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Abstract 

Background: The New Zealand government mandated fortification of bread with 

iodised salt as a strategy to address the re-emergence of iodine deficiency. Studies 

conducted since the fortification of bread with iodised salt have reported adequate 

iodine status in New Zealand children and adults, however, no studies have focused on 

adolescents. Overseas research has found a higher risk of iodine deficiency in 

vegetarians compared to non-vegetarians, a dietary pattern becoming more common in 

New Zealand.  

Objective: To determine the iodine intake and adequacy of vegetarian and non-

vegetarian adolescent females in New Zealand. To identify the percentage of female 

adolescents using iodised salt and major food sources contributing to usual iodine 

intake.  

Design: A cross-sectional study of 15-18 year old females living in eight centres 

throughout New Zealand. Iodine intake was determined using two 24-hour diet recalls, 

adjusted using Multiple Source Method (MSM) programme to determine usual intake. 

Diet recalls were entered into FoodWorks 9 to calculate iodine intake from diet alone, 

using the New Zealand Food Composition Tables. Iodine intake from iodised salt was 

ascertained using a question on iodised salt use during the 24-hour diet recall. Iodine 

from discretionary salt was estimated at 48 μg of iodine for participants who indicated 

iodised salt use. Diet recall data was used to assess major food sources of iodine while 

a dietary habits questionnaire assessed frequency consumption of food groups 

including iodine rich foods.  

Results: The majority of participants (n=250) identified as New Zealand European and 

other ethnicities (78%),while 16% identified as Māori and 6% identified as Asian and 

Pacific. Over half of the participants (65%) had a healthy BMI (i.e. BMI z-score ≥-2 
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and ≤1) while almost a quarter was overweight (23%). Of the 250 participants analysed, 

31 were vegetarians and vegans. The iodine intake for all participants from diet alone 

was 82 μg/day and from diet plus iodised salt was 104 μg/day. The iodine intake from 

diet alone for non-vegetarians was 83 μg/day and for vegetarians was 80 μg/day; the 

mean (95% CI) difference between the groups was 2.9 (-9.0 to 14.8) μg/day. Almost 

half (45%) of participants used iodised salt. The mean iodine intake from diet plus 

iodised salt was 105 μg/day for non-vegetarians and 92 μg/day for vegetarians; the 

mean (95% CI) difference between the groups was 13 (-0.7 to 27.3) μg/day. The iodine 

intake from diet plus iodised salt was 126 μg/day in participants who used iodised salt 

and 85 μg/day in participants who did not use iodised salt. More than half (68%) of 

participants did not meet the Estimated Average Requirements (EAR) for iodine of 95 

μg/day from dietary iodine only while 39% did not meet the EAR from dietary iodine 

plus iodised salt. Bread was the main contributor of dietary iodine intake, contributing 

34% and 25% to dietary iodine intake in vegetarians and non-vegetarians, respectively. 

Other major food groups contributing to iodine intake in descending order include: 

grains and pasta, non-alcoholic beverages and milk. 

Conclusion: No difference was found between the iodine intakes of vegetarians and 

non-vegetarians adolescent females. The majority of female adolescents in New 

Zealand had insufficient iodine intake that did not meet the EAR. After including iodine 

from iodised salt to their diets, iodine intake improved showing that the use of iodised 

salt is an important factor for this sample of female New Zealand adolescents in order 

to obtain enough iodine from their diet.   
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1. Introduction 

 Iodine is a solid purple element at room temperature (1). In nature, it is most 

commonly combined with other elements such as oxygen, hydrogen or carbon and can 

be found in rock, soil, water, plants, and animal tissues (2). The world’s largest iodine 

reserve is seawater where it naturally accumulates in seaweeds, sponges and corals (2). 

Food of marine origin are rich sources of iodine as is some mined salt. However, the 

level of iodine in soils in many parts of the world, including New Zealand, is low (3). 

Consequently, the plants grown in these soils and the animals that feed on these plants 

(i.e. grass) are also low in iodine. Populations living in regions of poor soil iodine 

content with low marine food intake often need to rely on other food sources for 

adequate iodine intake such as iodised salt. Iodised salt is used in many countries where 

iodine deficiency is common.  

 Iodine was discovered in 1811 by French chemist Courtois while using seaweed 

to manufacture saltpetre for gunpowder (4). He lacked money for research and passed 

on his specimens to Gay-Lussac who later identified iodine as a novel element and 

named it after the Greek word violet (5). A few years after the discovery of iodine in 

seaweed, Swiss physician Coindet hypothesised that iodine was the active component 

in marine sponges and seaweed which he used to treat goitre, but he did not think a lack 

of iodine was the cause of goitre. He experimented by providing iodine tinctures to 

patients with goitre and found success in reducing goitre size (4). In the 1830s, 

Bousingault discovered that the iodine content in salt from goitre-free regions were 

higher than in neighbouring regions with severe goitre and suggested the 

implementation of iodised salt as a prophylaxis in goitre severe regions (6).  
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 In the 1850s, it was Chatin who first proposed that a lack of iodine caused goitre 

(5). Chatin compared the iodine content in soils, water and foods throughout western 

Europe and found a correlation between the incidence of goitre and the intake of iodine 

in populations living in the different regions (5). He suggested using iodised salt in 

goitrous areas of France based on the previous work by Bousingault. Although there 

were scepticism about Chatin's study, iodised salt was distributed to three severe 

goitrous regions of France, however, for unknown reasons, this programme was 

discontinued. In 1915, the Swiss and Americans were both conducting further trials to 

treat goitre with iodine as both Switzerland and the USA had high rates of goitre (7). 

In 1922, the Swiss Goitre Committee introduced iodised salt. Iodised salt was 

subsequently introduced in USA and New Zealand in 1924 (8). 

 After the implementation of iodised salt, the high goitre rates in New Zealand 

of ~30% gradually decreased to less than 1% by the early 1950s (8). However, mild 

iodine deficiency re-emerged in the early 1990s which led to the government mandating 

the use of iodised salt in the making of commercial bread (9). Currently, the primary 

sources of iodine in the typical New Zealand diet are bread, iodised salt and animal 

foods such as fish, dairy products and eggs. Vegetarian and vegan diets are increasing 

in popularity, particularly in young people (10) and in New Zealand (11); overseas data 

have reported low iodine intakes in vegetarians (12, 13). However, there have been no 

studies reporting iodine intakes of New Zealand female adolescents or iodine intakes 

of vegetarians in New Zealand. Therefore, the aim of this study is to compare iodine 

intakes between vegetarian and non-vegetarian adolescent females in New Zealand.  
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2. Literature Review 

2.1 Methodology of literature review 

 A literature search was conducted using the databases ‘Scopus’, ‘PubMed’, and 

‘Ovid’, accessed through the University of Otago Library from September to November 

2018. The keywords used included ‘iodine intake’, ‘iodine status’, ‘adolescent’, ‘teen’, 

‘teenager’, ‘vegetarian’, ‘vegan’, ‘female’, ‘iodine history’ and ‘New Zealand’. Further 

papers were retrieved from reference lists of published articles that had been previously 

accessed and government websites.  

 

The objectives of the literature review were: 

1. To provide an overview of iodine including the function and metabolism of 

iodine. 

2. To explore the iodine status in New Zealand including current dietary sources. 

3. To evaluate the current literature on iodine intake between vegetarians and non-

vegetarians.  

 

2.2 Iodine 

2.2.1 Function 

 Iodine is an essential component of the thyroid hormones, triiodothyronine (T3) 

and thyroxine (T4). Thyroid hormones are required for brain development, growth, 

reproductive function, and the regulation of metabolism (14). The thyroid hormones 

are synthesised in the thyroid gland, located at the base of the neck. Most (~70-80%) 

iodine in a healthy human body is found in the thyroid gland (15).  
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2.2.2 Metabolism 

 Ingested dietary iodine is well absorbed in the stomach and duodenum as iodide 

(14) and enters the blood circulation. When iodine intakes are sufficient, about 10% of 

circulating iodide is taken up the by the thyroid gland (15). Iodide is actively 

transported from the blood into the thyroid follicular cells by the sodium iodine 

symporter (NIS) protein (16). Iodide is then further transferred by pendrin (a sodium 

independent iodide/chloride transporter) into the follicular lumen where iodide is 

oxidised to iodine by a peroxidase enzyme. In the follicular lumen, iodination of the 

glycoprotein molecule, thyroglobulin, occurs when iodine is bound to tyrosine 

molecules present within the thyroglobulin to form T3 or T4 hormone. The thyroid 

hormones can be stored within the thyroid follicles for several months (16).  

 When required, the thyroid hormones move from the follicular lumen into the 

thyroid epithelial cells and diffuse into the blood stream (16). In the blood, they are 

bound to thyroid binding proteins including thyroxine binding globulin (TBG), 

thyroxine binding prealbumin (TBPA) and thyroxine binding albumin (TBA) (16). 

While circulating in the blood stream, protein bound thyroid hormones are biologically 

inactive. At the target tissues, the thyroid hormones are released from their binding 

proteins and diffuse into the target cells easily as they are lipid hormones. Thyroxine 

(T4), which is biologically inactive, is de-iodinated to T3 before entering target cells.  

 The clearance of circulating iodide to the thyroid gland is regulated by TSH. 

