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Background: Iodine deficiency is the result of insufficient intake of dietary iodine and as a conse-
quence causes multiple adverse effects. About 2 billion individuals in the world are affected by
iodine deficiency. It has been found that the most effective way to control iodine deficiency is
through the universal salt iodization. However, salt iodization alone may not be sufficient to assure
adequate iodine nutrition. In most industrialized countries, excess consumption of salt has become
recognized as a health risk. Therefore, biofortification of vegetables with iodine offers an excellent
opportunity to increase iodine intake.

Aim and Methods: The aim of this study was to test the efficiency of a new model of iodine
prophylaxis in a group of 50 healthy volunteers through the intake of vegetables (potatoes, cherry
tomatoes, carrots, and green salad) fortified with iodine. Each serving of vegetables consisted of
100 g of potatoes, carrots, tomatoes, or salad containing 45 mg of iodine (30% of the Recom-
mended Daily Allowance), and the volunteers consumed a single serving of vegetables, as pre-
ferred, each day for 2 weeks. Urinary iodine (UI) excretion was measured before and after intake
of vegetables.

Results: The UI concentration measured in volunteers before the intake of vegetables was 98.3
mg/L (basal value), increasing to 117.5 mg/L during the intake of vegetables. Seven days after the
discontinuation of vegetable intake, UI was 85 mg/L. UI concentration increment was 19.6% com-
pared with the basal value; therefore, the difference was statistically significant (P � .035).

Conclusions: Biofortification of vegetables with iodine provides a mild but significative increase in
UI concentration and, together with the habitual use of iodized salt, may contribute to improve
the iodine nutritional status of the population without risks of iodine excess. (J Clin Endocrinol
Metab 98: E694–E697, 2013)

Iodine is an essential element for the synthesis of thyroid
hormones (1). Iodine deficiency (ID) is the result of in-

sufficient dietary iodine intake and in humans results in mul-
tiple adverse effects due to inadequate thyroid hormone pro-
duction, globally named iodine deficiency disorders (2).

The World Health Organization (WHO) estimates that
2 billion people worldwide and around 45% of continen-
tal Europe’s population are affected by ID (http://who.int/
vmnis/database/iodine/en). The recommended indicator
for measuring the prevalence of ID is via urinary iodine
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(UI) concentration in spot urine samples (3–5). ID is de-
fined as a population median UI excretion less than 100
�g/L, with deficiency classified as moderate at 20 to 49
�g/L and severe at less than 20 �g/L (5).

The global strategy used by the WHO to control ID
worldwide has been through the introduction of universal
salt iodization (USI), consisting of the iodization of all salt
for human consumption (food, industry, and domestic) as
well as livestock consumption (2). Unfortunately, USI is
rarely achieved as food industries are often reluctant to use
iodized salt because a certain amount of iodine may be lost
during the preparation process, eg, due to the use of high
temperatures (2). In addition, in some countries the use of
iodized salt for livestock appears to be very difficult. The
iodization of domestic salt alone cannot guarantee suffi-
cient intake of iodine; furthermore, inorganic iodine is
volatile, and it is difficult to be able to control the loss of
iodine during its storage and transport and during cook-
ing, especially with use of high-temperature oils.

Hence, enhancing iodine content in vegetables could
prove to be an effective way to control ID, because iodine
in food is readily bioavailable (up to 99%) and can be
easily assimilated (6). Trace element supplementation
through plants is generally known as biofortification and
represents a cost-effective way to improve human nutri-
tion (6–8); therefore, the application of iodine to agricul-
tural soils and iodine fortification of crops have been pro-
posed as useful strategies to avoid iodine deficiencies in the
human diet (7, 9–11).

In this study 50 volunteers with normal thyroid func-
tion were enrolled, and they were given a diet of iodine-
fortified vegetables (potatoes, carrots, cherry tomatoes,
and green salad) to asses whether intake of these iodine-
enriched foods would provide an increase in UI
concentration.

Materials and Methods

Vegetables
The vegetables used in this study were kindly donated by

Pizzoli SpA 7(Budrio, Italy; http://www.pizzoli.it). Pizzoli sup-
plied potatoes, carrots, tomatoes, and lettuce.

