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Abstract

Purpose Cow’s milk is the primary source of iodine in the UK, but consumption of plant-based milk alternatives (PBMA)
is increasing and these products are often not fortified with iodine. We evaluated the impact that replacing current milk
consumption with PBMA would have on iodine intake.

Methods We used data from the National Diet and Nutrition Survey (2016-2019) for children (1.5-10 years), girls
11-18 years, and women of reproductive age (WRA). We used a dietary modelling approach with scenarios using brand-
level iodine-fortification data (0, 13, 22.5, 27.4 and 45 ug/100 mL). Relative to usual diet, we calculated change in iodine
intake, and the proportion with intake below the Lower Reference Nutrient Intake (LRNI) or above the upper limit.
Results For all groups, replacement with PBMA, either unfortified or fortified at the lowest concentration, resulted in a
meaningful decrease in iodine intake, and increased the proportion with intake < LRNI; compared to usual diet, iodine
intake reduced by 58% in children 1.5-3 years (127 vs. 53 pg/day) and the proportion with intake < LRNI increased in girls
(11-18 years; 20% to 48%) and WRA (13% to 33%) if an unfortified PBMA was used. Replacement of milk with PBMA
fortified at 27.4 pg/100 mL had the lowest impact.

Conclusion Replacing milk with commercially available PBMAs has potential to reduce population iodine intake, depending
on the fortification level. PBMAs fortified with >22.5 and <45 pg iodine/100 mL would be required to minimize the impact
on iodine intake. Research is needed on the impact of total dairy replacement.
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Introduction

Iodine is essential for normal thyroid function, thyroid-
mediated growth and metabolism at all stages of life [1].
Iodine deficiency, particularly during pregnancy, remains
a global public health concern since it increases neonatal
mortality and is a preventable cause of cognitive impairment
and developmental delays in children [2—4]. Although preg-
nant women and young children represent vulnerable groups
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[5], thyroid disorders attributed to mild-to-moderate iodine
deficiency are implicated in chronic disease burden in adults
[6-8]. In recent years, iodine deficiency has re-emerged as
a concern in several European countries, including the UK
[9-12]. According to the most recent UK National Diet and
Nutrition Survey (NDNS) 2016-2019 [13], the median Uri-
nary lodine Concentration (UIC) for women (1949 years)
was 97 ug/L, which is below the World Health Organisa-
tion’s (WHO) threshold for sufficiency (UIC > 100 pg/L [4]).
In general, women have a lower dietary intake of iodine than
men and therefore are at greater risk of deficiency [14].
Milk and dairy products are the primary dietary sources
of iodine in many European countries, including the UK and
Ireland [14]. However, consumers are becoming more aware
of the environmental impact of food production, and there
are rising concerns over the health effects, and sustainability
of current eating patterns [15]. Consequently, plant-based
diets are becoming increasingly popular [16], accompanied
by the increased popularity and availability of plant-based
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drinks (e.g., oat, soya, and almond drinks) as an alternative
to cow’s milk [17]. According to Mintel market research,
32% of UK adults consumed plant-based milk alternatives
in 2021 [18] compared to 19% in 2018 [19], with millennial
women (aged 2540 years) being the main consumers [18].
It is essential to understand the impact that replacing milk
with PBMAs may have on iodine intake.

From an iodine perspective, plant-based milk alterna-
tives (PBMAs), unless fortified, are not an adequate replace-
ment for cow’s milk. Studies in the UK, USA and Norway
have identified that the iodine content of unfortified PBMAs
is low [20-22] and would only provide 2% of the iodine of
UK cow’s milk [20]. In 2020, we observed that only 20%
of the 146 PBMAs in UK grocery stores were fortified with
iodine, of which most were fortified at a lower concentration
than cow’s milk [23]. This low iodine content of unforti-
fied PBMAs is significant and it suggests that consumers
would be at risk of deficiency unless they incorporated
another source of iodine into their diet. A recent study using
iodine intake and status data from the NDNS (Years 7-9;
2014-2017) observed that young women were most likely to
consume PBMAs (8% of women 16—49 years). Additionally,
those consuming PBMAs had a lower iodine intake (94 vs
129 pg/day) and status (median UIC: 79 vs 132 ug/L) com-
pared to cow’s milk consumers [24]. However, the NDNS
years included in this study were when most manufacturers
did not fortify their drinks with iodine [20] and therefore
there is little information regarding the impact of fortified
PBMAs on dietary iodine intake.

The overall aim of this study was to examine the impact
on iodine intake and adequacy of transitioning from a diet
including milk to one with PBMAs. Specifically, we aimed
to evaluate i) the impact of iodine fortification and whether
there is an ‘optimal’ level of fortification in PBMAs, and
ii) how the choice of PBMA category affects iodine intake
and adequacy using current UK retail data. Using data from
the UK NDNS (2016-2019, Years 9-11) and brand-level
iodine concentration data from PBMAs, several scenarios
were modelled, accounting for fortification and the variety
of PBMASs available.

Methods
Population and food-intake data

The present study used food-intake data from the tenth cycle
of the National Diet and Nutrition Survey (NDNS) Rolling
Programme (Years 9-11, 2016-2019) and was obtained from
the UK Data Archives [13]. The NDNS is a continuous,
cross-sectional survey funded by Public Health England and
the Food Standards Agency, collecting quantitative informa-
tion regarding food consumption, nutrient intake assessed
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via a four-day food diary, and nutritional status of the UK
general population (aged 1.5 years and above), with age-
and sex-weighting to reflect population distributions. The
methodology of the NDNS rolling programme, including
the dietary assessment, has been reported in detail elsewhere
[25]. Data from subjects who self-reported abstaining from
milk consumption (i.e., self-reported as following a vegan
diet) or with food-diary data devoid of any milk (i.e. non-
milk consumers) were excluded from the present analysis.

