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Abstract 

 
Background: The New Zealand population is susceptible to iodine deficiency due to low 

iodine levels in the soil. In response to this, two fortification strategies exist; iodisation of 

table salt which began in 1924, and more recently, in 2009, iodised salt was required to be 

used in most commercial bread products. Since the introduction of mandatory bread 

fortification in 2009, few studies have assessed the iodine intake of adolescents in particular. 

Objective: To estimate the usual iodine intake of adolescent males in New Zealand, and 

compare reported iodine intakes to nutrient reference values. To identify the main food 

sources contributing iodine to the diet, and determine the proportion of adolescent males 

using iodised salt in the household. 

Design: A cross-sectional survey of 15-18 year old adolescent males from high schools 

located in six locations across New Zealand. Iodine intake was assessed through two 24- 

hour dietary recalls, and were entered into FoodWorks to calculate energy and iodine 

intake and contribution of major food groups to iodine in the diet. Nutrient data were 

adjusted for ‘usual’ intake using the Multiple Source Method. A dietary habits 

questionnaire was used to determine the frequency of consumption for a range of foods, 

including those that are sources of iodine. Iodine intake was calculated from: food-only; 

from food and added iodised salt, where 48 μg iodine was added to participants who 

reported using iodised salt. Anthropometrical measurements were also taken.  

Results: Of the 135 participants included in the study, the majority (57%) identified as 

New Zealand European and other ethnicity, followed by Asian (32%), Māori (9%) and 

Pacific (2%). The mean energy intake was 10,077 kJ/day, and most participants (67%) 

were in the healthy weight category based on BMI z-scores. Fifty-seven percent of 
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participants reported using iodised salt in their household. The mean iodine intake from 

food-only was 107 μg/day; the proportion of participants with usual iodine intake below 

the estimated average requirement of 95 μg/day was 31%. When iodine from iodised salt 

was included, the mean intake increased to 131 μg/day; the proportion of participants with 

an iodine intake below the estimated average requirement was 19%. Iodised salt users had 

a significantly higher iodine intake compared to non-users; the mean difference (95% CI) 

was 53 (44 to 62) μg/day. The dietary habits questionnaire revealed bread and bread-based 

dishes were the main contributors of iodine in the diet (31%), followed by milk and dairy 

products (19%). 

Conclusion: The majority of adolescent males surveyed in this study had a daily iodine 

intake that was adequate to meet their iodine requirements. The results from this study 

show iodised salt use and the mandatory fortification of bread with iodine continue to be 

important contributors of iodine in the New Zealand diet. 
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1 Introduction 

 
Iodine is a trace element and an essential part of the thyroid hormones thyroxine (T4) and 

triiodotyrosine (T3). These hormones regulate the body’s metabolic rate, and are critical for 

normal growth and development of the central nervous system, particularly the brain. For 

this reason, a diet with an adequate amount of iodine is important throughout the lifecycle 

(1). The iodine content of plant and animal foods is largely dependent on the iodine 

concentration of the soil, water and feed. Factors such as flooding, rain fall and erosion 

affect many mountainous and inland areas (2). This, in combination with dietary patterns, 

can lead to inherently low iodine intakes. The iodine deficiency disorders range from 

cretinism at the most severe end of deficiency, to goitre and lower cognitive scores with 

moderate to mild iodine deficiency (3). 

The iodine content of soil in New Zealand is low, predisposing the population to 

iodine deficiency (4). The New Zealand government introduced salt iodisation at a 

concentration of 5 milligrams of iodine per kilogram (mg I/kg) in 1924 in response to 

findings of goitre in over one third of schoolchildren (4). The iodine concentration of salt 

was adjusted upwards in 1938 to 40-90 mg I/kg as it was found that iodisation at the lower 

level had not improved iodine intakes (5). Throughout much of the second half of the 20th 

century, New Zealanders were iodine sufficient (6,7). From the late 1990s and early 2000s, 

studies found a re-emergence of mild iodine deficiency in both the child and adult 

population nationwide (8,9). This may be due to a combination of factors, including a 

decrease in iodophor use in the dairy industry, which provided an adventitious source of 

iodine in the diet, a decline in the use of iodised salt at the table and in cooking in response 
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to public health message to reduce salt intake, and an increase in consumption of 

commercially prepared food manufactured without iodised salt (10). This prompted Food 

Standards Australia New Zealand to implement the mandatory addition of iodised salt to 

commercial bread products in September 2009, with the exception of organic and 

unleavened breads (11). 

Over 90% of dietary iodine is excreted in the urine, thus urinary iodine 

concentration is routinely used as an indirect measure of iodine intake (12). However, 

direct measures of iodine intake, although more burdensome, are useful to determine 

sources of iodine in the diet. Although some studies have used iodine-specific food 

frequency questionnaires, there is no data published using 24-hour diet recalls. 

Furthermore, most studies in New Zealand have been conducted in children, rather than in 

adolescents specifically. The last Adult Nutrition Survey, which included 15-18 year old 

males, was conducted over ten years ago in 2008/09. Iodine status was assessed using 

urinary iodine concentration, however, no dietary intake data was published from this 

survey. The aim of this thesis is to assess the dietary intakes and food sources of iodine in 

adolescent boys (15-18 years old) in Auckland, Tauranga, Rotorua, Wellington, 

Christchurch and Balclutha. 
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2 Literature Review 

 
2.1 Literature review search strategy 

 
This literature review consisted of searches in the following databases: Scopus, Pub Med, 

Science Direct and Ovid Medline. Keywords used include iodine, iodide, adolescent, 

males, New Zealand, intake, status, diet, deficiency. Search results were limited to human 

studies. Reference lists for the articles were also consulted to identify papers related to the 

subject. Government websites were used for technical papers, reports, national nutrition 

surveys and reference values. Non-government websites include the World Health 

Organization (WHO), Iodine Global Network (IGN) and United Nations Children’s Fund 

(UNICEF). Searches were undertaken between October 2019 and June 2020. 

2.2 Background 

 

Iodine is an essential trace element in the body. It is a key component of thyroid hormones, 

thyroxine (T4) and triiodotyrosine (T3), the latter being the active form (13). T3 plays a key 

role regulating gene expression in all cells in the human body, and is required for normal 

growth and development. Thyroid hormones stimulate nutrient breakdown and are the 

endocrine regulators of basal metabolic rate (13). 

2.2.1 Metabolism 

 

Diet is the sole source of iodine. Once ingested, over 90% is absorbed in the stomach and 

duodenum through the sodium-iodide symporter (14). The expression of sodium-iodide 

symporter is downregulated when the amount of iodine ingested is high, and vice-versa 

(13). 
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Plant and animal tissue contains inorganic iodide which is readily absorbed, 

whereas iodate used in fortification is reduced in the gut and absorbed as iodide (15). 

Iodide is released into the blood stream and taken up by the thyroid gland through active 

transport. The activity of the sodium-iodide symporter is 20 to 50 times greater in thyroid 

tissue compared to elsewhere in the body, so iodide is preferentially absorbed from the 

blood into the thyroid (15). Iodide ions are oxidized to form iodine molecules, and attached 

to tyrosyl residues in thyroglobulin to produce the hormone precursors iodotyrosine and di- 

iodotyrosine. These couple to form T3 and T4, and are stored within iodinated 

thyroglobulin in the follicular cells of thyrocytes. When required, T3 and T4 are removed 

from thyroglobulin and released into the bloodstream through the monocarboxylate 

transporter. The hormones attach to binding proteins and migrate to target tissues where T4 

is deiodinated to T3, the metabolically active form. Degradation of T3 and T4 releases 

iodine, which is recycled within the thyrocyte or excreted by the kidney (15). Iodine is also 

concentrated in the mammary glands, where it is secreted into breastmilk during lactation 

(16). 

Thyroid hormone synthesis and secretion is regulated by the hypothalamus and 

pituitary gland. Through a negative feedback mechanism, circulating T3 and T4 inhibit 

thyroid stimulating hormone (TSH) at the pituitary, and indirectly at the hypothalamus 

(13). When plasma levels of thyroid hormone are low, TSH stimulates increased iodine 

uptake by the thyroid as well as thyroglobulin breakdown to release more T3 into the 

bloodstream (2). As more circulating iodide is absorbed by the thyroid, renal clearance is 

also reduced to maintain levels. 
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The body contains 15-20 mg of iodine with 70-80% found in the thyroid (13). 

When iodine status is adequate, less than 10% of absorbed iodide is taken up by the 

thyroid, compared to when dietary intake is low and more than 80% from the plasma pool 

is taken up by the thyroid (15). Thyroid metabolism and iodide uptake can be affected by 

goitrogens (13). These occur naturally in brassica vegetables and dietary staples such as 

cassava and millet, however the effects are only clinically significant in the presence of 

existing iodine deficiency (13). When dietary intake is abundant, 90% of ingested iodide is 

excreted by the kidney in the urine, and small amounts in the faeces (15). 

