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Abstract: Universal salt iodisation (USI) plays an essential role in the provision of iodine (I) to
populations worldwide. Countries adopting USI programmes, adhering to strict criteria laid down by
expert organisations such as the Iodine Global Network, are estimated to have reduced the prevalence
of I deficiency by 75% (protecting 720 million individuals worldwide). Despite this success, doubts
have been raised as to the desirability of continuing such programmes because of (a) the need to
reduce salt intake for cardiovascular prevention and (b) the induction of thyroid autoimmunity.
We present current evidence from cross-sectional studies in several disparate populations of the
possible short-term modulation of thyroid autoimmune markers, thyroid peroxidase (TPOAb) and
thyroglobulin antibodies (TgAb), with minimal disruption of biochemical thyroid function. We also
present evidence from longer term, mainly cross-sectional studies, that indicate a reduction in the
prevalence of TPOAb and TgAb, and the persistence of normal biochemical thyroid function over
as long as two decades of USI. We believe these studies indicate that USI is safe, and that long-term
salt iodisation does not cause an increase in autoimmune thyroid disease in the populations studied
and should not be a safety concern based on current evidence. More long-term and better-designed
studies are required.
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1. Introduction

Iodine (I) is a micronutrient essential for human growth, development and organ
function, all of which are mediated through its role in thyroid hormone synthesis [1-4].
The thyroid produces two iodinated hormones, and this synthetic function depends on
aregular and adequate I supply. The current primary source of I in many regions of the
world is iodised salt obtained through national universal salt iodisation (USI) schemes
introduced over the last decades [4]. The WHO recommends a median urine I concentration
between 100 and 199 ng/L as “adequate” I nutrition in community assessments of the
population [5]. Recent surveys indicate a variable coverage of salt iodisation in large parts
of the world, with deficient coverage in some, particularly in the East Asia region [6]. I
obtained from dietary sources is reduced to iodide after ingestion and is absorbed through
the stomach and duodenal mucosa utilising the sodium iodide symporter mechanism
present on the basolateral plasma membrane of small-bowel enterocytes [3,7,8]. Absorbed I
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is largely stored in the thyroid and later used for the synthesis of triiodothyronine (T3) and
thyroxine (T4) controlled by the hypothalamo-pituitary—thyroid control mechanism [3].

I deficiency may manifest itself clinically from foetal to adult life and cause stillbirth,
irreversible brain damage, intellectual impairment, impaired growth, goitre etc. [9-13]. Al-
though national USI schemes have ameliorated most of the above in countries where it has
been successfully adopted, constant monitoring is essential to prevent both I undernutrition
or excess. It has latterly been shown that the relationship between I nutrition and thyroid
dysfunction is a U-shaped one: both the excess and deficiency of I may result in biochemical
thyroid dysfunction, including thyroid autoimmunity, even when the influence of other
factors have been eliminated [12]. In this regard, the early “peak” of thyroid autoimmune
markers seem to subside with continuing and optimal I nutrition over many years [14,15].
The contribution of co-existent autoimmune disease, population genetics and other nu-
tritional factors (e.g., selenium) need to be considered when attributing cause and effect
to suboptimal I nutrition particularly in the development of thyroid autoimmunity [4,16].
Selenium deficiency has been highlighted as a contributor to thyroid autoimmune disease
in this regard in large population studies and will need to be investigated more fully
regarding its contribution to the manifestations of suboptimal I nutrition [17]. Thyroid
autoimmunity may manifest itself as a high prevalence of thyroid autoimmune markers,
e.g., TPOADb and TgAb, or as an increased prevalence of thyroid dysfunction in the form
usually of overt or subclinical hypothyroidism [18]. While abnormal thyroid “function”
(both hypothyroidism and hyperthyroidism) can result from suboptimal I nutrition, we
shall concentrate on the available evidence and possible mechanisms for the potential
modulation of thyroid autoimmunity with continuing I intake. We wish to reiterate that
correctly administered USI remains a cornerstone of global public health, of which the
benefits far outweigh its potential and hitherto unclear disadvantages [5].

