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Abstract

Aims: Iodine and selenium are important nutrients for thyroid function;

however, the New Zealand food supply is generally low in both minerals.

Bread can be a good source of these minerals; although the popularity of lower

carbohydrate diets means some people avoid bread. This study aimed to inves-

tigate the effect of low bread intakes on iodine and selenium intakes and sta-

tus, and thyroid function in mid-life women in New Zealand.

Methods: Self-selecting women (n = 46), aged 40–63 years, with a mean daily

intake of 1.6 ± 1.5 slices of fortified commercial bread, were recruited into a

cross-sectional study in Auckland, New Zealand. Assessment of iodine and

selenium intake was via a 3-day diet diary. Iodine and selenium concentrations

were measured in 24-h urine samples and selenium concentrations in plasma

using inductively coupled plasma mass spectrometry. Thyroid hormones

including triiodothyronine and thyroxine were also determined.

Results: Median urinary iodine concentration was 49 (35, 78; 25, 75 centile)

μg/L indicating iodine deficiency. Of plasma samples measured, 32% had sele-

nium concentrations below 110 μg/L, suggesting inadequacy. Data suggested

at least 40% of participants had low intakes of both nutrients. Only two partici-

pants had impaired thyroid function; however, plasma selenium concentra-

tions predicted the ratio of triiodothyronine to thyroxine (p = 0.038).

Conclusions: A high prevalence of inadequate selenium and iodine intake

was observed in women with low bread intakes. Those with low bread intakes

need to ensure they consume alternative sources such as dairy, fish and sea-

food, eggs, meat, other grains, and nuts.
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1 | INTRODUCTION

Iodine and selenium are essential for the biosynthesis of
thyroid hormones, which control growth, metabolism,
and cognitive development in humans.1 Iodine is a com-
ponent of the thyroid hormones, thyroxine (T4) and triio-
dothyronine (T3), and the deiodinases that convert
inactive T4 to the active T3 are selenoproteins.2,3 Further,
the selenoprotein glutathione peroxidase (GPx) protects
the thyroid gland against hydrogen peroxide generated
during thyroid hormone production.4 Iodine deficiency
can result in an accumulation of hydrogen peroxide, lead-
ing to further damage to the thyroid gland.1 Conse-
quently, there is potential for iodine and selenium
deficiency in adults to result in hypothyroidism and goi-
tre.5 In New Zealand, thyroid disease is more common in
women (5%) than men (1%),6 and for women older than
50 years, the prevalence increases to 7%–14%.7

New Zealand has low levels of both iodine and
selenium in the food supply, which puts the population
at risk for deficiency.8 New Zealand has a long history
of inadequate iodine intake; from the late 1800s to the
early 1900s, iodine deficiency (ID) was significant, and
endemic goitre and very low urinary iodine concentra-
tions prevailed. The iodisation of salt, introduced in 1924,
reduced ID and almost eradicated endemic goitre.9 The
use of iodophors (iodine-based cleansers) by the dairy
industry also helped to raise population iodine intake,
and in the 1970s, New Zealand had low goitre rates.
However, ceasing the use of iodophors in the dairy indus-
try, alongside changes in dietary patterns and other fac-
tors, saw the re-emergence of ID in the 1990s. In 2009,
food regulations made it mandatory for all commercially
made bread (except organic) to be manufactured with
iodised salt in an attempt to raise population intake.10

Bread is the largest single contributor of selenium to
the New Zealand diet.11 In the North Island, bread is
made predominantly using imported Australian wheat,
which is a rich source of selenium.4,12 Therefore, habitual
bread consumption is key to maintaining a good dietary
intake of both essential minerals.