TSH is secreted by the anterior pituitary gland; the level of TSH is controlled by a 

negative feedback mechanism. When circulating thyroid hormones in the blood stream 

are low, the pituitary gland increases the production of TSH. The rise in TSH increases 

the uptake of circulating iodide into the thyroid follicle to increase production of thyroid 

hormones. When iodine intake is sufficient to meet the needs of increased thyroid 
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hormone production, the concentration of TSH will return to normal. If iodine intake is 

insufficient to meet the needs of thyroid hormone production, and stored T3 and T4 in 

the follicular lumen is depleted, the constant stimulation of the follicular cells by the 

TSH causes hyperplasia. After continuous long-term stimulation, hypertrophy and 

hyperplasia will enlarge the gland resulting in goitre (14). Goitre can occur in all ages.  

 Iodine from the hormones are recycled back into the circulation or excreted, and 

although small amounts can be lost in faeces and sweat, the majority of iodine (~90%) 

is excreted in the urine, hence the concentration of iodine in urine is the most commonly 

used biomarker of iodine status.  

2.2.3 Iodine Deficiency Disorders  

 The lack of iodine in the body results in a number of consequences depending 

on the stage of life and severity of iodine deficiency but these are commonly grouped 

under the term Iodine Deficiency Disorders (IDD). Goitre is the most visible physical 

adaptation to chronic iodine insufficiency in all ages, however, there are other 

consequences. The most serious of these is cretinism, which can occur when a woman 

is severely iodine deficient during pregnancy (14). Cretinism is an irreversible form of 

mental retardation (17) but other physical effects are present including varying degrees 

of short stature, deaf-mutism and spasticity (15). Less severe iodine deficiency (i.e. 

moderate to mild) can also affect cognitive function in children and adolescents. A 

study by Gordon et al found that iodine supplementation of mildly iodine deficient New 

Zealand schoolchildren aged 10-13 years improved perceptual reasoning, suggesting 

that mild iodine deficiency may prevent a child from reaching their full intellectual 

development (18). An adequate intake of iodine is particularly important in the first two 

decades of life, as the brain continues to develop throughout childhood and adolescence. 
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2.3 History and Status of Iodine in New Zealand 

 The level of iodine in the soil in many parts of the world can be low, particularly 

in areas that are mountainous and inland areas that are far from the ocean; leaching 

from glaciation, flooding and erosion deplete iodine from the soil (19). New Zealand, 

despite being an island surrounded by the ocean, has low levels of iodine in the soil (3) 

and, typically, intake of iodine-rich seafood is low (20). In the early 1900s, reports of 

goitre were common in New Zealand particularly in the South Island, leading to the 

iodisation of salt in 1924 (3, 8) at a concentration of 5 mg of iodine per kilogram of salt 

(mg/kg). However, after reports that goitre was still common, in 1936 Hercus and 

Purves compared 24-hour urinary excretion of residents in various regions of New 

Zealand, including all goitrous areas, with Western Samoa and Australia, which were 

goitre-free (21). They reported that a urinary excretion >100 μg/day would be needed 

for New Zealand to become non-goitrous. A trial undertaken with iodised salt in a 

nurses’ home in Dunedin Hospital found that when salt was iodised to 40 mg/kg, 

urinary iodine excretion rose to 138 μg/day (21). Consequently in 1938, the iodine 

concentration of iodised salt was increased to 50 mg (range 40-80) of iodine per 

kilogram of salt (22). 

 The increased iodine concentration in salt successfully improved iodine status 

in New Zealand for many years. The prevalence of goitre fell from ~30% to less than 

1% by the early 1950s. In the 1960s, iodophors were introduced as a cleaning agent in 

the dairy industry which further increased the iodine content of the typical New Zealand 

diet due to the adventitious contamination of dairy products by iodophors. Further 

studies conducted in the 1960s and 1980s demonstrated good iodine status in New 

Zealand (21, 23, 24). Consequently, a complacent attitude about iodine existed for 

many decades, as it was assumed that there would be no further problems with iodine 
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intakes. This, however, was not the case as iodine deficiency regained attention in 1997 

with the publication of a survey of adult blood donors in the Otago and Waikato regions 

(25). The survey was conducted in 1993 and 1994, and found a median urinary iodide 

excretion (UIE) for men and women of ~60 μg/day which is indicative of low dietary 

iodine intake (25). Consequently a number of studies were published examining iodine 

status in different population groups in New Zealand.  

 A study published in 2002 of school children aged 8-10 years observed mild 

iodine deficiency with a median UIC of 66 μg/L and 12% of the children with goitre 

(26). The 2002 National Children’s Nutrition Survey confirmed mild iodine deficiency 

in a nationally representative sample of children aged 5-14 years with a median UIC of 

66 μg/L, below the cut-off of 100 μg/L used by International Council for Control of 

Iodine Deficiency Disorders (ICCIDD) to classify a population as mild iodine deficient 

(27). The ANS 08/09 reported a median UIC of 53 μg/L for New Zealand population 

aged 15 years and older, confirming mild iodine deficiency in adults (28). The 2009 

NZTDS showed that the mean iodine intake of all age and gender cohort included was 

below the EAR of 100 μg/day (29), similar to the previous findings of the 2003/04 

NZTDS (30, 31). Based on multiple NZTDS reports from 1982 to 2009, a progressive 

decline in iodine intake was observed from 1982, reaching a plateau in 2009 (30). These 

findings were consistent with the decreasing use of iodophors in the dairy industry since 

the 1980s as iodophors were slowly replaced with other cleaning compounds. 

Concurrently, public health recommendations for people to reduce salt intake to 

decrease the risk of hypertension and stroke and an increase in the consumption of food 

outside home made with non-iodised salt (i.e. processed food) are also likely to have 

contributed to the decline in iodine intakes in New Zealand. 
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 The re-emergence of mild iodine deficiency resulted in two government 

strategies to improve iodine intakes in the population: (1) the mandatory addition of 

iodised salt to commercial bread was implemented in 2009 (9); and (2) the 

recommendation that all pregnant and lactating women take an iodine supplement in 

2010 (32, 33). Bread was chosen as the fortification vehicle because bread is a staple 

food in the New Zealand diet with a high and constant rate of consumption (20). The 

legislation required that most commercially produced bread replace non-iodised salt 

with iodised salt during the baking process.  

 Since the fortification of bread with iodine, a number of studies have been 

undertaken demonstrating an improvement in iodine status. A 2011 study by Skeaff 

and Lonsdale-Cooper measured the iodine status of 8-10 year old children living in 

Dunedin and Wellington, finding that the children had a median UIC of 113 μg/L, 

indicating adequate iodine status. However, the serum thyroglobulin levels of the 

children were high, leading the authors to suggest that insufficient time had passed since 

fortification to resolve goitre (34). A further study by Jones et al conducted in 2015 

found 8-10 year old children living in Christchurch and Auckland had adequate iodine 

status, with both the median UIC (116 μg/L) and serum thyroglobulin within the normal 

reference range (35). Edmonds et al conducted a study on New Zealand adults which 

reported a median UIC of 73 μg/L but because the mean urine volume was 2.0 litres, 

the median UIE was 127 μg/day (36). A 2016 publication by the New Zealand MPI 

compared the iodine status of adults aged 15 and older from the ANS 08/09 with the 

2014/15 New Zealand Health Survey (NZHS), reporting that median UIC increased 

from 53 μg/L to 103 μg/L (9). However, there were differences based on gender and 

age, with women aged 31 and older having median UIC of 80-93 μg/L indicating mild 
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iodine deficiency. All males regardless of age group and females aged 16-30 years had 

adequate iodine status (>110 μg/L).  

 In contrast to these studies, a study by Miller et al on New Zealand elderly 

residents in long term residential care found iodine insufficiency despite iodine 

fortification of bread (37). This is likely due to the low energy intakes of such residents, 

including a low intake of fortified bread as well as other good dietary sources of iodine 

such as eggs, cow’s milk and fish. Other population groups may also be at risk of low 

intakes of iodine, particularly vegetarians and vegans. Furthermore, there is evidence 

that bread consumption is declining in New Zealand, particularly in women (38). 
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Table 1 New Zealand studies investigating iodine status 

Author (year) Study group Indicator Iodine Status 

Hercus and Purves (1936) (39) 
Not specified – details not 

provided  

24-hour urinary excretion:  

25 μg-57 μg/day 
Deficient  

Cooper et al (1984) (24) 
Female students 16-19 years  

n = 127 

Mean daily urine iodide excretion:  

1.8 μmol/day (228 μg/L) 
Above requirements 

Simpson et al (1984) (23) 

Adult participants involved in a 

12 month salt restriction study  

n = 133 

24-hour iodide excretion: 

Salt restricted group:  

1.1-1.3 μmol (139-165 μg/L) 

Control group: 1.7-1.8 μmol (215-228 μg/L) 

Adequate iodine nutrition 

to above requirements 

Thomson et al (1997) (25) 

Adult participants 

Otago: n = 189 

Waikato: n = 144 

Iodide concentration in 24-hour urine: 

Otago: 42 μg/L 

Waikato: 53 μg/L 

Moderate to mild iodine 

deficiency  

Skeaff et al (2002) (26) 
Children 8-10 years 

n = 300 
Median UIC: 66 μg/L Mild iodine deficiency  

2002 National Children’s 

Nutrition Survey (27)  

Children 5-14 years 

n = 3275 
Median UIC: 66 μg/L Mild iodine deficiency 

Adult Nutrition Survey 

2008/09 (28) 
Females 15-18 years Median UIC: 53 μg/L Mild iodine deficiency 

Skeaff et al (2013) (34) 
Children 8-10 years 

n = 147 
Median UIC: 113 μg/L Adequate iodine nutrition 

Jones et al (2016) (35) 
Children 8-10 years  

n = 415 
Median UIC: 116 μg/L Adequate iodine nutrition 
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2.4 Assessment of Iodine Status  

 Iodine status in individuals and populations can be assessed using biochemical 

tests, clinical examination and dietary assessment. World Health Organisation (WHO) 

recommends the use of UIC to determine the iodine status of a population (40).  