2. Iodine and Thyroid Autoimmunity—Evidence

Studies reporting a relatively early change (within 5-8 years) to thyroid autoimmu-
nity (and indeed subclinical hypothyroidism) after USI have been carried out mainly in
Denmark [14,19-21], Sri Lanka [22-24] and China [25-28] (Table 1). These are mainly
cross-sectional in design, with only one small cohort being followed up in Sri Lanka for
a few years [23]. They showed an increased prevalence of thyroid antibodies and evidence
of thyroid dysfunction in a minority. However, studies undertaken many years or a few
decades after USI (see below) from Sri Lanka, Italy, Australia and China (all between 15
and 20 years after USI) have largely shown an approximate return to pre-USI levels of
thyroid antibody prevalence and biochemical thyroid function; data are however, incom-
plete from some of these regions for comparison with previous years, and for providing
incontrovertible evidence for modulation of autoimmune markers.

Table 1. Studies related to early autoimmune thyroid dysfunction after USI.

Author, Year, (Ref.), Country Study Population Post-USI Changes in Pattern of Thyroid Disorders
n = Number (Years)
of Participants
Laurberg, 2006 Denmark Community-dwelling 4-5 (1)  UI53 LL (Aalborg) and 68 ug/L (Copenhagen) in
[13] population sampled from the two areas
n = 4649 two areas with different (2)  TgAb prevalence at 13.0%; TPOAb

iodine intakes: Aalborg and prevalence at 13.1%

Copenhagen (3)  Increased incidence of hyperthyroidism in

old and young

(4)  (Summary antibody titers or p values were not
given in this study)
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Table 1. Cont.

Author, Year, (Ref.), Country Study Population Post-USI Changes in Pattern of Thyroid Disorders
n = Number (Years)
of Participants
Pedersen, 2011 Denmark Community-dwelling 4-5 (1) TPOADb prevalence (defined as TPOAb > 30 U/mL,)
[14] population sampled from was 14.3% before USI and increased to 23.8% after
n = 4649 + 3570 two areas with different USI (p< 0.001) TgAb prevalence (defined as
iodine intake before and TgAb > 20 U/mL) was 13.9% and
after USI increased to 19.9% (p < 0.001)
Females—3712 (19-65 years); (2)  Pronounced in young women (18-45 years) and
Males—937 (61-65 years) mostly at low concentrations N.B. When the cutoff
for antibody positivity was increased to >60 U/mL
The prevalence of TPOAb was significantly lower:
11. 4 vs. 14.1%, p < 0.001; and there was no increase in
TgAb prevalence: 7.9% vs. 8.6%, p = 0.158.
Premawardhana, Sri Lanka Female schoolchildren 5 (1) TPOADb (>19.4 kIU/L) prevalence <10% in all ages
2000 aged 11-16 years from three (2) TgAb (>98 kIU/L) prevalence 14.3% in 11 years,
[22] areas with different endemic 19.5% in 12 years, 44.1% in 13 years, 53.0%in
n =367 goitre prevalence 14 years, 52.0% in 15 years and 69.7% in
16 years old schoolchildren
(3)  TgAb detected at low concentrations and mostly in
areas with the highest prevalence of goitre
(4)  No overt thyroid dysfunction
Mazziotti, 2003 . a. Female schoolchildren TgAb (>98 kIU/L) and TPOAD (>19.4 kIU/L)—
[23] Sri Lanka aged 11-17.5 years 8 o
(1) TgAb prevalence 34.8%
n =282 from three areas with (2) TgAb + TPOAD prevalence 46.9%
different endemic (3)  Reduced TgADb prevalence (from up to 70% to
goitre prevalence about 40%)
(4)  Increased TPOAD prevalence (from < 10% to 18.6%)
(5)  Increased subclinical hypothyroidism (defined as
TSH > 5.2 mIU/L) from 1.0% to 6.3%)
(6)  No overt thyroid dysfunction—reference ranges for
FT3 3.5-6.8 pmol/L; fT4 9.8-23 pmol /L and TSH
0.35-5.2 mU/L
b.  Follow up of (1)  Reduced thyroid antibody prevalence—TgAb +
42 schoolchildren TPOAD 23.8% vs. 46.9% 5 years before
from previous study: (2)  Normal biochemical thyroid function
3 years later
Li, 2008 China Individuals aged more than 3-8 (1) TPOAD and TgAb (more frequent in women and in
[28] 13 years from three areas with higher I intake) was 9.81 and 9.09%,