In both Australia and New Zealand, the Estimated
Average Requirement (EAR) and Recommended Dietary
Intake (RDI) for adult women for iodine are 100 and
150 μg/day and for selenium are 50 and 60 μg/day,
respectively.13 The 2009 New Zealand Total Diet Survey
(NZTDS) reported the mean dietary intake of iodine of
adult females to be 63 μg/day, well below the EAR, sug-
gesting inadequate intake for more than half the group.14

The most recent NZTDS (2016)15 reported the mean die-
tary intake of iodine for adult females at 100 μg/day,
which is a marked improvement from the earlier 2009
NZTDS, reflecting the mandatory fortification of bread.

Similarly, while the 2009 NZTDS reported mean dietary
intakes of selenium of adult females to be 56 μg/day, the
most recent (2016) NZTDS suggested that average sele-
nium intakes are now adequate at 68 μg/day.14,15 The
2016 NZTDS attributes the increases in selenium intake
to increased selenium concentrations in the food supply
rather than increased consumption of selenium-rich
foods such as meat.15 However, the NZTDS estimates
intake based on standard diets and may not reflect actual
intake.

The reliance on bread for both iodine and selenium
intake is of concern due to current trends for reducing
carbohydrate intake. High fat, low carbohydrate diets
have increased in popularity, leading to reduced bread
consumption. Mid-life women in New Zealand have sig-
nificantly reduced their bread intake over the past two
decades from a median of 3–4 slices per day in 1997 down
to a median of 1.8 slices per day in recent studies.16,17

New Zealanders who choose to avoid commercially pre-
pared bread therefore could be at an increased risk of
both iodine and selenium deficiency, if not obtaining
these nutrients from other food sources.

This study aimed to investigate the effect of low bread
intakes on both iodine and selenium intakes and status,
and association with thyroid function in mid-life women
in New Zealand.

2 | METHODS

Women (n = 46) were recruited into this cross-sectional
study (WOMBI; Women, bread and iodine) via the use of
posters and social media releases in Auckland,
New Zealand from April to August 2017. In 2020, consent
was requested to have previously collected blood and
urine samples measured for selenium and thyroid hor-
mones, resulting in this data for a subset of 37 partici-
pants. This study was performed in line with the
principles of the Declaration of Helsinki. Ethical approval
was granted by Massey University Human Ethics Com-
mittee Southern A (application numbers 16/52 and
20/28). This research was carried out in accordance with
the STROBE guidelines for observational studies.

Eligible participants visited the nutrition research unit
at Massey University, Albany, Auckland, New Zealand for
a 30–45-min session to facilitate data collection. Partici-
pants provided written, informed consent and were
women aged 40–65 years who reported consuming less
than one slice of bread per day. Exclusion criteria were
eating more than one slice of bread per day, smoking, hav-
ing thyroid disease or using thyroid medication, taking
supplements containing ≥10 μg/day iodine or using kelp
salt (high iodine content) daily. Information was also
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collected about the frequency of bread consumption and
the type of bread consumed over the previous 2 months.
None of the participants were taking medications that
alter iodine excretion (i.e., loop diuretics or amiodarone).

Each participant completed a 3-day diet diary includ-
ing two weekdays and one weekend day. Participants
were asked to estimate portion size and report brand,
method of cooking, and dietary supplements. Clear
instructions and examples were provided. Data was
entered into Foodworks professional package for Win-
dows version 10 (Xyris software [Australia] Pty Ltd.,
2019) using the standard database for New Zealand
(NZ foodfiles 2016) to determine mean daily iodine and
selenium intake. The iodine content of all commercial
bread has not been determined since the mandatory addi-
tion of iodised salt to bread. However, iodine concentra-
tions have been estimated by the Ministry for Primary
Industries for categories of bread (e.g., white, fibre white,
fruited, mixed grain, etc.)18 and these values were entered
into Foodworks. Participants who reported using iodised
salt daily (n = 6) had 1 g of iodised salt (49.3 μg iodine)
per day added to their total iodine intake (estimated as
an average intake in a previous New Zealand study).19

Using the 3-day diet diary data, the amount of sele-
nium and iodine from each food item consumed was
determined. Each food was assigned to a food group
known to contain iodine and/or selenium (dairy, meat,
fish and seafood, eggs, bread, grains [excluding bread],
fruit, vegetables, legumes, nuts and seeds, seaweed, choco-
late, and drinks and water) and the amount from each
food was summed. The proportion of each nutrient from
each food group was determined as a percentage. Other
foods typically with percentages <0.5% were grouped as
‘Other’. Discretionary iodised salt was not included in this
calculation due to difficulties in measuring actual intake.

