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Abstract
Objective: Over 300 million people rely on desalinated seawater and the numbers
are growing. Desalination removes iodine from water and could increase the risk
of iodine-deﬁciency disorders (IDD). The present study assessed the relationship
between iodine intake and thyroid function in an area reliant on desalination.
Design: A case–control study was performed between March 2012 and March
2014. Thyroid function was rigorously assessed by clinical examination,
ultrasound and blood tests, including serum thyroglobulin (Tg) and autoimmune
antibodies. Iodine intake and the contribution made by unﬁltered tap water were
estimated by FFQ. The contribution of drinking-water to iodine intake was
modelled using three iodine concentrations: likely, worst-case and best-case
scenario.
Setting: The setting for the study was a hospital located on the southern Israeli
Mediterranean coast.
Subjects: Adult volunteers (n 102), 21–80 years old, prospectively recruited.
Results: After screening, seventy-four participants met the inclusion criteria.
Thirty-seven were euthyroid controls. Among those with thyroid dysfunction,
twenty-nine were classiﬁed with non-autoimmune thyroid disease (NATD) after
excluding eight cases with autoimmunity. Seventy per cent of all participants had
iodine intake below the Estimated Average Requirement (EAR) of 95 µg/d.
Participants with NATD were signiﬁcantly more likely to have probable IDD with
intake below the EAR (OR = 5·2; 95 % CI 1·8, 15·2) and abnormal serum
Tg > 40 ng/ml (OR = 5·8; 95 % CI 1·6, 20·8).
Conclusions: Evidence of prevalent probable IDD in a population reliant on
desalinated seawater supports the urgent need to probe the impact of desalinated
water on thyroid health in Israel and elsewhere.

Chronically insufﬁcient iodine intake may lead to disorders
of the thyroid collectively called iodine-deﬁciency disorders (IDD)(1–5). IDD cause impaired mental function,
reduced work productivity, hyperthyroidism, and hypothyroidism in moderate-to-severe iodine deﬁciency and
goitre, including irreversible non-toxic nodular goitre
(NNG)(5–7). Pregnant women, the developing fetus and
children are particularly vulnerable to the effects of iodine
deﬁciency(1,5). An estimated 2 billion people worldwide
are at risk of IDD(1,4). The problem is not limited to the
developing world: about 50 % of Europe’s population
remains mildly iodine deﬁcient, and iodine intakes have
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fallen in recent years in other industrialized countries
including the USA and Australia(5). National public health
programmes that include routine monitoring of iodine
intake and universal salt iodization are the recognized
standard for preventing IDD(4). Such continuous
monitoring of the sources and intake of dietary iodine,
especially with increased desalination, are crucial to
identify changes in iodine intake and prevent attendant
health problems.
In some regions, the concentration of iodine in a
population’s water supply is an important determinant of
intake(8). If the concentration is high enough, unﬁltered

