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Abstract

Purpose Urinary iodine-to-creatinine ratio (UI/Creat) reflects recent iodine intake but has limitations for assessing habitual
intake. Thyroglobulin (Tg) concentration, which increases with thyroid size, appears to be an indicator of longer-term iodine
status in children and adults, however, less is known in pregnancy. This study investigated the determinants of serum-Tg
in pregnancy and its use as an iodine-status biomarker in settings of iodine-sufficiency and mild-to-moderate deficiency.
Methods Stored blood samples and existing data from pregnant women from the Netherlands-based Generation R (iodine-
sufficient) and the Spain-based INMA (mildly-to-moderately iodine-deficient) cohorts were used. Serum-Tg and iodine
status (as spot-urine Ul/Creat) were measured at median 13 gestational weeks. Using regression models, maternal socio-
demographics, diet and iodine-supplement use were investigated as determinants of serum-Tg, as well as the association
between Ul/Creat and serum-Tg.

Results Median serum-Tg was 11.1 ng/ml in Generation R (n=3548) and 11.5 ng/ml in INMA (r=1168). When using
150 pg/g threshold for iodine deficiency, serum-Tg was higher in women with Ul/Creat < 150 vs > 150 pg/g (Generation
R, 12.0 vs 10.4 ng/ml, P=0.010; INMA, 12.8 vs 10.4 ng/ml, P <0.001); after confounder adjustment, serum-Tg was still
higher when Ul/Creat < 150 pg/g (regression coefficients: Generation R, B=0.111, P=0.050; INMA, B=0.157, P=0.010).
Iodine-supplement use and milk intake were negatively associated with serum-Tg, whereas smoking was positively associated.
Conclusion The association between iodine status and serum-Tg was stronger in the iodine-deficient cohort, than in the
iodine-sufficient cohort. Serum-Tg might be a complementary (to UI/Creat) biomarker of iodine status in pregnancy but
further evidence is needed.

Keywords Thyroglobulin - Iodine - Biomarkers - Pregnancy - INMA - Generation R

Abbreviations SFFQs Semi-quantitative food-frequency
BMI Body mass index questionnaires

CVs Coefficients of variation Tg Thyroglobulin

hCG Human chorionic gonadotropin Tg-Ab Thyroglobulin antibodies

INMA INfancia y Medio Ambiente TPO-Ab  Thyroid peroxidase antibodies
IVF In-vitro fertilisation Ul/Creat  Urinary iodine-to-creatinine ratio
LOD Limit of detection UIC Urinary iodine concentration
NIS Sodium-iodide symporter 24-h UIE  24-Hour urinary iodine excretion
OR Odds ratio

RCT Randomised controlled trial

Serum-Tg  Serum thyroglobulin concentration Introduction

It is well known that maternal iodine deficiency during preg-
nancy, amongst other things, can cause marked intellectual
disability in the offspring [1]; however, there is still a clear
need for biomarkers that provide information about the usual
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individual iodine intake/status. This would facilitate the
assessment of iodine status in populations (i.e., public-health
monitoring), as well as the study of the health consequences
of sub-optimal iodine intake and of interventions/policies
aimed at improving iodine intakes.

Currently, the assessment of iodine status in populations
and groups is conducted by comparing the median urinary
iodine concentration (UIC, ug/L) from spot-urine samples
against pre-defined cut-offs [2, 3]. As more than 90% of the
dietary iodine absorbed is eventually excreted in the urine,
UIC reflects individual recent iodine intake (i.e., in the last
24—48 h) but provides limited information about individual
iodine status (i.e., habitual intake) and thyroid function [4].
UIC is usually measured in a single spot-urine sample and,
as a result of day-to-day differences in hydration status (i.e.,
urine volume) and iodine intake, it can be misleading when
used to estimate iodine nutritional status for an individual
[5-7]. Adjustment of UIC by urinary creatinine concentra-
tion [i.e., by using the urinary iodine-to-creatinine ratio
(UI/Creat, pg/g)] can correct for differences in individual
hydration status since studies have shown that UI/Creat bet-
ter reflects the 24-h urinary iodine excretion (24-h UIE) (i.e.,
a proxy for individual daily iodine intake) and serum iodine
concentration than UIC alone [5, 7-10]. However, to esti-
mate individual iodine status with 20% precision, at least
14 repeated spot-UIC measures or ten measured/estimated
24-h UIE measures are required from an individual [5]. This
is impractical and costly in large population studies and in
clinical settings.

Thyroglobulin (Tg), a thyroid-specific glycoprotein which
is the site of the synthesis of thyroid hormones, is a potential
biomarker of iodine status [11]. Small amounts of Tg are
normally released into the circulation when iodine intake is
sufficient [4]. In iodine-deficient areas, Tg concentration is
positively correlated with thyroid volume, suggesting that Tg
is an indicator of thyroid stimulation [12]. There is increas-
ing evidence that Tg is a marker of iodine status in children
and adults, showing that its concentration increases both in
iodine deficiency and excess. For instance, in a cross-sec-
tional study of schoolchildren from 12 countries, Tg concen-
tration followed a U-shaped curve, with the lowest Tg con-
centration (~ 13 ng/ml) when median UIC was 100-299 pg/L
(adequate and more-than-adequate iodine intake) [13]. In a
cohort study of adults in three regions of China, the 5-years
change (increase) in Tg was greater in the regions with mild
iodine deficiency and excess than in the region with more-
than-adequate iodine intake [14], though the difference was
small.

In contrast to UIC, Tg concentration is thought to
reflect iodine intake over a longer period (e.g., weeks to
months) [4]. A randomised controlled trial (RCT) in mildly
iodine-deficient adults showed that Tg decreased by 27% in
response to 24 weeks of iodine supplementation (median
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20 ng/ml at baseline vs 13 ng/ml at 24 weeks) while it
remained unchanged in the placebo group (16 vs 15 ng/ml)
[15]. A recent RCT in iodine-deficient pregnant women also
showed that iodine supplementation from 12 weeks gestation
until 8 weeks post-partum resulted in a reduction in Tg by
27% between baseline and the third trimester (median 8.4 vs
6.1 ng/ml, respectively), whereas Tg increased by 17% dur-
ing the same period in the placebo group (8.3 vs 9.8 ng/ml);
the cross-sectional differences in Tg between iodine vs pla-
cebo group were statistically significant in the third trimester
but not in the second trimester or post-partum [16]. Second-
ary analyses of another RCT in mildly iodine-deficient preg-
nant women showed that supplementation from < 14 weeks
until delivery resulted in a lower Tg concentration in the
iodine group in both second and third trimesters [17].

The usefulness of Tg as a biomarker of iodine status in
pregnant women has not been widely explored in different
settings of baseline iodine status. Since pregnant women can
be particularly vulnerable to iodine deficiency [1], adequate
assessment of the iodine status of this population group is
important for both public-health monitoring and research.