Participants were provided with equipment and instruc-
tions to collect a 24-h urine sample. Urine samples were
sent to an accredited commercial laboratory, Hills Labora-
tory (Hamilton, NZ) for analysis of both selenium and
iodine using inductively coupled plasma mass spectrometry
(ICPMS). Quality control measures included analysis of
blanks, analytical repeats, and certified reference samples
to ensure accuracy and precision. On every run, calibration
standards and checks were undertaken, with the limit of
detection at 0.002 mg/kg for selenium and 0.001 mg/kg for
iodine. Batches of 25 samples were analysed together with
an external reference standard (Seronorm Trace Elements
Urine, L-2, Norway) giving a mean (SD) iodine concentra-
tion of 286 (12) μg/L (published value: 297 μg/L, 95% confi-
dence interval 237–356) with a coefficient of variance
(CV) of 4.2% (n = 19) and mean (SD) selenium concentra-
tion of 74 (5) μg/L (published value 71.7 μg/L, 95% confi-
dence interval 57.3–8.61 μg/L) with a CV of 6.9% (n = 16).

Daily intakes of iodine and selenium intakes were
estimated from 3-day diet diaries and also by extrapola-
tion from 24-h urinary iodine and selenium excretion
based on the amounts excreted via urine (90% for
iodine20 and 55% for selenium12).

A non-fasting sample of blood (20 mL) was taken from
each participant's antecubital fossa by a qualified phleboto-
mist at the research unit. Blood samples were processed,
and plasma and serum samples were stored at �80�C
before sending to an accredited commercial laboratory;
Canterbury Health Laboratory (Christchurch, NZ). Plasma
selenium concentration was determined by ICPMS. Free
T3, free T4, thyroid stimulating hormone (TSH), thyroglob-
ulin (Tg), thyroglobulin antibodies (TgAb), and thyroid
peroxidase antibody (TPOAb) were measured via chemilu-
minescent microparticle immunoassay (CMIA). Reference
ranges for euthyroid are: TSH, 0.40–4.0 mIU/L; free T4,
10–24 pmol/L; and free T3, 2.5–6.0 pmol/L. These reference
ranges were used to determine the prevalence of thyroid
dysfunction, including subclinical hypothyroidism (TSH
>4.00 mIU/L and free T4 between 10 and 24), overt hypo-
thyroidism (TSH >4 mIU/L and free T4 < 10 pmol/L), sub-
clinical hyperthyroidism (TSH <0.4 mIU/L and free T4
between 10 and 24 pmol/L) and overt hyperthyroidism
(TSH <0.4 mIU/L, free T4 >24 pmol/L and free T3
>6.0 pmol/L). For participants with TgAb concentration
greater than 115 IU/mL, Tg values were discounted due to
a high likelihood of it being artificially lowered by TgAb.
TPOAb concentrations above 10 IU/mL indicate a potential
autoimmune disorder.

Statistical analysis was performed using SPSS Version
24 for Windows (IBM Corp, 2016). Data were tested for
normality using the Shapiro–Wilk test, recommended when
n < 50. Normally distributed data were expressed as mean
± standard deviation (SD) and median (25, 75 centile; Q1,
Q3), and non-normal data were expressed as median (Q1,
Q3). Correlations were tested using Spearman's correlation
coefficient as much of the data was not normally distrib-
uted. Multiple linear regression was used to determine pre-
dictors of the T3:T4 ratio. Predictor variables included
plasma selenium and urinary iodine excretion over 24 h,
which were entered into the model simultaneously. Age
and BMI were not included as they are not known to influ-
ence iodine or selenium status, and the sample was rela-
tively homogeneous. Statistical significance was set
at p < 0.05.

