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Abstract
Iodine is essential for thyroid hormone synthesis. Individuals adhering to vegan and vegetarian diets have been found to be vulnerable to iodine
deficiency. Yet, iodine has not beenmonitored in these groups across time. This study aims to investigate iodine status, intake and knowledge in
vegans, vegetarians and omnivores and determine changes between 2016–2017 and 2019. Dietary intake (μg/d) was estimated by 3-d food
diaries and iodine FFQ. Urinary iodine concentration, analysed by inductively coupled plasmamass spectrometry, assessed iodine status accord-
ing to WHO criteria. Iodine knowledge was scored by an adapted questionnaire. IBM SPSS was used for statistical analysis. Ninety-six adults
(18–60 years) were recruited in October 2016–2017 (vegans: 12; vegetarians: 5; omnivores: 43) and June 2019 (vegans: 7; vegetarians: 10;omni-
vores: 19). Median dietary iodine was below the Reference Nutrient Intake for all groups. Vegans and vegetarians had the lowest iodine intake.
Vegans had significantly lower iodine intake than omnivores (2016–2017, P= 0 032; 2019, P= 0 001). Omnivores had the highest iodine status
(2016–2017, 79 4 μg/l; 2019, 72 4 μg/l) and vegans the lowest (2016–2017, 31 2 μg/l; 2019, 12 2 μg/l). Iodine knowledge was poor but did not
differ between dietary groups (2016–2017, P= 0 219; 2019, P= 0 532). Vegans and vegetarians continue to be at risk of iodine deficiency.
Further, iodine intake in the UK is poor independent of dietary choice. Iodine education is needed along with research into improving iodine
nutrition at national level.
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Iodine is an essential micronutrient required to produce thyroid
hormones, thyroxine (T4) and triiodothyronine (T3)(1). Thyroid
hormones are necessary for normal neuronal development,
metabolic function and growth throughout the lifespan(1).
Iodine deficiency occurs when physiological requirements are
not met, and thyroid hormone synthesis is low(2). Deficiency
can result in a series of clinical abnormalities termed ‘iodine
deficiency disorders’ and is most obviously manifested with
the appearance of a goitre, the enlargement of the thyroid
gland(1–3). In pregnancy, risk of stillbirth, spontaneous abortion
and other birth defects are increased in iodine deficient states(3).
Infants exposed to deficiency in utero are at risk of impaired
cognitive development resulting in irreversible neurological
damage, leading to cretinism in its most severe form(1–3).
Coexisting deficiencies of micronutrients such as Fe, Se and
vitamin A may further impair iodine absorption and thyroid
hormone production(4). Deficiency, attributed to insufficient
dietary iodine intake, is recognised as a major public health
problem(5).

The WHO recommends a Reference Intake of 150 μg/d for
adults (>12 years), in order to optimise thyroid hormone produc-
tion (typically requiring around 70 μg/d)(6,7). In the UK, a lower
Reference Nutrient Intake (RNI) of 140 μg/d has been selected to
ensure that 97·5 % of the population meets iodine intake(8).
Historically, iodine deficiency was prevalent in the UK, with
some regions experiencing endemic goitre(9). Eradication began
in the 1960s due to government campaigns encouraging milk
consumption, and changes in farming practice resulting in
production of milk with a higher iodine content(10). For many
years following intervention, intake was considered sufficient,
but is now a recognised public health issue after mild iodine
deficiency was detected in schoolgirls and pregnant women in
2014–2015(9,11). More recently, iodine intake was recognised
as of concern for UK adults following a secondary analysis of
the UK National Diet and Nutrition Survey in 2018(12). Iodine
intake estimates for males and females (aged 20–59 years) were
recorded to be significantly lower than the current RNI. Young
adults (aged 20–29 years) were recognised to be substantially
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more at risk than older adults (aged 30–59 years), with 15 % of
males and 17 % of females falling below the Lower Reference
Nutrient Intake for iodine. Recent studies suggest that lack of
information and knowledge regarding iodine may be greater
in individuals at risk of iodine deficiency(13–15). Current trends
in food avoidance and dietary restriction, particularly of meat
and dairy, have been recognised as a factor contributing to low-
ered iodine intake(16). Individuals who have low knowledge and
are not aware of the importance of adequate iodine intake may
be less well equipped to make dietary changes that permit them
to meet their iodine requirements.

In the UK, the main sources of dietary iodine are cows’
milk and dairy products(17). Seafood, eggs, seaweed and

iodine-containing supplements are also iodine rich(17). The rela-
tive iodine content of foods commonly consumed in the UK is
presented in Table 1. Despite being the primary source of iodine,
milk consumption has reduced considerably over the last
decade. Particularly in those aged 16–24 years, whose cows’
milk consumption has declined rapidly in recent years(18).
The proportion of people in this age group consuming cows’
milk decreased from 79 to 73 % between years 2018–2019(18).
This decrease could reflect the growth and appeal of the alterna-
tive milk market in the UK. Food purchasing data from average
UK households indicated an upwards trend in purchasing of
alternative milks since 2014 (Table 2)(19,20). Alternative milks
such as soya, oat and coconut are now regularly consumed, very

Table 1. Average iodine content of foods consumed regularly in the UK per food portion

Food Serving size (ml/g) Average iodine/portion (μg/g)
Contribution of food groups to average daily iodine
intake by NDNS (2016–2017 to 2018–2019) (%)

Milk and dairy products
Cows’ milk (semi-skimmed) 200 50–100*,† 13‖
Organic cows’ milk (semi-skimmed) 200 30–60*,† NA
Yogurt 150 50–100*,† 6‖
Cheese 40 15† 3‖

Fish and seafood
Whitefish (haddock and cod) 120 230–390† 8‖
Salmon 100 14† NA
Tinned tuna 100 12† NA
Prawns 60 6† NA

Eggs, meat and poultry
Eggs 50 25† 9‖
Meat and poultry 100 10† 9‖

Plant based
Fortified alternative milk 200 53–57‡ NA
Unfortified alternative milk 200 1–4‡ NA
Nuts 25 5† 0
Bread 36 5† 3
Fruit and vegetables 80 3† 6
Nori seaweed 26 382§ NA

NA, not applicable.
* Actual iodine content subject to seasonal variation (winter = higher) and organic farming practices (organic = lower).
† Data from the British Dietetic Association (BDA) Iodine Fact Sheet(17).
‡ Data from Bath et al.(21).
§ Data from Nutritics database UK (2015 COFIDS including McCance and Widdowson 7th edition, 2015)(40,41).
‖ Data from NDNS Y9–11 Descriptive statistics tables (19–64 years used(42)).