This study, therefore, aimed to explore the usefulness of
maternal serum Tg concentration (serum-Tg) as a biomarker
of iodine status in pregnancy in settings of population iodine
sufficiency (median UIC > 150 pg/L) and mild-to-moderate
iodine deficiency (median UIC 50-149 pg/L). The objectives
of the study were to: (i) investigate whether various maternal
characteristics, including diet and iodine-supplement use,
are determinants of serum-Tg and (ii) explore cross-sectional
associations between iodine status (measured as spot-Ul/
Creat; continuously and by groups as < 150 vs > 150 ug/g
and < 100, 100-149, 150-249, >250 ug/g) and serum-Tg
during pregnancy. It was hypothesised that UI/Creat would
be negatively associated with serum-Tg.

Methods
Study population

Samples and data from pregnant women recruited as part
of two prospective population-based birth cohorts were
used: Generation R in the Netherlands [18] and INfancia y
Medio Ambiente INMA) in Spain [19]. These studies have
been described in detail elsewhere [18, 19] but briefly, in
Generation R, pregnant women residing in Rotterdam with
an expected delivery date between April 2002 and January
2006 were enrolled, and in INMA, pregnant women were
recruited in the period November 2003 to January 2008
from regions of Spain (in this study, from Sabadell and
Gipuzkoa).

For the current study, women from both cohorts were
eligible for inclusion if they had a serum-Tg measurement
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in pregnancy. Women with multiple pregnancies, in-vitro
fertilisation (IVF), known thyroid disease, and/or use of
thyroid-related medication were excluded (Fig. 1). Since the
presence of thyroglobulin antibodies (Tg-Ab) can interfere
with the measurement of Tg (i.e., Tg-Ab positive subjects
can have underestimated or overestimated Tg depending on
the assay used) [11], women with Tg-Ab titres above 40 IU/
ml (manufacturer’s cut-off) were considered as Tg-Ab posi-
tive and were excluded.

Ethical approval for the cohorts had been obtained prior
to recruitment from the Medical Ethical Committee of the
Erasmus Medical Centre (Generation R; ethical approval
number: MEC198.782/2001/31), the Ethical Committee of

Enrolled during
pregnancy
Total n=11,029

Generation R (n=8,879)

INMA (n=2,150) Data unavailable:

Thyroglobulin concentration not
measured
Total n=5,944

v Generation R (n=5,071)
INMA (n=873)

Thyroglobulin measured
Total n=5,085

Generation R (n=3,808)
INMA (n=1,277)

Exclusions:
Total n=369

Multiple pregnancy Total n=34
Y (Generation R, n=34; INMA, n=0)

IVF Total n=16
(Generation R, n=16; INMA, n=0)

Thyroglobulin available
Total n=4,716
Thyroid disease and/or use of
thyroid-related medication
Total n=123
(Generation R, n=57; INMA,
n=66)

Tg-Ab positivity (Tg-Ab >40
1U/ml) Total n=200
(Generation R, n=151; INMA,

Generation R (n=3,548)
INMA (n=1,168)

A 4

Thyroglobulin + Ul/Creat n=49)
available Values < LOD (LOD=0.2 ng/ml)
Total n=2,071 Total n=39
Generation R (n=1,071) (Generation Ré ;1;39; INMA,
n=

INMA (n=1,000)

Fig. 1 Flow chart of the study population selection *In INMA, all
values under the limit of detection (LOD=0.2 ng/ml) were replaced
with one half of LOD (0.1 ng/ml). In Generation R, the samples with
values <LOD had been diluted three or six times prior to measure-
ment due to insufficient sample volume, hence they were excluded
from the analyses without replacing with half LOD (for full details
see “Methods”). IVF in-vitro fertilisation, LOD limit of detection, 7g-
Ab thyroglobulin antibody, UI/Creat urinary iodine-to-creatinine ratio

the Municipal Institute of Medical Investigation, and the
ethical committees of the hospitals involved in the studies
(INMA,; ethical approval number: 2004/1851/1). All women
gave informed consent.

Serum Tg and Tg-Ab measurements

Blood samples in both cohorts had been collected after
recruitment in early pregnancy [at median (25-75th per-
centile) 13.2 (12.2-14.9) weeks in Generation R and 13.4
(12.7-14.3) weeks in INMA]. Gestational week in both
cohorts had been established using ultrasound examination.
Serum Tg and Tg-Ab concentrations were measured at the
ETH Zurich (Zurich, Switzerland) using an immunoassay
calibrated using the manufacturer’s standards IMMULITE,
Siemens Healthcare Diagnostics, UK). The coefficients
of variation (CVs) for serum-Tg were 9.3% at 1.9 ng/ml
(n=35), 7.1% at 9.6 ng/ml (n=35) and 7.6% at 58.8 ng/
ml (n=35). The CVs for Tg-Ab were 8.1% at 38.5 TU/ml
(n=32) and 9.2% at 538.0 IU/ml (n=32). According to the
manufacturer’s cut-offs, serum-Tg > 55 ng/ml was consid-
ered elevated and Tg-Ab > 40 IU/ml was considered as posi-
tive. Data on thyroid peroxidase antibody (TPO-Ab) con-
centration (available only in Generation R) were also used.
TPO-AD concentration was measured using the Phadia 250
immunoassay; details are reported elsewhere [20]. Women
were classified as TPO-Ab-positive if TPO-Ab measured
more than 60 IU/ml, based on a previous study [20].

A small number of the measured serum-Tg values were
under the assay limit of detection (LOD) (< 0.2 ng/ml) [1.0%
(n=39) in Generation R and 1.8% (n=23) in INMA]. In
Generation R, these values were from samples that had been
diluted due to insufficient sample volume for analysis, and
were excluded from statistical analyses. In INMA, sam-
ples had not been diluted and values below the LOD were
replaced with one half of LOD (i.e., 0.1 ng/ml)—a com-
mon method for handling below-detection values [21]; such
simple substitution techniques have been shown to produce
little bias when the percentage of substituted values is low
(i.e., 5-10%) [21]—in INMA, <0.3% (n=23) of all serum-Tg
values were substituted.

Urinary iodine and creatinine measurements

Spot-urine samples for the measurement of urinary iodine
and creatinine concentrations had been collected at roughly
the same time as the blood sample for serum-Tg measure-
ment [median (25-75th percentile): 13.1 (12.1-14.6) weeks
in Generation R and 13.4 (12.7-14.3) weeks in INMA]. The
details of the laboratory measurement of urinary iodine and
creatinine concentrations and the corresponding CVs are
provided elsewhere for these cohorts [22]. To reduce the
variability of UIC resulting from individual hydration-status
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differences, UIC was corrected by urinary creatinine con-
centration and the Ul/Creat was used in preference to UIC
[5, 10].