2.4.1 Biochemical Assessment  

 The determination of UIC in a spot or casual urine sample is the most commonly 

used method to determine the iodine status of a population as spot urine samples are 

easy to obtain from most age groups compared to 24-hour urine samples. 

Approximately 90% of dietary iodine is excreted in the urine (41). UIC reflects recent 

iodine intake, usually within the past 24 to 48 hours (15). A limitation with both spot 

and 24-hour urine samples is that they are highly variable, hence should not be used to 

assess the iodine status of an individual, rather used collectively to assess the iodine 

status of a group or population. The median UIC of the group of interest can be 

compared to cut-offs provided by WHO which are shown in Table 2 and Table 3 (40). 

A median UIC >100 μg/L indicates sufficient iodine status in children, adolescents and 

adults; a median UIC >150 μg/L indicates sufficient iodine status in pregnant women. 

A limitation of UIC is that it does not provide any direct information on thyroid function 

although lower or higher median UIC may indicate an increased risk of thyroid 

disorders (19). 

 Thyroid function is better assessed through the measurement of the thyroid 

hormones, T3 and T4, TSH and thyroglobulin. In moderate to mild iodine deficiency, 

the changes in TSH and thyroid hormones often fall within the normal range (15) 

making them poor biomarkers of iodine status, particularly in older children, 

adolescents and adults. However, serum TSH can be used to assess the iodine status of 
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newborn infants because infants have a higher iodine turnover rate which requires TSH 

stimulation. TSH can detect iodine deficiency in the first few weeks of life, as the level 

of TSH is increased in iodine deficient infants (19). Serum thyroglobulin has been 

shown to be a more sensitive indicator of iodine depletion than TSH or the thyroid 

hormones, including mild iodine deficiency (19, 42). Serum thyroglobulin increases 

 

Table 2 WHO epidemiologic criteria for assessing iodine nutrition based on median 

UIC in populations (40) 

Median 

urinary iodine 

(μg/L) 

Iodine 

intake 
Iodine status 

<20 Insufficient Severe iodine deficiency 

20 - 49 Insufficient Moderate iodine deficiency 

50 - 99 Insufficient Mild iodine deficiency 

100 - 199 Adequate Adequate iodine nutrition 

200 - 299 
Above 

requirements 

May pose a slight risk of more than adequate 

iodine intake in these populations 

≥300 Excessive 

Risk of adverse health consequences (iodine-

induced hyperthyroidism, autoimmune thyroid 

disease) 

 

Table 3 WHO epidemiologic criteria for assessing iodine intake based on median UIC 

in pregnant and lactating women (40) 

Median urinary iodine (μg/L) Iodine intake 

Pregnant women 

<150 Insufficient 

150 - 249 Adequate 

250 - 499 Above requirements 

≥ 500 Excessive 

Lactating women and children aged less than 2 years 

<100 Insufficient 

≥100 Adequate 
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in response to low dietary iodine intakes within weeks to months (15). The limitations 

of serum thyroglobulin are that it is not routinely measured in many clinical laboratories 

and the use of different assay procedures can result in large interassay variability of 

measure (19). 

2.4.2 Clinical Assessment  

 Iodine status can also be assessed by clinical examination of the thyroid gland. 

A lack of iodine in the diet causes goitre or an enlargement of the gland. Goitre assesses 

long term intake of iodine over months to years as it takes time for the goitre to develop 

and resolve (15). WHO defines a thyroid gland as goitrous when each lateral lobe has 

a volume greater than the terminal phalanx of the thumbs of the subject being examined 

(43). Goitre can be assessed through two methods; palpation and ultrasonography (19). 

In areas of mild deficiency, measurement of thyroid hormone by ultrasound is preferred 

as palpation has poor sensitivity (19). WHO classifies goitre through palpation as two 

grades: Grade 1 is a goitre that is palpable but not visible when the neck is in the normal 

position, even when the thyroid is not visibly enlarged. Thyroid nodules in a thyroid, 

which is otherwise not enlarged, fall into this category; Grade 2 is a swelling in the 

neck that is clearly visible when the neck is in a normal position and is consistent with 

an enlarged thyroid when the neck is palpated (43). 

2.4.3 Dietary Assessment  

 Dietary assessment of iodine intake can be done by diet records, 24-hour diet 

recalls and food frequency questionnaires (FFQ). A diet record involves participants 

recording what they eat and drink throughout the day, at the time of consumption thus 

minimising recall bias. However, diet records are prone to respondent bias as 

participants may choose to alter their diet on the day of recording (44), for example by 

under or overreporting all or some eaten foods, particularly those foods perceived to be 
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part of a ‘healthier’ diet. Participants may also alter their diet to make the recording 

process simpler, for example eating a tin of baked beans rather than a homemade stir 

fry with many ingredients.  

 A 24-hour diet recall involves asking participants to recall everything they have 

consumed over the previous 24 hours, or on the preceding day, thus is prone to recall 

bias. However, the element of ‘surprise’ means that participants typically will not have 

had an opportunity to alter their diet, thereby measures actual diet. Similar to the diet 

record, participants can under or overreport foods consumed. A limitation of both the 

diet record and 24-hour diet recall is that salt is not commonly reported as a food item. 

Salt is perceived to be a staple found in most foods when added during cooking. This 

limitation can be addressed by including a question or probe to ask if salt was added 

during cooking or at the table, including information on whether the salt was iodised 

(45). 

 A FFQ collects information on the frequency of consumption of food items over 

a set period of time, such as the past week, month, or year. A FFQ is affected by recall 

bias but is a measure of usual rather than actual intake. To collect information on iodine 

intake, a FFQ should be validated for iodine (46). A validated iodine-specific FFQ 

conducted in a large cohort should provide a good estimate of the iodine status of the 

group, but would have low sensitivity of assessing iodine intake in an individual.  

2.5 Dietary Intakes of Iodine in New Zealand 

 The 2016 NZTDS when compared to the previous NZTD studies demonstrated 

an increase in iodine intakes of the population (47). This is mainly due to the 

fortification of bread with iodised salt. Of the age groups included, all either met or 

exceeded the EAR for iodine of 100 μg/day (29, 47). However, no simulated diets were 

included for adolescent females, older persons aged 65 years and above, or vegetarians. 
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The daily intakes of iodine from each gender and age groups were based on simulated 

diets and analysed for iodine content of the food samples in the diet.  

 Good iodine sources analysed from the 2016 NZTDS are presented in Table 4 

(47). Foods with the highest iodine concentrations are of marine origin as most of the 

earth's iodine is accumulated in the sea. Mussels provide the highest iodine content of 

1.858 mg/kg followed by oysters at 1.171 mg/kg. Other good sources of dietary iodine 

include animal derived foods such as dairy products and eggs or foods containing 

iodised salt. Bread showed a large increase in iodine concentrations compared to the 

2009 NZTDS due to mandatory addition of iodised salt implemented in September 

2009. The iodine concentration of white bread rose from 0.002 mg/kg to 0.388 mg/kg, 

wheatmeal bread from 0.013 mg/kg to 0.414 mg/kg and mixed grain from 0.017 mg/kg 

to 0.372 mg/kg, making bread also a good source for iodine intake (30, 47). 

 

Table 4 Good sources of iodine based on iodine concentrations from the 2016 NZTDS 

(47) 

Food Mean concentration (mg/kg) 

Biscuit, chocolate 0.079 

Bread, wheatmeal 0.414 

Cakes and slices 0.103 

Egg 0.544 

Fish, fresh 0.211 

Lamb/mutton 0.295 

Milk, 3.5% fat 0.078 

Muffins and scones 0.068 

Mussels 1.858 

Noodles, instant 0.254 

Oyster 1.171 

Pizza 0.061 

Prawn/shrimp 0.066 

Sausage 0.178 

Sushi 0.294 
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 Vegetarians do not consume iodine rich foods such as fish, and depending on 

the type of vegetarianism, some may not consume eggs. Vegans consume even fewer 

foods that are good sources of iodine, with diets that do not contain fish, eggs, or dairy 

products. Thus, vegans are more likely to have low iodine intakes and a higher 

possibility of being iodine deficient.  

 A study conducted of adult British vegans reported female participants with a 

median UIC of 20.5 μg/L where the authors reported a moderate probability of IDD 

according to the WHO criteria (13, 40). In a German Vegan Study, only 1.3% of total 

participants met the iodine recommended intake of 200 μg/day, and the subgroup of 

female participants only consumed ~78 μg/day of iodine (48). Another study in 

Germany analysed diet samples of lactovegetarians and omnivores and reported lower 

iodine intakes in the lactovegetarian diet (49). 