Table 2. Purchasing data and trends from UK households: Family Food 2018–2019 Living Costs and Food Survey (LCFS)(19,20)

Food item (g/d)
2015–
2016

2016–
2017

2017–
2018

2018–
2019

Change from 2015–2016 to
2016–2017 (%)

Change from 2016–17 to
2017–2018 (%)

Trend between
2017–2018 and
2018–2019

Cows’ milk and milk
products†

258·09 259·78 255·17 262·80 þ2 þ3 –

Semi-skimmed cows’
milk

134·99 135·78 132·05 128·98 −4 −2 –

Yogurt and fromage
frais

27·55 28·52 26·88 28·41 −3 þ6 –

Cheese 16·46 17·69 17·82 17·64 þ7 −1 ↑
Fish 20·64 19·86 19·79 20·81 þ1 þ5 –
Whitefish‡ 2·51 1·95 2·21 2·10 −16 −5 –
Eggs 0·28 0·28 0·28 0·3 þ9 þ6 ↑
Dairy milk alternatives 5·86 7·15 9·38 9·85 þ71 →þ5→ ↑

† Excluding cheese.
‡ Fresh, chilled or frozen.Upward arrows show significant increases in UK purchasing between 2017–2018 and 2018–2019 (P=< 0·05).
No significant change in purchasing trends 2017–2018 and 2018–2019 (P≤ 0·05).
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low in iodine and not regularly iodine fortified(21). Although
iodine rich, the contribution of fish and seaweed to iodine
intake in the UK is likely to be small reflecting low national con-
sumption(22). The iodine content of seaweed is highly variable
and if not monitored in the diet, over-consumption could induce
excess iodine intake(23–25). Many countries implement manda-
tory or voluntary iodised salt legislation(26). Fortified salt used
at household level provides additional dietary iodine and has
been shown to alleviate deficiency(27). Routine salt iodisation
is not present in the UK currently and access to iodised salt in
supermarkets is low(28). Even if table salt was fully iodised, it
is unlikely to provide adequate dietary iodine as table salt only
comprises a small proportion (15 %) of dietary sodium con-
sumed in the UK diet, and over half of intake (>60 %) is provided
by ready-made and processed foods(29,30).

Inadequate iodine intake has been observed in individuals
who consume diets excluding iodine-rich foods, principally
dairy and/or fish(31). For this reason, vegans and vegetarians
are recognised as a subgroup with increased risk of iodine
deficiency(16), as confirmed by recent research conducted in
European nations including the UK, Germany, Finland,
Norway, Spain and Switzerland(32–39).

Despite the increasing acceptance of vegan and vegetarian
diets in the UK and the emergence of iodine deficiency, there
is a lack of data regarding the level of iodine knowledge and
whether good understanding of the challenges allows individ-
uals to account for iodine when dietary restrictions are imple-
mented. The purpose of this study was to investigate iodine
status, intake and knowledge in vegans, vegetarians and omni-
vores and determine if changes were observed with time
(between 2016 and 2019). We hypothesised that iodine intake
and status would be positively associated with knowledge and
that deficiency would be greater in vegans and vegetarians
lacking good understanding compared with omnivores.
We additionally proposed that, since a greater array of specialist
foods would be available in 2019 than in 2016, iodine intake and
status would be improved in vegans and vegetarians in the more
recent cohort.

Methods

Ethical approval

This study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects/patients were approved by the Faculty of
Medicine & Health Sciences Research Ethics Committee
Nottingham University Hospitals (Ethics Reference No.
BS02082016). Written informed consent was obtained from all
subjects.

Design and recruitment

Students and staff of The University of Nottingham (n 96) were
recruited to the study at two separate time points, 2016–2017 and
2019. The first phase of recruitment was conducted between
24 October 2016 and 01 January 2017 and the second
16 June and 13 November 2019. The study protocol is outlined

in Fig. 1. The study was advertised using posters, leaflets and
emails distributed throughout the university. Adults following
vegan and vegetarian diets were recruited by social media adver-
tisement circulated through university societies.

Participants matching the inclusion criteria were invited to
attend a one-off session at 12.00 hours each day, whereby the
experimental methodology was explained, and baseline data
collected. To maintain anonymity, a unique participant number
was randomly selected at baseline. During these sessions,
individuals were provided with a participant information pack
containing the study information sheet, 3-d food diary (FD),
weblink to an online FFQ, a sterile universal urine tube and
an ID number unknown to researchers. Participation was
optional and written informed consent was obtained.

Dietary grouping

Participants were categorised into three dietary groups: vegan,
vegetarian and omnivore, based on responses to the online
FFQ addressing current dietary preference and consumption
of animal products in the past 6 months. Participants who
reported no dietary restrictions relating to animal products were
classified as omnivores. Participants who did not consume ani-
mal products of any form were classified as vegans. Vegetarians
encompassed all descriptions of vegetarian diets and were those
who consume milk, eggs and possibly fish (pescatarians) but
not meat. The vegetarian group also comprised individuals
who had recently (< 3 months) transitioned from vegetarian
to a vegan diet.

Assessing dietary iodine intake

Dietary iodine consumption was assessed using an online FFQ
and 3-d FD introduced during baseline sessions. Adequate

Exclusion criteria
Pregnant and/or lactating 

History of thyroid disorders
Taking thyroid medication e.g. 

Levothyroxine

Inclusion criteria
Students and staff at UoN

>18 y
Informed consent 

Baseline session
Participant information

Group allocation
UIC

Online FFQ

Advertisement of study 

Vegan Vegetarian Omnivore 

Dietary records (FD)

Primary outcomes

Iodine status by median UIC (L−1)

Analysis 

Dietary iodine intake by FFQ and FD (µg day–1)

Fig. 1. Flow chart of study protocol. UIC, urinary iodine concentration. FD,
food diary.
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iodine intake was assessed using the current UK RNI of 140 μg/d
and Lower Reference Nutrient Intake of 70 μg/d(8,16).

FFQ

The FFQ was developed using ‘Online surveys’ (previously
‘Bristol Online Surveys’(43)) to assess habitual dietary intake over
the past 6 months and was based on the validated FFQ used in
the Oxford component of the European Prospective
Investigation into Cancer and Nutrition (EPIC Oxford) study(44).
The FFQ addressed forty-five different food items including
sources of dietary iodine and goitrogenic foods (online
Supplementary Table S1). Prior to study, the FFQ was modified
to address dietary preference and consumption of substitutes of
specific foods that could be a potential source of iodine for those
following vegan and vegetarian diets, such as alternative milk
and dairy products. Frequently consumed food items, such as
cows’milk, were listed in separate questions accounting for var-
iations in serving sizes. Medium serving size was indicated using
labelled food images employed by the National Diet and
Nutrition Survey(45) (online Supplementary Fig. S1). For each
food item, frequency categories were converted to daily iodine
intake (μg/d). The category: ‘2 to 4 times/week’ was adjusted to
three per week or equivalent to 0·4 servings/d. It was assumed
that those selecting the ‘Less than once or never’ option for rare
foods such as samphire or animal products for vegans were not
consumed within the past 6 months, thus generating a value of
0·0. Food items were assigned iodine values per portion from an
in-house database created using data from Nutritics 4.3 software
andMcCance andWiddowson’s composition of foods integrated
dataset(40,41).

Three-day food diary

Iodine consumption was measured by a 3-d FD based on that
used in the National Diet and Nutrition Survey(46). Participants
were asked to record estimated daily food and drink consump-
tion, including descriptions of relative portion sizes, brand
names of packaged items, home-cooked meal ingredients and
supplement intake. Further questions addressed fluctuation
from usual dietary patterns to establish if recorded intakes
reflected that of a normal day. Participants were asked to com-
plete the FD in the three consecutive days following recruitment
sessions. To reduce disparity in diet patterns between the week
and weekends, sessions were organised so that FD records con-
tained at least one weekend day. If the consecutive days after
recruitment did not contain a weekend, completion was post-
poned. Participants were asked to return completed FD to acces-
sible drop-off points. Nutritics 4.3 was used to estimate dietary
intakes. Databases used were limited to include food values of
UK foods only. Average portion sizes for items designated by
Nutritics were selected if not specified by participants. It was
assumed that, unless stated, all milk was semi-skimmed non-
organic cows’ milk, alternative milks were unfortified unless
brand information or fortification status was specified and salt
added to meals was non-iodinated. Best estimates were made
for vegan substitutes of food items not listed onNutritics software
using online information from retailers or back-of packet values.
Recipes from the Vegan Society were used to calculate iodine

values for vegan compound foods, such as cakes and biscuits,
where there was no viable substitution in UK databases. All
analysis considered edible portions for analysis and adjusted
for cooking procedure when required. Where possible,
Nutritics food codes with values for iodine were selected.
Iodine values were added manually using data from Nutritics
if the selected food codewas established from label-based analy-
sis. Nutritics outputs from FD were used to calculate the average
quantity (g) of iodine-rich foods consumed and the contribution
(%) of food groups to total iodine intake.