Dietary assessment and iodine-supplement use

Maternal diet during pregnancy had been assessed using
semi-quantitative food-frequency questionnaires (SFFQs)
in early pregnancy (at the time when the blood and urine
samples were collected). We have previously summarised
the design of these SFFQs [23]. Comparable food groups
to those in our previous study that investigated the deter-
minants of Ul/Creat in these cohorts were formed [23]. The
data on food-group intake (g/day) were used to explore the
association with maternal serum-Tg since some food-group
intakes (e.g., milk and dairy products, fish and shellfish, and
cereal and cereal products) were associated with Ul/Creat in
our previous study of these two cohorts [23].

Self-reported data on the use of iodine-containing sup-
plements from pre-conception until enrolment in early preg-
nancy (approximately until the end of the first trimester)
were available for all INMA women included in this study
but only for a sub-set of the Generation R women [16.7%
(n=593)]. The iodine content of the supplements was avail-
able in INMA, but not in Generation R. Previous studies
have shown that iodine supplementation in pregnancy can
reduce maternal serum-Tg [16, 24-29]; in the current study,
the iodine-supplement data were used to explore this in a
mildly-to-moderately iodine-deficient and an iodine-suffi-
cient population, i.e., INMA and Generation R, respectively.

Statistical analyses

UIC, Ul/Creat and serum-Tg were not normally distributed,
therefore medians (25-75th percentiles) were reported.
Women were dichotomised on the basis of having ele-
vated serum-Tg; for the main analyses, this was defined as
Tg > 40 ng/ml based on previous studies [11] and for sen-
sitivity analyses, Tg>55 ng/ml (the assay manufacturer’s
cut-off) was used.

Differences in continuous variables (e.g., serum-Tg, UIC
or Ul/Creat) between groups based on maternal and die-
tary characteristics were explored using Mann—Whitney U
and Kruskal-Wallis tests. Correlations were explored with
Spearman’s rank correlation. Chi-square tests were used
to compare the proportion of women with elevated serum-
Tg across various categorical variables (e.g., by Ul/Creat
groups). Data on maternal characteristics (e.g., anthropomet-
rics, parity, socio-demographic/economic factors, and life-
style) had been collected in both cohorts and were recoded
and harmonised as previously [23]. Multivariable regres-
sion models were used in each cohort with these maternal
characteristics, as well as gestational week, and child’s sex
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as independent variables and serum-Tg as the dependent
variable. Serum-Tg was transformed using the natural loga-
rithm and the residuals of the models were visually assessed
for normality to comply with parametric-test assumptions.
Outliers were assessed by visual inspection of boxplots.
Non-linearity of the associations of each continuous inde-
pendent variable with serum-Tg was examined by adding
their squared and cubic terms to the regression models, by
plotting each potential determinant variable against serum-
Tg and comparing the fit (R?) of a linear vs quadratic/cubic
function through the data points.

Associations between maternal diet and serum-Tg were
investigated using regression models with all estimated food-
group intakes (g/day) as continuous predictors of serum-
Tg (log-transformed) adjusted for estimated energy intake
(kcal/day), gestational week, age, pre-pregnancy body mass
index (BMI, kg/mz), TPO-AD status (positive/negative; in
Generation R only), ethnicity, parity, smoking status (never
smoked, stopped smoking, continued smoking), alcohol con-
sumption, education, net household income (in Generation
R only), marital status (in Generation R only), living with a
partner (in INMA only), and child’s sex. Effect sizes were
expressed per 100-g intake, as previously described [23].
Food groups that are known good iodine sources were fur-
ther explored as predictors of serum-Tg by grouping women
in food-consumption categories using multiple linear [for
the mean (log) Tg] and logistic [for the odds ratio (OR) of
elevated Tg > 40 ng/ml and Tg > 55 ng/ml] regression mod-
els adjusted for the same covariates as above. The associa-
tions of iodine-supplement usage and daily iodine intake
from supplements with serum-Tg were explored in multiple
linear and logistic regression models adjusted for gestational
week, age, pre-pregnancy BMI, TPO-Ab status, ethnicity,
parity, smoking status, alcohol consumption, and education.

The continuous association between Ul/Creat and serum-
Tg (log-transformed) was explored using adjusted linear
regression models. The selection of confounders that were
included in all Ul/Creat vs serum-Tg models was informed
by (i) a previous study [30], (ii) the determinants of serum-
Tg identified in this study (i.e., those identified in at least
one of the cohorts) and (iii) the determinants of UI/Creat
identified in our previous work [23]. The final models were
adjusted for gestational week, age, pre-pregnancy BMI, eth-
nicity, parity, smoking status, alcohol consumption, educa-
tion and TPO-AD status (in Generation R only).

Women were split into groupings based on Ul/Creat:
(1) <150 vs >150 pg/g (reference group), and (ii) < 100,
100-149, 150-249 (reference group), >250 pg/g. The first
grouping was based on WHO criteria for UIC that define
adequate iodine intake in pregnant populations [2] and as
used in other studies [30, 31]. The second grouping was
based on previous Tg/thyroid studies [30, 32]. The asso-
ciation of these Ul/Creat groupings with serum-Tg was
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explored in multiple regression models adjusted for the
covariates.

Missing values on maternal characteristics were imputed
for women included in these analyses using multiple impu-
tation procedures as used and described previously [23].
Briefly, the automatic method in IBM SPSS Statistics was
used, generating a total of 20 imputed datasets. Missing
SFFQ data were not imputed due to wide inter-person vari-
ability. Details of the missing data that were imputed in
each cohort are provided in Online Resource, Supplemen-
tary Table 1. All statistical analyses were conducted using
IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY,
USA). Statistical significance was set at P <(0.05.

Results
Sample characteristics

After all exclusions, 4716 pregnant women had available
data on serum-Tg: 3548 from Generation R and 1168 from
INMA (Fig. 1). The characteristics of the study popula-
tion by cohort are described in Table 1. Median serum-Tg
during early pregnancy was 11.1 ng/ml in Generation R
(3.6% > 40 ng/ml; at median 13.2 weeks) and 11.5 ng/ml in
INMA (4.5% > 40 ng/ml; at median 13.4 weeks) (Table 2).
According to the WHO median-UIC threshold for iodine
sufficiency in pregnancy (median UIC > 150 pg/L) [2], the
group of pregnant women from Generation R (the Nether-
lands) was classified as iodine-sufficient in early pregnancy
(median UIC: 166 pg/L at median 13.1 weeks; n=1071),
whereas the group from INMA (Spain) was mildly-to-mod-
erately iodine-deficient (median UIC: 131 ug/L at median
13.4 weeks; n=1000) (Table 2).