 Research in Slovakia found 25% of vegetarian participants and 80% of vegan 

participants had iodine deficiency, compared to the group that consumed a omnivorous 

diet (12). The median UIC was 210 μg/L for omnivores, 177 μg/L for vegetarians and 

71 μg/L for vegans. This study shows that vegans especially face a higher risk of iodine 

deficiency compared to omnivores. All vegans and vegetarians in this study reported to 

be using iodised salt, which suggests that without additional iodised salt consumption, 

a higher percentage of vegetarians would be iodine deficient.  

 Similar results were found in Europe where vegans were observed to be iodine 

deficient and vegetarians had a high risk of deficiency. In a Finnish study, all vegan 

subjects and 91% of the non-vegetarian subjects had UIC lower than the WHO's limit 

for mild iodine deficiency (40, 50). In Switzerland, vegetarians and vegans had a lower 

UIC than omnivores (56 μg/L vs 75 μg/L vs 83 μg/L) (51).  
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2.6 Conclusion 

 Iodine is an essential nutrient required for the proper growth and development 

of the human body. An inadequate iodine intake will cause Iodine Deficiency Disorders 

(IDD); even mild iodine deficient can result in goitre and poorer cognition. Iodised salt 

at 50 mg of iodine per kilogram of salt was implemented in New Zealand in 1938. This 

successfully reduced the prevalence of goitre from >30% to <1% by the 1950s. 

Iodophor use in the dairy industry in the 1960s further increased iodine intakes via the 

contamination of dairy products. Changing dietary patterns and the replacement of 

iodophors in the 1980-1990s led to decreased iodine intakes, and mild iodine deficiency 

re-emerged. In 2009, the government mandated the use of iodised salt to commercially 

sold bread to address this problem. New Zealand currently has adequate iodine intake 

but studies from overseas countries have shown that iodine insufficiency is common 

among vegan and vegetarian groups. The risk of iodine deficiency in vegans and 

vegetarians is unknown due to limited research. Adoption of a vegetarian dietary 

pattern is common in adolescent girls, but little is known about their nutrient intakes 

including iodine.   
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3. Objective Statement 

 A lack of iodine in the diet can have adverse consequences in infants and 

children, thus most studies on iodine status are conducted in school age children and 

pregnant women. However, iodine deficiency can affect all age groups. In New Zealand, 

there have been no studies that investigated the dietary iodine intake of teenage girls. 

As adolescents gain autonomy, they start developing their own dietary patterns which 

may include vegan and vegetarianism. Foods that are good sources of iodine include 

fish, seafood, as well as eggs and dairy products, thus a vegetarian diet may be lower 

in iodine than an omnivorous diet. Overseas studies have reported a higher risk of 

iodine insufficiency in vegetarians and vegans (50, 52), but there are no New Zealand 

studies. 

 

The aim of this thesis is to determine the usual iodine intakes of vegetarian and non-

vegetarian adolescent females. 

 

The objectives of the study are as follows: 

1. Identify the use of iodised salt in adolescent females.  

2. Identify the main food groups that contribute to iodine intakes.  

3. To compare the iodine intake and adequacy between vegetarian and non-

vegetarian female adolescents with and without iodised salt. 
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4. Methods 

4.1 Study Design 

 A cross-sectional study was conducted to investigate the iodine intakes of 

vegetarian and non-vegetarian adolescent females aged between 15 to 18 years old. The 

study was carried out in eight locations around New Zealand: Whangarei, Wellington, 

Tauranga, New Plymouth, Christchurch, Dunedin, Wanaka, and Nelson. Information 

collected from female participants included two 24-hour diet recalls and 

anthropometric measurements. Urine samples, blood samples, and accelerometer data 

were optional and collected if participants gave additional consent. Iodine status 

presented in this thesis was determined from dietary data. This study was approved by 

the University of Otago Human Ethics Committee (Health): H19/004 and registered 

with the Australian New Zealand Clinical Trials Registry: ACTRN12619000290190. 

4.2 Recruitment  

 Participants were recruited via two methods: school-based recruitment and 

targeted recruitment. School-based recruitment aimed to recruit females with varying 

dietary patterns from different areas in New Zealand whereas targeted recruitment 

aimed to recruit females who self-identified as vegetarian or vegan from Dunedin. 

Targeted recruitment was implemented in July 2019 to increase the number of 

vegetarians, because, after six months, of the 145 participants that had completed the 

study only nine were vegetarians. 
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Figure 1 Recruitment Flowchart 

 

  

Wave 1 Wave 2 

February - April 2019 July - September 2019 

8 schools recruited 

n=1882 eligible 

n=263 responded 

5 schools recruited 

n=2054 eligible 

n=220 responded 

 

Targeted recruitment 

n=12 responded 

n=87 did not complete 

consent 

n=22 no parental 

consent 

n=9 did not complete 

enrolment 

n=71 did not complete 

consent 

n=17 no parental 

consent 

n=2 did not complete 

enrolment 

n=5 did not complete 

consent 

n=0 no parental consent 

n=0 did not complete 

enrolment 

n=282 consented and enrolled to participate 

n=145 from Wave 1 schools 

n=130 from Wave 2 schools 

n=7 from targeted recruitment 

n=1 withdrew 

n=7 dropped out 

n=23 incomplete diet recall 

n=251 participants analysed 

n=251 diet recall data 

n=213 completed two 24-hour diet recalls 

n=248 anthropometric data 
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4.2.1 School-based recruitment 

 Schools were approached located in areas where data collectors (i.e. Master of 

Dietetics students) were living and invited to participate in the study. Schools with >200 

students for female-only schools or >400 total students for co-ed school were invited 

to take part. Email invitations were sent to selected schools in November 2018. If after 

two weeks, there was no response from a school, a second email was sent to the school 

along with a follow-up phone call. If contact by emails and phone call were 

unsuccessful, data collectors visited the schools to explain the study. If interest was 

shown from the school, the primary investigators, (Jill Haszard or Meredith Peddie) or 

SuNDiAL coordinator (Tessa Scott) contacted the schools to recruit students. 

 Once consent was obtained from a school to participate, a suitable date and time 

early in the term was set for data collectors to visit the school. At this visit, a 

presentation about the study was given during a school assembly. Interested girls were 

asked to sign up after the assembly, providing their details including name, age and 

email address. If a student was under the age of 16 years, a parent’s email address was 

also requested. Copies of the study information (Appendix A) was distributed to girls 

who had signed up.  

 Information about the study including a link to the SuNDiAL website was also 

promoted on various school sites including school social media pages, school websites 

and newsletters. Potential participants were able to view a video about the study as well 

as obtain more information about the study on the SuNDiAL website. The option to 

enrol for the study was available through the website.  

 After either in-school or online sign up, participants were emailed a link to 

online consent and assigned an ID number. For girls under the age of 16, parental 

consent was obtained first through email before sending girls link for online consent.  
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4.2.2 Targeted recruitment  

 Targeted recruitment took place in Dunedin. Advertisements were placed in 

local newspapers and on social media platforms, and females aged between 15 to 18 

years old who self-identified as vegetarian or vegan were directed to the SuNDiAL 

website. As stated before, the website contained a video about the study as well as 

information about participation. Interested girls enrolled by providing name and email 

address through the website. A link for online consent was then emailed to them to 

complete before answering questions about demographic and health.  

4.3 Data Collection 

4.3.1 School-based data collection 

 Data collection was carried out from February to April 2019 and July to 

September 2019. Participants were contacted in advance via text or email by data 

collectors to schedule an appointment. Members of the data collection team then visited 

schools to conduct the first 24-hour diet recall and obtain anthropometric measurements. 

Participants who additionally consented to wearing accelerometers were each fitted 

during this visit. Each participant spent approximately an hour with a data collector. A 

second school visit was done one to two weeks after the first visit, with a phlebotomist 

accompanying the data collection team to collect blood and urine samples. 

Accelerometers were collected from participants during this visit.  

4.3.2 Targeted vegetarians and vegans data collection  

 Data collection for the targeted vegetarians and vegans group started in July 

2019 and is ongoing as of November 2019. Participants were sent an email to attend a 

one hour session after school hours at the Department of Human Nutrition student 
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dietitian clinic. Data collected at this session were the same as those for the school-

based participants.  

4.3.3 Questionnaire 

 After completing online consent, participants answered initial questions about 

demographics, vegetarianism and health. Participants then completed two 

questionnaires: the first questionnaire on attitudes and motivations for food choice also 

included questions on weight-loss intentions; and a second questionnaire on dietary 

habits (Appendix B). Each participant was administered a specific questionnaire code 

at the beginning of each questionnaire. This self-administered process gave them the 

freedom to complete the questionnaires in their own time, allowing them to pause at 

will and continue by logging back in with their code. The questionnaires were 

administered online through the web application REDcap. The majority of the 

questionnaires were based on previously validated questionnaires (53-55) and were 

modified where necessary to fit New Zealand female adolescents. The modified 

questionnaires were piloted last year (September 2018) with a group of teenage girls 

and further amendments were made based on feedback gained. 