3 | RESULTS

Participants were aged between 40 and 63 years, with a
mean age of 50.8 (±6.2) years and mean height 163.8
(±6.1). Median body weight was 70.5 (62.4, 81.4) kg,
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and median body mass index (BMI) was 25.7 (24.5,
28.8) kg/m2, with BMI ranging between 19.3 and
47.6 kg/m2. All participants consumed, on average, less
than one slice of bread per day. Mean bread consump-
tion was 1.6 ± 1.5 serves of bread (serve is one slice of
bread or one bread roll) per week, with a range of 0–5
servings per week.

Median urinary iodine concentration (mUIC) was
49 (35, 78) μg/L, below the WHO population threshold of
100 μg/L and also below the alternative cut-off for adults
of 60–70 μg/L,21 suggesting deficiency (Table 1). Median
iodine intakes were 63 (47, 84) μg/day based on 3-day
diet diaries and 120 (81, 171) based on urinary iodine
excretion, with 82% and 41% below the EAR (100 μg/
day), respectively.

Estimated median selenium intake was 52 (43, 75)
μg/day based on 3-day diet diaries and 51 (38, 72) μg/day
based on urinary excretion, with 40% and 49% below the
EAR (50 μg/day), respectively (Table 1). Dietary iodine
and selenium intake were moderately correlated based
on 3-day diet diaries (p = 0.009, r = 0.383) and urinary
excretion (p < 0.001, r = 0.668). Thirty-three percent of
participants had intakes for both iodine and selenium
below the EAR based on 3-day diet diaries (15 out of 45
participants) and urinary excretion (n = 12 out of
37 participants).

Median plasma selenium concentration for this
study was 119.3 (107.4, 132.3) μg/L and all participants
were above 65–71 μg/L, required for optimal deiodinase
function.22,23 However, three participants had plasma
concentrations lower than 95 μg/L required for
saturation of GPx activity24 and 12 had concentrations
lower than 110 μg/L, proposed for maximum expression
of selenoprotein P25 indicating inadequacy for some
participants.

Analysis of the 3-day diet diaries (excluding discre-
tionary iodised salt) showed dairy to contribute the most
iodine at 23.6% (Table 2) followed by fish and seafood
(21.7%) and eggs (13.8%). Fish and seafood was also the
most significant contributor to selenium intake at 35.3%,
followed by nuts and seeds (17.2%) and meat (12.7%). The
predominant contributor to the nuts and seeds food
group was Brazil nuts due to their high selenium content.
However, while participants were eating less than one
slice of bread per day, 3-day diet diaries revealed that par-
ticipants were still consuming wheat and other grains
contributing 9.0% of total selenium intake. Eggs were

TABLE 1 Iodine and selenium intake and status in midlife women from Auckland, New Zealand.

Biomarker Assessment method n Mean (SD)
Median
(25, 75 centile)

n (%) participants
below EARa

Iodine intake (μg/day) 3DDDb,e 45 - 63 (47, 84) 37 (82%)

Urined,e 46 - 120 (82, 171) 19 (41%)

Selenium intake (μg/d) 3DDDb,e 45 - 52 (43, 75) 18 (40%)

Urinee 37 - 51 (38, 72) 18 (49%)

Iodine status UIC (μg/L)c,e 46 - 49 (35, 78) -

UIE (μg/d)d,e 46 - 108 (74, 154) -

Selenium status Plasma selenium concentration (μg/L) 37 120.5 (19.4) 119.3 (107.4, 132.3) -

aEAR = Estimated Average Requirement is 100 μg/day for iodine and 50 μg/day for selenium for female adults.
b3DDD—3 day diet diary.
cUIC = urinary iodine concentration (μg/L).
dUIE = urinary iodine excretion (μg/day).
eData not normally distributed.