2.2.2 Consequences of deficiency 

 

The consequences of inadequate thyroid hormone production due to iodine deficiency 

ranges from infant mortality and cretinism in the neonate to impaired mental function and 

physical development in adolescents and adults. Collectively, these effects are termed 

Iodine Deficiency Disorders (IDD) (3). The WHO estimates iodine deficiency is the single 

most preventable cause of brain damage worldwide (12). 

Thyroid enlargement (goitre) is a typical visible sign of iodine deficiency, and can 

occur across all age-groups. It is a physiological adaptation to inadequate iodine status; 

under the negative feedback system, TSH secretion increases to maximise iodine uptake by 

the thyroid, while also stimulating thyroid hypertrophy (2).  

Adequate iodine status is crucial from the first trimester through to the second year 

of life (1). Endemic cretinism due to severe maternal iodine deficiency can result in mental 

retardation, spastic diplegia and deaf-mutism (17). Poor iodine intake during infancy and
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into childhood may also affect neurodevelopment, somatic growth and cognitive and motor 

function (17). 

The effects of mild to moderate iodine deficiency are less clear, however there is 

some evidence that mild and moderate iodine deficiency affects cognition in children 

(18,19). Brain development occurs from the first trimester of pregnancy, with white matter 

volume continuing to increase until the fifth decade of life (20). Therefore, it is important 

to investigate the effects of deficiency throughout the lifecycle. A randomised, placebo- 

controlled trial in Dunedin showed supplementation of mildly iodine deficient children 

aged 10 to 13 years improved overall cognitive score compared with placebo (21). On the 

other hand, a randomised, placebo-controlled supplement trial in mildly iodine deficient 

Dunedin university students found no change in cognition (22). Overall, the effects of mild 

iodine deficiency on growth and cognition are less studied and remain unclear, especially 

in the adolescent age group. 

2.2.3 Sources in diet 

 

Iodine is dispersed widely, but unevenly in the environment. Oceans are the major 

repositories of iodine which volatises and is deposited in soil through rain water (2). 

However, levels in soil vary globally due to glaciation, flooding, high levels of rain fall and 

erosion (2). New Zealand soils are low in iodine, resulting in low concentrations in the 

plant foods which grow in it; crops grown in deficient areas may have a 10-fold lower 

iodine content compared to soils sufficient in iodine (17). 

Fish and seafood are naturally rich sources due to bioaccumulation of iodine from 

seawater, however most people in New Zealand consume seafood less than once a week, 

which is unlikely to make a substantial contribution to iodine intake (23). The iodine 
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content of land animals reflects the crops from which they feed off, so New Zealand meats 

contain lower levels of iodine compared to some other countries (17). In the 2009 New 

Zealand Total Diet Study, it was estimated that in 19-24 year old males, dairy contributed 

36% of iodine in the diet, and chicken, eggs, fish and meat contributed 26% (24). Grain 

foods contributed 11%, and a similar pattern was observed in 11-14 year old boys. 

However, in September 2009 the government introduced legislation that mandated the use 

of iodised salt in commercial bread. As a result, in contrast to the 2009 study, the 2016 

Total Diet Study estimated that approximately 40-60% of iodine in both teenage (11-14 

years) and young males’ (19-24 years) diets came from grain foods, followed by chicken, 

eggs, fish, meat and dairy products (25). Apart from commercial bread, manufacturers are 

not currently required to use iodised salt in other food products.  

Iodised salt remains an important and recommended source of iodine. In the 

middle of last century, iodine status improved markedly in New Zealand post-mandatory 

iodisation of table salt (5). In 2002, 84.6% of parents reported using iodised salt at home 

(26). Similarly, in the 2008/09 Adult Nutrition Survey, 85.7% of New Zealand adults aged 

15 and over who used salt at home reported using the iodised variety (23). It is difficult to 

accurately quantify the amount of salt dispensed from a shaker, and salt is often used in 

recipes ‘to taste’. Because of this, there is little data about the proportional contribution 

salt makes to iodine intake in the diet. Currently, where discretionary iodised salt use is 

reported, a bolus amount of 1g iodised salt containing 48 μg iodine is added to total intake 

(11). This estimate is derived from the amount of salt consumed in processed foods, as 

well as an average of the iodine concentration in iodised table salts in New Zealand. 
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2.2.4 Nutrient Reference Values 

 

The Australia and New Zealand nutrient reference values for iodine are shown in Table 2.1 

(27). As long as intake remains above 50 micrograms (μg) per day, iodide uptake by the 

thyroid gland should remain normal while serum concentrations decrease (13). Below this 

threshold, there is an increased risk of thyroid hormone depletion and gland hypertrophy. 

The nutrient reference values for pregnant and lactating women are higher than in the 

general population to reflect increased requirements. The estimated average requirement 

(EAR) for iodine is calculated from balance studies, iodine accumulation and turnover 

studies; for adolescents, values are extrapolated from adult studies (27). The recommended 

daily intake (RDI) is set two standard deviations above the EAR. The RDI should not be 

used to assess adequacy of intake in a population, whereas the EAR can be used to estimate 

the prevalence of inadequate intakes for groups or populations. 

 

Table 2.1 New Zealand nutrient reference values for iodine in males and females1 

 

Age (months) AI (μg/day) UL (μg/day)  

0-6 90 Not established  

7-12 110 Not established  

Age (years) EAR (μg/day) RDI (μg/day) UL (μg/day) 

1-3 65 90 200 

4-8 65 90 300 

9-13 75 120 600 

14-18 95 150 900 

>19 100 150 1100 

1Data from National Health and Medical Research Council (27) 

AI, adequate intake; UL, upper limit; EAR, estimated average requirement; 

RDI, recommended daily intake 
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2.3 Assessment of iodine status 

 

2.3.1 Dietary assessment 

 

The most precise form of dietary assessment for estimating actual or usual intakes for 

individuals is a weighed food record (28). However, this is burdensome on participants, and 

often susceptible to under-reporting or alterations to usual eating patterns to simplify the 

recording process. An estimated food record based on household measures is less 

burdensome on participants, but accuracy depends on the subject’s ability to estimate 

quantities. Both methods depend on participants willingness to record all food and 

beverages over the stipulated period of time (28). Both weighed and estimated food records 

are also unlikely to capture accurate quantification of discretionary salt use because the 

amount one uses from a salt shaker, for example, may not register on a scale. 

Food frequency questionnaires are used to assess usual intakes of foods over a long 

period of time. They are a common qualitative dietary assessment tool in studies on iodine 

intake, as they can be designed to ask specifically about known food sources of iodine such 

as dairy products, meat, fish, iodised salt and bread. These questionnaires can be semi- 

quantitative and are useful for categorising participants into low, medium and high intakes 

or identifying food patterns (28). This method has low respondent burden and is less 

resource intensive as food frequency questionnaires can be self-administered without a 

trained interviewer, although accuracy can be lower compared to other methods. 

Another dietary assessment method is the 24-hour recall, which measures short- 

term intake. Participants recall their food intake in the preceding day, and is usually 

facilitated by a trained interviewer. The interviewer should follow a standardised protocol 

and be aware of appropriate probe questions to obtain details such as brand names, recipes 
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and cooking methods (28). The interviewer also facilitates portion size estimations using 

household measures, photographs and food models. It is necessary to obtain at least two 

24-hour recalls from different days in order to adjust for intra-individual variation in intake 

throughout a week; this is particularly important for nutrients such as iodine which are 

prone to high day-to-day variation (28). The adjusted distribution of usual intake can then 

be compared to the EAR to predict the proportion of the population at risk of inadequacy. 

In the context of this study, repeated 24-hour recalls are an appropriate method of 

dietary assessment because it is relatively inexpensive and quick, the latter being important 

as data was collected during school hours. Given the subjects are adolescent boys, it is 

important to consider respondent burden as teenagers have busy lives both inside and 

outside of school and completing a food record themselves may lead to low compliance. It 

is more realistic to have trained interviewers facilitate recalls with necessary probes and 

prompts to obtain sufficient information to estimate intake. 

Daily iodine intake can vary from day to day as it depends on factors such as 

whether iodine-rich foods are consumed, the amount of processed foods consumed and 

differences in discretionary salt use. Overall, the inaccuracy associated with measuring 

iodine from salt intake is a major limitation in any form of dietary assessment. However, 

intake data can be used to identify major food sources of iodine and, where iodised salt 

intake is assessed, estimate the risk of inadequacy in a particular population. 

Data from dietary assessment is used to estimate intake using food composition 

databases, such as the New Zealand Food Composition Database. In the 2008/09 Adult 

Nutrition Survey, this posed a significant limitation as intake data from 24-hour recalls 

could not be reported due to unreliable food composition data. The database has since 

been updated to include direct analytical measures of iodine.  
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2.3.2 Biochemical indices 

 

The majority (>90%) of ingested iodine is excreted in urine, so measurement of urinary 

iodine concentration using spot urine samples is a widely used marker of iodine intake 

(12). Table 2.2 shows the WHO/UNICEF/IGN recommendation for assessing population 

iodine status using the median urinary iodine concentration (μg/L) of a group of school-age 

children (6 years and older) (12). There is a separate criteria for pregnant and lactating 

women to reflect their increased needs (12). Urinary iodine concentration is a reliable 

measure of iodine exposure and risk of deficiency in a population, but cannot be used to 

identify individuals who are deficient due to intraindividual daily variation (29). Urinary 

iodine excretion (μg/24h) from a 24 hour urine sample is another method for estimating 

individual iodine excretion and intake, but a 24 hour sample can be difficult to obtain due 

to high participant burden and also prone to day-to-day variability (30). In older 

adolescents and adults, daily urine volume is approximately 1.5L per day, compared to 

1L per day in school-aged children. As a result, in adolescents and adults, urinary iodine 

concentration (μg/L) is about 60-65% of urinary iodine excretion (μg/24h) (29). 