Assessing iodine status

Urinary iodine concentration. Optional spot urine samples
were collected to determine median urinary iodine concentra-
tion (UIC). Participants were asked to complete a 50 ml single
spot urine sample during information sessions to reduce diurnal
variation associated with estimates. Samples were centrifuged
immediately after collection at 914 relative centrifugal force
for 5 min (Beckman GS-6R Refrigerated Centrifuge GS1M31)
and supernatant frozen at −80 °C. Samples were defrosted over-
night at 4 °C. UIC was determined using inductively coupled
plasma mass spectrometry (Thermo Fisher Scientific). Known
iodine concentrations were used as a control during analysis.
Standards and samples were diluted 1:10 with Milli-Q H20, trans-
ferred to analysis tubes and analysed in triplicate.

Classification of status. The WHO criteria were used to assess
iodine status using UIC expressed as amedianwith inter-quartile
range(6). Groups with median with UIC > 100 μg/l were consid-
ered ‘sufficient’ and those with values <100 μg/l were consid-
ered ‘deficient’. Relative levels of deficiency were classified as:
50–99 μg/l mild, 20–49 μg/l moderate and >20 μg/l severe.

Iodine knowledge and demographic data. The FFQ addition-
ally collected demographic information whichmay contribute to
iodine status, including ethnicity, educational level, degree clas-
sification, employment status, smoking status and alcohol con-
sumption. Participants were also asked to complete seven
questions addressing iodine knowledge and factors influencing
iodine nutrition, generating a total possible score of 17 (online
Supplementary Table S2). Questions weremodified from studies
previously investigating iodine knowledge in the UK(14).
Negative marking was used and a point was deducted for each
incorrect answer, this was so that individuals were discouraged
from selecting all listed responses. Iodine knowledge was con-
sidered ‘poor’ if scores were 5 or below, ‘fair’ if between 5 and 10
and ‘good’ if above 10.

Anthropometric data. All measurements of height (cm) and
weight (kg) were self-recorded as part of the FFQ. BMI
(weight/height2, kg/m2) was determined and classified accord-
ing to the WHO assessment(47).

Assessing under-reporting. FD estimates were used to assess
under-reporting. FFQ could not be used as energy intake was
not estimated. Schofield equations were applied to determine
the ratio between BMR or energy expenditure (EE) and actual
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reported intake (EIrep:EE) using age and weight (kg) as a refer-
ence(48). To identify records of poor validity, participants were
classified according to EIrep:EE into under-reporters, acceptable
reporters and over-reporters using the Goldberg cut-off(48,49).
Activity levels were not assessed during this study; therefore, a
lower activity factor was used to calculate the estimated energy
requirement. A physical activity level (PAL) of 1·5 was used for
adjustment(50). This value describes a populationwith a low level
of daily physical activity (not sick, disabled or elderly).

The calculations used to determine cut-offs were

95%Confidence limits ¼ PAL� expð � 2� S=100ð Þ=pnð Þ

where, PAL is equal to 1·5; n is the participant no (45) and S is the
factor accounting for variation in estimated intake (EI), BMR and
PAL was estimated by:

S ¼ p
CV2wEI=dþ CV2wBþ CV2tPð Þ

where, CVwEI is the within-subject variation in EI in our cohort
(28 %); D is the number of days of dietary assessment (3 d);
CVwB is the variation in repeat BMR measures (9 %) and CVtP
is the total variation in PAL (15 %).

The CV for within-individual variation for our cohort was
determined as 18 %. CV parameters (9 and 15 %) were taken
from those generated by Black(48) and have been accepted as
suitable for use in the Goldberg equation. CI at 95 % were
applied; those with EIrep:EE of 1·41–1·71 were considered as
acceptable reporters. Participants with values <1·41 were
under-reporters and >1·71 as over-reporters.

Statistical analysis. Data analysis was performed using IBM
SPSS Statistics V22.0. A significance of P< 0·05 (two-tailed)
was selected for all statistical analysis. Normality of the data
was assessed using the Shapiro–Wilk test for normality. UIC
and dietary iodine intake values were not normally distributed;
therefore, medians are reported. Kruskal–Wallis H tests with
Dunn’s post hoc tests were performed to compare intake and
status where groups were two or more. Spearman’s rank corre-
lation was used to determine relationships between continuous
data. Pearson’s χ2 test was used for comparison between cat-
egorical variables. The Bonferroni test for adjustment was used
for correction. Sample size estimates were calculated based
upon data obtained from a previous report which provided
mean and standard deviation measurements for vegans and
omnivores(51). The effect size was recorded as 106 μg/d with a
population standard deviation of 91 μg/d and a recruitment
bias of 1. For a power of 80 % and an α-error of 5 %, the sample
sizewas calculated as aminimumof 24 (12 per group) for vegans
and omnivores using the ‘ClinCalc’ online calculator(52).

Results

Study population

Descriptive characteristics of participants (n 96) are listed in
Table 3. Two individuals in 2019 (one male and one female)
had recently transitioned onto a vegan diet and were considered T
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as vegetarians. All dietary groups were predominantly
composed of females (84 %). The average BMI for each dietary
group was lower than the UK population(50), but within the
healthy range (18·5–24·9) for most participants. Exceptions
included six overweight female omnivores (BMI; overweight:
25·0–29·9), as well as two female vegetarians and one female
vegan who were below the normal range of BMI (17·0, 16·6
and 18·2, respectively). BMI values were significantly lower in
vegetarians than omnivores in 2016–2017 (P= 0·019). In 2019,
there was no difference in BMI between dietary groups
(P= 0·066). We were unable to assess differences in sex, nation-
ality and qualifications by χ2 as theminimumexpected countwas
under 5 for these variables.

Dietary intake

Other specific diets were followed by three vegans in 2016–2017,
two of which avoided starch and bread/flour products and one
described having a lactose intolerance. Lactose intolerance was
reported by one omnivore in 2019.

The prevalence of under-reporting was high in both years
with 73 % of participants recording an EIrep:EE ratio< 1·41.
All male participants were classified as under-reporters, but
under-reporting did not differ between dietary groups with
vegans, vegetarians and omnivores having similar occurrence
(2016–2017; 75, 50 and 68 %, P= 0·830). In 2019, under-report-
ing was more prevalent, with 100 % of vegans being classed as
under-reporters compared with 71 % of vegetarians and 86 % of
omnivores (P= 0·608). In both years, vegetarians had the largest
proportion of acceptable-reporters (2016–2017: 50 %; 2019,
28 %), while none of the vegan participants in 2019 had values
within this range. Over-reporting was low in both years, with
none recorded in 2019 compared with two omnivores and
one vegan in 2016–2017.