© The Authors 2016

Seawater desalination and IDD

drinking-water can provide a substantial proportion of the
daily requirement(9). Iodine in water also contributes to
food iodine content through agricultural dairy and crop
production(10).
With surging population growth and water scarcity
worldwide, seawater desalination is increasingly used
to meet increased demand for water(11). Over 17 000
desalination plants in 150 countries produce more than
80 million cubic metres of water per day for over
300 million people(12). In the process, desalination
typically removes almost all of the water’s iodine(13). Thus,
theoretically, increased reliance on desalination could
contribute to an increase in IDD.
Israel is a world leader in seawater desalination. Some
of the world’s largest seawater reverse-osmosis (SWRO)
desalination plants, constructed along Israel’s Mediterranean coast, now supply a growing proportion of Israel’s
drinking and irrigation water(14). The desalinated water is
supplied through a national water network that includes a
seasonally varied mix of water from two other main
sources: (i) the National Water Carrier that conveys surface
water from the Sea of Galilee, a freshwater lake in the
north, to the central and southern regions; and (ii) a system
of wells that tap into underground aquifers and are fed
locally into regional and municipal water works(15).
A smaller amount of desalinated brackish water and treated
wastewater is also used for agriculture(16–18).
Between 2008 and 2015 SWRO capacity increased by over
400 % from 140 million cubic metres to 585 million cubic
metres, and production is planned to exceed 800 million
cubic metres by 2020(14). At present, desalination provides
approximately one-third of Israel’s total water supply and up
to half of its drinking-water overall(14), and 85–99 % of
drinking-water in some municipalities (Y Kasperuk, Israel’s
Southern Region Water Supply Engineer, Mekorot Israel
National Water Co., personal communication, 7 April 2014).
Since SWRO typically removes 90–98 % of soluble minerals,
including iodine, from seawater(19), the increased proportion
of desalinated water used by consumers suggests that
drinking-water will contribute signiﬁcantly less to iodine
intake in the population.
Current data for iodine concentration in drinking-water
in Israel are unavailable. In the absence of such an
overview, the case of Ashkelon may be instructive.
In 2003, tap water in Ashkelon came from the national
water carrier and local wells with an estimated weighted
average concentration of 52 µg/l(20). In 2005 the Ashkelon
desalination plant began supplying desalinated water to
the Ashkelon District water network and beyond(21,22).
A 2008 survey of tap water iodine content conducted by
the Public Health Service of the Ministry of Health found
an average concentration of 27 µg/l(23). Since then the
proportion of SWRO desalinated water in Ashkelon’s
supply has increased to ~60 % (Y Kasperuk, personal
communication, 7 April 2014), predicting a further
decrease in tap water iodine concentration(14).
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There is scant information on iodine status and IDD in
Israel to relate to these data, as Israel is one of the few
countries that has no salt iodization policy(24) and has
never conducted a national iodine intake survey(25). It is
assumed that about 3 % of the table salt produced in Israel
is iodized(24). However, unpublished results from the ﬁrst
and second Israeli National Health Interview Surveys,
INHIS-1 (2003–2004) and INHIS-2 (2007–2010) conducted
by the Israel Center for Disease Control (ICDC), show that
between 2003 and 2010 the self-reported use of thyroid
medication among Israeli adults increased by 63 % from 29
to 47 per 1000 adults (ICDC, personal communication,
2013). The causes of this apparent rise in prevalent
thyroid disease have not been established; however, it is
concurrent with the increased reliance on iodine-poor
desalinated seawater. Given the growing use of SWRO
desalination for drinking-water around the world(12,26),
investigating the possibility that the resulting reduction
in available iodine may be contributing to increased
incidence of IDD has both local and global signiﬁcance.
We therefore compared the prevalence of poor iodine intake
in a case–control study of Israeli adults who use desalinated
seawater and probably harbour IDD, and modelled the
contribution of drinking-water to iodine intake.

Materials and methods
Design, settings and participants
The research protocol was approved by the medical ethics
committee of Barzilai University Medical Center Ashkelon
(BUMCA). All participants provided written informed
consent after the research protocols were explained to
them in detail.
Volunteers were prospectively recruited from inpatients
and outpatients attending the BUMCA between March
2012 and March 2014. Recruitment, inclusion, exclusion
and data collection were described previously in an earlier
report on a subset of this population that focused on
iodine intake and NNG(27). Brieﬂy, volunteers were classiﬁed as cases or controls, after their medical ﬁles were
carefully screened, and all were interviewed using a
structured sociodemographic, health and habits questionnaire. Only volunteers who had not changed their
address or iodine intake habits during the 2 years prior to
initiating the study were included. Moreover, patients
were included only if their ﬁrst diagnosis of any thyroid
disease, according to either self-report or medical ﬁle, was
made less than 5 years prior to the study. All participants
with suspected thyroid disease underwent both ultrasound
and ﬁne-needle aspiration biopsy examinations. Volunteers with any autoimmune disease other than autoimmune thyroid disease (AITD) were excluded, as were
those with a BMI of <18·5 or >35·0 kg/m2, those currently
using iodine-containing or steroidal drugs, those with past
or current cancer diagnosis and those currently pregnant.

2810

YS Ovadia et al.