Table 2.2 Epidemiologic criteria for assessing iodine nutrition1 

 

Population group Median UIC (μg/L) Iodine intake Iodine status 

Adults and 

children 

≥ 6 years2 

<20 Insufficient Severe deficiency 

20-49 Insufficient Moderate deficiency 

50-99 Insufficient Mild deficiency 

100-199 Adequate Adequate iodine nutrition 

200-299 Above 

requirements 

Slight risk of more than 

adequate 

 
≥ 300 Excessive Risk of adverse health 

consequences 

1Data from WHO/UNICEF/IGN (12) 

2Does not apply to pregnant and lactating women 
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Thyroid hormone concentration in blood samples are typically poor indicators of iodine 

status, particularly in populations with mild to moderate iodine deficiency, because changes to 

serum levels are often within the normal range or overlap with iodine-sufficient populations 

(12). This is relevant in a New Zealand context, where only mild iodine deficiency has been 

observed in the last 50 years and there are likely only small changes to iodine metabolism and 

normal thyroid function. TSH concentration is a sensitive and commonly used indicator in 

new-born populations compared to older children and adults because there is higher iodine 

turnover in new-borns, which requires more TSH stimulation (31). Serum thyroglobulin (Tg) 

is low in iodine sufficiency, and well correlated with the severity of iodine deficiency 

measured by urinary iodine (31). It is a relatively new measure of iodine status and not yet 

widely adopted. Goitre rate and thyroid size can be measured through physical palpitation and 

inspection. Palpitation in cases of mild deficiency tends to lack both sensitivity and 

specificity, with ultrasound being a more appropriate measure. 

These measures are complimentary of one another when assessing changes to 

iodine status in a population. In the short term, urinary iodine represents recent iodine 

intake whereas serum Tg reflects a response within weeks to months. Goitre rate is a long 

term (months to years) indicator of iodine-nutrition (31). 

2.4 Iodine status 

 

2.4.1 Global iodine status 

 

Certain areas of the world such as mountainous or inland areas, or regions susceptible to 

glaciation and flooding are likely to be affected by endemic iodine deficiency. These areas 

include Central and Southeast Asia, Midwest United States, parts of Europe as well as 

Australia and New Zealand (13). Dietary patterns with few iodine rich food sources can 
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also lead to iodine deficiency. For example, a decline in iodine status in the United 

Kingdom since 1990 may be linked to a decline in milk consumption, as milk consumption 

was found to be positively associated with iodine intake (32). 

Since the 1990’s, there has been a push by the WHO, UNICEF and IGN to 

eliminate iodine deficiency. Public health measures such as salt iodisation have improved 

global iodine status, and reduced the prevalence of severe deficiency in many regions. In 

2018, 14 countries had insufficient iodine intake based on nationally-representative 

surveys, which represents less than 10% of the world’s population (33). However, 

insufficient iodine intake in pregnant women is present in 39 countries, including New 

Zealand (34). Strategies for improving iodine status worldwide must continue in order to 

minimise the consequences in not only infants but the population as a whole. 

Table 2.3 presents a summary of iodine status in New Zealand. In the early 1920’s 

over one third of New Zealand schoolchildren had enlarged thyroid glands or goitre (4). In 

1924, salt iodisation was introduced but at insufficient concentration (i.e. 5 mg I/kg), and 

in 1938 the level was increased to 40-90 mg I/kg (5). By 1953, the incidence of goitre had 

fallen to 1.1% and in the decades following, the iodine status of New Zealanders was 

determined to be adequate (10). In the 1990’s and early 2000’s, research suggested the 

possible re-emergence of mild iodine deficiency in New Zealand school children (8,9). 

This was confirmed in the 2008/09 Adult Nutrition Survey across all age-groups 15 years 

and older (23). It was suspected this was due to factors including the declining use of 

iodophor sanitisers by the dairy industry, increased consumption of commercially prepared 

foods manufactured without iodised salt, and the reduced use of table salt in the home in 

response to public health messages about sodium reduction (10,35).
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2.4.2 New Zealand iodine status 

 

Table 2.3 Summary of iodine status in New Zealand 
 

 

Author 

 

n= 

Study population 

Age (years), sex, 

location 

 

Methods 
Measurement 

outcome 

 

Status1 

 

 

Hercus et al., 1925 (4) 

 

 

 
14,916 

 

 
5-14y boys and girls 

in Canterbury and 

Westland 

 
 

Physical examination of thyroid 

size; categorised into incidence 

of normal, incipient, small, 

medium and large 

Thyroid volume 

Normal 39% 
Enlarged 61% 

Incipient 29% 

Small 26% 

Medium 5% 

Large 1% 

Severe 

Total goitre rate 

>30% 

 

North et al., 1965 (6) 

 

119 

 
Adult males and 

females in Wellington 

 

24 hour urine samples 

 
UIE: 202 μg/day 

UIC2:135μg/L 

 

Adequate iodine 

nutrition 

 

Cooper et al., 1984 (7) 

 

231 

 
16-40y females in 

Auckland 

 
Overnight 12 and 24 hour urine 

samples 

 

UIE: 304.56 

μg/day 

UIC2: 203μg/L 

 
Adequate, 

borderline high 

 

Thomson et al., 1997 

(8) 

 
169 

18-72y males and 

females in Otago and 

Waikato 

 
24 hour urine sample 

Median UIC: 

Otago 42μg/L 

Waikato 53μg/L 

Mild to 

moderate 

deficiency 
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Author 

 

n= 

Study population  

Age (years), sex,  

location 

 

Methods 
Measurement 

outcome 

 

Status1 

Thomson et al., 2001 

(9) 
350 

18-49y males 

and females in 

Otago 

24 hour urine on two separate 

occasions 

Median UIC: 

54 μg/L 

Mild iodine 

deficiency 

 
Skeaff et al., 2002 

(26) 

 

300 

8-10y boys and 

girls in Dunedin 

and Wellington 

 

Spot urine sample 

 
Median UIC: 

66 µg/L 

 
Mild iodine 

deficiency 

Adult Nutrition 

Survey 2008/09 (23) 

 

N/A 
15-18y males, 

nationwide 

 

Spot urine sample 
Median UIC: 

52 µg/L 

Mild iodine 

deficiency 

Rose et al., 2009 

(pre-fortification) 

(21) 

 
93 

10-13y boys and 

girls in Dunedin 

 
Spot urine sample 

Median UIC: 

63 μg/L 

Mild iodine 

deficiency 

Skeaff et al., 2013 

(36) 

 
147 

8-10y boys and 

girls in Dunedin 

and Wellington 

 
Spot urine sample 

Median UIC: 

113 μg/L 

Adequate iodine 

nutrition 

MPI Technical 

2016/32 (37) 

 
N/A 

15-18y males, 

nationwide 

 
Spot urine sample 

Median UIC: 

131μg/L 
Adequate iodine 

nutrition 

 
Jones et al., 2016 

(38) 

 
 

415 

 

8-10y boys and 

girls in 

Christchurch and 

Auckland 

 
Spot urine sample 

Median UIC 

(males): 
131 µg/L 

Adequate iodine 

nutrition 

UIC, urinary iodine concentration; UIE, urinary iodine excretion 

1 Median UIC compared to WHO cut-offs (12) 

2 Urinary iodine excretion (μg/d) converted to median urinary iodine concentration assuming 1.5L per 24hr urine volume (29) 
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Table 2.4 Summary of iodine status in New Zealand based on intake data 
 

Author n= Study population 

(Age (years), sex, location) 
Methods Measurement outcome Status1 

 

Rose et al., 

2009 

(pre- 

fortification2) 

(21) 

 

93 

 

10-13y boys and girls in 

Dunedin 

 

FFQ 

 

Median intake: 54 μg/day3 

 

Inadequate (83% 

below EAR) 

Skeaff et al., 

2012 

(post- 

fortification) 

(36) 

147 8-10y boys and girls in 

Dunedin and Wellington 

FFQ Mean intake: 125 μg/day; iodised 

salt included 

Adequate (with salt) 

Edmonds et al. 