n = 3018 baseline study
and 2381 follow up
study in 5 years

communities with different
levels of iodine intake
Unselected adult subjects;
Baseline study:
females—2827; males—934
Follow up study:
females—1748; males—633

@
©)
©

)

respectively, at baseline (higher in older
individuals) (reference ranges for TPOAb and
TgAD are 35 and 40 IU/mL, respectively, and TSH
(0.34.8 mIU/L)

Follow up cumulative incidence was TPOAb 2.9%;
TgADb 3.9%

Increase of S-Hypo only in area with more than
adequate/excess iodine intake (median UI 150 g/L)
The percentage of elevated TSH (TSH > 4.8 mIU/L)
in either TPOAD or TgAb-positive subjects was
14.8%, and 2.7% in the antibody negative

group (p < 0.0001)

The percentage of subnormal TSH

(TSH < 0.3 mIU/L) in either TPOAb or
TgAb-positive subjects was 15.3%, and 3.3% in the
antibody-negative group (p < 0.0001)

The above studies show early thyroid autoimmune perturbations after the introduction of national schemes of USI.

While changes occurred to the markers of thyroid autoimmunity (TgAb and TPOAD), overt or subclinical thyroid

dysfunction was rare (see text). Ul—urine iodine; USI—Universal Salt Iodisation; FT3—free triiodothyronine;

FT4—free thyroxine; TSH—thyroid stimulating hormone.
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2.1. Evidence from Short-Term Studies

)

(ii)

(iii)

Four-to-five years after the introduction of USI in Denmark, the prevalence of TPOAb
increased from 14.3% to 23.8%, and the prevalence of TgAb increased from 13.7%
to 19.9% [14]. The increase was greatest in young women and only high levels of
TPOAb were linked to thyroid dysfunction, i.e., high TSH levels [14]. A similar
increase in TPOADb and TgAb prevalence occurred in pregnant women over a period
of 10 years, without a change in thyroid function [21] These findings are consistent
with the DanThyr data [20,29].

Our own studies of schoolchildren in Sri Lanka have shown interesting results:
(a) there was a high TgAb prevalence of 42.1% and a TPOADb prevalence of 8.7%
about 5 years after USI was introduced, with a 1.1% prevalence of subclinical hypothy-
roidism in female schoolchildren [22]. This high prevalence of thyroid antibodies
was predominantly in high-endemic-goitre areas denoting a predilection for areas
with high levels of I deficiency. (b) Three years later, a further study in schoolgirls
revealed a lower prevalence of thyroid antibodies despite unchanged (and satisfac-
tory) urinary iodine concentrations. The prevalence of TgAb alone was 34%, TPOAb
alone was 18.2%, and combined TPOAb and TgAb prevalence was 46.9% indicat-
ing a decrease in TgAb prevalence and a mild increase in TPOAb prevalence. The
prevalence of subclinical hypothyroidism increased slightly too (2.1%). There was
a lower mean thyroid volume and goitre prevalence in the second study (both when
thyroid volume in relation to age and body surface area were concerned) [23]. (c) Of
the forty-two schoolgirls followed up from the previous study (81% with TgAb, 19%
with TPOAD initially), TgAb had become negative in 84% of the previously TgAb
positive individuals, but 21.4% were TPOAb-positive. However, all these individuals
had normal biochemical thyroid function [23].