Energy intake did not differ between dietary groups
(2016–2017, P= 0·438; 2019, P= 0·802, Table 4). We were
unable to stratify by sex due to low numbers of males in our
cohort. However, with the inclusion of males, average energy
intake was greater than current estimates of the UK population
for females (1632 kcal) but not males (2313 kcal) for most dietary
groups(53). In both years, vegans had the greatest daily energy
intake (2016–2017, 1755·3 kcal; 2019, 1656·0 kcal). There
was no relationship between energy and iodine intake by FD
or FFQ in 2016–2017 or 2019 (FD, r 0·085, P= 0·610;
FFQ, r 0·044, P= 0·796 and FD, r 0·067, P= 0·786; FFQ,
r 0·012, P= 0·960).

Average daily intake of macronutrients by dietary group is
presented in Table 4. In both years, vegans consumed signifi-
cantly greater quantities of fibre than omnivores (2016–2017,
P< 0·001; 2019, P= 0·030). In 2016–2017, polyunsaturated
fat intake was significantly higher in vegans compared with
omnivores (P= 0·011).

Dietary iodine

Median iodine intake estimated by FFQ and FD is shown
in Fig. 2. Intakes derived from the FFQ were higher
(P= 0·020) and displayed larger variation than those provided
by FD. T
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Iodine intake by food diary

Median iodine intake was below the RNI (150 μg/d) for all
dietary groups in 2016–2017 (vegans: 47·6 μg/d; vegetarians:
68·8 μg/d and omnivores: 111·9 μg/d) and 2019 (vegans:
17·3 μg/d; vegetarians: 71·4 μg/d and omnivores: 126·0 μg/d)
(Fig. 2). The RNI was not achieved by any vegetarians in
2016–2017 or vegans in 2019. Median values for vegans and
vegetarians in 2016–2017, and vegans in 2019, were below
the Lower Reference Nutrient Intake of 70 μg/d. More than
75 % of participants had values associated with severe

deficiency. Average iodine intake in vegans and vegetarians
was lower than current estimates of the UK population of
98 μg/l for women of childbearing age (19–49 years) and
106 μg/l for adults (19–64 years).

Inadequate intake was more frequent in those following
vegan and vegetarian diets than omnivorous diets. In both years,
median intake was numerically lower in vegan and vegetarian
groups and was significantly lower in vegans compared
with omnivores both years (2016–2017, P= 0·032; 2019,
P= 0·001).
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Fig. 2. Estimated dietary iodine intake by FFQ and food diaries (FD) for vegans, vegetarians and omnivores. Shaded areas represent intakes below the Reference
Nutrient Intake (RNI) of 140 μg/d. Different letters (a and b) represent significant differences among dietary groups, whereby a> b, ab = a, ab = b, a> c, b> c and
ab > c (P≤ 0·05) (Kruskal–Wallis test).
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Iodine intake by FFQ

In both years, FFQ median dietary iodine intake for vegetarians
and omnivores was above the RNI (2016–2017, 202·9 μg/d,
299·6 μg/d; 2019, 230·0 μg/d, 221·9 μg/d). Dietary iodine intake
for vegans did not meet the RNI (2016–2017, 107·0 μg/d,
124·9 μg/d). Intakes between dietary groups displayed a similar
trend as observed in FD. In 2016–2017, median values were
significantly lower in vegans compared with omnivores
(P< 0·001). This trendwas not seen in vegetarians, whose intake
in 2016–2017 was similar to those of omnivores (P= 1·000). In
2019, no significant differences in iodine intake were observed
between dietary groups (P= 0·356).

Sources of iodine

We assessed the average daily consumption of foods potentially
contributing to iodine intake using data from FD (Table 5).
In both years, omnivores had the greatest consumption of
cows’ milk, dairy products and eggs. In 2019, fish and seafood
were predominantly consumed by omnivores. Seaweed was
only consumed as a supplement by two omnivores and is not
considered a regular dietary source of iodine. In 2016–2017,
alternative milk, alternative milk product and seaweed con-
sumption were significantly greater in vegans than omnivores
(P= 0·001, 0·016 and 0·040). No significant differences in
iodine-rich food consumption were observed between dietary
groups for either year when non-consumers were removed from
analysis.

Food group contribution to iodine

The major sources of dietary iodine in each cohort are displayed
in Table 6. In 2016–2017, the food groups contributing the
largest proportion to iodine intake in omnivoreswere cows’milk
(21 %) and eggs (10 %). In 2019, cows’ milk (24 %) and fish and
seafood (12 %) were major sources of dietary iodine. Cows’milk
was a key source of iodine in the diets of vegetarians in both
years rising from 10 % in 2016–2017 to 14 % in 2019. Eggs
were also a good source of iodine in the diets of vegetarians
in 2016–2017 but not 2019 (7 and 0 %, respectively).

Plant-based sources were the major providers of iodine for
vegans. Fruit and vegetables being the predominant source
(21 and 27 %), followed by breads, grains and pulses (5 and
22 %). Unlike cows’ milk and dairy products, alternative milk
(1 %) and alternative milk products (0 %) did not greatly contrib-
ute to dietary iodine, in any dietary groups, in either year.

In 2016–2017, the iodine contribution of alternative milks
was significantly greater in vegans and vegetarians (P≤ 0·001,
P= 0·016). Alternative meats provided significantly greater con-
tribution to dietary iodine in vegans compared with omnivores
(P= 0·018). Seaweed supplied a significantly greater iodine con-
tribution to the diets of vegans compared with omnivores
(P= 0·040). Multivitamin supplements provided significantly
greater iodine to the diets of vegans compared with omnivores
and vegetarians (P≤ 0·001, P= 0·033).

In both years, the contribution of fruit and vegetables to
dietary iodine was greater for vegans than omnivores
(P= 0·001 and 0·029). In 2019, breads, grains and pulses and T
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Table 6. Percentage (%) iodine intake from different food groups in vegans, vegetarians and omnivores in years 2016–2017 and 2019. Inclusive of both consumers and non-consumers
(Median percentages and ranges)

Percentage iodine intake (%)

Vegans Vegetarians Omnivores P

2016–2017 (n 10) 2019 (n 4) 2016–2017 (n 4) 2019 (n 5) 2016–2017 (n 27) 2019 (n 10)

2016–
2017 2019

Median
percentage Range

Median
percentage Range

Median
percentage Range

Median
percentage Range

Median
percentage Range

Median
percentage Range

Food group
Cows’ milk – – 9·5 0·0–65·0 14·0 0·0–74·9 21·0 0·0 - 65·0 23·5 0·0–51·6 0·697 0·704
Dairy products – – 0·0 0·0–0·0 3·3 0·0–58·0 0·0 0·0–41·0 1·8 0·0–43·8 0·130 0·708
Fish and seafood – – 0·9 0·0–2·2 0·0 0·0–15·8 0·0 0·4–85·0 12·0 0·0–47·5 0·573 0·184
Eggs – – 6·8 0·0–14·4 0·0 0·0–28·0 9·8 0·0–35·7 11·7 0·0–29·3 0·512 0·343
Alternative milks 0·6 0·0–16·7 0·6 0·0–3·6 0·3 0·1–38·3 0·0 0·0–1·4 0·0 0·0–60·4 0·0 0·0–1·9 0·001* 0·129
Alternative milk products 0·0 0·0–3·4 0·0 0·0–36·3 0·0 0·0–0·0 0·0 0·0–6·8 0·0 0·0–1·3 0·0 0·0–0·0 0·210 0·114
Meat and poultry – – – – 5·3 0·0–63·9 6·7 0·0–16·3 NA NA
Alternative meat 1·6 0·0–51·6 4·3 0·0–24·8 4·4 0·0–16·6 0·0 0·0–0·9 0·0 0·0–11·3 0·0 0·0–0·0 0·007* 0·057
Fruit and vegetables 21·3 2·9–76·9 26·8 7·7–69·4 9·1 8·1–21·1 8·8 1·1− 93·6 5·9 0·5–33·6 2·7 1·0–8·0 0·001* 0·025*
Breads, grains, pulses,
etc.