Potatoes of the Cupido variety were grown in open fields in
Emilia Romagna (Northern Italy) in accordance with the inte-
grated pest management guidelines (12). Integrated pest man-
agement is a broad-based approach that uses a range of practices
for economic control of pests. Carrots of the Napoli variety were
grown in open fields in Veneto (Northern Italy). Cherry toma-
toes of the Piccolo variety were grown in a greenhouse in Sicily
(Southern Italy). Baby leaf lettuce of the variety Batavia was
grown in a greenhouse in Friuli Venezia Giulia (Northern Italy)
in accordance with the hydroponic production system. Iodine-
enriched vegetables were obtained by a patented procedure (13)
of agronomic biofortification. In brief, iodine is sprayed on the

plants through foliar fertilization during the growing season to
be absorbed directly; the plants assimilate the iodine, and it is has
been found that potatoes, carrots, tomatoes, and lettuce have a
functional content for a human diet. The amount of accumulated
iodine for 100-g of fresh product corresponded to at least to 30%
of the Recommended Daily Allowance (RDA).

A pool of agronomists with experience in the Organoleptic
properties of food compared these iodine-enriched vegetables
with traditional vegetables and found no differences in color,
taste, and smell. Costs for iodine-fortified vegetables are similar
to those of foods fortified with other elements and are about 15%
to 20% higher than the costs of nonfortified products.

Iodine measurements in vegetables
Iodine levels in vegetables were checked by a certified labo-

ratory of analysis in accordance with the method reported pre-
viously (14). Samples of potatoes, carrots, tomatoes, and lettuce
were collected, rinsed with water, and air-dried. Each sample
was homogenized to a fine pulp, and a small amount was min-
eralized by alkaline extraction using tetramethylammonium hy-
droxide at an elevated temperature. Iodine was detected in the
extracts by inductively coupled plasma–mass spectrometry.

Study design
Fifty healthy volunteers between the ages of 19 and 50 years

were enrolled. The study was approved by the local ethics com-
mittee, and informed consent was obtained from all subjects.

To assess the efficiency of this model of iodine prophylaxis, all
50 healthy volunteers consumed vegetables fortified with iodine.
Each serving of 100 g of vegetables contained about 45 mg of
iodine (30% of RDA for an adult). The volunteers consumed a
single serving of one of the vegetables each day for 2 weeks.
Salad, tomatoes, and carrots were eaten raw. The daily intake of
iodized vegetables represented one third of the regular daily in-
take. Throughout the study, the volunteers did not use any other
product containing iodine such as disinfectant, dietary supple-
ments, beauty cream for weight loss, or drugs, and they did not
undergo radiological procedures using iodinated contrast media.
All the volunteers were habitual users of iodized salt.

Immediately before the beginning of the 7-day study and at
the completion of the study period, thyroid volume, UI excretion,
and thyroid hormone levels were measured. UI excretion was
measured before, during, and after the discontinuation of veg-
etable intake.

Measurement of thyroid volume
Thyroid ultrasonographic evaluation was conducted on each

volunteer using a Tecnos MP Esaote ultrasonography device.
Thyroid volume was calculated by the formula length � width �
depth � �/6 for each lobe, and total volume was obtained by
summing the volume of each lobe.

UI excretion measurements
Urine samples were taken from each volunteer early in the

morning. The AutoAnalyzer III system (Bran�Luebbe) was used
to perform an automated measurement of UI. The principle of
the method is based on the catalytic effect of iodide in the oxi-
dation-reduction reaction of Sandell-Kolthoff, after digestion of
samples with an ultraviolet lamp (15) as described previously
(16). The automated system was sensitive enough to detect UI
concentrations of 5.1 �g/L. The within-assay imprecision (co-
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efficient of variation) was 8%, and the between assay coefficient
of variation was 15%.

Laboratory evaluation of thyroid function
Serum free T4 (FT4) and free T3 (FT3) were measured with a

chemiluminescent method (Vitro System; Ortho-Clinical Diag-
nostics, Rochester, New York). TSH was assessed by an ultra-
sensitive commercial chemiluminescent method (Immulite 2000;
Diagnostic Products, Los Angeles, California). Thyroid peroxi-
dase and thyroglobulin antibodies were measured using a two-
step immunoenzymatic assay (AIA-Pack TPOAb and TgAb;
Tosoh, Tokyo, Japan). Serum thyroglobulin was measured using
an immunometric chemiluminescence assay (Immulite 2000).

Statistical analysis
The Friedman nonparametric test was used to test the differ-

ence in iodine concentrations measured before and after vege-
table intake. Multiple post hoc comparisons were performed
using the Bonferroni correction, when necessary. Statistical sig-
nificance was assumed for a value of P � .05. Data are presented
as median and interquartile range or median � 95% confidence
interval or as a percentage of basal concentration.

Results

In Table 1, the average iodine content in iodized and in
untreated vegetables is shown. In all cases, the amount of
iodine was measured at nearly 50 mg/100 g of vegetable.