4.3.4 Dietary Assessment 

 Dietary data were collected through two 24-hour diet recalls. The first was done 

through an in-person interview session with one of the data collectors. Each session 

took approximately 30 to 40 minutes. During the interview session, participants were 

first asked to list all the foods and drinks they had consumed in the past 24-hours, after 

which data collectors asked further follow-up questions to gain more detail regarding 

each food item. A standard template (Appendix C) was used by all data collectors 

which included: time of consumption, description of food or drink, brand, amount eaten, 

and any second helpings or leftovers. Probes on water consumption, use of salt and 
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whether salt used was iodised were also included. Household measures, food models 

and photographs were used to assist participants quantify amounts of food or drink 

consumed. After completion of the first diet recall, participants were asked if they were 

willing to repeat the process with a second 24-hour diet recall, which took place a week 

later on a different day to account for with-in person variation. The second diet recall 

was conducted via a phone or video call.  

4.3.5 Anthropometric Measurements 

 Data collectors measured the weight, height and ulna length in duplicate of each 

participant. Participants were asked to remove shoes and any heavy clothing before 

standing on the centre of an electronic scale (one of Medisana PS420; Salter 9037 

BK3R; Seca Alpha 770; or Soehnle Style Sense Comfort 400). Measurements were 

recorded to the nearest 100g. The height of participants was measured using a 

stadiometer (Seca 213 or Wedderburn) without wearing shoes. Ulna lengths were 

measured on the non-dominant arm using measuring tapes. The measurements for 

height and ulna length were recorded to the nearest millimetre.  

4.3.6 Blood Sample Collection 

 Blood collection was done by a phlebotomist for in-school visits and a trained 

research nurse for vegetarian participants in the clinic. Blood was processed and 

samples were stored until analysis. The results of the blood analysis were not available 

for this thesis. 

4.3.7 Urine Sample Collection  

 A urine sample was collected based on a ‘drop-in’ basis in school. Participants 

were free to come in anytime to collect a urine kit. Each urine kit had a pair of gloves, 

a urine collection cup and a test tube. Explanation on how to collect the urine sample 
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was given by data collectors and participants carried out the urine collection in their 

own time. Once completed, the test tubes containing urine were given to the data 

collection team, sent to the laboratory and stored in the freezer until further analysis. 

Urine results were not available at the time of writing this thesis. 

4.3.8 Accelerometer 

 Participants who consented to wearing an accelerometer were each fitted with 

an Actigraph GT3x+ accelerometer during the in-person interview. Each accelerometer 

was worn continuously for 24 hours for seven days; a sleep and wear diary was also 

completed. Participants filled in the diary with times they went to bed and times when 

the accelerometer was removed for more than five minutes including reason for 

removal. Collected accelerometer data are not presented in this thesis.  

4.4 Statistics 

4.4.1 Dietary Analysis 

 The two 24-hour diet recalls were entered into FoodWorks 9 (Xyris Software 

Australia Pty Ltd) to calculate energy, macronutrients and micronutrients. This thesis 

will only present data on iodine intake. FoodWorks uses FOODfiles 2014, food 

composition data produced by The New Zealand Institute for Plant and Food Research, 

and the ANS 08/09 recipe-calculated foods. Within-person variation between the two 

diet recalls was adjusted using the Multiple Source Method (MSM) programme (56). 

The MSM programme uses short-term measurements of dietary intake to predict 

habitual consumption.  

4.4.2 Statistical Analysis 

 Dietary data and demographic data were exported to Microsoft Excel for 

statistical analysis. Participants were categorised as non-vegetarians or vegetarians as 
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self-identified on the dietary habits questionnaire. The vegetarian group was inclusive 

of vegetarians and vegans due to the small sample size of both groups.  

 Participants were classified into different BMI categories based on WHO BMI 

z-scores (57). Participants with a BMI z-score of <-2 were classified as underweight, 

BMI z-score ≥-2 and ≤1 was healthy weight, BMI z-score >1 and ≤2 was overweight 

and BMI z-score >2 was obese. Deprivation level of participants were categorised 

based on New Zealand Deprivation Index 2013. Participants with a deprivation index 

of 1 to 3 were classified as low (i.e. were the least deprived), 4 to 7 were classified as 

moderate and 8 to 10 were classified as high (i.e. were the most deprived).  

 The iodine content of foods in FoodWorks does not account for iodised salt used 

in cooking or at the table. Use of iodised salt was measured using additional probing 

questions during the 24-hour diet recall. Participants were asked if salt was added to 

cooking or at the table and, if so, whether it was iodised. Participants who stated that 

they used iodised salt had 48 μg of iodine (i.e. 1 gram of iodised salt) added to their 

iodine intake from diet alone (58). If participants did not know what type of salt they 

used, they were classified as a non-iodised salt user. Iodine intake from diet alone and 

iodine intake including iodine from iodised salt are both reported as mean, standard 

deviation, median, and 10th and 90th percentile. 

 The frequency of consumption of bread, cow’s milk, egg, fish and seafood was 

determined from the dietary habits questionnaire (Appendix B). High frequency 

consumption of bread was defined as participants who consumed bread ‘More than 3 

times a day’, ‘3 times a day’, ‘Twice a day’, and ‘Once a day’. Moderate frequency 

consumption of bread was defined as participants who consumed bread ‘5-6 times a 

week’, ‘2-4 times a week’, and ‘Once a week’. Low frequency consumption of bread 

was defined as participants who consumed bread ‘Less than once a week’ and ‘Never I 
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don’t eat bread’. The frequency of consumption of cow’s milk, eggs, fish and seafood 

was categorised differently from bread. High frequency of consumption of these foods 

was defined as participants who consumed the food ‘More than once a day’, ‘Once a 

day’ or ‘5-6 times a week’. Moderate frequency of consumption was defined as 

participants who consumed the food ‘2 - 4 times a week’, ‘Once a week’ or ‘2-3 times 

a month’. Low frequency of consumption was defined as ‘Monthly’, ‘Rarely’ or ‘I do 

not eat this’.  

 The main food groups contributing to the dietary iodine intake of participants 

were determined from the two 24-hour diet recalls. Each food item entered into 

FoodWorks was categorised under a food group based on the ANS 08/09. Analysis of 

food iodine content and food groups were able to provide results on the percentage of 

iodine each food group contributed to a participants diet. The mean percentage of iodine 

each food group contributed was calculated for vegetarians and non-vegetarians. 
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5. Results 

 Out of 251 participants that completed at least one 24-hour diet recall, one 

participant did not specify dietary status and was excluded from the analysis, leading 

to a final sample size of 250. The socio-demographic of participants are presented in 

Table 5. Twelve percent of participants (n = 31) were vegetarian including 8 vegans. 

The mean age of the female participants was 17 years old. The participants were 

predominantly (78%) New Zealand European or other ethnicity (NZEO) which 

included Ethiopian, Somali, Italian, American, Nicaraguan, Irish, Afrikaans, Dutch, 

German, South African, Middle Eastern, Russian and Zimbabwean. Overall, 16% of 

participants identified as Māori and 6% as Asian or Pacific; there were no vegetarians 

who were Asian or Pacific. Over half (65%) of all participants had a healthy BMI. 

Compared to vegetarians, there was a higher percentage of non-vegetarians who were 

overweight (16% vs 24%) and obese (6% vs 11%). The level of deprivation was similar 

between the non-vegetarian group and the vegetarian group. Out of the 251 participants 

who completed the first 24-hour diet recall, only 213 participants completed a second 

24-hour diet recall. Twenty-five participants did not complete the dietary habits 

questionnaire which contained questions regarding food consumption frequency. 
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Table 5 Socio-demographic characteristics of participants 

Variable 

Non-

vegetarians 

n = 219 

Vegetarians 

n = 31 

Total 

n = 250a 

Age (years), mean ± SD 17 ± 1 17 ± 1 17 ± 1 

    

Ethnicity, n (%)    

     NZEOb 171 (78) 24 (77) 195 (78) 

     Māori 32 (15) 7 (23) 39 (16) 

     Asian and Pacific  15 (7) 0 (0) 15 (6) 

     Not specified 1 (<1) 0 (0) 1 (<1) 

    

BMI Classificationc, n (%)    

     Healthy  

     (z-score ≥-2 and ≤1) 
139 (63) 24 (77) 163 (65) 

     Overweight 

     (z-score >1 and ≤2) 
53 (24) 5 (16) 58 (23) 

     Obese (z-score >2) 24 (11) 2 (6) 26 (10) 

     Not specified 3 (1) 0 (0) 3 (1) 

    

Deprivation leveld, n (%)    

     Low  80 (37) 12 (39) 92 (37) 

     Moderate  100 (46) 15 (48) 115 (46) 

     High  39 (18) 4 (13) 43 (17) 

a Excluded 1 participant that did not specify dietary status  

b NZEO = New Zealand European and Other Ethnicities  

c BMI determined according to Cole et al. (59), classification based on BMI z-scores 

d Deprivation level according to New Zealand Deprivation Index 2013  

 

 Table 6 presents the iodine intake from diet only and iodine intake from diet 

plus iodised salt. The mean iodine intake from diet only was 83 μg/day for non-

vegetarians, 80 μg/day for vegetarians, and 82 μg/day for all participants. The mean 

(95% CI) difference in iodine intake from diet alone between non-vegetarians and 

vegetarians was 2.9 (-9.0 to 14.8) μg/day. When iodine from diet only was considered, 

68% of non-vegetarians, 74% of vegetarians and 68% of all participants had an iodine 

intake less than the EAR. The mean iodine intake from diet plus iodised salt was 105 

μg/day for non-vegetarians, 92 μg/day for vegetarians, and 104 μg/day for all 

participants. The mean (95% CI) difference in iodine intake from diet plus iodised salt 

between non-vegetarians and vegetarians was 13 (-0.7 to 27.3) μg/day. After including 
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iodine from iodised salt, the percentage of participants with an iodine intake <EAR was 

37%, 58% and 39% in non-vegetarians, vegetarians and all participants, respectively. 