2016 (39) 

47 18-24y males in Dunedin 

and Wellington 

FFQ Median intake: 

90 μg/day (food only) 

130 μg/day; iodised salt included 

Adequate (with salt) 

NZ Total Diet 

Study 2016 
(25) 

N/A 19-24y young adult 

males 11-14y teenage 

boys, nationwide 

Stimulated diet 

based off 

ANS08/094 

Adjusted mean intakes for both 

young adult and teenage males: 

133μg/day (food only) 

Adequate (food only) 

Jones et al., 2016 

(38) 

415 8-10y boys and girls in 

Christchurch and Auckland 

FFQ Mean intake: 

65μg/day (food only) 

101μg/day; iodised salt included 

Adequate (with salt) 

for 4-8y category but 

not for 9-13y 

1 Intake compared to EAR (27) 

2 Mandatory fortification of bread in September 2009 by Food Standards Australia New Zealand (11)  

3 Unable to determine from study whether iodised salt was included in reported results  
4 ANS08/09: Adult Nutrition Survey 2008/09 
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In 2009, Food Standards Australia New Zealand (FSANZ) introduced the 

mandatory fortification of bread to ameliorate declining iodine intakes in Australia and 

New Zealand (11). Standard 2.1.1-6 stipulates that iodised salt must be used for yeast- 

leavened products such as bread loaves, buns, flat breads, bagels and sweet buns, but 

excludes pizza bases, pastries and organic breads. Table 2.4 presents a summary of iodine 

status based on dietary intake data determined from an FFQ. A study conducted in early 

2009, prior to mandatory bread fortification, found the median intake of iodine in 10-13 

year old Dunedin school children was 54 μg/day (21). In contrast, an FFQ from 2012 in 8-

10 year olds showed a mean intake of 125 μg/day (36). A cross-sectional study in New 

Zealand school children in 2016 reported a median urinary iodine concentration of 116 

μg/L which falls within the WHO/UNICEF/IGN cut-off of 100-199 μg/L indicating 

adequate iodine status (38). Data from an FFQ in the same study indicated that 51% of 

iodine in the diet came from bread and bread-based dishes, which contrasts with 2002 CNS 

data, prior to the fortification of bread, estimating only 1% (38,40). In an FFQ conducted 

in New Zealand males (18-24 years old), the median iodine intake from food alone was 90 

μg/day, and 130 μg/day including iodised salt use, which meets the EAR of 100 μg/day for 

adults (39). The EAR for adolescent boys 14-18 years is 95 μg/day (27). 

2.5 Conclusion 

 

Iodine is a trace element that is essential for thyroid hormone function. These hormones 

play a key role in growth, development and metabolism across all life stages in humans. 

Severe iodine deficiency can lead to cretinism, mental retardation and goitre, whereas the 

consequences of mild iodine deficiency are less overt, but may affect cognition. 

Historically, data in New Zealand shows the impact of salt iodisation in the 1930s 
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markedly improving iodine status, which continued throughout the 1960s and 1980s. In the 

1990s and early 2000s, mild iodine deficiency re-remerged in New Zealand. After the 

introduction of Standard 2.1.1-6, median urinary iodine concentrations fell within the 

ranges based on WHO cut-offs indicating adequate iodine intake. Data based on FFQs 

showed that the primary food source of iodine in a typical New Zealand diet had shifted 

from milk and milk products to bread (36). Overall, iodine status in the New Zealand 

population is likely to be adequate, however there is little data from recent years about the 

iodine intake of adolescent boys. 
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3 Objective Statement 

The iodine content of soil in New Zealand is low, predisposing the population to iodine 

deficiency. Throughout much of the second half of the 20th century, New Zealanders were 

iodine sufficient (6,7). From the late 1990s and early 2000s, studies found a re-emergence 

of mild iodine deficiency in both the child and adult population nationwide (8,9). Mild 

iodine deficiency was confirmed in the 2008/09 Adult Nutrition Survey, which included 

15-18 year old males. In September 2009, FSANZ implemented the mandatory addition of 

iodised salt to commercial bread products, with the exception of organic and unleavened 

breads (11). Studies have since reported an improvement in iodine status in children and 

adults, determined by urinary iodine concentration. However, direct measures of iodine 

intake, although more burdensome, are useful to determine sources of iodine in the diet. 

 
 

The Survey of Nutrition, Dietary Assessment and Lifestyle has an overall aim to describe 

the dietary intakes, nutritional and health status, motivations and attitudes towards food 

choices, 24- hour activity, and screen time habits of adolescent males in New Zealand. 

 
 

The aim of this thesis is to estimate the iodine intake of New Zealand adolescent males 

aged 15-18 years. 

 
 

The specific objectives of this thesis are, in New Zealand adolescent males: 

 

• To compare current iodine intake to nutrient reference values. 

 

• To identify the main food sources contributing iodine to the diet. 

 

• To determine the proportion of adolescent males using iodised salt in the household. 
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4 Participants and methods 

 
The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) project was 

designed to assess the dietary habits, nutritional status, health status and attitudes and 

motivations towards food choice of New Zealand high school students. The project started 

in 2019, when the Department of Human Nutrition investigated adolescent females from 

eight centres throughout New Zealand. In 2020, data was collected in adolescent males. 

This thesis focuses on the dietary intake of iodine in adolescent males using data collected 

between February – June 2020. 

4.1 Outline of Study Design 

 
This cross-sectional, multi-centre, cluster study was conducted in high schools across New 

Zealand. The locations of the high schools were determined by where data collectors 

(Master of Dietetics students) were based. In 2020 the locations were as follows: 

Auckland, Tauranga, Rotorua, Wellington, Christchurch and Balclutha. Participants were 

15 to 18 year old male students. They were required to complete an online questionnaire 

and attend an appointment during school time to give one 24-hour dietary recall and 

physical activity recall, as well as anthropometric and blood pressure measurements. A 

second 24-hour dietary and physical activity recall was collected over the phone the 

following weekend. Participants were also given the option of wearing an accelerometer 

for seven days, and providing blood and urine samples. 

The University of Otago Ethics Committee approved the study (reference H20/004, 

Appendix A). Māori consultation was undertaken through the Ngāi Tahu Research 

Consultation Committee (Appendix B). The study was registered with the Australian New 

Zealand Clinical Trials Registry (registration number ACTRN12620000185965) 
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4.2 Participants and Recruitment 

 

4.2.1 Eligibility Criteria 

 

Individuals must be enrolled in one of the recruited high schools, aged between 15 and 18 

years of age, self-identify as male, and be proficient in English in order to complete the 

required questionnaires. There were no exclusion criteria. 

4.2.2 Recruitment 

 

Schools from Auckland, Bay of Plenty, Wellington, Christchurch and Otago with males 

enrolled and a total roll greater than 400 were contacted by the SuNDiAL coordinator from 

October 2019. Schools that consented to participate were visited by data collectors in term- 

time of 2020 to provide students with information about the study. At that time, students 

interested in participating provided their name, age, email address and phone number, or 

were able to visit the study website (www.otago.ac.nz/sundial) for more information and 

sign up online. 

 

The SuNDiAL coordinator emailed potential participants a link to a Research 

Electronic Data Capture (REDCap) (Vanderbilt University, Tennessee) questionnaire 

which contained a consent and eligibility screening form (Appendix C). Participants were 

allocated a unique study identification code, and those under 16 years of age were asked to 

provide the contact details of a parent/guardian to provide online consent. Participants over 

16 years were able to give their own consent and given contact details to reach 

investigators to ask further questions about participating in the study. To preserve 

confidentiality, all data was recorded against the participant’s identification code. 

http://www.otago.ac.nz/sundial
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4.3 Data Collection 

 
After completing online consent, the participants then completed the health and 

demographics questionnaire followed by questionnaires regarding dietary habits, attitudes 

and motivations to food choice, and weight-loss intentions and methods. An updated list of 

consenting participants was emailed to data collectors daily by the principal investigators. 

Data collectors scheduled a 60 minute appointment slot during school hours with each 

participant to complete a 24-hour dietary recall and a previous day activity recall. During 

this session, height, weight, blood pressure and ulna length were also measured. Due to the 

Covid-19 lockdown response, the Auckland team took measurements in school and 

completed both first and second diet and activity recalls over video-call from their homes. 

Participants who consented were fitted with an accelerometer and data collectors 

verbally explained how to fill out a wear and sleep time diary. Participants who consented 

to providing blood and urine samples were visited by a phlebotomist or research nurse 

during school time. 

A second 24-hour dietary recall and previous day physical activity recall was 

undertaken by data collectors the following weekend to account for variation in intake and 

activity between weekdays and weekends. These phone or video-call appointments took 

approximately 45 minutes. The use of video was preferred to allow the participant to show 

product packaging or use measurement aids to ensure accuracy. 

Participants received a $5 supermarket voucher for each part of the study they 

completed, with a maximum total value of $30. Vouchers were posted to participants upon 

completion of data collection. 



23  

4.4 Measurement tools 

 

4.4.1 Dietary intake 

 

During the 24-hour dietary recall, the participants were asked to recall everything they ate 

from midnight to midnight on the previous day. The data collectors used a standardised 

three pass approach outlined in the project protocol with each participant (Appendix D). 