TABLE 2 Percentage contribution of foods to iodine and

selenium for midlife women (n = 45) based on a 3-day diet diary

(excluding discretionary iodised salt).

Food Iodine (%) Selenium (%)

Dairy 23.6 4.8

Fish and seafood 21.7 35.3

Eggs 13.8 7.6

Bread 6.1 2.7

Drinks and water 5.9 0.9

Vegetables 5.9 6.6

Seaweed 5.0 0.1

Meat 4.6 12.7

Grains (excluding bread) 4.5 9.0

Nuts and seeds 3.2 17.2

Chocolate 1.9 0.6

Fruit 1.0 0.7

Legumes 0.8 1.6

Other 2.9 0.5

4 BERGER ET AL.
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another significant contributor of selenium at 7.6%. As
expected, bread made only a low contribution to iodine
(6.1%) and selenium (2.7%).

Based on the 3-day diet diaries, the mean percentage
of energy provided by macronutrients was 33.5% carbo-
hydrate, 18.7% protein, 38.3% total fat, and 14.0% satu-
rated fat (Table 3). The acceptable macronutrient
distribution ranges for carbohydrate, protein, total fat,
and saturated fat are 45%–65%, 15%–25%, 20%–35%, and
<10% of energy, respectively. Compared to the recom-
mendations, participants were consuming a diet that is
lower in carbohydrate and higher in both total and sat-
urated fat. Mean daily intake of fibre was 23.9 g, with
67.0% having intakes below the Suggested Dietary Tar-
get (28 g/day). Compared to the most recent national
survey (2008/09 Annual Nutrition Survey),11 partici-
pants were on average consuming less carbohydrate
and sugar, but more fibre.

Only two participants (5%) had low levels of TSH
(with normal free T4) and therefore are considered to
have subclinical hyperthyroidism (Table 4). Most partici-
pants (n = 35) had thyroid markers indicating euthyroid-
ism. Four participants (11%) had a TPOAb concentration
greater than 10 IU/mL indicating a potential autoim-
mune disorder. Four participants had a TgAb concentra-
tion greater than 115 IU/mL and therefore their Tg
concentration was disregarded due to the likelihood of it
being artificially lowered by the Tg antibodies.

Multiple linear regression including both plasma sele-
nium and urinary iodine excretion as predictors of T3:T4
ratio was significant (p = 0.038) for predicting 13% of the
model (adjusted R2 = 0.127). Plasma selenium predicted
T3:T4 ratio (b = 0.349, p = 0.033), although UIC was not
significant (b = 0.287, p = 0.077; Table 5).

4 | DISCUSSION

Despite New Zealand government initiatives to improve
iodine intake, this study found iodine deficiency among a

TABLE 3 Estimated macronutrient intakes in midlife women from 3-day diet diaries, compared to recommendations and estimated

intakes for women from the 2008/09 Annual Nutrition Survey.

Macronutrient
Mean (SD) intake
(% of total energy) AMDR (% of total energy)

Mean intakes from
ANS 2008/09b (% total energy)

Carbohydrate 33.5 (9.0) 45–65 47.1

Protein 18.7 (5.5) 15–25 16.5

Total fat 38.3 (8.8) 20–35 33.8

Saturated fat 14.0 (4.8) <10 13.1

Monounsaturateda 25.3 (19.9, 31.0) - 12.3

Polyunsaturateda 10.3 (6.8, 15.8) - 4.9

Mean intake (g/day)
Suggested dietary
target (g/day)

Mean intakes from ANS
2008/09b (g/day)

Fibre 23.9 (9.6) 28 17.9

Sugara 69.9 (50.8, 96.6) - 96 (91101)

Abbreviation: AMDR, acceptable macronutrient distribution range; ANS, Annual Nutrition Survey.
aMedian (Q1, Q3) as data not normally distributed.
bANS 2008/09 = New Zealand Adult Nutrition Survey.11

TABLE 4 Thyroid function markers and prevalence of thyroid

dysfunction in midlife women (n = 37).