Table 1 Diagnostic criteria for thyroid diseases
Thyroid disease type
Non-autoimmune thyroid disease (NATD)
Non-toxic nodular goitre (NNG)
Single nodule
Multiple nodules
Hypothyroidism
Overt
Subclinical
Hyperthyroidism
Overt
Subclinical
Autoimmune thyroid disease (AITD)
Hashimoto thyroiditis
Graves’ disease

Diagnostic criteria

Goitre with nodule >5 mm in diameter, TSH within the normal range*
Two or more nodules >5 mm in diameter, TSH within the normal range*
TSH > 4 mIU/l, FT4 < 0·8 ng/dl
TSH > 4 mIU/l, FT4 within the normal range*
TSH < 0·4 mIU/l, FT4 > 1·8 ng/dl
TSH < 0·4 mIU/l, FT4 within the normal range*
Overt or subclinical hypothyroidism, TPOAb > 35 IU/ml (with or without nodular goitre)
Overt hyperthyroidism, TPOAb > 35 IU/ml (with or without diffuse goitre†)

TSH, thyrotropin; FT4, free thyroxine; TPOAb, thyroid peroxidase antibody.
*The reference range for TSH is 0·4–4·0 mIU/l and for FT4 is 0·8–1·8 ng/dl; to convert values for FT4 from ng/dl to pmol/l, multiply by 12·87.
†Diffuse goitre = thyroid volume >19·4 ml (women) or >25·6 ml (men) without nodules.

Diagnostic criteria for all thyroid conditions included in
the present study are listed in Table 1. Patients with
Hashimoto thyroiditis and Graves’ disease were classiﬁed
as having AITD. After excluding patients with AITD,
patients with untreated NNG, hyperthyroidism and hypothyroidism were classiﬁed as harbouring non-autoimmune
thyroid disease (NATD). For NNG, each nodule was
diagnosed as benign according to the ﬁne-needle aspiration biopsy report. Blood drawn for determination of
serum thyroglobulin (Tg) was taken at least 2 weeks after
this procedure. Notably, the exposure variables of estimated dietary iodine intake and serum Tg were not used
to classify participants as NATD.
Risk factors for thyroid disease
Each participant was interviewed about risk factors for
thyroid disease including selected daily dietary goitrogen
exposure (pine nuts, almonds, millet, linseeds, sorghum,
sweet potato, cabbage, kale, cauliﬂower, broccoli), daily
alcohol consumption(28), previous X-ray examinations
involving the jaw or neck area, post-psychological stressful event, use of thyroid-disrupting medication, family
history of thyroid disease, current smoking habits and
menopause (for women).
Semi-quantitative iodine FFQ
Habitual dietary iodine intake was estimated by a semiquantitative iodine FFQ (sIFFQ) that was adapted and
translated from the only questionnaire that was validated
before the current research was conducted(29,30). This
questionnaire was modiﬁed for use in Israel (see online
supplementary material). In this sIFFQ, saltwater ﬁsh
included all tuna, canned sardines, cooked or smoked
salmon, cooked sea bream, grouper, red mullet, cod,
halibut, cooked or salted mackerel and cooked or salted
herring; seafood included any cooked or broiled crab, any
cooked or broiled oyster, any cooked or grilled prawn and

any cooked or grilled shrimp; milk included any cow’s
milk; tap drinking-water included any unﬁltered tap water
consumed via glasses, bottles, soups, coffee and tea.
To model the contribution of drinking-water to daily
iodine intake, we assigned three values for water iodide
concentration: (i) a value of 27 µg/l, according to the
calculated mean of ﬁfty-one tap water samples taken from
eighteen different locations throughout the Ashkelon
District water network in a survey of iodide in drinkingwater conducted during November and December of 2008
by the Department of Environmental Health, Public Health
Service at the Ministry of Health(23); (ii) a worst-case scenario where tap water was derived only from SWRO
desalinated water and assigned a value of 1 µg/l according
to water samples taken from an Israeli SWRO desalination
plant in 2003(9) and in BUMCA (located less than 5 km
north of Ashkelon desalination plant, its main water
supplier) in 2015; and (iii) a best-case scenario where tap
water was derived only from groundwater, assigning a
value of 170 µg/l based on water samples taken from an
active well, located about 40 km north of Ashkelon in the
Ramla District(9), that contains the highest iodide concentration recorded in Israel since the early 1980s and well
above the national average(8,9).