5·0 1·9–36·9 21·9 17·8–45·6 6·0 0·8–27·3 2·7 0·0–12·5 2·8 0·0–20·0 3·0 0·0–8·0 0·105 0·012*

Snacks, crisps, cakes
and nuts/seeds

3·6 0·0–58·9 11·4 0·0–37·8 2·6 1·3–18·8 5·7 0·0–28·5 2·7 0·0–16·8 1·3 0·0–35·0 0·253 0·633

Drinks 0·3 0·0−58·9 0·3 0·0−26·1 0·0 0·0–36·4 0·0 0·0–0·4 0·0 0·0–2·0 0·0 0·0–0·0 0·172 0·009*
Salt and spices 0·0 0·0–2·7 0·1 0·0–0·5 0·3 0·0–0·5 0·0 0·0–0·8 0·0 0·0–5·5 0·0 0·0–2·6 0·371 0·869
Iodised salt 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–50·0 0·0 0·0–0·0 0·588 1·000
Seaweed 0·0 0·0–79·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–8·0 0·042* 0·638
Supplements 2·0 0·0–86·6 0·0 0·0 0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–0·0 0·0 0·0–42·0 0·001* 0·638

* Significant between dietary groups by Kruskal–Wallis (P≤ 0.05).
Normality was assessed by Shapiro–Wilk (P= 0.001).
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drinks contributed significantly greater iodine to the diet of
vegans than omnivores (P= 0·011 and 0·007).

Iodised salt was only consumed by one female participant in
2016–2017 following an omnivorous diet.

Supplement usage

Supplement usage was determined by FFQ. Overall, 42 % of
participants recorded consumption of a dietary supplement,
either daily, weekly or sporadically. The most frequently
used supplement for all groups was B12 (27 %), followed by
non-iodine-containing multivitamin formulations (17 %) and
vitamin D (12 %). Multivitamins containing iodine were
consumed by 12 % of participants providing an average of
140 μg/d to dietary iodine. Seaweed supplements kelp and/or
kombu were consumed by two omnivores in 2019, providing
an average iodine intake estimate of 1541 μg/d.

When comparing supplement use between years, the only
significant difference observed was that vegans supplemented
to a greater extent than omnivores in 2016–2017 (P= 0·001).
The iodine content provided by all consumed supplements
differed according to dietary group in 2016–2017 (P= 0·013)
but not 2019 (P= 0·910). The iodine content of supplements
consumed by vegetarians in 2016–2017 was significantly lower
than those consumed by omnivores (P= 0·022). Pearson’s χ2

was used to assess iodine-containing supplement consumption
(providing> 20 μg/d) by dietary group.

A significantly greater proportion of vegetarians consumed
iodine-containing supplements in 2016–2017 (P= 0·009) but
not 2019 (P= 0·942). While supplement usage was recorded
by participants in FFQ, only four participants recorded consump-
tion in their FD.

Iodine status

Iodine status assessed by UIC is presented in Fig. 3. Nine
participants did not provide a urine sample (2016–2017, n 8;
2019, n 1). In both years, omnivores had the greatest UIC
(2016–2017, 79·4 μg/l; 2019, 72·4 μg/l), followed by vegetarians

)2016–2017,32·7 μg/l; 2019, 13·4 μg/l) and the lowest was
recorded in vegans (2016–2017, 31·2 μg/l; 2019, 12·2 μg/l).
In 2016–2017, omnivores had significantly greater median UIC
than vegans (P= 0·003) but not vegetarians (P= 0·083). A similar
trend was observed in 2019, where omnivores had significantly
higher median UIC than vegans and vegetarians (P= 0·029 and
0·044). The greatest variation in UIC (inter-quartile range) was
observed for omnivores in 2016–2017 and 2019 (76·3–100·9),
compared with vegans (30·5–36·5) and vegetarians (33·3–43·6).

None of the samples given by vegan participants in either
years, or vegetarians in 2016–2017, was above the cut-off for
iodine adequacy (100 μg/l). Vegans and vegetarians had median
values signifying severe deficiency (20–49 μg/l) in both years
studied.

The relationship between iodine intake from iodine-rich food
sources and UIC, independent of dietary group, was assessed
(Table 7). In 2016–2017, UIC increased with greater intake of
cows’ milk and dairy products (r 0·512, P= 0·030, r 0·530,
P= 0·013). This was not apparent in 2019 (r−0·173, P= 0·612,
r – 0·056, P= 0·863).

Consumption of milk alternatives and milk alternative prod-
ucts had no relationship with UIC in both years (2016–2017,
r 0·093, P= 0·722, r 0·454, P= 0·160, 2019, r−0·575, P= 0·136,
r− 0·400, P= 0·600). Many varieties of alternative milk were for-
tified with vitamins and minerals; however, fewer than 12 %
(2/17) of varieties were fortified with iodine. Iodine-fortified
alternative milks provided an average of 47·6 μg/200 ml portion
of iodine (compared with 85 μg/200 ml cows’ milk)(21).
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Fig. 3. Iodine status of vegans, vegetarians and omnivores by urinary iodine
concentration (UIC). Shaded areas show the proportion of participants within
the WHO adequate range for median UIC (100 μg/l). Bars show variation
(minimum and maximum). Different letters (a, b and c) represent significant
differences among dietary groups, whereby a> b, ab = a, ab = b, a> c, b> c
and ab > c (P= 0·05) (Kruskal–Wallis test).

Table 7. Correlation coefficients between urinary iodine concentration
(UIC) and sources of dietary iodine provided by food diary (FD)
estimates, thyroid related micronutrients and iodine knowledge

UIC (μg/l)

2016–2017
(n 52) P

2019
(n 35) P

Food group (g/d)
Cows’ milk 0·512 0·030* −0·173 0·612
Dairy products 0·530 0·013* 0·056 0·863
Fish and seafood −0·025 0·936 0·100 0·797
Eggs −0·246 0·258 −0·357 0·385
Alternative milk 0·093 0·722 −0·575 0·136
Alternative milk products 0·454 0·160 −0·400 0·600

Thyroid-related micronutrients
Fe −0·311* 0·025 −0·024 0·888
Se −0·136 0·335 0·192 0·262
Vitamin A −0·318* 0·022 −0·078 0·653

Iodine knowledge
No. of correct symptoms identified
associated with deficiency

−0·037 0·814 −0·292 0·084

No. of correctly identified
iodine-rich food sources

−0·129 0·423 0·060 0·727

Total incorrect answers to iodine
knowledge questions

−0·037 0·816 0·216 0·206

Total iodine knowledge score −0·050 0·751 0·230 0·178

* Significant between dietary groups assessed by Spearman’s correlation (P≤ 0·05).
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Iodine knowledge

Iodine knowledge was poor in both years (Table 8), with
median knowledge scores of 3 (2016–2017) and 5 (2019)
reported out of a total of 17. There was no difference in total
iodine knowledge scores between dietary groups (2016–2017,
P= 0·219; 2019, P= 0·532).

