodized salt as a vehicle to maintain the
iodine status of pregnant women in locations both with longstanding iodine sufficiency and
those with a history of iodine deficiency, where foods rich in native iodine are infrequently
consumed.

Pregnancy is a risk period for maintaining optimal iodine intakes. Overall, maternal thyroid
hormone production increases by 50% [31], leading to an increased iodine requirement for
the duration of gestation [32]. However, specific changes in both maternal and fetal physiology
during the different stages of pregnancy may influence the precise iodine requirements for
each trimester. In the first trimester, maternal thyroid hormone synthesis must cover both
maternal and fetal needs: the fetal thyroid gland is only formed at week 12 and not capable of
iodine organification until about week 16-20 [33]. Moreover, the fetal thyroid does not reach
autonomy until after birth and placental transfer of thyroid hormone must continue until the
end of pregnancy. The increase in iodine required to sustain the increase in maternal thyroid
hormone synthesis is underlined by an increase in maternal iodine loss, both via placental
transfer and an increase in renal blood blow flow and glomerular filtration rate, which peaks
during the second trimester [31]. The results of the present study show a tendency for MUIC
to decrease with increasing trimester, leaving an increasing proportion of women at risk of
inadequate intakes in their third trimester.

Subclinical hyperthyroidism was the most prevalent form of thyroid dysfunction observed
in this study. It is defined as a decrease in TSH below the lower reference range, whilst thyrox-
ine remains within range. Normal physiological changes during early pregnancy can induce
suppression of TSH secretion by increasing human chorionic gonadotropin (hCG) which can
cause transient gestational hyperthyroidism [31, 34]. Previous studies have found that subclini-
cal hyperthyroidism during pregnancy has the lowest clinical impact on maternal health and
perinatal outcomes [35].

In contrast, hypothyroidism during pregnancy can have adverse effects on the offspring [1].
This study showed a relatively low prevalence of subclinical hypothyroidism and isolated
hypothyroxinemia. Subclinical hypothyroidism is common during pregnancy [36-39], and
previous research has shown that hypothyroidism (overt, subclinical hypothyroidism, and
hypothyroxinemia) may risk adverse effects on fetal neurodevelopment [40]. A study con-
ducted in Chinese pregnant women living in areas with sufficient iodine intakes (median UIC
180 pg/L) showed a greater prevalence of subclinical hypothyroidism and hypothyroxinemia
than overt hypothyriodism during the first half of gestation [41]. In the present study, an
increase in the combined prevalence of subclinical hypothyroidism and hypothyroxinemia
was found with advancing gestational period in both areas, irrespective of history of iodine
deficiency. Increases in prevalence of hypothyroidism have been documented in response to
increasing iodine intakes, such as after implementation of iodized salt [42-44]. Though such
disturbances in thyroid function may be emphasized in susceptible individuals, particularly
those exposed to chronic inadequate iodine intakes (such as the population in the previously
iodine deficient area in this study), given that the salt iodization program in Central Java is
now sufficiently longstanding to have allowed population adaptation, this is unlikely to be the
case.

Universal salt iodization (USI) has been shown to be an effective fortification strategy to
assure optimal population iodine intakes including in vulnerable groups [45]. Salt sampled in
this study was titrated at 40 mg/kg and is adequately iodized compared to the Indonesian
national guidelines for salt iodization [46]. Foods righ in native iodine were available, though
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infrequently consumed by participants in this study. This underlines the importance of ade-
quately iodized salt to maintain optimal habitual intakes in this population.

The strengths of this study include the comparison of two districts in Central Java, Indone-
sia, with different historical iodine intake profiles. Further, we used both spot and 24 h urine
samples to obtain a more accurate picture of iodine status. That said, 24 h samples are limited
in that collection of a complete sample is difficult to control without the use of concomitant
agents such as p-aminobenzoic acid [47] or estimation of creatinine, neither of which was not
used here. Our study is also limited by a lack of assessment of thyroid autoimmunity in study
participants. Increases in the prevalence of hypothyroidism may occur in response to the cor-
rection of iodine deficiency, and this may be associated with an increase in thyroid antibodies
[48]. To examine the relationship between UIC and thyroid dysfunction, WHO/UNICEF/IGN
thresholds were applied [6]. Since assessment of UIC from spot samples is representative of
the iodine intake of that individual over the last 24 hours only, categorization applied to spot
samples does not represent a strictly accurate picture of iodine stauts, therefore preventing
firm conclusions about the association between iodine intake and thyroid function disorders.
Finally, we applied proxy thresholds to categorise our data, to account for significant geo-
graphic and ethnic differences in TSH concentrations during pregnancy [23]. Since these are
not local, population-specific and trimester-sepcific reference ranges, they allow for estimated
prevalence rates only. That said, the overall general low prevalence of thyroid dysfunction in
this population supports our conclusions.

Conclusion

In conclusion, this study has shown that pregnant women in Central Java, in areas with long-
standing iodine sufficiency and deficiency, habitually consume sufficient iodine through the
consumption of iodized salt. However, women in their third trimester of gestation may be at
risk of inadequate iodine intakes and a higher risk of thyroid dysfunction and we therefore
emphasize the importance of iodine program monitoring and surveillance in this region.
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