 

Table 6 Iodine intakes from diet only and after addition of iodised salt to diet  

 Iodine intake (μg/day) 

%<EARb   Mean 

(SD) 

Median (10th, 90th 

percentile) 

Non-vegetarians (n = 219)    

     Diet only 83 (32) 80 (45, 120) 68 

     Diet plus iodised salta 105 (38) 105 (55, 146) 37 

    

Vegetarians (n = 31)    

     Diet only  80 (26) 77 (55, 111) 74 

     Diet plus iodised salta 92 (32) 80 (58, 126) 58 

    

Total (n = 250)    

     Diet only  82 (32) 79 (45, 118) 68 

     Diet plus iodised salta 104 (37) 104 (55, 146) 39 

a 48 μg of iodine added to diet of participants whom specified use of iodised salt 

b EAR of 95 μg/day for 14-18 year old girls from MoH (29) 

 

Table 7 Iodine intakes of participants based on iodised salt use 

 

n (%) 

Iodine intake from diet plus 

iodised salt (μg/day) 

 Mean (SD) Median (10th, 

90th percentile) 

Non-vegetarians (n = 219)    

     Iodised salt used in cooking/at table 104 (47) 126 (30) 121 (95, 165) 

     Did not use 64 (29) 86 (36) 82 (44, 122) 

     Did not specify use 51 (23) 88 (31) 91 (44, 128) 

    

Vegetarians (n = 31)    

     Iodised salt used in cooking/at table 8 (26) 123 (27) 121 (101,158) 

     Did not use 18 (58) 84 (27) 78 (60, 111) 

     Did not specify use 5 (16) 72 (27) 73 (47, 99) 

    

Total (n = 250)    

     Iodised salt used in cooking/at table 112 (45) 126 (30) 121 (95, 163) 

     Did not use 82 (33) 85 (34) 80 (48, 123) 

     Did not specify use 56 (22) 87 (30) 90 (44, 126) 
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 Table 7 reports the iodine intakes of participants based on whether participants 

could specify if they used iodised salt. The mean iodine intake of all participants who 

used iodised salt was 126 μg/day and 85 μg/day for participants that did not use iodised 

salt. Almost half (47%; n = 104) of the non-vegetarian participants used iodised salt 

while only 26% (n = 8) of the vegetarian participants used iodised salt.  

 

Table 8 Iodine intakes of participants based on the frequency of consumption of foods 

that are good sources of iodine a 

Food Frequency n (%) 
Iodine intake from diet only (μg/day) 

Mean (SD) Median (10th, 90th percentile) 

Breadb    

     High  108 (48) 89 (29) 87 (57, 119) 

     Moderate  100 (44) 81 (34) 76 (45, 124) 

     Low  17 (8) 64 (24) 60 (39, 90) 

    

Cow’s milkc    

     High  92 (41) 91 (34) 90 (51, 131) 

     Moderate  70 (31) 78 (27) 75 (51, 113) 

     Low 63 (28) 79 (32) 77 (43, 110) 

    

Eggc    

     High  28 (12) 101 (28) 99 (65, 139) 

     Moderate   156 (69) 84 (32) 80 (51, 117) 

     Low 41 (18) 71 (28) 69 (39, 108) 

    

Fishc    

     High 7 (3) 109 (28) 110 (76, 141) 

     Moderate 116 (52) 84 (31) 84 (47, 115) 

     Low 102 (45) 81 (33) 74 (51, 123) 

    

Seafoodc    

     High  3 (1) 120 (26) 110 (103, 141) 

     Moderate 48 (21) 81 (37) 77 (44, 113) 

     Low 174 (77) 84 (30) 81 (51, 122) 

a Excluded 25 participants with incomplete dietary habits questionnaire (n = 225) 

b High (> once a day), Moderate (> once a week), Low (< once a week) 

c High (> 5-6 times a week), Moderate (> 2-3 times a month), Low (< once a month) 

 

 The iodine intakes of participants based on the frequency of consumption of 

foods that are good sources of iodine are presented in Table 8. The mean iodine intake 
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of participants categorised with a high frequency of bread consumption appeared 

slightly higher than those who were moderate consumers (89 μg/day vs 81 μg/day). 

Participants categorised as high consumers of cow’s milk, egg, fish and seafood 

appeared to have higher iodine intakes compared to those who consumed moderate or 

low amounts of these foods. A large proportion of participants were low consumers of 

fish (45%; n = 102) and seafood (77%; n = 174).  

 Twenty-one percent (n = 53) of total participants consumed plant-based milks; 

the mean (SD) iodine intake of this group was 76 (23) μg/day. Sixty-four percent (n = 

161) of total participants consumed cow’s milk and the mean (SD) iodine intake of this 

group was 85 (32) μg/day. In vegetarians, 55% consumed plant-based milk, 32% 

consumed cow’s milk and 13% did not specify type of milk consumed. In non-

vegetarians, 16% consumed plant-based milk, 69% consumed cow’s milk and 15% did 

not specify type of milk consumed. 

 As shown in Figure 2, the main source of iodine for both vegetarians and non-

vegetarians was bread. Bread contributed 25% of dietary iodine for non-vegetarians 

and 34% of dietary iodine for vegetarians. For non-vegetarians, milk and non-alcoholic 

beverages each contributed 9% of dietary iodine followed by grains and pasta which 

contributed 8%. For vegetarians, the second highest contributing food group was grain 

and pasta (11%), followed by savoury sauces and condiments and non-alcoholic 

beverages (9%). In non-vegetarians, egg and egg dishes contributed 7% of dietary 

iodine but for vegetarians, they contributed 1%. 
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Figure 2 Contribution of food groups to dietary iodine intake 
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6. Discussion and Conclusion 

 Mild iodine deficiency re-emerged in New Zealand in the 1990s, and in 

response, the government mandated the use of iodised salt in bread (9). Since the 

fortification of bread in 2009, there has been multiple studies on iodine status conducted 

in children, pregnant women, and adults (9, 35, 60) but no studies have focused on 

adolescents. The purpose of the current study was to determine the iodine intakes of 

non-vegetarian and vegetarian female adolescents in New Zealand. 

6.1 Iodine intakes in New Zealand  

 The mean iodine intakes of female adolescents in this study was 82 μg/day from 

diet alone and 104 μg/day from diet plus iodine from iodised salt. The mean iodine 

intake from the 2016 NZTDS for adults aged 15 years and over was 100-140 μg/day, 

higher than the current study, however, the results from the 2016 NZTDS did not 

include iodine from discretionary salt (47). Although the two studies used different 

methodologies, the 2016 NZTDS used 14-day simulated diets while the current study 

determined actual intake from two 24-hour diet recalls, the most likely explanation for 

the discordance in results is the different study population. The 2016 NZTDS values 

are representative of all New Zealand adults aged 15 years and older, not differentiating 

between gender and age, whereas the current study population were female adolescents 

aged 15-18 years.  

 In contrast to the 2016 NZTDS, the results from the current study are similar to 

those published in a 2014 MPI update that reported a mean iodine intake from diet only 

in females aged 14 years of 86 μg/day and iodine intake from diet plus iodised salt of 

138 μg/day (45). The latter value is likely higher than the current study because 48 μg 

of iodine was added to all diets in the MPI study, whereas in the current study 48 μg of 



   35 

iodine was only added to the diets of participants (i.e. 45%) who stated they used 

iodised salt. Both studies suggest that iodine intake from diet alone for females aged 

14-18 years is insufficient to meet the New Zealand EAR of 95 μg/day (29). In this age 

group, if added salt is used at the table or in cooking, the use of iodised salt should be 

encouraged.  

6.2 Iodised salt in New Zealand 

 In this study, 45% of participants used iodised salt, considerably lower than the 

84.2% of the adult population reported in the ANS 08/09 (28). The lower use of iodised 

salt in the current study could be due to the continuing decline in salt use in the 

population or the increasing popularity of gourmet salt or other culinary salts (61). The 

MoH, WHO and various health promotion agencies recommend people use less salt to 

reduce their risk of hypertension and heart disease (62-64). However, the MoH does 

state that ‘if you are adding salt, use iodised salt and try to use less salt over time’ (62). 

Although this message is important to reduce sodium, it might also reduce iodine 

intakes. In this study, participants who used iodised salt had a mean iodine intake of 

126 μg/day compared to 85 μg/day in participants who did not use iodised salt. This 

shows the importance of iodised salt in contributing to iodine intakes, which might be 

necessary to meet iodine requirements, particularly in adolescent females.  