Maternal characteristics, diet,
and iodine-supplement use as determinants
of serum-Tg

In both cohorts, women who reported smoking during preg-
nancy vs those who reported never smoking had a higher
median serum-Tg (continued smoking vs never smoked:
Generation R, 13.0 vs 10.7 ng/ml, P<0.001; INMA, 15.8
vs 10.7 ng/ml, P <0.001) (Online Resource, Supplementary
Table 2). Smoking during pregnancy was still consistently
positively associated with serum-Tg in analysis adjusted for
other maternal characteristics (P <0.001) (Online Resource,
Supplementary Table 3). In INMA, even women who
reported smoking only in the beginning of pregnancy and
then stopped had a statistically significantly higher serum-
Tg than women who reported never smoking [unstandard-
ised regression coefficient B=0.197, P=0.034]. Smoking
remained positively associated with serum-Tg after further

adjustment for maternal diet and iodine-supplement use
(data not shown).

Alcohol consumption was also associated with higher
median serum-Tg in both cohorts (Online Resource, Supple-
mentary Table 2), however, in adjusted analysis, this asso-
ciation was observed only in INMA (B=0.205, P=0.049)
(Online Resource, Supplementary Table 3).

Ethnicity was associated with serum-Tg only in Genera-
tion R; compared to the Dutch women, Turkish women had
lower serum-Tg (B=—0.307, P <0.001), whereas Cape Ver-
dean (B=0.164, P=0.026) women and those from the Dutch
Antilles (B=0.404, P <0.001) had higher serum-Tg (Online
Resource, Supplementary Table 3). Adjustment for maternal
diet did not substantially change the results, though serum-
Tg of Cape Verdean women was not significantly higher
(data not shown). Adjustment for overall supplement-use
and iodine-containing supplement-use (in a smaller sample
with available data) did not considerably change the results
(data not shown).

In adjusted analysis, parity was negatively associ-
ated with serum-Tg only in Generation R (1 vs zero:
B=-0.082, P=0.009;>2 vs zero: B=—0.123, P=0.007).
In INMA, women in the medium or high education group
had lower serum-Tg than those in the low education group
(B=-0.234, P=0.002 and B=— 0.228, P=0.004, respec-
tively). Gestational week (at blood sampling), age, pre-preg-
nancy BMI, TPO-AD status (available in Generation R only),
household income, marital status/living with a partner and
child’s sex were not associated with serum-Tg in the adjusted
analyses (Online Resource, Supplementary Table 3).

In total, 2768 women from Generation R and 1155 women
from INMA who had serum-Tg measures also had dietary
data available. In INMA, there were no associations between
intake of any food group (as continuous data) and serum-
Tg in models adjusted for energy intake and other maternal
characteristics (Online Resource, Supplementary Table 4).
In Generation R, consumption of milk and dairy products
was negatively associated with serum-Tg (B ;19 o =— 0.20,
P =0.030), whereas vegetable intake was positively associ-
ated with serum-Tg (B ;100 o) =0.58, P=0.037); all other
food groups were not significantly associated with serum-Tg
(Online Resource, Supplementary Table 4).

When women were further categorised by just their
milk intake (not including other dairy products due to
insufficient numbers of non-consumers), INMA women
who reported milk consumption had a lower median
serum-Tg (unadjusted) than those who reported no con-
sumption (Table 3). After adjustment for energy intake
and socio-demographic/economic characteristics, com-
pared to INMA women who consumed no milk, those who
consumed <200 g/day or> 200 g/day had lower serum-
Tg (B (<200 9p=— 0.328, P=0.001; B (5599 o=— 0.269,
P=0.010). In adjusted logistic regression models, the odds
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Table 1 Characteristics of the
study population by cohort

Characteristics® Generation R INMA
(n=3548) (n=1168)

Maternal factors

Maternal ageb (years), mean (+SD) 29.7 (£5.0) 31.5 (x4.1)

Pre-pregnancy BMI (kg/mz), median (25-75th) 22.8 (20.7-25.7) 22.4 (20.7-24.8)

Positive TPO-Ab status, n (%)
Ethnicity®, n (%)

Reference group

130 (4.1%) N/A

1865 (52.5%) 1070 (91.6%)

Non-Dutch 1683 (47.5%) N/A

Non-Spanish N/A 98 (8.4%)
Parity, n (%)

0 2033 (57.3%) 639 (54.7%)

1 1040 (29.3%) 446 (38.2%)

>2 475 (13.4%) 83 (7.1%)

Smoking status, n (%)

Never smoked 2,524 (71.1%) 836 (71.6%)

Stopped smoking 337 (9.5%) 160 (13.7%)
Continued smoking 687 (19.4%) 172 (14.7%)
Consuming alcohol, n (%) 1898 (53.5%) 109 (9.3%)

Markers of socio-economic status

Education level, n (%)

Low 386 (10.9%) 248 (21.2%)
Medium 1612 (45.4%) 464 (39.7%)
High 1550 (43.7%) 456 (39.1%)
Net household income (€ per month), n (%)
Low < €1200 780 (22.0%) N/A
Medium €1200-2000 713 (20.1%) N/A
High> €2000 2055 (57.9%) N/A
Marital status—married, n (%) 1703 (48.0%) N/A
Living with a partner, n (%) N/A 1157 (99.1%)

Child factors

Child’s sex—male?, 1 (%) 1807 (50.9%) 587 (50.3%)

BMI body mass index, N/A data not available or not applicable, SD standard deviation, TPO-Ab thyroid
peroxidase antibody

“Data presented as mean (+ SD) for all continuous normally distributed variables, median (25-75th percen-
tiles) for all continuous non-normally distributed variables, and n (%) for all categorical variables

®Maternal age at blood extraction

“Categories of ethnicity in Generation R (Reference group=Dutch, Non-Dutch =Indonesian, Cape Ver-
dean, Moroccan, Dutch Antilles, Surinamese, Turkish, other Non-Western, Asian, and other Western) and
in INMA (Reference group = Spanish, Non-Spanish = Latin-American and European/others); for a detailed
breakdown of the numbers in each sub-category of the Non-Dutch and Non-Spanish ethnic groups, see
Online Resource, Supplementary Table 2

dData were not imputed for child’s sex in Generation R due to no missing values. Missing data on TPO-
Ab were not imputed. The rest of the data are shown after multiple imputation of the missing values (see
“Methods”).