This began with a quick list in the first pass where the participant reported everything they 

remember consuming, with no interruptions by the interviewer. The second pass involved 

probes for details such as brands, preparation methods and recipes using a tips sheet 

(Appendix D). Data collectors then used household measures, food models and 

photographs of portion sizes to determine estimates of quantities. In the third pass, the list 

was read back to the participant to ensure no information was missed. Participants were 

also asked specifically whether salt was used, and if it was iodised. To estimate usual 

dietary intake, two recalls were taken on different days, with one being a weekend day. 

4.4.2 Demographic and dietary habits questionnaires 

 

All participants completed an online questionnaire administered in REDCap which 

assessed health information such as food allergies and avoidances. Ethnicity was assessed 

using the 2006 New Zealand census question (41). Where more than one ethnicity was 

selected, responses were coded using a prioritised recording system in the order of New 

Zealand Māori, Pacific Island, Asian, Other (e.g. Latin American, Middle Eastern, 

African) and then New Zealand European (42). Home address was used to determine New 

Zealand Index of Deprivation (43). 

The dietary habits, attitudes and motivations for food choice questionnaire on 

REDCap was adapted from previously validated questionnaires for a different population 
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group (44–48). The questionnaire was modified for country specific jargon to make it 

suitable for New Zealand adolescent boys. The following questions from the dietary habits 

questionnaire were used in this thesis: “On average how often do you eat bread? Includes 

slices of bread, rolls, bagels, wraps and gluten-free bread”, “How often do you have milk 

(cow’s milk or plant milk)”, and “What type of milk do you use the most of?”. The 

responses to select from ranged between “I do not have any milk” to “more than three 

times a day”. Finally, “Did you take any supplements during the last year”, as well as 

further questions about supplement use were included (Appendix E). Participants also 

indicated their frequency of consumption of eggs, milk, fish and other seafood from 10 

options, ranging from “I do not eat these” to “more than three times a day” (Appendix E). 

4.4.3 Anthropometry and blood pressure 

 

A standardised anthropometric protocol was used when performing measurements on all 

consenting participants (Appendix F). Height was measured using a stadiometer (Seca 

213 and Wedderburn). Weight was taken using electric scales (Salter 9037 BK3R, Seca 

Alpha 770, Soehnle Style Sense Comfort 400 and Medisana PS 420). Blood pressure was 

measured using an automated sphygmomanometer (OMRON-HEM907). Ulna length was 

taken using a tape measure. Excluding blood pressure, which was measured in triplicate, 

all other anthropometry values were taken in duplicate, and a third measure was taken if 

measurements were greater than 0.5 units apart. An average of the measurements was then 

calculated. Participants were asked to remove their shoes, watches, items from pockets 

and heavy clothing.  

4.4.4 Biological specimens 

 

A urine sample was collected by the participant and transferred into a plastic test tube and 
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kept on ice at 4°C to be transported to the Department of Human Nutrition at the 

University of Otago. Samples were stored at -20°C until analysis of iodine concentrations. 

Blood collected by phlebotomists was taken to a local laboratory for measurement of 

cholesterol and HbA1c. The blood and urine results will not be included as this thesis 

focuses on dietary intake. 

4.4.5 Physical activity and screen time 

 

Estimated physical activity and screen time were calculated through two previous day 

physical activity and screen time recalls. This allowed for the estimation of ‘usual time’ 

using the Multiple Source Method programme to adjust for within-person variation (49). 

The physical activity and screen time data is outside the scope of this thesis. 

4.4.6 Twenty-four hour activity 

 

Participants who consented to wear an accelerometer for 24 hours a day for seven days 

were fitted with an Actigraph GT3x+ accelerometer over their right hip. These participants 

completed a sleep and wear time diary, and recorded when the accelerometer was removed 

for greater than five minutes. Analysis of this data will not be included in this thesis. 

4.5 Dietary analysis 

 

Data collectors entered each 24-hour recall that they personally facilitated into FoodWorks 9 

(Xyris Software Australia Pty Ltd) for nutrient analysis. FoodWorks matched entries with 

data in New Zealand food composition tables (FOODfiles 2014, The New Zealand Institute 

for Plant and Food Research Limited) to calculate energy, macronutrient and micronutrient 

values. Recipes from the 20008/09 Adult Nutrition Survey were included to enhance the 

FoodWorks database. A code book (2020 S1 Code book SuNDiAL) was provided to assist 

with selecting appropriate matches for default foods or substitutions. The code book was 
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updated throughout the data entry period to ensure consistency between individual entries. 

Before using a recipe, default food or substitution, the data collector checked the nutrient 

profile against the food’s nutrition information panel. The values per 100g were expected to 

be within 10% for an appropriate match. 

Where no appropriate alternative could be found in the database, a recipe was 

created based on ingredients listed on the nutrition information panel. The ingredients, 

yield and conversion factors were adjusted until the nutrition profile was no more than 

10% different. For home cooked meals or mixed food items, a recipe was also created 

based on the information reported by participants. If little information was reported, data 

collectors created recipes based on basic versions of the dish described. These recipes were 

discussed with principal investigators to ensure they were appropriate. 

4.6 Data collection training and quality control 

 
All data collectors completed a six-week research methods paper in semester two of 2019, 

and underwent a further two weeks of training in February 2020. The training focused on 

data collection procedures for each stage and data entry practice using FoodWorks. 

Throughout the data collection period, weekly meetings to discuss appropriate food 

selection were held over video conference with a researcher experienced in dietary 

assessment methodology and FoodWorks. 

Principal investigators compared each FoodWorks entry to the hard copy of the 24- 

hour recall to ensure data was entered correctly and consistently. FoodWorks entries were 

ranked by individual nutrients and the top 10% of recalls for each nutrients were checked 

again to ensure the high values were not the result of entry error. In the case of an error, the 

data collector responsible was contacted to make necessary changes. 
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4.7 Statistical analysis 

 
Statistical analyses were carried out using Stata (Version 16.0, StataCorp LLC, College 

Station, Texas, United States) by the study biostatistician, Dr Jill Haszard. The Multiple 

Source Method program was used to estimate the day-to-day variation in nutrient intake 

using the two diet recalls for each participant, and apply this modelling to the whole 

dataset to produce an estimated adjusted usual intake for each participant (49). To give a 

precision level of +/-0.2 standard deviations, and to allow for drop-outs, incomplete data 

and small design effect from school clusters, an estimated sample size of at least 150 

participants was calculated. 

The candidate used Microsoft Excel (Version 16.36, Microsoft Corporation, New 

Mexico, United States) to calculate means, standard deviations, medians, mean differences 

and 95% confidence intervals. Microsoft Excel was also used to identify iodised salt in 

FoodWorks entries, and to add 48 μg iodine to relevant participants’ iodine intakes. 

Body-mass-index (BMI) was calculated as weight in kilograms divided by the 

square of height in metres. Participants were classified into BMI categories based on WHO 

BMI z-scores (50). Classifications were as follows: BMI z-score < -2 as underweight, BMI 

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

as obese (50). 

Deprivation levels were categorised based on New Zealand Deprivation Index 2018 

(43). Home addresses were used to determine the neighbourhood mesh block, which was 

then matched to an NZDep score. Participants with a deprivation level of 1 to 3 were 

classified as low (least deprived), 4 to 7 as moderate and 8 to 10 as high (most deprived). 

Iodine in the diet is presented in two forms: from the diet alone, and diet with the 

addition of 48 μg of iodine for discretionary salt use. Discretionary salt use was defined as 
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use of iodised salt in cooking and/or at the table. The question ‘was salt added to any of 

the food reported (either at the table or in cooking)?’ was asked by all data collectors, 

followed by ‘if so, was it iodised?’. Participants who reported they used iodised salt had 

48 μg of iodine (equivalent to 1 g iodised salt) added to their iodine intake. Those who did 

not know what type of salt was used were classified as a non-iodised salt user. 

Iodine from supplements were determined by the responses in the dietary habits 

questionnaire. Only those who reported supplement use greater than once per week were 

included, and iodine content was calculated from the ingredient list of the brand supplied 

by participants. This data was not included in the final analysis for iodine in the diet. 

The frequency of consumption of cow’s milk, other dairy products, fish and other 

seafood was determined from the dietary habits questionnaire (Appendix E). The 

questionnaire responses were collapsed into high, moderate and low frequency of 

consumptions, as well as a category for “does not consume”. High frequency was defined 

as participants who consumed a food item ‘More than 3 times a day’, ‘2-3 times a day’, 

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

‘2-4 times a week’ and ‘Once a week’. Low frequency of consumption was defined as ‘2-3 

times a month’, ‘Monthly’ or ‘Rarely’. The question relating to bread intake was 

categorised into high (‘More than 3 times a day’, ‘3 times a day’, ‘Twice a day’ and ‘Once 

a day’), moderate (‘5-6 times a week, ‘2-4 times a week’ and ‘Once a week’) and low 

(‘less than once a week’ and ‘Never I don’t eat bread’). A separate question related to milk 

intake (with no specification for cow’s milk or other) was collapsed into categories of high 

(‘More than 3 times a day’, ‘2-3 times a day’ and ‘Once a day’), moderate (‘5-6 times a 

week, ‘2-4 times a week’ and ‘Once a week’) and low (‘2-3 times a month’, ‘Monthly’, 

‘Rarely’ and ‘I do not have any milk’). 
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Contribution of food groups to iodine intake was determined from 24-hour diet 

recall data. The 2008/09 Adult Nutrition Survey had 33 major food groups, and each food 

item entered into FoodWorks was categorised into one of these groups. Mixed dishes were 

classified into the major food groups based on the main ingredient. For example, the grains 

and pasta group included sushi and cheese-based pasta dishes. Bread and bread-based 

dishes included sandwiches, hot dogs and nachos. Non-alcoholic beverages included tea, 

coffee and hot chocolate drinks which may be made with milk. For detailed information on 

food groups, see Appendix G. 