  The current study found that approximately half (47%) of non-vegetarians used 

iodised salt compared to a quarter (26%) of vegetarians. There is a perception that sea 

salt, rock salt, pink Himalayan salt or other culinary salts are healthier than iodised salt 

because they are more ‘organic or less processed’ (65). Vegetarians are typically more 

health conscious and therefore may be more likely to purchase salt perceived to be 

‘healthier’ such as rock or sea salt (66). However, these salts are often not iodised and 

contain such small amounts of iodine therefore do not make a significant contribution 
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to total iodine intakes (65). Thus, people who used non-iodised salts and who eat little 

or no fortified bread, will need to include other iodine-rich foods in their diet to meet 

their iodine requirements. 

6.3 Iodine intake in vegetarians  

 The current study found that the iodine intake of vegetarians was similar to non-

vegetarians. The mean iodine intake from diet alone was 80 μg/day for vegetarians and 

83 μg/day for non-vegetarians. When iodised salt was included in the estimates, the 

mean iodine intake for vegetarians was 92 μg /day and for non-vegetarians was 105 μg 

/day. The difference in iodine intake between vegetarians and non-vegetarians is due to 

the lower use of iodised salt in the vegetarians.  

 The results from the current study are different to the findings of a Swiss study 

that compared the UIC of omnivores, vegetarians and vegans. The Swiss study reported 

lower UIC in vegetarians compared to omnivores (83 μg/L vs 75 μg/L), and even lower 

UIC in vegans (56 μg/L) (51). Remer et al reported similar results to the Swiss study 

where German participants following a lactovegetarian diet had a lower UIC than those 

following omnivorous diets; the study also reported lower iodine intakes from the 

analysed lactovegetarians diet samples compared to the omnivorous diet samples (49). 

Similarly, in the German Vegan Study adult female participants consumed only ~78 

μg/day of dietary iodine, an insufficient intake to meet the German reference value of 

200 μg of iodine per day (48). The findings of these studies are consistent with the 

results of similar studies conducted in London, Slovakia and Finland where the studies 

measured the UIC of vegetarians and/or vegans, reporting vegans were iodine deficient 

and vegetarians mildly iodine deficient or at a higher risk of iodine deficiency (12, 13, 

50).  
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 In the current study, vegetarianism was self-reported and it is possible that some 

participants who claimed to be vegetarians may be eating a non-vegetarian diet. The 

participants in the current study are female adolescents whereas the studies discussed 

in the previous paragraph included adult participants with some not differentiating 

between male and female. Another explanation is the relatively smaller number of 

vegetarians that took part in the current study. A more objective method to assess iodine 

status in this study would be UIC, which is the recommended indicator of iodine status. 

UIC may also be more sensitive in detecting differences in iodine status between the 

different groups.   

 Iodine-rich foods in a non-vegetarian diet include fish and seafood and 

depending on the type of vegetarianism, some consume eggs and cow’s milk. The 

current study found that high consumers of fish and seafood had higher iodine intakes 

compared to moderate consumers of these food. A high consumer of seafood has 39 

μg/day more iodine in their diet compared to a moderate consumer. (120 μg/day vs 81 

μg/day). However, overall the consumption of fish and seafood in this study were low, 

with only 1% of participants categorised as high consumers of seafood and 3% of 

participants as high consumers of fish. 

 Despite fish and seafood being good sources of iodine, they did not contribute 

greatly to the dietary iodine intake of participants in this study similar. The main food 

groups contributing to intakes in this sample were bread followed by milk and non-

alcoholic beverages for non-vegetarians, and grain (including fortified bread) and pasta 

for vegetarians. Milk and egg and egg dishes contributed 9% and 7% of dietary iodine 

for non-vegetarians, respectively. In this study, vegetarians participants obtained 7% of 

dietary iodine from milk but only 1% from egg and egg dishes.  
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6.4 Strengths and Limitations  

6.4.1 Strengths  

 Strengths of the current study include using a set of standard operating 

procedures for all methods that were followed by all data collectors in each centre. 

Furthermore, inter-person variation was minimised by providing training to all data 

collectors prior to data collection. Standard household measuring tools were used by 

data collectors and standard probing cues for 24-hour diet recalls were developed and 

used.  

An additional strength of the study was the collection of two diet recalls as this 

allowed for the adjustment of usual intake. The two diet recalls collected included a 

weekday and a weekend, allowing the differences to be minimised using the MSM 

programme. The additional diet recall is able to provide results more representative of 

the population group. 

6.4.2 Limitations  

The current study could be improved with the inclusion of another index of 

iodine status, which would confirm the results of the dietary assessment. The 

recommended method of assessing iodine status in a population is UIC (40). It is hard 

to accurately quantify iodine consumption as the iodine content of many foods is low 

and the amount of iodine from salt used during food preparation or mealtime is difficult 

to measure. Thus, urinary iodine concentration is a better indicator of iodine status as 

most dietary iodine (90%) is excreted in the urine (41) so iodine status is based on 

excretion rather than consumption.  

A limitation of this study was the standardisation of iodine from salt intake 

whereby all participants who specified using iodised salt had 48 μg of iodine 
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(equivalent to 1g of salt) added to their intake (58); it is possible that some participants 

used less or more than 1 gram of iodised salt per day. It is possible to have 

underestimated the usual iodine intake of this population group because participants 

unable to confirm if they were using iodised salt were assumed a non-iodised salt user. 

Supplemental iodine was not considered in the data analysis as only two participants 

reported consumption, another possible cause of underestimating iodine intake. 

Because this study did not measure UIC, it was difficult to compare results with 

other studies as there are limited published studies measuring dietary iodine. Another 

issue was the limited number of studies that have investigated the iodine status of 

adolescents or vegetarianism in adolescents, making comparisons difficult.  

An additional limitation is the small sample size of the vegetarian group. The 

study was powered on enrolling 60 vegetarian participants to ensure adequate 

confidence to detect differences. However, only half (n=31) of the intended number 

was able to be recruitment when data collection finished for this thesis.  

A final limitation was the dietary habits questionnaire, which was qualitative 

and did not specify the timeframe nor the portion size for the frequency of consumption 

of foods, thus the results of iodine intake presented by frequency of food consumption 

should be interpreted with caution.  

6.5 Conclusion  

 This study is the first in New Zealand to measure the dietary iodine intakes of 

female adolescents aged 15-18 years. The results from this study showed that female 

adolescents aged 15-18 years in New Zealand had an iodine intake of 82 μg/day from 

diet only which resulted in 68% of participants not achieving the EAR for their age 

group of 95 μg/day (29). The inclusion of iodised salt increased their iodine intake to 

104 μg/day, demonstrating the importance of using iodised salt in this age group. 
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Vegetarians had a similar iodine intake to non-vegetarians, 80 μg/day vs 83 μg/day 

from diet alone; and 92 μg/day vs 105 μg/day from diet plus iodised salt. As vegetarians 

were self-identified in this study, a careful examination of their actual food intake 

would confirm if they were following a vegetarian diet. 

 Further research is recommended, including the analysis of the urine samples 

collected as part of the study, to confirm the dietary findings, which suggest that these 

female adolescents are at risk of mild iodine deficiency. 

6.6 Future directives  

 Although UIC was not presented in this study, urine samples were collected 

from participants; analysis of these samples will provide a more comprehensive 

assessment of the iodine status of this group. Intakes of iodine in these participants 

suggest that many adolescent females may not be consuming enough iodine to meet 

their requirements. If their dietary habits persist into adulthood, this is of concern, 

particularly if they become pregnant, because iodine requirements increase 

significantly in pregnancy (40). 

 This study also highlights a lack of awareness about the benefits of iodised salt 

and the importance of clarifying misconceptions about rock salt and pink Himalayan 

salt. There is a perception by the public that rock salt has more health benefits due to 

its ‘organic/less processed’ nature than iodised table salt (65). More studies 

investigating the iodine status in this age group should be conducted to confirm the 

findings presented in this thesis; this will help inform the MoH in devising dietary 

recommendations targeted for this group and for those following a vegetarian diet.  
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7. Application of Research to Dietetic Practice 

Part A:  

 The results from this thesis highlight the importance on the use of iodised salt. 

Participants who were iodised salt users had higher iodine intakes that met the EAR 

compared to non-iodised salt user who did not met the EAR. It is important for dietitians 

to educate patients on using iodised salt and clarifying the misunderstandings on rock 

salt and sea salt especially when it is recommended to reduce salt intake due to risk of 

hypertension and cardiovascular disease. 

 It is also important for dietitians to encourage the consumption of fish and 

seafood in omnivorous patients where appropriate. This is because fish and seafood are 

not just good sources of iodine but also provide other nutrients such as protein and 

omega-3 fatty acids. A dietitian is also responsible in assuring vegetarians especially 

vegans are receiving adequate nutrition including iodine. It is easy to overlook iodine, 

but a dietitians should consider the bread intake in vegetarians and if that is low, iodine 

may be a concern as the main contributor of iodine intake in New Zealand is bread. It 

is therefore worth considering about patients who chose to practice a keto diet and avoid 

bread consumption.  