Assays
Serum values of free thyroxine (FT4), thyrotropin (TSH),
thyroid peroxidase antibody (TPOAb), thyroglobulin
antibody (TgAb) and Tg were measured for all participants
by the BUMCA Laboratory of Clinical Biochemistry using
the IMMULITE 2000 analyser (Siemens Healthcare Diagnostics, Llanberis, UK) as previously described(27). Serum
Tg is a sensitive but non-speciﬁc candidate biomarker of
iodine deﬁciency that increases in direct relation to the
severity of deﬁciency, as well as in other conditions(31,32).
Although there is no consensus cut-off value for adults(33),
in previous population studies serum Tg concentrations of
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(32)

10 ng/ml
and values above 40 ng/ml were considered
abnormal(34,35), and indicative in both cases of insufﬁcient
iodine intake. Hence, serum Tg values were explored as a
biomarker of iodine status in the present study. Serum Tg
was detectable in the serum of all but one participant
(undetectable value at a range of 0–1 ng/ml) to whom an
arbitrary 1 ng/ml serum Tg concentration was assigned for
statistical analysis. Participants positive for TgAb (>40 IU/
ml)(34,35), which would invalidate the attribution of
elevated Tg to probable iodine deﬁciency, were excluded.
Values of TPOAb above 35 IU/ml were considered
positive(34,35). Ranges for normal thyroid tests were TSH of
0·4–4 mIU/l and FT4 of 0·8–1·8 ng/dl, according to the
National Academy of Clinical Biochemistry(35).

proportion of controls and patients harbouring NATD with
the following exposures: (i) intake below the RDA for nonpregnant adults (150 μg/d); (ii) intake below the Estimated
Average Requirement (EAR; 95 μg/d)(36); (iii) use of
iodized salt; (iv) elevated serum Tg (>10 ng/ml); and
(v) abnormal elevated serum Tg (>40 ng/ml). Chi-square
tests were performed, followed by Fisher’s exact test and
calculation of the odds ratio. The association of intake and
log-transformed Tg was determined by linear regression.
A two-tailed P value of <0·05 was considered statistically
signiﬁcant.

Results
Participants
Of 102 volunteers screened, seventy-four met the inclusion criteria (sixty women and fourteen men aged 21–80
years). Of these, thirty-seven were classiﬁed as euthyroid
controls with no past or present thyroid disease; eight
were diagnosed with AITD (seven with Hashimoto thyroiditis and one with Graves’ disease); and twenty-nine
were classiﬁed with NATD (seventeen harbouring
euthyroid NNG, seven hypothyroid and four hyperthyroid
participants). After excluding autoimmunity and other
alternative risk factors, the most likely cause for thyroid
dysfunction in these participants was iodine deﬁciency.
The sociodemographic characteristics of the three groups
are shown in Table 2. They did not differ signiﬁcantly with
respect to age, gender, ethnicity or prevalence of most
thyroid disease risk factors. However, the prevalence of
post-psychological stressful event and prior use of thyroiddisrupting medication was signiﬁcantly higher in the AITD
group compared with the other two (P < 0·05).

Statistical analysis
Descriptive statistics and statistical analyses were performed with JMP Pro software (version 10). Sociodemographic factors, risk factors for thyroid disease and
serum Tg values were compared by group using the
χ2 test, followed by Fisher’s exact test. Goodness-of-ﬁt for
the distribution of estimated iodine intakes and serum Tg
values in the complete study sample was determined by
the Shapiro–Wilk W and Cramer–von Mises W test,
respectively. Group means for demographic variables,
iodine intake and log-transformed serum Tg were compared by one-way ANOVA with Tukey–Kramer honest
signiﬁcant difference, Welch’s ANOVA and Kruskal–Wallis
tests as appropriate. Serum Tg values were logtransformed before analysis in order to normalize distribution. Geometric means of serum Tg values were
calculated on back-transformed data.
The relationship between iodine intake and status to
thyroid function was determined by comparing the

Table 2 Sociodemographic characteristics and risk factors for thyroid disease in the study population of volunteers aged 21–80 years,
Ashkelon, Israel, March 2012–March 2014
Control
Characteristic