The iodine content of each food was analysed, and the percentage contribution from 

food groups was calculated for each participant. Stata (Version 16.0, StataCorp LLC, 

College Station, Texas, United States) was used for these calculations. 
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5 Results 

 
5.1 Recruitment and sample size 

 
A total of 140 eligible schools were invited by email, and eight schools consented to 

participate. A further ten declined, and the remaining schools did not respond. Due to 

Covid-19, two schools consented but were unable to participate. This left a final total of six 

schools that consented and participated (Figure 1), one each from Auckland, Rotorua, 

Tauranga, Wellington, Christchurch and Balclutha. A total of 1664 male students were 

eligible; 334 responded and were sent links to consent to the study. Of those who 

responded, 188 were excluded (see Figure 1). A total of 146 students consented to 

participate, and 11 of these were excluded for not completing any questionnaire or 24-hour 

recall. The final sample size was 135. 

Due to the Covid-19 lockdown, the participants in Auckland (n=57) were disrupted 

during the in-person appointment period. A total of 39 participants completed 

anthropometry measurements before schools closed, and all recall sessions for these 

participants were rescheduled as video calls. Regardless of whether the participant 

attended an anthropometry session, all 57 participants were invited to complete 24-hour 

dietary recalls by video call. In Auckland, a total of 33 participants completed the first 24- 

hour recall and 19 participants completed the second 24-hour recall. 
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Figure 1 Flow chart of participant recruitment 

6 schools consented 

1664 eligible participants 

Responded and sent link to enrolment 

n = 334 

Consented to participate 

n = 146 

Did not complete any questionnaire 

or 24-hour recall 

n = 11 

Included in study 

n = 135 

n = 128 

n = 124 

n = 122 

n = 109 

n = 102 

n = 72 

Data available for analysis 

• Completed demographics and health questionnaire 

• Completed attitudes and motivations questionnaire 

• Completed dietary habits questionnaire 

• Completed anthropometric measurements 

• Completed first 24-hour recall 

• Completed second 24-hour recall 

Eligible but not recruited 

n = 188 

• Did not complete consent, n = 101 

• No parental consent, n = 76 

• Did not complete enrolment, n = 10 

• Was 19 years old, n = 1 

Did not respond 

n = 1330 
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5.2 Participant characteristics 

 
Participant characteristics are presented in Table 5.1. The average age of participants was 

17 years (SD 0.7). New Zealand European and Others (NZEO) made up 57% of 

participants, followed by Asian (32%), Māori (9%) and Pacific (2%). NZEO comprises of 

New Zealand Europeans, Ethiopian, Somali, Italian, American, Nicaraguan, Irish, 

Afrikaans, Dutch, German, and South African. The 2018 census data showed 16.5% of the 

New Zealand population identified as Māori and 8.1% Pacific peoples (51). A total of 109 

participants attended an in-person appointment for anthropometry. The mean (SD) BMI-z- 

score was 0.39 (1.1). Based on BMI z-scores calculated using WHO growth charts, 67% of 

participants were in the healthy weight category, and 34% overweight or obese (28% and 

6% respectively) (50). The Ministry of Education assigns a decile rating based on five 

census derived socio-economic factors (52). The participating schools’ deciles ranged from 

4 to 9, with the majority (54%) of students attending a high (8-10) decile school. The 

average NZDep index of participants’ households was 5 on a scale of 1 (being the least 

deprived) to 10 (most deprived) (43). 
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Table 5.1 Participant characteristics 
 

Characteristic n = 135 % 

Age, years   

15 11 8 

16 55 41 

17 49 36 

18 20 15 

Ethnicitya,b 
  

NZEO 73 57 

Māori 12 9 

Asian 41 32 

Pacific 3 2 

Weight statusc,d 
  

Underweight 1 1 

Healthy 73 67 

Overweight 29 28 

Obese 6 6 

NZDep Categorya,e 
  

Low, 1-3 (least deprived) 46 36 

Moderate, 4-7 54 42 

High, 8-10 (most deprived) 29 23 

n = number of participants; % = percentage of participants (excluding missing values) 

 

a Missing data for six participants (n=129) 

b Participants could choose more than one ethnicity and were categorized into one 

prioritised ethnic group as per Ministry of Health guidelines (42). NZEO comprises of 

New Zealand Europeans, Ethiopian, Somali, Italian, American, Nicaraguan, Irish, 

Afrikaans, Dutch, German, and South African. 
c Based on BMI z-score cut-offs (50) 

d Missing data for 26 participants (n=109) 

e Categories based on NZDep2018 Index of Deprivation (43) 
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5.3 Iodine intake of adolescent males in New Zealand 

 
The mean (SD) energy intake was 10,077 (3,215) kJ/day. The mean percentage energy 

contributions from carbohydrates, protein and total fat were 45%, 19% and 38% 

respectively. 

Mean (SD) iodine intakes are presented in Table 5.2. Among the 102 participants, 

iodine intake from food ranged from 38 μg to 194 μg/day; the median was 104 μg. 

Accordingly, 31% of participants had an iodine intake below the estimated average 

requirement (EAR) of 95 μg per day (27). When iodine from iodised salt was included, the 

mean (SD) iodine intake for the total study population increased to 131 (34) μg/day; the 

proportion of total participants with an iodine intake below the EAR reduced to 19%. 

 

Table 5.2 Mean iodine intakes 
 

 n Mean (SD) intake, μg/day %<EARa 

Food onlyb 102 107 (27) 31 

Food plus iodised saltc 102 131 (34) 19 

Iodised salt usersc 58 155 (25) 1 

Non-iodised salt users 44 101 (23) 41 

a EAR: Estimated Average Requirement, 95 μg/day for 14-18 year old males (27) 

b Mean intake from two 24-hour diet recalls, adjusted for usual intake 

c 48 μg/day iodine added to daily intake for participants reporting iodised salt use 
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5.4 Iodised salt use 

 
Iodised salt use was reported by 58 out of 102 (57%) participants who completed the first 

dietary recall. Forty-four participants (43%) did not know what type of salt was used, or 

reported not using salt in their household. When separated into iodised salt users and non- 

users, the former group had a mean (SD) iodine intake of 155 (25) μg/day, compared to 

101 (23) μg/day for non-users (Table 5.2). The mean (95% CI) difference in iodine 

intake between participants who used iodised salt and those who did not was 53 (44 to 

62) μg/day. 

5.5 Sources of iodine in the diet of adolescent males in New Zealand 

 
From the dietary habits questionnaire, 55% of participants reported consuming bread once 

a day or more. Participants in the high bread consumption category had a mean (SD) iodine 

intake of 110 (24) μg/day from food alone, compared to low bread consumers with a mean 

(SD) intake of  99 (18) μg/day. The mean (95% CI) difference in iodine intake between 

high and low frequency bread consumers was 11 (-5 to 26) μg/day. 

Cow’s milk specifically was consumed by 93% of participants, and 59% of 

participants reported consuming cow’s milk between once per day and upwards of three 

times per day (Table 5.3). Participants who consumed cows’ milk, eggs and fish more 

frequently appeared to have higher iodine intakes than those in the moderate and low 

categories. The majority (59%) of participants were low consumers of fish or did not 

consume fish at all. 

Figure 2 shows the mean percentage contribution of main food groups to dietary 

iodine intake. The highest contributor was ‘bread and bread-based dishes’ at 31%, 

followed by ‘milk’ (16%) and ‘egg and egg dishes’ (7%). These three food groups 

contributed over half of the dietary iodine intake in all participants. ‘Fish and seafood’ 
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contributed a comparatively smaller percentage (4%) to dietary iodine intake despite being 

a known food source of iodine. 

Supplements were reported to be taken by 37 participants, of which 15 reported use 

of a multivitamin and/or multimineral. Approximately half (53%) took this type of 

supplement daily, but the period of time was unknown. Four of the eight daily users listed 

a brand; based on the ingredients list one variety contained 25 μg of iodine, and the other 

three contained 150 μg of iodine. This data was not included in the final analysis as it 

represents less than 5% of total participants and this thesis focuses on dietary sources of 

iodine. 