UI concentration (expressed as median) measured in
volunteers was 98.3 mg/L before the intake of vegetables,
117.5 mg /L during the intake of vegetables, and 85 mg/L
7 days after discontinuation of the intake of vegetables
(Table 2). The increment of UI concentration during the

intake of vegetables was 19.6% compared with the basal
value and thus was statistically significant (P � .035) (Ta-
ble 2). The reduction in the daily UI concentration
(�13.5%) after discontinuation of vegetables was not sta-
tistically significant compared with the basal value (P �

.683) (Table 2). Toxic levels of iodine were not reached in
any of the subjects.

All 50 volunteers showed normal laboratory thyroid
values (FT3, 3.2 � 0.9 pg/mL; FT4, 10.2 � 1.5 pg/mL; and
TSH, 1.9 � 0.5 mU/mL; absence of thyroid antibodies)
and normal thyroid volume before the beginning of the
study. No modifications in thyroid hormone levels and
TSH were detected during and after discontinuation (FT3,
3.3 � 0.7 pg/mL; FT4, 11.2 � 1.8 pg/mL; and TSH, 1.8 �

0.6 mU/mL; absence of thyroid antibodies) of vegetable
intake. Thyroid volume remained unchanged in all vol-
unteers during the study.

Discussion

ID has been found to be the most common cause of pre-
ventable mental impairment worldwide (2). The mainstay
of ID prevention has been providing access to iodized salt
(2, 5), an intervention considered1 of the 3 most cost-
effective solutions to major world problems by the Co-
penhagen Consensus in 2008, which included a panel of 8
economists, of whom 5 are Nobel Laureates (http://www.
copenhagenconsensus.com/default.aspx?id�953). The
global strategy used by the WHO to control ID worldwide
has been the introduction of USI, which provides the io-
dization of all salt for human use (food industry and do-
mestic) as well as for livestock consumption (2, 6, 17).
Nevertheless, USI has rarely been achieved, and in indus-
trialized countries, the evidence of the risks for human
health caused by excess salt consumption has become
compelling. The positive correlation between habitual di-
etary salt intake and blood pressure has been established
through experimental, epidemiological, migration, and
intervention studies (18). For these reasons, enhancing io-

Table 1. Average Iodine Content in Iodized and
Untreated Vegetables

Iodized Vegetables,
mg Iodine/100 g

Noniodized Vegetables,
mg Iodine/100 g

Potatoes 48 3
Carrots 52 2
Tomatoes 45 1
Lettuce 50 1

Iodine was detected by inductively coupled plasma–mass spectrometry.

Table 2. UI Concentrations Measured Before Intake of Vegetables (Basal), During Intake of Vegetables (Treatment),
and 7 Days After Discontinuation of Vegetable Intake (Posttreatment)

IQR 95% CI

Valid N
25th

Percentile
Median
(�g/L)

75th
Percentile Min

Median
(�g/L) Max

Median
(% of Basal)

Basal 50 63.5 98.3 142.0 12.5 98.3 271.0 100.0%
Treatment 48 78.5 117.5 180.0 12.5 117.5 556.0 119.6%a

Posttreatment 45 65.0 85.0 134.0 18.8 85.0 294.0 86.5%

Data are medians and interquartile range or median � 95% confidence interval or percentage of basal concentration. N represents the number of
volunteers who provided urine samples useful for the determination of the medians.
a Statistical significance among basal, treatment, and posttreatment values was assumed for P � .05.
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dine content in vegetables can be an important alternative
tool to prevent ID.

To assess the effectiveness of this tool to improve hu-
man iodine nutrition and to test the bioavailability of io-
dine in humans after consumption of iodized vegetables,
50 volunteers were given a daily serving of vegetables con-
taining about 45 to 50 mg of iodine (corresponding to
30% of the RDA for an adult) for a period of 2 weeks. All
iodized vegetables used in this study were developed by the
food industry and are currently available in the Italian
market. In particular, lettuce is a good crop to be used in
a biofortification with iodine study because, being a leafy
vegetable, it is usually consumed raw with no risk of iodine
loss. The results of this study showed that the UI concen-
tration increased from 98.3 to 117.5 mg/L during the in-
take of vegetables and returned to basal levels 7 days after
the discontinuation of vegetable intake. The effect of this
patented procedure (13) of iodine biofortification of veg-
etables was a statistically significant increase of the UI level
during the intake of vegetables, thus showing that iodine
in food is readily bioavailable and assimilated.

In conclusion, iodine-fortified vegetables such as car-
rots, tomatoes, potatoes, and lettuce may be a successful
tool to provide an increase in UI concentration because
they are consumed daily in most families. Their consump-
tion, together with the habitual use of iodized salt, may
improve the iodine nutritional status of the population
without risk of iodine excess.