Mean or n

n
Gender, n (women, men)
Age (years)
Mean and SD
Range
Israeli born, n and %
Nationality, n (Jewish, other)
Tertiary education, n and %
Possible risk factors for thyroid disease, n and %
Daily dietary goitrogen exposure
Daily excessive alcohol consumption
Previous X-ray examinations
Post-psychological stressful event*
Prior use of thyroid-disrupting medication*
Family history of thyroid disease
Current smoking habits
Menopause (for women)

AITD
SD

or %

Mean or n

NATD
SD

or %

Mean or n

SD

or %

37
30, 7

8
8, 0

29
22, 7

56·3
13·6
23·0–77·0
13
35
36, 1
11
30

53·4
13·4
29·0–70·0
5
63
8, 0
4
50

57·2
13·8
21·0–80·0
7
24
29, 0
13
45

11
0
16
9
2
8
10
26

30
0
43
24
5
22
27
87

AITD, autoimmune thyroid disease; NATD, non-autoimmune thyroid disease.
*Significant difference (Fisher’s exact test, α = 0·05).

1
0
5
6
3
2
2
7

11
0
56
67
33
22
22
88

6
0
12
8
1
6
7
16

21
0
43
29
4
21
25
73

P

NS
NS
NS
NS
NS
NS
<0·05
<0·05
NS
NS
NS
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Given the sociodemographic similarity of the groups,
we ﬁrst determined the distribution of iodine intake and
status in our population, as estimated by sIFFQ and serum
Tg. We then analysed whether intake and status were
worse in the NATD group than in controls, as would be
expected. Finally, we estimated the contribution of unﬁltered tap drinking-water to iodine intake, assuming various scenarios of water iodine concentration.

Estimated iodine intake, unﬁltered tap water
consumption and dietary habits by semiquantitative iodine FFQ
Overall, the mean estimated intake of unﬁltered tap water
was 0·7 litres/d, contributing 11 µg/d (13 %) to the total daily
iodine intake, when water iodine concentration was
assigned the value of 27 µg/l according to the last measured
data from 2008(23). Accordingly, the median estimated
dietary iodine intake for all participants was 84 µg/d, with a
mean of 93 (SD 51) µg/d (Fig. 1(a)). The majority of the
population, 87 % of the participants, had intake below the
RDA and 58 % had intake below the EAR(36). Insufﬁcient
iodine intake was high among controls, with a mean of
113 (SD 58) µg/d. Seventy-eight per cent of controls had
intake below the RDA and 41 % had intake below the EAR.
Deﬁciency in the NATD group was signiﬁcantly higher,
with a mean iodine intake of 72 (SD 35) µg/d. In this group,
97 % were below the RDA and 76 % were below the EAR.
The likelihood of having intake below the EAR was more
than ﬁve times higher in the NATD v. the control group
(OR = 5·2; 95 % CI 1·8, 15·2; P < 0·05).
Since these estimates depend on water iodine concentration and we lack concurrent water measurements
for 2012–2014, we modelled the following worst- and
best-case scenarios. At an assigned water iodine concentration of 1 µg/l, representing reliance on desalinated
water only, the median estimated intake dropped to 69 µg/d
(range 6–263 µg/d), with mean level of 77 (SD 47) µg/d, 93 %
of participants with intake below the RDA and 70 % with
intake below the EAR (Fig. 1(b)). For the best-case scenario
we assigned a value of 170 µg/l, representing the maximal
concentration ever recorded in drinking-water from a
well in Israel. This model estimated a median intake of
139 µg/d (range 10–852 µg/d), with an overall mean intake
of 189 (SD 155) µg/d, 53 % participants still exhibiting iodine
intake below the RDA and 30 % remaining below the
EAR (Fig. 1(c)). Estimated iodine intake was ﬁtted to a
two-parameter Weibull distribution (Cramer–von Mises
W test, P > 0·05).
Although water iodine concentration contributed to
overall iodine intake, and presumably to the overall risk of
deﬁciency, the mean intake of iodine from drinking-water
did not differ between the control and NATD groups
(Table 3). However, participants in the NATD group were
more than six times less likely to use iodized salt than
controls although, given the small sample size, this
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association was not statistically signiﬁcant (OR = 0·15; 95 %
CI 0·02, 1·32; P = 0·07). The combined consumption of
saltwater ﬁsh and seafood as well as cow’s milk was also
signiﬁcantly lower in NATD participants than in controls
(Table 3).