Most participants stated awareness of the importance of
adequate dietary iodine intake. However, more than half of par-
ticipants ‘did not know’ or were unable to correctly identify a
health condition related to iodine deficiency. The most common
symptom identified was goitre or enlargement of the thyroid
gland, followed by cretinism. Other symptoms recognised
included: tiredness, being sensitive to cold or weight gain.

A considerable selection of participants could not recognise
the main food sources of iodine in the UK diet (dairy and
whitefish). Many participants perceived foods such as leafy
green vegetables and oily fish to be iodine rich. Overall, there
was no significant difference in knowledge of iodine-rich foods
between different dietary groups. However, vegetarians in
2016–2017 had significantly better knowledge of the role of
cows’ milk as a good source of iodine (P= 0·007).

Other demographics such as age were assessed as predictors
of iodine knowledge. Younger participants tended to have lower
iodine knowledge scores in 2016–2017 (r 0·409, P= 0·004).
However, no relationship existed between age and iodine
knowledge in 2019 (r 0·409, P= 0·529).

Discussion

To the best of our knowledge, this is the first study to monitor
iodine in different dietary groups at two time points. In support
of our hypothesis and conclusions from previous research(31),
we show that achievement of adequate iodine intake and status
remains problematic for those following vegan and vegetarian
diets. Our research also indicates that many university students
may be vulnerable to iodine deficiency regardless of dietary
practice. In 2014, the Scientific Advisory Committee on
Nutrition reported on the current state of iodine nutrition in
the UK, identifying vegans and vegetarians as a subgroup with
increased risk of iodine deficiency(16). Since publication, only
one study has specifically addressed iodine in these diets in
the UK(39).

Dietary intake

Our results confirm that those not consuming animal-derived
foods continue to have lower dietary iodine intake. Although
our study contains a relatively small unbalanced sample of
vegans and vegetarians in both years of study andmay be subject
to a high prevalence of under-reporting, estimated average
dietary intake for vegans and vegetarians was below the
Lower Reference Nutrient Intake of 70 μg/d using FD data.
This was consistent with current data comparing iodine between
dietary groups in the UK(39,51,54–56), Europe(32,33,35–38,57–64) and
the USA(65). When iodine requirements are not met, thyroid
hormone synthesis is disrupted(2). Persistent mild–moderate
deficiency may put strain on the thyroid gland, stimulating

thyroid stimulating hormone independent growth and thyroid
autonomy(66). Individuals experiencing thyroid autonomy at a
young age may continue to have altered thyroid function in later
life, even if adequate iodine intake is resumed(66). Vegans and
vegetarian diets that do not provide adequate iodine are a con-
cern given that meat-free diets are often frequented bywomen of
childbearing age (18–34 years)(67). Although there is limited
recent evidence among UK vegans for the presence of low
iodine compromised pregnancies(68), the rapidly expanding
population comprising an increasing proportion of those less
attentive to dietary requirements (REF) increases the number
of individuals at greater risk of iodine deficiency in pregnancy
and associated consequences for the developing fetus(68).
Adequate iodine intake is essential for those considering future
pregnancy, as intra-thyroidal stores must be maximised before
conception to facilitate fetal growth and neurological develop-
ment(69–71). Removing the possibility of pregnancy, those with
increased risk should be shielded from the consequences of
poor iodine nutrition. In both years of study, individuals
following vegan diets had very low iodine intake (2016–2017,
47·6 μg/d, 17·3 μg/d). This is of significant concern as dietary
intake <50 μg/d can potentiate the development of endemic
goitre and hypothyroidism(5). Although clinical manifestations
are rare in Western nations experiencing mild-to-moderate
iodine deficiency (UK), studies have observed meat-free diets
be associated with the occurrence of iodine deficiency disor-
ders(72–74). In both years of study, all dietary groups had median
iodine intake below the current RNI (140 μg/d), highlighting the
difficulty in achieving adequate iodine intake on any diet(75).

Various challenges are associated with dietary assessment
methods including accurate recall, memory retrieval and record-
ing duration(76–78). We selected two dietary methods to measure
iodine intake, a 3-d FD and iodine-specific FFQ. FD typically
underestimate usual dietary intake, whereas FFQ frequently
overestimate(79,80). In both years, the FFQ indicated that median
dietary intake was above the RNI for vegetarians and omnivores,
while FD estimates were below the RNI. The disparity in esti-
mates may be due to different periods of recording (6 months
v. 3 d). Additionally, the FFQ covered the top food sources
of iodine in the UK (cows’ milk, dairy, eggs, fish and seafood),
possible non-animal sources applicable for vegans and foods
that are rarely consumed such as seaweed. The FFQ did not
include other possible sources of iodine, for example, fruits, veg-
etables, grains, etc. that did contribute to dietary intake for all
groups. Shortening the FFQ to provide limited food choices
may have resulted in overestimation of items that are not
frequently consumed or perhaps iodine-rich food items were
not covered in the time covered by FD(80). Due to methodologi-
cal challenges associated with FFQ, we are unable to establish if
iodine intake over time (6 months) is indeed adequate in our
cohort. We have focused on FD estimates for our analysis as
these records reflect recent iodine intake and are likely to corre-
spond more closely to UIC(6).

In Western diets, iodine is incorporated from adventitious
sources such as iodine feed supplements and iodophors used
in the dairy industry along with differing food practices between
producers(81). Hence, cows’ milk and milk products are good
sources of iodine. One portion of cows’ milk (200 ml) may
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Table 8. Baseline record of iodine knowledge (%) by dietary group in years 2016–2017 and 2019*
(Medians and ranges)

Responses

Vegans Vegetarians Omnivores P

2016–2017 (n 12) 2019 (n 7) 2016–2017 (n 5) 2019 (n 10) 2016–2017 (n 32) 2019 (n 18)

2016–2017 2019Median Range Median Range Median Range Median Range Median Range Median Range

Awareness of the importance of adequate dietary intake
Yes 41·7 85·7 80·0 100·0 71·9 89·5 0·132 0·508
No 58·3 14·3 20·0 0·0 28·1 10·5

Symptoms correctly identified
Yes 41·7 42·9 60·0 60·0 46·9 42·1 0·788 0·635
No 58·3 57·1 40·0 40·0 53·1 57·9

Knowledge of iodine deficiency symptoms
Compromised growth 0·0 0·0 0·0 10·0 0·0 5·3 NA –
Goitre/enlargement of the thyroid gland 16·7 42·9 20·0 40·0 25·0 26·3 0·832 –
Neurological impairment 8·3 0·0 20·0 0·0 12·5 5·3 0·797 –
Cretinism 16·7 0·0 60·0 10·0 21·9 5·3 0·141 –
Reduced thyroid function 25·0 0·0 0·0 10·0 3·1 0·0 0·048 –
Hypothyroidism 8·3 14·3 40 0·0 12·5 5·3 0·209 –
Other 0·0 28·6 0·0 10·0 0·0 0·0 NA –
Do not know/no response 0·0 57·1 0·0 40·0 0·0 57·9 NA –

Understanding of the importance of iodine in pregnancy and infancy
Yes 25·0 28·6 40·0 60·0 43·8 36·8 0·523 0·357
No 75·0 71·4 60·0 40·0 56·3 63·2