of elevated serum-Tg (> 40 ng/ml) were lower in milk-
consumers vs milk non-consumers (with a dose-response
effect; Table 3). In Generation R, there was no significant
difference in median serum-Tg between groups of milk
intake (Table 3) and there was also no significant asso-
ciation in adjusted analyses [non-consumers (reference
group): B 594y =—0.042, P=0.534; B (539, =— 0.115,
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P=0.102]. When looking at associations with elevated
serum-Tg, a higher proportion of non-consumers had ele-
vated Tg ( >40 ng/ml, P=0.045; Table 3), though this
was not significant in the adjusted analysis (Table 3). The
overall pattern of results between milk intake and elevated
serum-Tg (but with a cut-off of 55 ng/ml) was similar in
the sensitivity analysis for both INMA and Generation R,
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Table 2 Descriptives of serum B Generation R B INMA
thyroglobulin and urinary (n=3548) (n=1168)
iodine concentrations in Tg-Ab

negative pregnant women by Thyroglobulin 3548 1168

cohort

Gestational week at blood extraction®
Serum thyroglobulin (Tg), ng/ml*
Elevated Tg ( > 40 ng/ml), n (%)°
Elevated Tg ( > 55 ng/ml), n (%)°

Todine

Gestational week at urine sampling®

UIC, ng/L*
Ul/Creat, pg/g*
Ul/Creat < 150 pg/g, n (%)

13.2 (12.2-14.9)
11.1 (7.0-17.1)
127 (3.6%)
58 (1.6%)
1071 1000
13.1 (12.1-14.6)
166 (97-285)
209 (138-307)
311 (29.0%)

13.4 (12.7-14.3)
11.5 (6.9-18.8)
52 (4.5%)

24 (2.1%)

13.4 (12.7-14.3)
131 (76-222)
147 (93-246)
513 (51.3%)

Tg thyroglobulin, Tg-Ab thyroglobulin antibody, Ul/Creat urinary iodine-to-creatinine ratio, UIC urinary

iodine concentration

“Data presented as median (25-75th percentiles)

°Cut-off value for elevated Tg based on previous studies in adults and school-age children (see “Methods™)

°Cut-off value considered elevated from the laboratory where the Tg measurements were performed (i.e.,
assay manufacturer’s cut-off) (see “Methods”).

but the effect sizes were greater and the P-values of the
associations were lower in the adjusted analyses (Online
Resource, Supplementary Table 5).

Table 3 shows that there were mostly no differences in
serum-Tg when splitting women by their intake of other
known iodine sources [e.g., fish, bread, salt (including
iodised salt)]. In Generation R, a lower proportion of
women had elevated serum-Tg ( > 40 ng/ml) in the group
who consumed some fish vs non-fish consumers (5.0 vs
2.8%; P=0.014), though this association was attenuated
in adjusted analyses (Table 3).

Iodine-containing supplements were taken by 46%
(n=537) of women in INMA; median serum-Tg was sig-
nificantly lower in iodine-supplement users (Table 3),
although this effect was not significant in adjusted analy-
sis (B=— 0.045, P=0.442). The mean (+ SD) iodine
intake from supplements in INMA was 38.6 (+55.2) pg/
day and only 7.5% (n=288) had an iodine-supplement
intake > 150 pg/day. There was a weak negative correla-
tion between the mean daily iodine intake from supple-
ments and serum-Tg in INMA (r,=-— 0.089, P=0.002,
n=1168), but this association did not remain in adjusted
analyses (B=— 0.001, P=0.144). A lower proportion of
iodine-supplement users had serum-Tg > 40 ng/ml than
non-users in INMA (2.8% vs 5.9%, P=0.017; Table 3);
this association was also observed in adjusted analyses
(Table 3). In the sub-set of women in Generation R with
data on supplement use (n=1593), 88% (n=521) were
iodine-supplement users (14.7% of the total Generation R
sample from this study), but there was no significant dif-
ference in median serum-Tg in either unadjusted (Table 3)
or adjusted analysis [users vs non-users (reference group):
B=0.023, P=0.825].

Association of single spot-Ul/Creat with serum-Tg

Measurements of both serum-Tg and Ul/Creat were avail-
able for 2071 women (Fig. 1). There was a weak negative
correlation between Ul/Creat and serum-Tg in Genera-
tion R (r,=— 0.057, P=0.064, n=1071) and in INMA
(ry==0.150, P<0.001; n=1000). In analysis adjusted for
confounders, UI/Creat as a continuous variable was not asso-
ciated with serum-Tg in either cohort (Table 4). There was
no evidence of a non-linear association between UI/Creat
and serum-Tg (e.g., squared and cubic UI/Creat terms were
not statistically significant and adding these terms to the
models with serum-Tg did not improve the model fit; scat-
terplots also did not indicate non-linearity).

Women with Ul/Creat <150 pg/g had a statisti-
cally significantly higher median serum-Tg than those in
the > 150 ug/g group in both Generation R (12.0 vs 10.4 ng/
ml, P=0.010) and INMA (12.8 vs 10.4 ng/ml, P <0.001)
(Online Resource, Supplementary Table 6). In adjusted anal-
yses, having Ul/Creat < 150 pg/g vs > 150 pg/g was associ-
ated with higher serum-Tg (Table 4).

With four categories of Ul/Creat ( <100, 100-149,
150-249 and > 250 pg/g), in both cohorts, women with UI/
Creat < 100 pg/g had statistically significantly higher serum-
Tg than the 150-249 ng/g group (i.e., reference group)
(Fig. 2; Table 4; Online Resource, Supplementary Table 6).
When looking at the group with Ul/Creat <50 ug/g, in
INMA, the median serum-Tg was even higher at 14.4 ng/
ml (n=53) [this was not possible to report for Generation R
due to small sample size (n="7)].

There were no signs of higher serum-Tg in the groups
of women with Ul/Creat >250 ug/g (more-than-adequate
iodine intake). Furthermore, when using a higher cut-off
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Table 4 Assogiation'd between Generation R INMA
Ul/Creat (con.tmuous and as UI/ (n=1040) (n=1000)
Creat categories) and serum
thyroglobulin concentration n B (95% CI) PP n B (95% CI) Pe
in pregnant women by cohort
(adjusted analyses) Ul/Creat, pg/g 1040 - 0.000 (- 0.000, 0.000) 0.688 1000 — 0.000 (- 0.001,0.000) 0.109
Ul/Creat grouping 1
<150 pg/g 299 0.111 (0.000, 0.221) 0.050 513  0.157 (0.037,0.276) 0.010
>150 pg/g 741  Ref 487  Ref
Ul/Creat grouping 2
<100 pg/g 106  0.202 (0.023, 0.382) 0.027 284  0.206 (0.043,0.370) 0.013
100-149 ng/g 193 0.082 (- 0.061, 0.225) 0.262 229  0.104 (- 0.067,0.275) 0.232
150-249 ngl/g 328  Ref 245  Ref
>250 pg/g 413 0.022 (- 0.096, 0.139) 0.718 242  0.005 (- 0.163,0.174) 0.949