Serum thyroglobulin values
The results of the serum Tg measurements revealed a
similarly high prevalence of apparent iodine deﬁciency
(Table 3), with an overall median of 21 ng/ml and a geometric mean of 22·7 ng/ml. Serum Tg was elevated above
10 ng/ml in 73 % of the overall population and above
40 ng/ml in 24 %, indicating prevalent deﬁciency(31–34).
The geometric mean for serum Tg was higher in the NATD
participants compared with controls (33 v. 17 ng/ml,
respectively); however, given the large variance in the
NATD group, this difference did not reach statistical signiﬁcance. The proportion of elevated serum Tg was
similar in NATD participants (76 %) and in controls (78 %).
Nevertheless, those in the NATD group were almost
six times more likely to have elevated serum Tg above
40 ng/ml compared with controls (OR = 5·8; 95 % CI 1·6,
20·8; P < 0·05; Table 3). Furthermore, linear regression
of log-transformed serum Tg v. estimated intake showed
a signiﬁcant inverse association between the two
(β = − 0·250, F = 4·26, P < 0·05).

Discussion
In the present study we found evidence of a surprisingly
high prevalence of insufﬁcient iodine intake not only in
clinically diagnosed cases of NATD but also in euthyroid
controls, in a population that is heavily reliant on SWRO
desalinated drinking-water. Our study illustrates how the
reduction of water iodine by desalination might impact on
iodine intake and IDD. Use of the sIFFQ allowed us to
model this in our study population. Our ﬁndings show that
for the habitual intake of food and water, decreasing water
iodine concentration from the best-case (well-water only)
scenario to the worst-case (desalinated water only)
scenario predicts an increase in the prevalence of insufﬁciency (percentage of the population with intake below
the EAR) by as much as 40 %. The observed high
prevalence of estimated dietary iodine insufﬁciency was
supported by a similarly high prevalence of elevated
serum Tg, a putative biomarker for IDD, and by the
signiﬁcant correlation between estimated intake and
serum Tg. While we cannot know whether the low overall
iodine intake in our study is representative of the general
population in Israel, it is internally consistent with the
relatively high serum Tg that we observed in our overall
population and among controls.
Having carefully excluded other causes of thyroid
dysfunction, including autoimmune disease, obesity, use
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Fig. 1 Models for the distribution of estimated daily iodine intakes according to likely, best- and worst-case assumptions of
water iodine content. The distribution of the study population’s iodine intake (µg/d) from the sIFFQ (n 74) estimated assuming
three different iodine concentrations for tap water: (a) likely, 27 µg/l; (b) worst-case scenario using only iodine content in
SWRO desalinated water, 1 µg/l; (c) best-case scenario based on the highest local iodine content measured in well water, 170 µg/l.
——— indicates Weibull fit; – – – – – indicates RDA reference line (150 μg/d) (sIFFQ, semi-quantitative iodine FFQ; SWRO,
seawater reverse osmosis)
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Table 3 Estimated daily dietary iodine intake, estimated unfiltered tap water intake, dietary habits and serum Tg of controls v. NATD in the
study population of volunteers aged 21–80 years, Ashkelon, Israel, March 2012–March 2014
Control
Characteristic
n
Estimated daily dietary iodine intake (μg/d)*
Iodine intake < RDA, n and %†
Iodine intake < EAR, n and %†
Mean unfiltered tap water intake (litres/d)
Unfiltered tap water consumption, n and %
Iodine intake (μg/d)
From unfiltered tap water‡
From saltwater fish and seafood§
From cow’s milk*
From cow’s yogurt
From eggs
Past or current seafood consumption, n and %
Past or current seaweed consumption, n and %
Iodized salt use, n and %||
Intake of an iodine-containing dietary supplement, n and %
Mean serum Tg (ng/ml)¶
Elevated serum Tg, n and %†
Abnormal elevated serum Tg, n and %†
Mean serum TSH (mIU/l)