Perceptions of the main food sources of iodine in the UK diet
Cows’ milk 33·3 42·9 100·0 60·0 38·7 47·4 0·026 0·742
Organic cows’ milk 25·0 28·6 40·0 40·0 75·0 47·4 0·772 0·684
Yogurt 33·3 28·6 60·0 10·0 75·0 26·3 0·280 0·546
Whitefish 25·0 57·1 80·0 40·0 50·0 63·2 0·099 0·489
Oily fish 50·0 28·6 40·0 20·0 40·6 52·6 0·663 0·190
Sea salt 33·3 71·4 60·0 50·0 56·3 47·4 0·590 0·540
Table salt 41·7 42·9 40·0 37·5 53·1 10·5 0·928 0·128
Leafy green vegetables 50·0 71·4 60·0 60·0 43·8 57·9 0·909 0·818
Wholemeal bread 33·3 28·6 20·0 10·0 68·8 10·5 0·855 0·457

Total iodine knowledge score
Total score 1·5 17·0 6·0 8·0 7·0 7·0 6·5 7·0 3·0 10·0 5·0 14·0 0·219 0·532

NA, no measures of association were calculated as at least one variable was continuous.
* Significant between dietary groups for nominal data assessed by χ2 and continuous by Kruskal–Wallis (P≤ 0·05).
No analysis was conducted by χ2 as the minimum expected count was under 5.
Normality was assessed by Shapiro–Wilk (P= 0·001).
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provide an average iodine concentration up to around 85·4 μg,
although this is subject to seasonal variation(81). In the current
study, cows’ milk and dairy products were positively associated
with UIC in 2016–2017, suggesting their importance as sources
of dietary iodine. Contrary to recent findings(82,83), consumption
of cows’ milk exhibited no relationship with UIC in 2019. This
finding may be explained by lower cows’ milk intake in our
cohort paralleling recent UK data which show that national dairy
product consumption has reduced, particularly among younger
people(18). The majority of our study cohort comprised young
adult females, a group in whom milk reduction is particularly
noticeable(18,84).

In the UK, there has been a sizable increase in the availability
and popularity of non-dairy alternative milks (e.g. soya, oat and
almond, etc.). Research by Mintel identified that adult household
consumption of alternative milks increased from 14 % in 2017 to
23 % in 2019(18). Displacement of iodine-containing cows’ milk
may increase the risk of deficiency. Label-based analysis con-
ducted in 2015 revealed that alternative milks available in the
UK had an average iodine content that is 1–5 % of that of cows’
milk, unless fortified(21). We found that milk alternative and milk
alternative product consumption had no relationship with UIC in
2016–2017 or 2019.Our findings did notmatch those observed in
UK woman of childbearing age who were consumers of soya
milk and a recent analysis of the National Diet and Nutrition
Survey (2014–2017) which indicated that iodine nutrition was
significantly lower in those who regularly consumed milk alter-
natives(11,83). This study also showed intake of alternative milks
to be significantly greater in vegans than vegetarians and omni-
vores. In our study, milk alternative consumptionwas not limited
to vegan participants and was consumed by all dietary groups.
Iodine-fortified milks were not greatly consumed, in either
cohort, perhaps due to cost or low availability in the UK or lack
of iodine awareness at the time of study. In 2016–2017, the
iodine contribution of alternative milks appeared to be signifi-
cant in the diets of vegans and vegetarians despite having a
low iodine content. The iodine intake of vegans and vegetarians
in our study was so low that the proportion contributed by foods
that are not considered good sources of iodine (alternativemilks,
alternative meats, fruit, vegetables, breads, grains, pulses and
drinks) appeared significant even though the absolute quantity
was small. Given that it is likely that vegan and vegetarian influ-
ence on the food sector will continue to grow, individuals relying
on alternative milk products to meet iodine requirements must
be advised to select fortified varieties or to consume iodine from
other food sources or supplements.

Milk is often consumed daily, whereas fish and seafood are
not consumed as frequently and may not always be included
in dietary records. Apparent elevated consumption of fish
among vegetarians in 2016–2017 was due to the inclusion of a
number of pescatarians in this group. In both years, average con-
sumption of fish (for consumers) was greater than average fish
consumption among adults in the UK between 30–60 g/week(85).
However, we did not see the expected positive relationship
between UIC and fish and seafood consumption, presumably
due to the low number of consumers across all groups.
Fish intake in the UK is low, and thus may not serve as a
good source of iodine for the general population. Barriers to

fish intake include: cost, availability, cooking knowledge and
palatability(86).

The UK currently does not have a universal iodised salt
programme(28). Only one omnivore in 2016–2017 recorded con-
suming iodised salt in 3 d of records, contributing largely to
iodine intake (61 %). Despite using iodised salt, the intake
of this individual was below recommended intake of 150 μg/d
(119·3 μg/d). Vegan and vegetarian dietary choices are often
linked with engagement in healthier behaviours and have been
found to have lower salt intake compared with other groups(87).
Iodised salt is not routinely available from supermarkets for
public purchasing, and varieties that are offered tend to be
expensive compared with regular table salt(28). Participants were
not specifically asked to record salt added to meals and conse-
quently, as suggested by previous work(88), estimates of salt
intake are likely to be low.

None of our participants indicated suffering from celiac dis-
ease; however, we cannot rule out the presence of undiagnosed
disease. Iodine absorption in those with celiac disease is
impaired compared with a healthy population and so those with
disease coupled with restriction of iodine-rich foods may further
exacerbate deficiency(89). Specific diagnoses of celiac disease
were beyond the scope of this study, but the likelihood of
a significant impact of undiagnosed disease on our findings
is low.

Supplements

In regionswhere no universal iodised salt coverage exists, iodine
supplementation is particularly useful for prevention of defi-
ciency(11,90). Supplement use was widely adopted in vegan
groups in our study, yet most consumed supplements were
non-iodine containing. The most frequently used supplement
for all groupswas B12 (27 %), followed by non-iodine-containing
multivitamin formulations (17 %). Since restrictive diets increase
the risk of nutritional deficiencies (B12, vitamin D, Zn, fatty
acids, etc.)(54,91), individuals may consume micronutrient com-
plexes over concerns for dietary adequacy. One participant,
an omnivorous male in 2019, had dietary intake above the
criteria for iodine excess (>300 μg/d) according to FD data(6),
likely owing to consumption of a diet rich in cows’ milk, dairy
products, eggs and fish alongside daily use of iodine-containing
micronutrient supplements. Improved awareness of iodine-
containing supplements to populations not consuming iodine-
rich foods is required.

Seaweed is a very rich and sustainable source of iodine.
The iodine content of seaweed species can vary between
60 μg 100/g to 624 500 μg 100/g (dry weight)(92). Currently, sea-
weed is not recommended to improve iodine due to potential
adverse effects relating to over-consumption(7), with regular
intake of seaweeds providing >45 μg/g of iodine shown
to compromise thyroid function(93). Despite this, research
has shown low-level seaweed supplementation to improve
status of iodine-insufficient individuals in the UK and
Europe(37,51,55,56,59). Seaweed has been suggested as a possible
source of iodine for vegans(92) but has been shown to frequently
contribute to excessive iodine intake(31). In the present study,
seaweed supplements did provide an additional 1541 μg/d to
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dietary intake of two omnivores. Values at this level would
exceed the upper tolerable limits of iodine and could lead to
the development of alternative thyroid disorders(94). Seaweed
products are becoming more widely accepted in the UK(95).
To prevent excess associated with seaweed consumption
products should be routinely monitored and their iodine content
disclosed. Additionally, the risks involved with supplementing
seaweeds should be communicated.