Part B:  

 Through conducting research and writing this thesis, I have learnt the history of 

iodine and goitre and how far medical research and advancement has come through 

since then. It is fascinating to think that something well known to us now used to be a 

mystery and multiple experiments and failures had to be conducted and experienced 

before reaching a single conclusion. In this modern era, where google is an instant 

satisfaction for sudden curiosity, it has limited my thinking to what is already present 

or discovered. Through writing this thesis, I have learnt that curiosity is what keeps 
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mankind alive, may it be a passion for a better future, a more advanced world or just 

for the simple reason of survival. In dietetic practice, curiosity is a key element. In 

clinical practice, all patients are different, it is worth being curious to know more about 

each individual to tailor specific interventions. Just like how research is many attempts 

of trial and error, practice based evidence comes from curiosity and sudden stumble 

upon finding something that works. Without these daily normal observations, rationale 

for large scale studies would not have been discovered.  

 Apart from the importance of curiosity, I have also understood the importance 

of communication. As a university student most of my social interactions involve peers 

or lecturers. However, through communicating with adolescent girls, I realised that 

communication with teenagers is more challenging than it seems. It was easy when 

some girls had full control of their diet and were well aware of what they were eating 

but challenging when some girls had foods prepared by parents and where clueless of 

preparation methods or ingredients. With this understanding, in my future clinical 

practice it is worth seeking opinions of family members to get a better understanding 

of the patients’ needs especially if the patients is under the care of others. 
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Appendix A Participant Information Sheet 

 

 

Participant Information Sheet 
 

Study title: The SuNDiAL Project 2019: A survey of nutrition, dietary 

assessment and lifestyle  

Principal 

investigators: 

Names Dr Jill Haszard & Dr Meredith Peddie 

Department: Human Nutrition 

Position: Research Fellows 

Contact phone number: 

03 479 5683 

03 479 8157  

 

Introduction 

Thank you for showing an interest in this project.  Please read this information sheet carefully. Take time 

to think about it and talk with family or friends before you decide whether to take part or not. 

If you decide to take part we thank you.  If you decide not to take part that won’t disadvantage you and 

we thank you for considering our request.    

What is the aim of this research project? 

We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. We suspect that 
they don’t get enough of some nutrients like iron sometimes, and that this can make them feel tired and 
affect their health. Teenagers often make their own decisions about what foods to eat, but we don’t know 

very much about why they choose the foods they eat. Therefore in 2019 the SuNDiAL project is going to 
investigate food intakes, nutrition, health, and why female high school students (aged 15-18 years) choose 

to eat the way they do. 

Who is funding this project? 

This project is funded by the Department of Human Nutrition, University of Otago, and a Lottery Health 

Research Grant. 
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Who are we seeking to participate in the project? 

We are looking for at least 300 female high school students who are between 15 and 18 years old.  To 

be eligible to take part, your high school must have agreed to take part in the study, or you must live in 

Dunedin and be able to attend a clinic visit at the Department of Human Nutrition after school, you must 

speak and understand English, and be able to complete the questionnaires. 

If you participate, what will you be asked to do? 

If you agree to take part in this study you will be asked to do three things: 

1) Complete an online questionnaire 

After you have completed the consent process you will be asked to complete a questionnaire that 

asks questions about your health and some general questions such as what ethnicity you identify 

with this questionnaire also asks you about your overall eating habits, and why you choose to eat the 

foods that you do.  This questionnaire will take about 30 min to complete.   

2) Attend a session at your school, or at the Department of Human Nutrition with our research team  

This visit will take about 60 minutes and you will be asked to: 

• Complete a face to face interview with one of our research team during which you will be 
asked to recall everything you ate and drank the day before.   

• At this session one of our research team will also measure your height, your weight, and the 
length of your lower arm – these measurements will be done twice to make sure they are as 
accurate as possible. This will be done in a private space and you won’t be told these 

measurements unless you ask for them.  
 

3) Complete a second interview about the food you have eaten on another day 

Sometime in the 2 weeks after you have finished the session at school, or at the Department of 

Human Nutrition, you will be contacted by the research team and asked to complete a second 

interview in which you will be asked to recall everything you ate and drank on a different day of the 

week than the first interview .  This is important because sometimes you can eat quite differently 

from one day to the next.  This interview will be performed over facetime or zoom, at a time that is 

convenient for you. 

There are three other parts to the SuNDiAL project that are entirely optional.  

Please read the following information carefully before you decide whether to take part in these optional 

bits of the study. If you agree to do these, but change your mind later, that’s OK - there is no 

disadvantage to not you if you decide not to do these. You will be asked again on the day if you still want 

to do them. 

1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with extensive 

training in how to collect blood during the session at school, or at the Department of Human 

Nutrition), but we understand that not everyone feels comfortable about this so it is entirely up to 
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1) Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect yourself in the 

bathroom with the equipment we give you, during the session at school, or at the Department of 

Human Nutrition). You can still take part in the rest of the study even if you don’t do this bit. 

2) Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic belt 24 hours a 

day for the seven days following the session at your school.  This will tell us how much time you 

spend sitting down, moving around, and sleeping.  If you choose to wear the accelerometer you will 

be asked to complete a little diary about the times your took the device off, and what time you went 

to bed each night on the days that you wear it. One of our research team will return to your school 

the week after this visit to collect the accelerometer, or will arrange a time to collect it from you. You 

can still take part in the rest of the study even if you don’t do this bit. 

After the completion of the study you will receive a $5 voucher for each component of the study that 

you complete .  That is $5 for completing the online questionnaire, $5 for completing the face to face 

interview about what you ate in the last 24 hours, $5 got completing the second interview about what 

you ate;  $5 for providing a blood sample; $5 for providing a urine sample or $5 for wearing the 

accelerometer for a week.  Adding to a possible total of $30 in vouchers. 

 

Is there any risk of discomfort or harm from participation? 

If you choose to provide a blood sample, you should know that there is a risk of a little pain or 

discomfort, and possibly a small bruise from the blood test.  Any bruising should only last a few days and 

an experienced nurse or phlebotomist (someone with training to take blood samples) will collect the 

blood to minimize any discomfort to you. 

 

What specimens, data or information will be collected, and how will 

they be used?  

The answers you provide to the questionnaires and the food questionnaire will be entered into a 

database with every other participants’ answers. All your answers will be kept confidential and stored 

using an id number, not your name. This information will provide valuable and unique information about 

the nutrition status of female high school students in New Zealand. Information about why people eat 

the way they do will also be very helpful if some eating patterns provide health benefits. Ultimately, the 

results of this study will support the development of up-to-date government and health agency 

guidelines for young women in New Zealand. 
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the University of Otago where they will be stored in a freezer until we have finished collecting all the blood 

samples from around the country.  When all the blood samples have been collected, one part of your 

blood sample will be sent to Germany where it will be analysed for ferritin, soluble transferrin receptor, 

retinol binding protein, C-reactive protein and alpha-glycoprotein.  We are sending this sample to 

Germany because they have a special machine that can measure these things on a much smaller amount 

of blood, at a smaller cost, than we can do in New Zealand.  The remaining part of your blood sample will 

remain at the Department of Human Nutrition, where it will be analysed for plasma selenium and plasma 

zinc, thiamin, plasma folate, Vitamin B6, Leptin, Interlukin-6 and blood lipids. 

If you provide a urine sample it will also be transported to the Department of Human Nutrition at the 

University of Otago where it will be stored in a freezer until it is analysed for iodine concentrations.  

Once all of the analysis on your blood and urine samples has been completed they will be disposed of 

using standard biohazard protocols.  On the consent form you can indicate to us if you would like your 

samples disposed of with a Karakia (Māori Prayer).  We will only test your samples for the things listed 

here, and won’t test them for anything else. 

 

What about anonymity and confidentiality? 

Your information will be identified with an ID number only in the database that contains the results of 

the study.  This database will be stored on the researchers’ computers which are password protected.  A 

backup copy may also be stored on the University’s shared server space, but only Jill Haszard and 

Meredith Peddie will have the password so no one else can access the information .   

The information linking you to your ID number will be stored in a separate password protected file that 

only Jill Haszard and Meredith Peddie will have access to.  The only reason they would access this 

information once you have completed the study would be if you requested your individual results.  This 

file will be destroyed once all participants have been given the opportunity to request individual 

information.  The de-identified information collected as part of this research will be kept in secure 

storage for at least 10 years. 

 

If you agree to participate, can you withdraw later? 

You may pull out of the project before the study has been completed (anticipated to be October 2019) 

without any disadvantage to yourself of any kind. Once data collection is completed and your 

information is integrated into the study it will no longer be possible to withdraw your information from 

the study. 

Any questions? 
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If you have any questions now or in the future, please feel free to contact either: 

Name: Dr Jill Hazsard 

Position: Senior Research Fellow 

Department of Human Nutrition 

Contact phone number: 

03 479 5683 

Name: Dr Meredith Peddie 

Position: Research Fellow 

Department of Human Nutrition 

Contact phone number: 

03 479 8157 

 

This study has been approved by the University of Otago Human Ethics Committee (Health). If you have 

any concerns about the ethical conduct of the research you may contact the Committee through the 

Human Ethics Committee Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any 

issues you raise will be treated in confidence and investigated and you will be informed of the outcome. 
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Appendix B Dietary Habits Questionnaire 
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Appendix C 24-hour diet recall sheet 
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