BMI body mass index, 95% CI confidence interval, Ref reference category, Tg thyroglobulin, TPO-Ab thy-
roid peroxidase antibody, Ul/Creat urinary iodine-to-creatinine ratio

“Effect estimates (B =unstandardised regression coefficients), their 95% CIs and P-values are from multi-
ple linear regression models performed for each cohort with (natural) log-transformed thyroglobulin (Tg)
concentration as the dependent variable and urinary iodine-to-creatinine ratio (Ul/Creat) continuous or Ul/
Creat groups as independent variables. Models were adjusted for maternal characteristics (for full models,
see footnotes b and c¢). Reported B coefficients represent the change in the mean (natural) log of Tg (ng/ml)
per unit increase in Ul/Creat (ug/g) and for each Ul/Creat category compared to the reference (‘iodine suf-
ficient’) category

®Generation R models were adjusted for: gestational week at blood extraction, age (years), pre-pregnancy
BMI (kg/m?), TPO-AD status, ethnicity, parity, smoking status, alcohol consumption and education

‘INMA models were adjusted for: gestational week at blood extraction, age (years), pre-pregnancy BMI

(kg/m?), ethnicity, parity, smoking status, alcohol consumption and education

of >500 pg/g (excessive iodine intake), median serum-Tg
was still not higher in either Generation R (10.0 ng/ml,
n=064) or in INMA (9.6 ng/ml, n=53).

In INMA, UIC and Ul/Creat were significantly lower in
women with elevated serum-Tg ( >40 ng/ml) than in women
with serum-Tg in the ‘normal’ range (Table 5). Similar pat-
terns were observed in Generation R but the differences
were smaller and statistically non-significant. There was a
higher proportion of INMA women with elevated serum-Tg
in the group with UI/Creat < 150 pg/g than in the group with
Ul/Creat> 150 pg/g (% with Tg>40 ng/ml: 6.0% vs 2.7%,
P =0.014). The proportions of Generation R women with
elevated serum-Tg were only slightly higher in the group
with UI/Creat < 150 pg/g vs > 150 pg/g and statistically non-
significant (Table 5). The results of the sensitivity analyses
using a cut-off of 55 ng/ml (the assay manufacturer’s cut-off)
were similar (Online Resource, Supplementary Table 7).

Discussion

This study aimed to identify the determinants of serum-Tg
and explore its usefulness as a biomarker of iodine status
in pregnant women. Several factors were associated with
serum-Tg in pregnant women, including smoking, ethnicity,
iodine-supplement use and milk intake. Furthermore, and
as hypothesised, UI/Creat was negatively associated with
serum-Tg in these two pregnancy cohorts from regions of

sufficient and mildly insufficient iodine intakes; the associa-
tion was most evident at group-level analyses but no continu-
ous association was observed.

Maternal characteristics, diet
and iodine-supplement use as determinants
of serum-Tg

As in several other studies in pregnant women [27, 33, 34],
higher serum-Tg was found in smoking mothers in both
pregnancy cohorts in our study. Smoking is a factor known
to interfere with the function of the thyroid gland [35]. Thio-
cyanate, an end-product of tobacco smoke detoxification,
can interfere with iodine transport in the thyroid by competi-
tively inhibiting the sodium-iodide symporter (NIS), thereby
decreasing iodide uptake by thyrocytes [36, 37]. Despite that
inhibition, the increased thyroid activity from the autoregu-
latory mechanisms that maintain iodide uptake for thyroid-
hormone synthesis, results in an increase in thyroid volume
and serum-Tg; thus Tg is a non-specific marker of the activ-
ity or stimulation state of the thyroid [38, 39]. The effect
of smoking on serum-Tg seemed stronger in INMA than in
Generation R, perhaps because iodide transport by the NIS is
affected more by competitive inhibition when iodine intake
is lower [34, 38].

In Generation R, compared to Dutch women, Turkish
women had significantly lower serum-Tg, whereas women
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Fig.2 Median (25-75th percentiles) serum thyroglobulin concentra-
tion (Tg, ng/ml) according to categories of urinary iodine-to-creati-
nine ratio (Ul/Creat, pg/g) in pregnant women from Generation R
(white columns) and from INMA (shaded columns)
from the Dutch Antilles had significantly higher serum-Tg.
These differences could be, at least partly, explained by
differences in iodine intake. In our previous study in this
cohort, we also showed that, compared to Dutch women,
Turkish women had significantly higher Ul/Creat, whereas
women from the Dutch Antilles had significantly lower Ul/
Creat [23]. Ethnicity was not associated with serum-Tg in
INMA, though the INMA cohort was not as multi-ethnic, the
proportion of non-Spanish ethnic groups being very small.
Pregnant women from INMA who used iodine-containing
supplements before pregnancy and in the first trimester had
statistically significantly lower serum-Tg, with a smaller pro-
portion of this group having elevated serum-Tg ( >40 ng/
ml) than the group of non-users. In adjusted analysis, how-
ever, iodine-supplement use was not a significant predictor
of maternal serum-Tg (continuous). INMA women were
mildly-to-moderately iodine-deficient, and therefore, iodine
supplementation might have alleviated the increase in Tg
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associated with thyroidal adaptation to low iodine intakes
(i.e., enhanced thyroidal stimulation) [39]; though the dif-
ference in serum-Tg between women who used iodine sup-
plements and those who were non-users was small (about
1 ng/ml) and probably clinically insignificant. Our recent
systematic review on the effects of iodine supplements in
mildly-to-moderately iodine-deficient pregnant women
showed that most RCTs found that iodine supplementation
resulted in a reduction in maternal serum-Tg by 18-37%
over the course of pregnancy and cross-sectional evidence
showed lower Tg in iodine-supplement users than in non-
users (mean difference ranged from 5.3 to 11.1 ng/ml) [40].
In the current study, although there was a significant nega-
tive correlation between the mean daily iodine intake from
supplements and serum-Tg in INMA women, it was only
weak and the association was not significant in adjusted
analyses, possibly suggesting that the dose of iodine used by
most women might have been insufficient to have an effect
on Tg [e.g., total mean daily iodine intake from supplements
was <40 pg/day and only 8% (n=288) had an iodine-supple-
ment intake > 150 pg/day]. An intervention study in mildly-
to-moderately iodine-deficient pregnant women showed that
Tg decreased by 36% over the course of pregnancy in the
group taking the higher dose of iodine supplement (200 pg/
day), while it increased by 25% in the group with the lower
dose (50 pg/day) [41]. It was not possible to fully explore
the association of iodine supplements with Tg in Genera-
tion R because the data on iodine-supplement use were col-
lected only for a limited number of women in this cohort
and within this group, the number of women who did not
use supplements (i.e., the reference group) was very small
relatively to those who reported iodine-supplement use. It
should, however, be noted that women in Generation R were
overall iodine-sufficient so iodine-supplementation would
not have been expected to prevent an increase in Tg that
might be related to iodine deficiency.