Iodine status

Despite low sample sizes, the present study aligns with
existing studies signifying that UK adults, particularly those
following vegan and vegetarian diets, are at risk of iodine
deficiency(39,51,54–56). The iodine status of omnivores was signifi-
cantly greater than vegans in both years and vegetarians in 2019.
The UIC values for all dietary groups in our study were lower
than those of the UK population. Nationally representative data
collected in accordance with years of our study (2016–2017 to
2018–2019) recorded median UIC of 98 μg/l for women of
childbearing age (19–49 years) and 106 μg/l for adults
(19–64 years)(22). However, omnivorous participants presented
values signifying mild deficiency and both vegans and vegetar-
ians had values within the criteria for moderate deficiency in
2016–2017, and severe in 2019. Worryingly, this result is indica-
tive of a time-related decline in iodine status. Aligning with
national trends, whereby, UIC averages fell between years
2014 and 2019 in both adults (3 %), and women of childbearing
age (9 %)(22).

UIC is the internationally recognised criteria for measuring
population iodine status(6). Spot samples are criticised for their
inability to precisely detect mild-to-moderate iodine deficiency
(median UIC> 50 μg/l) due to diurnal variation in UIC(96,97),
which are lowest between 08.00–11.00 hours and slowly
increase after 12.00 hours, before peaking 4–5 h after feeding.
Our study was strengthened by concurrent collection of spot
samples. By noon most participants would have consumed a
meal; hence, UIC values would be above baseline. UIC has been
found to be significantly lower in non-breakfast consuming
individuals(97). Given that numerous studies have concluded
that breakfast skipping is widespread among young adults at
universities(98), this may have contributed to lower UIC in
our study.

Iodine knowledge

Sufficient iodine knowledge has been shown to be positively
correlated with iodine nutrition with iodine intake and
status(14,15). Our study was populated by university students
and staff; therefore, most participants were of a high education
level. We found no difference in total iodine scores between
the dietary groups, suggesting that dietary practice was not a
predictor of iodine knowledge in this cohort. Limited research
exists investigating the difference in dietary knowledge between
vegans, vegetarians and omnivores. Iodine knowledge scores
were lower than that recorded for UK females (2·1 (SD 0·8) out
of a possible 8)(14) and were lower in younger participants in
2016–2017. This may reflect the stage of education, such that first
year undergraduate students may be less aware of the role of

iodine in the diet, but this was not addressed in our study.
Iodine awareness in general was low, with most participants
being unable to identify a health condition related to iodine defi-
ciency. Our findings also indicated that misconceptions exist in
our population regarding which foods are iodine rich. Many
selected leafy green vegetables and oily fish as good sources
of iodine. Awareness of foods contribution to iodine varied by
dietary group. A larger proportion of vegetarians in our study
were able to correctly identify cows’ milk as a useful iodine
source, which did not translate to greater dietary intake.
Understanding the role of cows’ milk in iodine provision varies
across studies. In the UK, 16 % of respondents showed good
understanding and Australia 9 %, while this rose to 47 % in a
Norwegian cohort(13,14,99). Other foods rich in iodine (such as
whitefish and yogurt) had variable responses between dietary
groups. Iodine knowledge may not translate to behaviour
change in more restrictive dietary groups, for example, it is
unlikely that strict vegans will decide to consume animal prod-
ucts based on iodine content. Our results suggest that public
health strategies are needed to improve public awareness of
iodine and good sources of iodine for those not consuming
cows’ milk, dairy, whitefish or eggs need to be communicated,
in addition to choosing foods that are fortified with iodine.

Energy intake

We found no significant association between energy and iodine
intake; however, in both years of study, average daily energy
intake was below the current UK recommendations for weight
maintenance (female: 2000 kcal; male: 2500 kcal) despite most
participants recording BMI within the healthy range(47). In 2016–
2017, vegetarians had BMI values that were significantly lower
than omnivores. However, in our current study average energy
intake (kcal) did not differ between dietary groups (2016–2017,
P= 0·438; 2019, P= 0·802). Lowered energy intake may be
attributed to high prevalence of under-reporting in our study.
The incidence of under-reporting ranges between 18 and 54 %
in dietary studies(100). In our study, the rate of under-reporting
was much greater (73 %). This finding could be attributed to
common determinants of misreporting. Our sample was largely
female, and women tend to report energy intake to be signifi-
cantly lower than daily recommendations(100). We did not record
PAL as part of our study; therefore, EI:EE cut-offs are likely to be
inaccurate. Misreporting of iodine-containing foods may
have impacted our collected results. Healthy foods (fruit and
vegetables) are often over-reported and females classed as
under-reporters have been shown to consume significantly
lower levels of foods rich in iodine, including cows’ milk, dairy
products, eggs and fats(101).

Study limitations

There are few validated FFQ specifically assessing iodine intake
in Western or UK populations, of which none is tailored for
vegans(102–104). Despite our FFQ being based on that used in
the EPIC study, which has been extensively validated(44), the
FFQ used in our study was not validated following modifications
and so inaccuracies may occur due to difficulties distinguishing
between categories. The Nutritics software, used to analyse FD,
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uses food tables to estimate average intake and cannot account
for variability in iodine content within food(81). The iodine con-
tent of foods is not adjusted per season to constitute changes in
content throughout the year(81). Cows’milk iodine concentration
is highest in winter and since our data were collected in different
seasons, winter 2016–2017 and summer 2019, the data may be
subject to seasonal variation(81). Additionally, many manufac-
turers of vegan products cannot accurately provide measures
of iodine(55).

Median UIC is the principle method for assessing population
iodine status, as up to 90 % of absorbed iodine is excreted in the
urine. Several factors may influence UIC measured by spot
samples, including daily variation in the iodine content of
recently consumed foods and circadian rhythms(97). Moreover,
UIC varies by recent fluid intake as UIC is expressed per volume
of urine(105). We were unable to account for fluid intake as cre-
atinine was not measured and many participants did not record
fluid intake within FD.

Finally, inclusion of pescatarians and individuals who had
recently transitioned onto a vegan diet as part of the ‘vegetarians’
dietary groupmay not be reflective of the restrictions included in
these groups. To retain sample size, even vegans and vegetar-
ians with low dietary adherence (i.e. occasional consumption
of cows’ milk/dairy) were included into analysis. Lastly, most
participants were students and so our cohort is therefore likely
to be highly motivated and well-educated.

Conclusion

Vegans and vegetarians are a subgroup at increased risk of
iodine deficiency. Regardless of dietary choice, the exclusion
or substitution of iodine-rich animal products appears to act as
a barrier to achieving iodine recommendations. Individuals fol-
lowing restricted diets should be encouraged to select iodine-
containing supplements or fortified foods. At policy level, man-
datory fortification of products mimicking cows’ milk may be
beneficial given the popularity of these foods and potential for
them to be a useful vehicle to improve iodine intake. Formal edu-
cation focusing on providing accurate and reliable information to
vulnerable groups (vegans, vegetarians and young women)
should be considered at national level. Further monitoring and
assessment of the consequences of lowered iodine intake in indi-
viduals implementing strict dietary choices is required.
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