Mean or n

NATD

SD

or %

Mean or n

37
112·6
28
8

71·9
28
22

68

21

72
14·4
10·1
11·8
14·8
7·5

22
13
19
3

4
2
1
0

17·0
29
4
1·8

34·8
97
73
0·5

21·6
21·0
17·8
18·9
9·6
8
5
7
1

or %

29
56·8
76
27

0·8
25

SD

14
7
3
0
33·0

78
11
1·0

22
12
1·9

76
41
1·2

P

OR

95 % CI

<0·05
<0·05
<0·05
NS
NS

9·0
5·2

1·1, 75·8
1·8, 15·2

0·15

0·02, 1·32

5·8

1·6, 20·8

NS
<0·05
<0·05
NS
NS
NS
NS
0·07
NS
0·08
NS
<0·05
NS

NATD, non-autoimmune thyroid disease; EAR, Estimated Average Requirement; Tg, thyroglobulin; TSH, thyrotropin.
RDA = 150 μg/d; EAR = 95 μg/d; elevated serum = Tg ≥ 10 ng/ml; abnormal elevated serum Tg = serum Tg > 40 ng/ml.
*Significant difference (Welch ANOVA test, α = 0·05).
†Significant difference (Fisher’s exact test, α = 0·05).
‡Iodine content in tap water was considered 27 µg/l.
§Significant difference (Kruskal–Wallis test, α = 0·05).
||Iodized salt = 3 μg iodine/100 g.
¶Geometric mean.

of iodine-containing or steroidal drugs, cancer and pregnancy, the ﬁnding of inadequate iodine intake implicates
iodine deﬁciency in the NATD group as a likely cause or
contributor to the observed disease. Although we cannot
rule out other causes with certainty, it is noteworthy that
these patients reside in a location where the primary
source of drinking-water is derived from iodine-poor
SWRO desalinated water(14,20,23,27). Non-toxic hypothyroidism is often observed in areas with iodine deﬁciency,
and higher rates of both subclinical and overt hyperthyroidism have been observed in areas with no salt iodization(1,5). Thus it is likely that the diagnosis of NATD is a
manifestation of IDD.
With respect to Israel, our ﬁndings substantially challenge the decades-old assumption that Israel is an
iodine-sufﬁcient country due to its proximity to the
Mediterranean(37,38). Our ﬁnding of apparent iodine
deﬁciency (serum Tg ≥ 10 µIU/ml)(31,32) among 73 % of the
current sample is relatively higher than the ﬁnding of a
similarly limited study of subjects in a hospital situated
near the Mediterranean coast, in the Tel-Aviv metropolitan
area, which was published a decade ago by Benbassat
et al.(39). In that study the prevalence of iodine deﬁciency
was estimated to be about 35 % when intake was assessed
by urinary iodine concentration(39). Unlike Benbassat and
colleagues, we excluded volunteers whose diagnosis of
thyroid disease predated the use of desalinated water.
Although both these studies are small, the apparent