Similar patterns have emerged from China [25-28]. In the largest such study con-
ducted by Li et al. [27] a baseline prevalence of TPOAb and TgAb of 9.81 and 9.09%,
respectively, (higher prevalence in women, older individuals and in areas with high
I intake) was found. The follow-up cumulative incidence 5 years later was TPOAb
2.92% and TgADb 3.87%. The increase in S-Hypo was only seen in areas with more-than-
adequate/excess iodine intake. The authors of these studies contend that an adequate
intake of I is safe in terms of the development of thyroid autoimmunity, but both I
deficiency and I excess are associated with increased thyroid autoantibody prevalence
and AITD (Table 1).

2.2. Evidence from Long-Term Studies

However, studies carried out after over a decade or more of USI have indicated

that population thyroid autoimmune parameters were stable after USI for many years,
extending even up to 20 years.

)

(ii)

(iii)

A large well-conducted retrospective study from Tasmania of more than 350,000 individuals
showed that between 1995 and 2013, the (i) median urine iodine content increased
from 75 to 108 pg/L; (ii) there was no significant increase in TPOAD over time (18.6%
vs. 21.6% in those <40 years of age; 28.7% vs. 28.1% > 40 years pre- and post-USI,
respectively); and (iii) there was a decreasing trend in overt thyroid dysfunction, after
the introduction of USI [30].

A study from Northeast Germany (population recruited 7 and 17 years after USI)
found that median urinary iodine concentrations decreased from 123 to 112 ug/L be-
tween 2000 and 2010, and thyroid autoimmune markers were stable with a decreased
prevalence of goitre [31]. However, the prevalence of known thyroid disorders in-
creased from 7.6 to 18.9%. The prevalence of positive TPOAb decreased from 3.9 to
2.9% (p = 0.022), and the prevalence of goitre decreased from 35.1 to 29.4% (p < 0.001).
In the Pescapagano survey in Italy (15 years after USI was introduced), there was
an increase in thyroid autoimmunity in both males and females, with an increase in
TgAb, which was more evident in those with ultrasound evidence of thyroiditis [32,33].
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TgAb and TPOAD were present in 12.6% (age-related increase from 2.4% in children
to 21.9% in the 46-55-year-old groups). More frequent in goitrous than non-goitrous
individuals (14.6% vs. 5.9%).

(iv) Sixteen years after USI was introduced, a study from China [34] indicated that the
prevalence of TPOAb was 9.8% and TgAb was 9.1 of %. This increased to a prevalence
of TPOAD of 12.6% and TgAb of 11.5% in 2010. But in another study, 20 years after USI,
the prevalence of TPOAb was 9.7% and TgAb 10.2% [27], indicating relative stability
after many years of USI. China has eliminated I deficiency in 28 of its provinces and is
on the way to eliminating I deficiency in a further 4 [15]. Furthermore, there is new
evidence of the influence of selenium on the prevalence of thyroid autoimmunity in
China, which needs to be confirmed in studies from other areas [35].

(v) InSri Lanka, with continuing stable and adequate I nutrition 20 years after the intro-
duction of USI (median urine iodine 138.5 pug/L, IQR 79.4, 219), TgAb prevalence was
6.4% with a persistently but minimally elevated TPOAD of 10.3% and a prevalence
of subclinical hypothyroidism of 3% using population-derived reference ranges [36].
The strongest association with biochemical thyroid dysfunction was in those with
TPOAD concentrations of more than four times the upper limit of the reference range
(33.8% of those who had TPOAD). There had, therefore, been a modulation of thy-
roid autoantibody profiles to a more “benign” pattern of thyroid autoimmunity,
which is reassuring [22,36]

(vi) A recent analysis of the NHANES data from the USA [37] indicated that high urine
iodine concentrations (500-800 ug/L) were associated with a higher risk of TPOAb
positivity (OR 1.57; 1.07-2.3), TgAb positivity (OR 2.00; 1.1-3.65), and a higher thyroid
autoimmune disease risk (62%) compared to those with a urine iodine of 100-200 pg/L.
However, the authors showed a trend towards a U-shaped relationship between urine
iodine and the risk of developing TPOAb. They also showed that these risks were
modulated by the selenium content in the blood with this association disappearing at
high selenium levels [37].