Milk intake in pregnancy was associated with lower
serum-Tg in both cohorts. In our previous study, milk and
dairy-product intake was an important predictor of maternal
Ul/Creat in both of these cohorts [23]. Together these find-
ings highlight the potential negative impact of plant-based
diets/diets low in milk and dairy products on iodine intake.
Although in our previous study the intake of cereal products
(e.g., bread, which is fortified with iodine in the Nether-
lands) and fish were predictors of Ul/Creat in Generation R
and INMA, respectively, these food groups were not associ-
ated with serum-Tg in the respective cohorts in the current
study. The lack of these associations with serum-Tg could be
because most Generation R women consumed bread regu-
larly (i.e., there was not enough variability in bread con-
sumption and it was not possible to create a non-consumer
group) and all INMA women consumed fish thus, the dif-
ferences in intakes of these food groups between individuals

might have not been sufficiently large to observe differences
in Tg. There was no association between salt intake (includ-
ing iodised salt) and serum-Tg in INMA; this could be
because of the limitations of FFQs in quantifying total salt
intake [4]. The observed positive association between veg-
etable intake and serum-Tg in Generation R is unexpected
but vegetable intake could be a marker of a plant-based diet
(generally low in iodine) and/or of goitrogen intake (inhibi-
tors of iodine utilisation).

Association of single spot-Ul/Creat with serum-Tg

As hypothesised, UI/Creat was negatively associated with
serum-Tg (in analyses at group level). In early pregnancy (at
median ~ 13 weeks), women with Ul/Creat < 150 ug/g had
higher serum-Tg than women with UI/Creat > 150 pg/g in
both cohorts. Serum-Tg was even higher in the groups of
women with Ul/Creat < 100 pug/g and in INMA women with
Ul/Creat < 50 pg/g. The high serum-Tg in the groups with
suboptimal iodine nutrition is likely a result of increased thy-
roid activity. The thyroid adapts in order to keep up with the
increased demand for thyroid hormone during pregnancy,
even though the iodine supply is insufficient, thereby lead-
ing to an increased amount of Tg that is being released in
the circulation [39]. These results, therefore, suggest that
Tg could be an indicator of iodine nutrition in groups of
pregnant women.

A weak negative correlation was found between Ul/Creat
and serum-Tg, particularly in INMA women; though, this
continuous association was not statistically significant in
either cohort in adjusted analysis. This finding is in agree-
ment with other studies that have investigated the continu-
ous relationship of Ul/Creat and UIC with serum-Tg during
pregnancy [27, 32, 42, 43]. Unlike urinary iodine concen-
tration which reflects recent iodine intake (i.e., in the last
24-48 h) and is not directly indicative of thyroid function,
Tg concentration provides information about longer-term
iodine intake (i.e., in weeks to months) [4] and is a non-
specific marker of thyroid activity [44]. A strong association
between the two would not be expected on an individual
level (i.e., in continuous analyses), as iodine concentration
in a casual spot-urine sample is an imprecise estimate of
habitual iodine intake in an individual [5].

Although Generation R women were classified as iodine-
sufficient and INMA women were classified as mildly-to-
moderately iodine-deficient according to the median UIC,
the overall median serum-Tg and the percentage of women
with elevated serum-Tg were only slightly higher in INMA
women. Most previous studies in iodine-deficient pregnant
populations have reported a median Tg > 13 ng/ml [11, 27,
30, 32]. In the current study, the overall median serum-Tg
in both cohorts was around 11 ng/ml and it reached > 13 ng/
ml only in the sub-groups with Ul/Creat < 100 pg/g. As
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serum-Tg was measured in the first trimester, it could be
that women in INMA could draw on their iodine stores to
compensate for their low iodine intake. With advancing
pregnancy, however, if iodine intake remains suboptimal,
the stores might get progressively depleted resulting in a pro-
gressive rise in serum-Tg concentration [39]. Indeed, a previ-
ous study in mildly-to-moderately iodine-deficient pregnant
women has shown that Tg increased over the course of ges-
tation in the group of women with UI/Creat < 150 pg/g but
remained unchanged in the group with Ul/Creat > 150 pg/g
[30]. This being the case, the differences in serum-Tg
between the two cohorts in this study might have been
more apparent if serum-Tg had been measured later in preg-
nancy. Only data on serum-Tg from early pregnancy (up to
18 weeks) were available for this study, thus it was not pos-
sible to explore the interaction between Ul/Creat and a wider
range of gestational week on serum-Tg.

In both cohorts, the median serum-Tg of pregnant
women in the groups with sufficient iodine intake (i.e., Ul/
Creat > 150 pg/g) was around 10 ng/ml. These results are
in agreement with a recent study that measured Tg from
a dried-blood spot in pregnant women across 11 countries
and suggested that a median Tg~ 10 ng/ml can be used to
indicate iodine sufficiency in a pregnant population [43]. By
contrast, several studies in non-pregnant adults have sug-
gested a higher median Tg cut-off value (< 13 ng/ml) that
indicates iodine sufficiency in a non-pregnant adult popula-
tion [11, 15].

Previous studies in schoolchildren and pregnant women
have shown a U-shaped association between UIC and
Tg, where a higher Tg concentration was observed in the
groups with low and excessive iodine intakes [13, 45]. Simi-
lar results were also reported in a study with data from 11
countries with varying iodine status, where Tg was higher
in pregnant women residing in countries with severe iodine
deficiency and more-than-adequate iodine intake than in
those with sufficient intake [43]. In the current study, how-
ever, serum-Tg was not higher in the groups with more-than-
adequate intake (UI/Creat > 250 pg/g) when compared with
the group with adequate intake. Additionally, there was no
significant non-linear association between Ul/Creat and
serum-Tg. However, it should be noted that the number of
women in the groups with excessive iodine intake in both
cohorts was probably too small to detect these effects (in
each cohort, < 65 women had Ul/Creat > 500 pg/g). Women
in these Ul/Creat groups might also not have had more-than-
adequate/excessive iodine intake over a longer period (as this
grouping was based on a single spot-UI/Creat) to result in an
increased Tg concentration.