increase in deﬁciency in the intervening years supports the
possibility of a trend of increased IDD in the population
related to a parallel trend in wide-scale use of SWRO
desalinated water as a major source of drinking and
irrigation water in Israel(13–17), including the Ashkelon
District(20–22).
We observed substantially lower iodine intake and
higher serum Tg in our control group than those found in
euthyroid adults in comparable hospital-based studies of
iodine intake status in other countries. For example, in a
study conducted in Skagen, Denmark, located on the
North Sea coast, a median serum Tg of 7·7 μg/l was
observed among controls with elevated values (deﬁned as
serum Tg > 20 ng/dl) among 21 % of the group(40) (n 96,
median age = 76 years, men/women 51/45, mean unﬁltered tap water intake per person = 1·6 litres/d)
(S Andersen, Head of Department of Geriatric and Internal
Medicine, Aalborg University Hospital, Denmark, personal
communication, 27 July 2014). The discrepancy between
the data from Ashkelon and Skagen can be explained by
an elevenfold higher iodine intake from water in Skagen
compared with Ashkelon, based on water iodine content
and consumption of water in the two studies (140 μg/l
× 1·6 litres/d v. 27 μg/l × 0·7 litres/d, respectively)(23,40).
A similar small hospital-based survey in Jeddah, Saudi
Arabia (n 53, median age = 37 years, men/women 4/49)
reported a median estimated iodine intake of 195 μg/d and
median serum Tg of 4·27 ng/dl, and only 19 % of the group
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had iodine insufﬁciency values (serum Tg ≥10 ng/dl) .
Jeddah is located on the coast of the Red Sea where SWRO
desalination is also extensively used. However, in contrast
to Israel, salt in Saudi Arabia is iodized and saltwater ﬁsh
consumption in Jeddah is high(30), which likely reduced
the relative contribution of drinking-water to total iodine
intake(41,42). Both studies used hospital populations and
samples sizes comparable to our own, but in addition to
Tg they also measured urinary iodine concentration.
Although our ﬁndings demonstrate that low water
iodine concentration can limit iodine intake in the overall
population, water consumption did not differ between
NATD (probable IDD) participants and controls. We
therefore examined what other sources of dietary iodine
intake, in addition to water, might distinguish between the
control and NATD groups to increase the risk of IDD.
Dairy products, ﬁsh and bread are thought to contribute
signiﬁcantly to iodine intake elsewhere(43–45). Of these, we
found that the consumption of iodized salt, saltwater ﬁsh
and seafood, and cow’s milk was lower among NATD
participants than among controls (Table 3). Notably, Israel
has no national programme of universal salt iodization(24)
nor is there routine monitoring of iodine intake(25). These
ﬁndings, that voluntary consumption of iodized salt considerably decreased the likelihood of thyroid disease in the
context of prevalent inadequate intake, underscore the
need to monitor iodine intake and consider universal salt
iodization for Israel.
The study has a number of limitations. First, its design
does not allow us to show a temporal association between
increased desalination and increased risk of IDD. Since
Israel has no national survey data or routine monitoring of
these conditions(25), the present study is the ﬁrst attempt to
explore these important questions. Because it was not
feasible to limit the study to participants with incident
thyroid disease we allowed the inclusion of volunteers
who had received a diagnosis of thyroid disease up to
5 years before the study(27), with additional strictly applied
inclusion criteria. Although it is possible that a diagnosis of
thyroid disease could lead to a change of diet to include
more iodine-rich foods, the observation of signiﬁcantly
lower iodine intake among NATD patients with probable
IDD makes this potential bias unlikely. Second, we
assessed iodine intake and status indirectly by sIFFQ and
serum Tg, rather than by urinary iodine concentration.
While urinary iodine concentration is commonly used in
population studies(2–4,39), we did not use it here because
urinary iodine concentration indicates only recent iodine
intake (days), whereas IDD and hypothyroidism develop
following long-term (years) inadequate iodine intake(5,32).
We therefore chose to complement the sIFFQ, which
classiﬁes habitual intake and dietary patterns in the long
term (up to 1 year)(29,32), with serum Tg, which is thought
to reﬂect intermediate iodine intake over recent
months(32). Third, it was a relatively small hospital-based
study with a single geographic catchment area. While we
(30)

could model the contribution of water to iodine intake and
NATD under certain assumptions, the lack of variance in
the water supply did not allow us to compare iodine
deﬁciency in populations with greater and lesser exposure
to desalinated water.
Despite these limitations, our observations are consistent with the hypothesis that SWRO desalination
can signiﬁcantly affect the iodine intake of reliant
populations. If true, this could have far-reaching public
health implications for the growing number of people
around the world whose fresh water supply derives from
desalinated water.
Although based on a very small convenience sample –
but also because of this – the study underscores the urgent
need for reliable national data in Israel to illuminate trends
of increasing iodine deﬁciency and thyroid disease in the
context of iodine-depleted desalinated drinking-water.
A nationally representative survey of school-aged children,
and a parallel ecological survey of iodine concentration in
drinking-water along the same sampling frame, would
provide critical information on the extent of iodine deﬁciency and its relationship to iodine water content in
Israel. Moreover, it would constitute a ﬁrst, long overdue
step towards routine monitoring of IDD and instituting
iodine prophylaxis, whether through universal salt iodization(4,25) or by directly replacing iodine in the water, as
previously suggested for other minerals(16,46). The data
from such a survey would also prove invaluable to groups
seeking to improve the health of populations in other
areas of the world where increasing dependence on
SWRO desalination for water may be putting the welfare of
the populations at risk.
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