 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

Figure 2 Average contribution of food groups to dietary iodine 
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Table 5.3 Frequency of consumption of known food sources of iodine 
 

Iodine intake from diet only (μg per day) 

Food n = 123 % 
Mean 

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

Cow's milka  

High 73 59 110 (26) 104 (85, 142) 

Moderate 35 28 102 (27) 103 (74, 130) 

Low 8 7 94 (39) 92 (55, 131) 

Does not consume 7 6 99 (27) 91 (80, 125) 

Dairya 
    

High 47 38 111 (24) 105 (85, 141) 

Moderate 56 46 101 (28) 96 (70, 129) 

Low 19 15 111 (29) 101 (82, 139) 

Does not consume 1 1 - - 

Eggsa 
    

High 20 16 126 (35) 113 (97, 187) 

Moderate 72 59 107 (25) 105 (78, 138) 

Low 21 17 98 (19) 91 (80, 126) 

Does not consume 10 8 90 (6) 97 (63, 111) 

Fisha 
    

High 4 3 135 (45) 112 (107, 172) 

Moderate 46 37 110 (25) 108 (83, 129) 

Low 62 50 104 (29) 102 (73, 140) 

Does not consume 11 9 96 (16) 94 (79, 111) 

Seafooda 
    

High 1 1 - - 

Moderate 18 15 99 (22) 106 (70, 119) 

Low 79 64 109 (28) 104 (80, 143) 

Does not consume 25 20 97 (17) 97 (72, 112) 

n, number of participants; %, percentage of participants; μg, micrograms 

a High (≥ Once per day); Moderate (≤ 5-6 times per week and ≥ Once per week); 

Low (≤ 2-3 times per month) 
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6 Discussion and Conclusion 

 
6.1 Dietary iodine intake in New Zealand male adolescents 

 
New Zealand adolescent males aged 15-18 years in this study had a mean iodine intake 

from food (excluding iodised salt) of 107 μg/day. This is considerably lower than the 133 

μg/day (also from food only) reported in the 2016 New Zealand Total Diet Study 

(NZTDS) (25). However, the 2016 NZTDS results were determined using 14-day 

stimulated diets compared to the present study’s direct measure of iodine intake using 24-

hour recalls. In the present study, the mean iodine intake from food plus discretionary 

iodised salt was 131 μg/day, and the median was 134 μg/day. Similarly, a study conducted 

in Dunedin and Wellington, involving 18-24 year old males, reported a median iodine 

intake of 130 μg/day (including iodised salt) (39). Two other studies conducted post-

fortification in New Zealand and using FFQs have indicated mean iodine intakes of 101 

and 125 μg/day in 8-10 year old children (36,38). However, the relatively lower energy 

intakes of the schoolchildren surveyed is the likely explanation for the slightly lower 

intakes reported. The New Zealand Ministry for Primary Industries published reports in 

2012 and 2014 using intake data from the 2002 National Children’s Nutrition Survey to 

monitor the effects of mandatory bread fortification on iodine intake (53,54). Among 

iodised salt users, <1% of 14 year old males were estimated to have an iodine intake below 

the EAR of 95 μg/day. This is comparable to the 1% reported in the present study for 

iodised salt users. Overall, it appears that the majority of New Zealand adolescent males 

have an adequate iodine intake when compared to the EAR for their age. 
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6.2 Iodised salt use 

 
In this study, iodised salt use was reported by 57% of participants. In comparison, the 

2008/09 Adult Nutrition Survey reported 83% of males aged 15-18 years used iodised salt 

at home (23). Similarly, a 2016 study reported iodised salt use by 74% of participants aged 

18-64 years (39). The difference in iodised salt use between the present study and others 

may be attributed to adult populations having more knowledge of the type of salt used in 

their household, in particular, if the adult is responsible for grocery shopping. In other 

studies involving children or adolescents, parents may be present during the interview or 

telephoned to confirm their child’s responses to the questionnaire to avoid potential errors 

when reporting dietary intake (21,38). As a result, potential underreporting due to 

participants in this study not knowing about the type of salt used is likely. Reduced 

frequency of salt use may also be due to the influence of public health messages to reduce 

salt intake as a preventative measure against hypertension and heart disease. While the 

adolescent males in this study may not take particular notice of these health messages, 

their parents and caregivers may have made changes at a household level. The New 

Zealand Ministry of Health does recommend that ‘if salt is used, choose iodised salt’, and 

it is important that this message continues to be conveyed, especially in light of trends 

toward using gourmet rock or sea salts which are usually not iodised (55). 

Iodised salt users had a significantly higher iodine intake than non-salt users; the 

mean (95% CI) difference between the groups was 53 (44 to 62) μg/day. A significant 

difference in mean iodine intake between diet-only and diet-plus-iodised salt models is also 

consistently reported in other New Zealand studies (38,39). This highlights that 

discretionary use of iodised salt remains a key contributor to daily iodine intake in New 

Zealand. Furthermore, it emphasises the importance of continuing to estimate iodised salt 
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use when assessing dietary iodine intake in the future. Considering adolescent males have a 

relatively high energy intake, it is note-worthy that even in this population iodised salt use 

increases the proportion of males consuming enough iodine in the diet to meet the EAR. 

6.3 Contribution of food groups to iodine intake 

 
Prior to the fortification of bread with iodine, it was estimated that bread contributed only 

1% of dietary iodine intakes in New Zealand children (54). Milk and dairy products were 

the primary contributors at 40% pre-fortification. Post-fortification, dietary modelling for 

children aged 5 to 14 years predicted the dietary contributions to iodine intake would be 

predominantly from bread and bread based products (51%), followed by milk and dairy 

products (20%) (54). A 2011 study in 8-10 year old New Zealand schoolchildren found 

that bread provided 28% of daily iodine intake; while substantially lower than the 47% 

estimated from dietary modelling, bread was still the main contributor to iodine intake 

(36). In the present study, bread and bread- based dishes contributed 31% of daily iodine, 

followed by milk and dairy products (19%). While fish and seafood are rich sources of 

iodine, it seems most New Zealand adolescent males do not consume these foods regularly. 

Fish and seafood provided only 4% of iodine intake, which is consistent with findings in 

school children (36), but lower than the 6% contribution reported in other New Zealand 

studies (38,39). Nevertheless, the contribution of fish and seafood to iodine intake in New 

Zealand diets is negligible compared to countries such as Japan and Norway where foods 

of marine origin are consumed more frequently (56,57). 

Overall, it is clear that iodine fortified bread is a key contributor to the daily iodine 

intake of New Zealand adolescent males. It is worth noting however that in this study, 

almost half (45%) of participants consumed bread less than once per day, and there was no 
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significant difference in mean iodine intake from diet alone between high and low 

consumers of bread. It would be useful to further investigate this finding using a larger, 

more representative sample of adolescent boys. If the findings were similar, another 

vehicle for iodine fortification might be necessary to address changes in consumer 

behaviour. One reason to support the need for multiple vehicles of fortification is that the 

mean iodine intake (food only) from this study was 107 μg/day – close to the EAR of 95 

μg/day for adolescent males. As a result, small changes in the diet can easily shift the 

iodine status of a population below the cut-offs for inadequacy. It is projected that the 

Asian population will likely double between 2013 and 2023 in New Zealand, and the 

2008/09 Adult Nutrition Survey found that Asian ethnicities are less likely than New 

Zealand Europeans to report consuming bread (58,59). As the ethnic makeup of the New 

Zealand population shifts, it may be necessary to look at other staple foods such as rice, 

noodles and flour-based products like naan bread or wraps. Unleavened or chemically 

leavened bread products are currently exempt from mandatory iodine fortification, so it 

might also be useful to investigate whether the FSANZ definition for bread should 

encompass more products. 

In recent years, attitudes toward bread and bread-based products have changed as 

health trends have favoured higher fat and protein diets. A study comparing 1997 National 

Nutrition Survey data with 2008/09 Adult Nutrition Survey data reported an 11.9% 

reduction in males reporting consumption of bread (59). Furthermore, the focus on 

consuming ‘wholefoods’ may lead to people replacing bread with other forms of less 

processed carbohydrates, or omitting bread altogether. These trends reinforce the need for 

a review of mandatory iodine fortification in New Zealand. Generally, adolescent males 

have relatively high energy needs and tend to consume large quantities of foods from most 



42  

food groups. If bread consumption is lower than expected in this population, it is likely to 

be further exacerbated in other groups, such as young women. 

6.4 Strengths and limitations 

 

6.4.1 Strengths 

 

This study had a number of strengths. Data was collected from six schools around New 

Zealand, in both the North and South Island. Data collectors were trained by principal 

investigators and followed a study protocol which aimed to standardise the data collection 

process. All data collectors used the same set of food models and household measures to 

consistently estimate portion sizes. A major strength of the study was that the accuracy of 

the 24-hour diet recalls entered into FoodWorks was checked against the original dietary 

recall sheets by another researcher experienced in dietary assessment processes. Two diet 

recalls were carried out on different days of the week (one weekday and one weekend) to 

account for intra-individual variation. This helped the results be more representative of 

usual dietary intake, while only requiring two diet recalls to be completed which 

minimised participant burden. Finally, conducting at least one of the diet recalls over video 

call was a useful method to improve the accuracy of participants’ reports because they 

could check product labels in their own home that they otherwise would not know. 