Biomarker Median (25, 75 centile)

TSH (mIU/L) 1.05 (0.8, 1.8)

Free T4 (pmol/L) 12.5 (12, 13)

Free T3 (pmol/L) 4.7 (4.4, 4.9)

Free T3:T4 ratio 0.37 (0.35, 0.40)

Tg (μg/L) (n = 33)f 16.3 (9.0, 22.7)

n (%)

TPOAb+ (>10 IU/mL)a 4 (11)

Subclinical hypothyroidismb 0

Overt hypothyroidismc 0

Subclinical hyperthyroidismd 2 (5)

Overt hyperthyroidisme 0

Note: Reference ranges for euthyroidism are as follows: TSH 0.4–4.0 mIU/L,

free T3 2.5–6.0 pmol/L, free T4 10–24 pmol/L, and free T3:T4 0.1–0.6.
N = 37 unless specified otherwise.
Abbreviations: TSH, thyroid stimulating hormone; Tg, thyroglobulin, T3,
triiodothyronine; T4, thyroxine.
aThyroid peroxidase antibody (TPOAb) ≥10 IU/mL indicates positive.
bSubclinical hypothyroidism: TSH >4.0 mIU/L and free T4 between 10 and
24 pmol/L.
cOvert hypothyroidism: TSH >4.0 mIU/L and free T4 <10 pmol/L.
dSubclinical hyperthyroidism: TSH <0.4 mIU/L and free T4 between 10 and
24 pmol/L.
eOvert hyperthyroidism: TSH <0.4 mIU/L, free T4 >24 pmol/L, and free T3
>6.0 pmol/L.
fTg normal range: 3–40 μg/L, although >10 μg/L has been suggested to
indicate iodine deficiency.20
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group of midlife women with low bread intakes.
The mUIC was 49 μg/L below both the WHO cut-off
(100 μg/L) and the alternative cut-off for adults
(60–70 μg/L).21 The 2014–2015 New Zealand Health
Survey indicated iodine sufficiency in the population
with mUIC of 91 μg/L among women.26 However, the
current research suggests that iodine sufficiency may not
be universal throughout the New Zealand population.

The EAR cut-point method was used to determine the
adequacy of population intake, where the percentage
below the EAR approximates the proportion who are
deficient.27 Using this definition, the current study partic-
ipants had inadequate intake with the estimated median
iodine intake from the 3-day diet diaries at 63 μg/day and
urinary excretion at 120 μg/day, with 82% and 41% hav-
ing intakes below the EAR (100 μg/day), respectively.
These current findings are lower than those found by
Brough et al. in a study of healthy New Zealand women
aged 50–70 years (n = 97) where median iodine intake
was estimated using a 3-day diet diary (138 μg/day) and
urinary iodine (79 μg/day) and women reported consum-
ing a median intake of 1.8 slices of bread per day.17 This
current finding is not unexpected; however, it is concern-
ing, suggesting those who do not consume bread could be
at risk of iodine deficiency.

Median selenium intake estimated from 3-day diet diaries
and urinary excretion were 52 and 51 μg/day respectively,
with 40% and 49% below the EAR (50 μg/day), indicating
dietary inadequacy. Brough et al.17 found similar median
selenium intakes based on a 3-day diet diary (45 μg/day) and
urinary excretion (50 μg/day) with 53% and 48% below the
EAR, respectively. However, these values are lower than the
most recent 2016 NZTDS which estimated average intakes
among adult women at 68 μg/day, suggesting dietary inade-
quacy for some women in the study.15 The NZTDS data were
generated from simulated diets from dietary data collected
over a decade ago, rather than actual current diets. The aver-
age female adult in New Zealand would typically consume
more bread than the participants of our study who consumed
on average 1.6 serves of bread per week.