2.3. Thyroid Ultrasound Echogenicity as a Marker of Autoimmune Destruction

Studies that have investigated thyroid ultrasound hypoechogenicity as a marker of
autoimmune destruction yielded mixed results—(a) a study from Brazil, showed increased
hypoechogenicity of the thyroid in children when urine iodine was more than 300 pg/L
and a decrease in hypoechogenicity when mean urine iodine was 165 pg/L [38]; (b) a study
from Italy confirmed moderate or marked hypoechogenicity of the thyroid in 6.6% children
whose median urine iodine was 129 ug/L (iodine sufficient) compared to a prevalence
of 10.9% in areas where median urine iodine was 89 pg/L [39]; (c) in Liguria (Italy)
where comparison was made with data collected 8 years previously (2 years after USI was
undertaken), there was no increase in thyroid hypoechogenicity—3.3% vs. 2.7% [40]. These
studies confirm the lack of thyroid damage as evidenced by thyroid hypoechogenicity after
USI when adequate iodoprophylaxis is achieved [40].

3. Iodine and Thyroid Autoimmunity
3.1. Thyroid Antigens and Antibodies

The predominant antigens involved in thyroid autoimmunity are thyroid peroxidase
(TPO), thyroglobulin (Tg) and the TSH receptor (TSHR). The role of the sodium iodide
symporter (NIS) and pendrin (Pen) in the thyroid autoimmune process has not hitherto
been delineated accurately [41].

TPO is a membrane-bound intracellular antigen [42]. Polyclonal TPOAb, mainly
of IgG1 and IgG4 varieties [43], are directed towards the same TPO epitopes in normal
individuals and thyroid disease. Tg contains many epitopes, out of which only a few are
immunogenic [44,45]. TgAb found in healthy individuals are polyclonal usually and those
found in AITD are oligoclonal and directed against specific epitopes [46]. It is also known
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that even within the different AITDs, TgAb subclasses were variable: IgG4 predominant in
Graves’ disease (GD) and IgG2 predominant in Hashimoto’s thyroiditis (HT) [46].

Although autoimmune thyroid antibodies usually correlate well with the degree of
thyroid “damage” in AITD [47], they may also appear in serum with minimal histological
damage to the thyroid gland [48]. The effect of salt iodisation and increasing population
I'levels on their prevalence and its modulation has been discussed above.

3.2. Thyroid Peroxidase Antibodies (TPOAb)

Thyroid peroxidase is an enzyme closely related to thyroid hormone synthesis [49]. It
is also an autoantigen to which antibodies (TPOAD) are directed in autoimmune thyroid
disease, AITD [50]. While almost all subjects with HT and about 75% of subjects with GD
have TPOAD, it is also known that their presence in unaffected individuals may portend
future thyroid disease [50]. The mechanisms by which TPOAD are involved in thyroid
autoimmunity involve causing thyroid cell death via antibody-dependent cytotoxic cells
(ADCC), and C3 complement mediated cell death [51]. TPOAb may also contribute to
thyroid autoimmunity by influencing the T-cell epitope repertoire [52].

3.3. Thyroglobulin Antibodies (TgAb)

Thyroglobulin is an iodinated protein and is the most abundant antigen in the thyroid
gland, forming the matrix for thyroid hormone synthesis and storage [53,54] TgAb are
found both in HT and euthyroid normal subjects, and seem to be less predictive of AITD
than TPOAb. However, the epitopic patterns of subjects with autoimmunity-induced HT
are different to those in normal subjects (as discussed above) and may help in identifying
“pathogenic” TgAb, signifying autoimmune thyroid perturbations in them [55].