The negative correlation between Ul/Creat and serum-Tg
in women from Generation R was weak and the continu-
ous association was not significant in adjusted analysis. In
agreement with those results, a previous study with data
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from multiple countries found no statistically significant cor-
relation between UIC and Tg in countries with sufficient or
more-than-adequate iodine intake though a significant nega-
tive correlation was found in iodine-deficient countries [43].
Similar findings were reported in studies in iodine-sufficient
pregnant women from China and Brazil [46, 47]. The dif-
ference in serum-Tg between the Ul/Creat groups ( < 150
vs > 150 pg/g) was more subtle in Generation R than in
INMA. Moreover, the proportion of Generation R women
with elevated serum-Tg (Tg>40 and > 55 ng/ml) was simi-
lar in the groups with Ul/Creat < 150 pg/g and > 150 pg/g.
The median Ul/Creat was also similar between the group
of women with elevated serum-Tg (Tg > 40 and > 55 ng/ml)
and the group with ‘normal’ serum-Tg; the median Ul/Creat
in both of these groups was indicative of sufficient iodine
intake (i.e., Ul/Creat > 150 ug/g). Conversely, in INMA, Ul/
Creat was nearly 150 pg/g in the group of women with ‘nor-
mal’ serum-Tg and ~ 100 pg/g in the groups with elevated
serum-Tg. The more subtle association between UI/Creat
and serum-Tg in Generation R could be because most Gen-
eration R women had Ul/Creat > 150 pg/g (i.e.,~70%) thus,
this cohort had limited variation in iodine intake. It is possi-
ble that, within populations that are overall iodine-sufficient,
even if iodine intake becomes low during pregnancy (e.g.,
low Ul/Creat at the time of urine-sampling), women might
have good iodine stores (as they live in an iodine-sufficient
country) to keep up with the increased thyroid-hormone
production during pregnancy without stressing the thyroid,
thereby preventing the increase in serum-Tg.

Although in these analyses there was an association of
spot-Ul/Creat with serum-Tg during pregnancy, it should be
noted that Tg is a non-specific marker of iodine nutrition and
is also dependent on thyroid activity [48]. The effect of preg-
nancy on thyroid activity should be considered when using
Tg as a biomarker of iodine nutrition in pregnant women as
physiological changes occur that are unrelated to iodine sta-
tus and can influence Tg [e.g., an increased thyroid secretory
activity and a peak in human chorionic gonadotropin (hCG)
at the end of the first trimester] [42, 48].

Overall, our results demonstrated that Tg might be a
marker of iodine status in groups of pregnant women (i.e.,
at group/population level), with higher serum-Tg in the
groups of women with low iodine intakes (particularly when
UlI/Creat <100 pg/g). Median serum-Tg around 10 ng/ml
seems indicative of sufficient iodine intake (defined by UI/
Creat > 150 pg/g) in a group of pregnant women, confirm-
ing the findings by Stinca et al. 2017 [43]. Tg concentra-
tion might be a more sensitive biomarker of iodine status in
pregnant populations if measured later in pregnancy (e.g.,
in the second/third trimester; though these later measures
of iodine status might not be as useful as measures ear-
lier in pregnancy, considering the importance of sufficient
iodine intake in the first trimester) for two reasons: (i) the
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ability of Tg to distinguish between an iodine-sufficient and
mildly-to-moderately iodine-deficient pregnant population
might be dependent on the maternal thyroid iodine stores;
if iodine intake remains low in pregnancy, the stores will
get progressively depleted resulting in a progressive rise in
serum Tg in the later stages of pregnancy and a more appar-
ent difference between an iodine-sufficient and a mildly-to-
moderately iodine-deficient group of pregnant women; (ii)
Tg is a non-specific marker of thyroid stimulation and thus,
its concentration might be influenced by pregnancy-related
changes other than iodine intake, such as the increase in
thyroid secretory activity and the peak in hCG at the end of
the first trimester.

Although Tg seems a useful biomarker of iodine nutri-
tion in groups, the use of Tg for an individual is unclear.
As Tg concentration seems to reflect changes in iodine
intake in the preceding weeks to months, Tg should be
validated using multiple urinary-iodine measurements col-
lected prior to the Tg measurement, or a measurement of
long-term iodine intake estimated from an FFQ. An RCT
in mildly iodine-deficient adults showed that 24 weeks of
iodine supplementation were required to observe a fall in
Tg from 20 ng/ml at baseline to 13 ng/ml (the proposed
cut-off for children) [15]. These findings were supported by
an RCT in mildly-to-moderately iodine-deficient pregnant
women, where compared to its first-trimester values, by the
third trimester, Tg decreased by 27% in response to iodine
supplementation, while it increased by 17% in the placebo
group [16]. The changes in Tg during pregnancy might be
dependent on the baseline iodine status and the amount of
iodine stored in the thyroid. For instance, in a previous study
of pregnant women, Tg increased from 17 ng/ml at 12 weeks
to 20 ng/ml at 35 weeks in the group of women with Ul/
Creat < 150 pg/g but remained unchanged in the group with
Ul/Creat > 150 pg/g (~ 16 ng/ml) [30]. Tg also did not differ
by trimester in iodine-sufficient euthyroid pregnant women
[43].

Strengths and limitations

Data from a large number of pregnant women residing in
areas of iodine sufficiency and mild-to-moderate iodine defi-
ciency enabled the exploration of the relationship between
Ul/Creat and Tg in two different settings of baseline iodine
status. Data on several maternal socio-demographic and
socio-economic characteristics were available and accounted
for in these analyses, minimising their potential confound-
ing effect on the association between iodine and Tg. The
simultaneous measurement of Tg-Abs enabled the exclusion
of Tg-Ab positive women thus limiting their known interfer-
ence with the interpretation of Tg measurements [11].
Only a single Tg measurement from early pregnancy was
available; the potential change in Tg over gestation and the

association of Ul/Creat with Tg in late pregnancy could not
be evaluated. The use of single spot-urine samples for the
measurement of UIC is a limitation but this was somewhat
accounted for by expressing it per unit creatinine; using the
Ul/Creat instead of UIC alone has lower variability and bet-
ter reflects the 24-h UIE and serum iodine concentration [5,
7-10]. Information on iodine-supplement use was available
only for a sub-set of Generation R women and there were
no data on supplement dose hence the effect of iodine-con-
taining supplements on Tg could not be fully evaluated in
this cohort.

Conclusion

Our findings suggest that Tg can be a useful marker of sub-
optimal iodine nutrition in subgroups of pregnant women
residing in areas of overall iodine sufficiency and mild-to-
moderate iodine deficiency. However, the ability of Tg to
distinguish between overall iodine-sufficient and mildly
iodine-deficient populations is not clear and might be con-
founded by maternal pre-pregnancy thyroidal iodine stores
and the pregnancy time-point at which Tg is measured. As
more studies are needed into the usefulness of Tg in moni-
toring the iodine nutritional status in pregnancy, Tg could
be used as a complementary functional indicator of iodine
status, alongside biomarkers of recent iodine intake such as
UIC or Ul/Creat. It is important to consider that the meas-
urement of serum-Tg from blood samples is more invasive
and costly than measuring UIC from spot-urine samples for
epidemiological research and public-health monitoring of
population iodine status. Validated biomarkers of individual
iodine status are still lacking and require future work.
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