6.4.2 Limitations 

 

This study also had a number of limitations. The number of participants recruited for the 

study did not meet the planned sample size, which reduced the statistical power of the 

study and widened confidence intervals. Furthermore, compared to New Zealand 2018 

census data, there was an underrepresentation of Māori (9.3% in this study versus 16.5% in 

New Zealand) and Pacific (2.3% in this study versus 8.1% in New Zealand) (51). 
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It is likely that the number of iodised salt users was underestimated as participants 

who were unable to confirm iodised salt use were subsequently categorised as non-salt 

users. Some participants may have reported not using any salt because they were unaware 

of salt use during meal preparation. The standardised amount of iodine added to salt-users’ 

intakes (48 μg) may be an under or overestimation of their actual iodised salt intake, and 

caution must be used when interpreting these results. 

School closures and lockdown due to Covid-19 meant the participants reported 

dietary intakes which may not be representative of their ‘normal’ intake as they were not 

consuming foods such as packed lunches, tuckshop items, takeaways or restaurant meals. 

Iodine status was determined using dietary data alone, rather than the recommended 

index of urinary iodine concentration, which measures total iodine excretion and would 

account for iodised salt. Most other studies report urinary iodine concentration, making a 

comparison difficult. 

6.5 Implications for future research 

 
Due to the Covid-19 lockdown, urine samples were unable to be collected from the 

majority of participants in the present study. In future research, urinary iodine 

concentration would be a useful method for assessing the iodine status of this population 

against WHO cut-offs. Urinary iodine concentrations can also be used to evaluate the 

quality of dietary data, since dietary assessment methods are prone to under or 

overestimations of actual nutrient intake. 

This study found lower levels of bread and iodised salt consumption compared to 

other studies in New Zealand, including the 2008/09 Adult Nutrition Survey. It would be 

worthwhile to investigate this change in a larger, more representative sample of adolescent 

males, and potentially compare the effectiveness of mandatory fortification strategies 
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among different ethnic subgroups in New Zealand. 

Finally, further development of a method for assessing discretionary iodised salt 

use is needed in order to improve the accuracy of future studies. This, alongside a less 

arbitrary figure for the iodine content of salt (in this case, an average of 48 μg was used), 

will help reduce limitations associated with the study of iodine status in New Zealand.   
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6.6 Conclusions 

 
To conclude, the present study aimed to estimate the dietary iodine intake in New Zealand 

adolescent males aged 15-18 years, and to identify the main food sources of iodine in the 

diet. Overall, the findings indicate that the majority of males in this age group met the 

estimated average requirement for iodine, and that discretionary iodised salt use was 

associated with higher iodine intakes. Bread and bread-based products also contributed a 

large proportion of the adolescent males’ daily iodine intake, which confirms that 

mandatory fortification of bread is important to ensure good iodine status of the New 

Zealand population. A decade has passed since the implementation of iodine fortification 

in bread, and this study hints that there may be some changes to the typical New Zealand 

diet in terms of salt use and common staple foods. These dietary habits are worth 

investigating to ensure fortification programmes continue to work effectively in the New 

Zealand population. 
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7 Application of Research to Dietetic Practice 

 
PART A: This study’s findings highlight that it is important to focus on not only the 

nutritional composition of a food, but also on frequency of consumption. For example, in 

the context of iodine, fish and seafood are known sources of iodine, but few participants 

consumed these foods regularly in their diets. This shows it is important to consider the 

dietary patterns of a population before giving nutrition recommendations. As New 

Zealand’s population becomes more diverse, it is also important to ensure health messages 

remain relevant to subgroups in the population. 

As dietitians, key messages we can focus on include clarifying public health 

messages about salt consumption and ensuring people are aware that while Himalayan pink 

salt, for example, is marketed as a ‘better’ alternative to regular table salt, it is often not 

iodised and still a concentrated source of sodium. We can also encourage people to 

consume more fish and seafood as they are not only a good source of iodine, but provide a 

nutritious alternative for those looking to reduce red meat intake. 

From the diet recalls, it was apparent that adolescent males in the 15-18 year age 

group had varying levels of control over their food choices. This highlights the importance 

of involving parents or caregivers in nutrition consultations where appropriate, because 

they may have a considerable influence on food choices. For many, adolescence marks a 

time where people begin to consume more meals outside of the family home, for example 

afterschool or on weekends with friends. This is a great opportunity to provide education 

on nutrition and making balanced food choices – with the potential to influence lifelong 

dietary habits. It is important for strategies to be age-specific, and to consider the reasons 

behind their food choices, such as cost, convenience and their wider food environment. 
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PART B: Previously, my experiences in communicating with clients and patients in a 

nutrition context have mainly been limited to people my age in the Student Dietitian Clinic, 

or with older adults in Dunedin Public Hospital. I actually felt quite nervous before the first 

appointment at school because I did not know what to expect when it came to taking 

measurements and diet histories with adolescents. I remember when I was in high school, I 

felt like university students were very ‘grown up’ and intimidating so I did wonder what 

these boys’ impressions of us would be. Overall, I felt this research experience reinforced 

that in order to communicate effectively with your client, it is important to conduct 

yourself in a manner that is appropriate for the situation. For example, because our 

participants were adolescents, I felt we could be slightly more informal with our language 

use so as not to intimidate them. In order to quickly develop rapport and gain a certain 

level of trust where they felt comfortable relaying details of their diet, it was necessary to 

try relate to them in some way – like making small talk about school activities or subjects. 

As I am sure a lot of people have learnt during the lockdown period, participating 

in video conferences comes with its difficulties. For me, interacting in-person tends to be 

easier because you can pick up on non-verbal cues and use your own body language to 

show you are actively listening to them. However, I am glad to have had this experience 

because I believe tele-health is an important part of modern healthcare. For example, it 

allows those living in more rural areas to have better access to specialist care. Having to do 

all the food recalls over Zoom has given me more confidence about how to communicate 

in this way, and I have figured out techniques like using screen share to show participants 

food models and documents to avoid misunderstandings. 
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Appendix D: 24-hour Diet Recall Protocol 
Prepared by Liz Fleming and Dr Meredith Peddie; based on methods used in 2008/09 Adult Nutrition Survey 
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Appendix E: REDCap Dietary Habits Questionnaire (relevant sections) 
Prepared by Tessa Scott; some questions taken from published literature and others developed specifically 
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Appendix F: Anthropometrics Protocol 
Prepared by Dr Meredith Peddie; based on a previously published protocol 

Ministry of Health. Protocol for Collecting Height, Weight and Waist Measurements in New Zealand Health 

Monitor (NZHM) Surveys. Wellington, New Zealand: Ministry of Health; 2008. 

 

 



75  

 
 

 



76  

 
 

 



77  

Appendix G: Food groups used in the 2008/09 Adult Nutrition Survey 
 



78  

 

 

 
 

 
 

 

University of Otago, Ministry of Health. A Focus on Nutrition: Key findings from the 2008/09 NZ Adult 

Nutrition Survey [Internet]. Wellington; 2011 [cited 2019 Oct 1]. p. 231, 246. Available from: 

https://www.health.govt.nz/publication/focus-nutrition-key-findings-2008-09-nz-adult-nutrition-survey 

http://www.health.govt.nz/publication/focus-nutrition-key-findings-2008-09-nz-adult-nutrition-survey
http://www.health.govt.nz/publication/focus-nutrition-key-findings-2008-09-nz-adult-nutrition-survey

	Abstract
	Preface
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	1 Introduction
	2 Literature Review
	2.1 Literature review search strategy
	2.2 Background
	2.2.1 Metabolism
	2.2.2 Consequences of deficiency
	2.2.3 Sources in diet
	2.2.4 Nutrient Reference Values

	2.3 Assessment of iodine status
	2.3.1 Dietary assessment
	2.3.2 Biochemical indices

	2.4 Iodine status
	2.4.1 Global iodine status
	2.4.2 New Zealand iodine status

	2.5 Conclusion

	3 Objective Statement
	4 Participants and methods
	4.1 Outline of Study Design
	4.2 Participants and Recruitment
	4.2.1 Eligibility Criteria
	4.2.2 Recruitment

	4.3 Data Collection
	4.4 Measurement tools
	4.4.1 Dietary intake
	4.4.3 Anthropometry and blood pressure
	4.4.4 Biological specimens
	4.4.5 Physical activity and screen time
	4.4.6 Twenty-four hour activity

	4.5 Dietary analysis
	4.6 Data collection training and quality control
	4.7 Statistical analysis

	5 Results
	5.1 Recruitment and sample size
	5.2 Participant characteristics
	5.3 Iodine intake of adolescent males in New Zealand
	5.4 Iodised salt use
	5.5 Sources of iodine in the diet of adolescent males in New Zealand

	6 Discussion and Conclusion
	6.1 Dietary iodine intake in New Zealand male adolescents
	6.2 Iodised salt use
	6.3 Contribution of food groups to iodine intake
	6.4 Strengths and limitations
	6.4.1 Strengths
	6.4.2 Limitations

	6.5 Implications for future research
	6.6 Conclusions

	7 Application of Research to Dietetic Practice
	8 References
	9 Appendices