Acknowledgments

Address all correspondence and requests for reprints to: Prof.
Massimo Tonacchera, Dipartimento Medicina Clinica e Speri-
mentale, Sezione di Endocrinologia, Università di Pisa, Via Para-
disa 2, 56124 Pisa, Italy. E-mail: mtonacchera@hotmail.com.

This work was supported by the following grants: Ministero
dell’Università e della Ricerca Scientifica e Tecnologica (MURST)
and Ministero della Sanità, Ricerca Finalizzata. We are grateful to
MURST and Ministero della Sanità for funding.

Disclosure Summary: The authors have nothing to disclose.

References

1. Grasberger H, Refetoff S. Genetic causes of congenital hypothyroid-
ism due to dyshormonogenesis. Curr Opin Pediatr. 2011;23:421–
428.

2. Zimmermann MB. Iodine deficiency. Endocr Rev. 2009;30:376–
408.

3. De Benoist B, McLean E, Andersson M, Rogers L. Iodine deficiency
in 2007: global progress since 2003. Food Nutr Bull. 2008;29:195–
202.

4. Andersson M, Karumbunathan V, Zimmermann MB. Global iodine
status in 2011 and trends over the past decade. J Nutr. 2012;142:
744–750.

5. World Health Organization, UNICEF, International Council for the
Control of Iodine Deficiency Disorders. Assessment of Iodine De-
ficiency Disorders and Monitoring Their Elimination. 3rd ed. Ge-
neva Switzerland: World Health Organization, 2007.

6. Weng HX, Yan AL, Hong CL, Qin YC, Pan L, Xie LL. Biogeo-
chemical transfer and dynamics of iodine in a soil-plant system.
Environ Geochem Health. 2009;31:401–411.

7. Dai JL, Zhu YG, Zhang M, Huang YZ. Selecting iodine-enriched
vegetables and the residual effect of iodate application to soil. Biol
Trace Elem Res. 2004;101:265–276.

8. White PJ, Broadley MR. Biofortification of crops with seven mineral
elements often lacking in human diets—iron, zinc, copper, calcium,
magnesium, selenium and iodine. New Phytol. 2009;182:49–84.

9. Dai JL ZY, Huang YZ, Zhang M, Song JL. Availability of iodide and
iodate to spinach (Spinacia oleracea L.) in relation to total iodine in
soil solution. Plant Soil. 2006;289:301–308.

10. Zhu YG, Huang YZ, Hu Y, Liu YX. Iodine uptake by spinach (Spi-
nacia oleracea L.) plants grown in solution culture: effects of iodine
species and solution concentrations. Environ Int. 2003;29:33–37.

11. Hou X CC, Qian Q, Yan X, Fan X. Determination of chemical
species of iodine in some seaweeds (I). Sci Total Environ. 1997;204:
215–221.

12. Food and Agriculture Organization. AGP—Integrated Pest Man-
agement. Rome, Italy: Food and Agriculture Organization of the
United Nations; 2012.

13. Zanirato V, Mayerle M, inventors. Pizzoli, SpA, assignee. Method
for enriching crops with iodine, and crops thus obtained. Interna-
tional Patent PCT/EP2009/050142. July 1, 2009.

14. Fecher P. Determination of iodine in food samples by inductively
coupled plasma mass spectrometry after alkaline extraction. J Anal
Atom Spectr. 1998;13:977–982.

15. Tsuda K. Automated measurement of urinary iodine with use of
ultraviolet irradiation. Clin Chem. 1995;41:581–585.

16. Aghini-Lombardi F, Antonangeli L, Martino E, et al. The spectrum
of thyroid disorders in an iodine-deficient community: the Pesco-
pagano survey. J Clin Endocrinol Metab. 1999;84:561–566.

17. Andersson M, Aeberli I, Wust N, et al. The Swiss iodized salt pro-
gram provides adequate iodine for school children and pregnant
women, but weaning infants not receiving iodine-containing com-
plementary foods as well as their mothers are iodine deficient. J Clin
Endocrinol Metab. 2010;95:5217–5224.

18. Strazzullo P, D’Elia L, Kandala NB, Cappuccio FP. Salt intake,
stroke, and cardiovascular disease: meta-analysis of prospective
studies. BMJ. 2009;339:b4567.

doi: 10.1210/jc.2012-3509 jcem.endojournals.org E697

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/98/4/E694/2537179 by U
.S. D

epartm
ent of Justice user on 16 August 2022

mailto:mtonacchera@hotmail.com