3.4. Sodium Iodide Symporter (NISAb) and Pendrin Antibodies (PenAb)

The role of NISAb and PenAb is still to be accurately delineated. Although NISAb is
found in GD specially, its role in thyroid autoimmunity is unclear [56,57].

3.5. Possible Mechanisms

The exact role of I in thyroid autoimmunity induction is still debated and remains
unsettled [58]. The likely possibilities are as follows:

(i) A direct influence on immune effector cells initiating and propagating thyroid au-
toimmunity:: this is characterized by increased thyroid lymphocyte infiltration, MHC
Class II expression on thyrocytes, increased cytokine secretion and increased thyroid
antibody secretion [58]. Thyroid immunity can be ameliorated by depleting immune
effector cells CD4* and CD8* T cells or B cells, adding further credence to this possi-
bility [59,60]. Animal experiments have shown that I treatment increases intracellular
adhesion molecule-1 (ICAM-1) concentrations within the thyroid [61], enhancing
immunocompetent lymphocyte infiltration into the thyroid. This holds true for other
cytokines too.

(ii) An indirect mechanism whereby the possible effects on thyroid tissue produce sec-
ondary immune effects: the role of a sudden change in I nutrition and the induction of
free radicals in producing thyroid damage have been invoked as a possible mechanism
for the above [57,62].

(iii) IncreasingIhas also been shown to increase the immunogenicity of thyroglobulin (Tg).
Early in vitro and animal experiments have demonstrated this phenomenon [61,62]. It
has been shown that increasing Tg iodination uncovers normally hidden or “cryptic”
epitopes which are highly immunogenic and leads to increased TgAb formation.
This phenomenon is likely when I nutritional status changes in humans upon the
introduction of salt iodisation and was confirmed in early studies from Italy.
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4. Conclusions

USI mandates that all salt used for household food and processed food preparation
is iodised within strictly specified criteria [63,64]. This programme adopted by many
governments throughout the world has ensured an adequate supply of I to growing infants,
children, pregnant and lactating mothers; perhaps the most important group with regards
to iodine supplementation with the aim of preserving adequate cerebral function and
intelligence [65]. It is estimated that USI has prevented an estimated 720 million cases
of iodine deficiency—a 75% reduction from predicted figures [65]—and has proven to be
highly cost effective. This is a major public health achievement and should be encouraged
to continue, particularly in the prevention of childhood iodine-deficiency-related disease.
However, it is estimated that 1.88 billion people across the world remain at the risk of
iodine deficiency [64].

Despite the above facts, there are “threats” to the continued implementation of USI
from several angles. Amongst them is (a) the recent drive to limit salt consumption (in turn
to reduce hypertension, cardio- and cerebrovascular disease) [64] and (b) evidence suggest-
ing possible initiation of thyroid autoimmunity. We contend that although there maybe
evidence for an increased prevalence of thyroid autoimmune markers in the early years af-
ter US], the studies that demonstrated this phenomenon were small cross-sectional studies,
using variable methodology (e.g., in the demographic characteristics of the populations
studied and the biochemical and immunological assays used), with a very limited follow up
of affected cohorts. Furthermore, there is also good evidence that this initial “spike” seems
to settle with a return to pre-USI levels, and long-term studies have confirmed this fact.
Supporting USI programmes is essential to prevent a breakdown in the supply of iodine to
vulnerable groups, as shown in studies in pregnant women from Sri Lanka: a median UIC
which increased from 114 (59.5-193.1) pug/L in 2010 to 158 (90.6-256.3) ug/L in 2015, but
declined to 77 (38.8-141.8) ug/L in 2022 (Figure 1) [66].

Median urine iodine concentrations in pregnant women
180
160
140
120
100
80
60 114
40
20

Median Urine iodine concentrations

02010 m2015 852022

Figure 1. Median urine iodine concentrations in pregnant women in Sri Lanka in surveys carried out
in 2010, 2015 and 2022 (adapted from reference [66]).
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