There is currently controversy over what is deemed an
adequate selenium status, and the different selenoproteins

have differing selenium concentrations required for
function. In the present study, the median plasma selenium
concentration was 118.9 μg/L, with all participants above
65–71 μg/L, suggested to be needed for optimal deiodinase
function.22,23 However, three participants had plasma con-
centrations below 95 μg/L, required for saturation of GPx
activity.24 Furthermore, 12 participants (32%) had concentra-
tions below 110 μg/L, which is recommended for maximum
expression of selenoprotein P25 suggesting suboptimal
status for some participants. A recent study of postpartum
New Zealand women (n = 74) found a lower median
plasma selenium concentration (105.8 μg/L) than in the
current study; all participants achieved >65 μg/L, but 23%
were less than 95 μg/L and 41% were below 110 μg/L.28

Equations have been derived that estimate selenium intake
from plasma selenium concentrations; however, these are
population specific and can be affected by the type of sele-
nium consumed, so may not be universally applicable.29

A 1994 study in New Zealand found a much lower
mean plasma selenium concentration of 85 μg/L in the
Waikato and Taranaki regions.8 These regions are also in
the North Island of New Zealand where bread is com-
monly made using selenium-rich Australian wheat, and
participants of this study were not excluded based on
bread consumption. It might be expected that plasma
concentrations in this population group would be higher
than those of the current study where bread was being
avoided, but this was many years ago and dietary habits
may have changed. It is concerning that 32% of current
study participants, who have low bread intakes, have
sub-optimal selenium status.

Although the current study participants had low
bread intakes, some still had adequate intakes of sele-
nium and iodine. Dairy was the greatest contributor to
iodine, followed by fish and seafood, eggs and then bread.
In the most recent NZTDS (2016) the highest contribu-
tors to iodine for adult females were grains, ‘chicken,
eggs, fish and meat’, dairy, and ‘additional meat and
shellfish’.15 This is similar to the current study, noting
that even with such a low bread intake, bread was still
the fourth greatest contributor of iodine due to its
fortification.

For selenium intake the top four contributors for the
present study were fish and seafood, nuts and seeds, meat
and grains (excluding bread) which is similar to the 2016
NZTDS where the largest contributors for adult women
were ‘chicken, eggs, fish and meat’ and grains.15 It is
important to differentiate between the percentage a food
contributes to selenium intake and the percentage it con-
tributes to overall energy intake. New Zealand seafood
has higher levels of selenium than other food sources30

and therefore a smaller quantity of seafood could be
eaten to consume the same selenium content as a larger

TABLE 5 Linear regression of plasma selenium and 24-h

urinary iodine excretion with T3:T4 ratio in midlife women (n = 37).

B SE B B p

Constant 0.253 0.051

Iodine (UIE) 0.000 0.000 0.287 0.077

Plasma Se 0.008 0.004 0.349 0.033*

Abbreviations: Se, selenium; T3, triiodothyronine; T4, thyroxine; UIE,
urinary iodine excretion.
*Statistically significant (<0.05).
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quantity of meat or poultry. Globally the richest sources
of selenium are organ meats, Brazil nuts and some
seafoods,31 thus, it is not surprising that fish and seafood,
meat and nuts were the greatest contributors of selenium
among these women with low bread intakes.

Although participants were recruited on the basis
they consume less than one slice of bread per day, on
average they were receiving 6.1% and 2.7% of total iodine
and selenium intakes from bread and 4.5% and 9% from
other grains (excluding bread), respectively. It is possible
that intakes for selenium and iodine may have been
lower if all bread and grain products were omitted from
the diet. Some women were able to consume sufficient
selenium and iodine even with low bread intakes; how-
ever, it is important to ensure alternative sources of both
minerals are present in the daily diet to maintain ade-
quate intake.

Interestingly, although the women had low bread and
carbohydrate intakes, the mean fibre intake (23.9 g/day)
was higher than the previous national survey of adult
women (17.9 g/day),11 although still below the recom-
mended Suggested Dietary Target (28 g/day).13 The main
sources of fibre for the New Zealand population are bread,
vegetables and potatoes, kumara and taro, fruit, grains
and pasta, and breakfast cereals.11 Even though women in
the current study are not getting much fibre from bread,
they are still able to obtain it from other sources.

Most participants (92%) in the present study had
euthyroidism. Only two participants were considered to
have abnormal thyroid function, indicating subclinical
hyperthyroidism. Four participants had a TPOAb result
>10, indicating a potential autoimmune disorder. Previ-
ous studies have found selenium deficiency increases T4
concentrations due to the conversion of T4 to T3 requiring
selenoprotein deiodinases22 and hence a decrease in the
T3:T4 ratio. Median free T4 concentrations in this present
study were 12.5 pmol/L, and all participants had concen-
trations within the reference range of 10–24 pmol/L.
However, linear regression found that plasma selenium
was a predictor of the T3:T4 ratio (p = 0.033). This could
indicate selenium deficiency in some of the current study
population as selenium status decreases; T4 increases. All
current participants had serum plasma above the cut-off
for deiodinases of 65–71 μg/L, and yet selenium status
was still associated with the T3:T4 ratio, suggesting a
higher plasma selenium concentration may be required
for optimal T4 to T3 conversion. The lack of association
with UIE is not surprising as a single measure for UIC
is not a valid measure for individual status; at least
10 measures are necessary to determine an individual's
iodine status.32 No other selenium or iodine measures
(status or intake) were associated with thyroid hormone
concentrations.

To our knowledge, this was the first study to investi-
gate the effect of low bread intake on iodine and selenium
status and thyroid function in New Zealand women. The
strengths of this study are the use of robust dietary and
biological markers to estimate iodine and selenium intake
and status, together with the assessment of thyroid func-
tion. Selenium status was measured using plasma concen-
trations as this is a useful biomarker at an individual and
population level.33 However, plasma and serum concen-
trations only reflect short-term selenium intake (several
days) and it may be beneficial to measure a functional
marker of selenium status, such as GPx activity or
selenoprotein P.24,25 Other limitations of this study include
the small sample size and use of one 3-day diet diaries
from April to August (autumn and winter in New Zeal-
and) which may not be representative of ‘usual intake’.
As participants are from the Auckland region, this sample
may not represent the wider New Zealand population,
especially the South Island, where low intakes of bread
could have less effect on selenium intakes.

Overall, a high prevalence of inadequate iodine and
selenium intake was observed in this group of mid-life
New Zealand women who avoided bread. Urinary iodine
showed the group to be iodine deficient, and almost a
third of participants had suboptimal selenium plasma
concentrations. Plasma selenium concentrations pre-
dicted the ratio of T3:T4, highlighting the role of sele-
nium in thyroid function. It is possible to meet selenium
and iodine requirements without consuming bread; how-
ever, care must be taken to ensure alternative sources of
both minerals are consumed, such as dairy, fish and sea-
food, eggs, meat, other grains, and nuts. This study high-
lights the unconsidered consequences of eliminating a
food group from the diet without a full understanding of
the nutrient contributions from those foods.

There has been no national dietary survey in
New Zealand since 2009. Although the current study is
only of low bread consumers, we do not know how wide-
spread this dietary pattern is. Dairy is also a good source
of iodine; however, in recent years, plant milks consump-
tion has increased, but we do not know if this is impacting
iodine status. Larger studies are required to investigate
current dietary trends within New Zealand and any
adverse effects on selenium and iodine status and thyroid
function. Alternative strategies may be required to ensure
the whole New Zealand population has adequate iodine
and selenium intake, such as raising awareness of the best
dietary sources among at-risk groups or consideration of
the fortification of other foods.
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