The following population groups were included in the
current analysis: children 1.5-3 years (n=306), children
4-10 years (n=725), adolescent girls 11-18 years (n=346)
and women aged 19-49 years (n=479). The age groups of
1.5-3 years and 4-10 years were chosen as milk accounts for
over half of the iodine intake in children [13], and therefore
children rely heavily on milk for iodine intake. Additionally,
if parents are consuming PBMAs they may decide to also
feed their young children these products. We also included
adolescent girls (11-18 years) and women aged 19-49 years
as these groups are known to have a lower iodine intake
compared to the general population [13, 26]. Some of the
reasons for these population groups having a lower iodine
intake may be due to avoidance of iodine rich foods such
as milk and dairy products [27, 28] and this group is more
likely to try a plant-based diet [29, 30]. Additionally, iodine
deficiency in utero and early life can cause serious cogni-
tive and motor impairment, making children and women of
reproductive age vulnerable subpopulations for iodine defi-
ciency [2].

Food categorisation to identify milk
and milk-containing foods

All food and beverage codes in the NDNS food file that
contained milk (e.g. skimmed, semi-skimmed, whole cow’s
milk, organic cow’s milk, and goat milk) were identified and
labelled as such. Milk codes excluded from the scenarios
were: dried milk and follow-on milk, as there is currently no
plant-based alternative to these products. Additionally, 1042
recipe codes containing milk were identified, and the percent
contribution of milk to each recipe was calculated using the
Food Standards Agency (FSA) Standard Recipes Database
[31]. For example, for the recipe code “porridge made with
semi-skimmed milk”, the proportion of that food code that
was milk (80%) was identified and labelled as containing
milk for the modelling software.

lodine concentration data in milk

The total nutritional contribution of milk to iodine intake
was estimated by combining the intake data with the
nutritional composition data from UK food tables [32].
Briefly, an aggregate quantity of iodine, per gram, for
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each milk food or recipe code was multiplied by the intake
in grams per day for each participant. Retail milk-iodine
concentration can vary due to differences in agricultural
practices, such as dairy management system, animal diet,
and breed [33], therefore the iodine concentration of milk
in the UK food tables ranged from 20-41 ug/100 g.

lodine occurrence and concentration data in PBMA
used for modelling

The methods used to identify the retail PBMAs on the UK
market have been previously reported [23]. Briefly, prod-
ucts were identified through searches on UK supermarket
websites in December 2020. Following data collection,
the products that were identified as PBMAs were grouped
into the following ingredient categories: almond, coconut,
oat, pea, rice, soya or other-plant based milk alternatives.
They were then complied into a Microsoft Excel database
detailing the ingredients listed and the nutritional profile
of the PBMAs [23]. For the present study, iodine forti-
fied products were identified in the database by searching
the ingredient listings, while iodine concentration was
extracted from product labels, information from super-
market and manufacturer’s websites, and from nutritional
databases for products.

Milk replacement scenarios

Scenario 1: The impact of iodine fortification of plant-
based milk alternatives, and the ‘optimal’ level of for-
tification

In this scenario, we explored the impact of replacing
milk with PBMAs either unfortified or fortified at various
iodine concentrations. Five different iodine concentrations
were examined: (i) 0 ug/100 mL; (ii) 13 pug/100 mL; (iii)
22.5 ug/100 mL; (iv) 27.4 pg/100 mL; and (v) 45 ug/100 mL
(Table 1). These scenarios were based on our 2020 market
survey of PBMAs [23]; the iodine concentrations reflected
the minimum (13 pg/100 mL), mode (22.5 pug/100 mL),
mean (27.4 ug/100 mL), and the maximum (45 pg/100 mL)
values of the fortified drinks as per the market survey [23],
as well an unfortified value (0 pg/100 mL). By law, organic
products are not permitted to use fortificants [34]; there-
fore, all organic PBMAs are considered as unfortified, i.e.,
0 pg/100 mL (Table 1). In this scenario, a conservative
approach was followed, assuming that 100% of the popula-
tion moved to consume PBMAs.

Scenario 2: The impact of choice of plant-based milk
alternative category on iodine intake and adequacy
using current retail data

In this scenario, we used the 2020 market survey data to
examine the probability of a PBMAs being fortified, or not,

Table 1 Milk-replacement scenarios implemented in the modelling analysis based substituting 100% of the current self-reported milk intake

Replacement scenario

Probability of being forti-
fied with iodine (%)*

Set or range of iodine con-
centration used in model

(ug/100 mL)**
Scenario 1: Impact of iodine fortification Unfortified plant-based milk 0 0
Minimum fortification 100 13
Mode fortification 100 22.5
Average fortification 100 274
Maximum fortification 100 45
Scenario 2: Choice of plant-based milk All plant-based milk products 20 0-45
alternative category Almond-based products 15 0-45
Coconut-based products 19 0-30
Oat-based products 22 0-30
Other-plant-based products 8 0-25
Pea-based products 67 0-31
Rice-based products 0 0-0
Soya-based products 22 0-45

“In both scenarios it was assumed that 100% of the population moved to consume PBMAs. In scenario 1, all PBMAs were fortified with iodine,
excluding the unfortified replacement scenario. In Scenario 2, the proportion of products currently on the market that are fortified with iodine is

taken into account

“In Scenario 1, the PBMAs were fortified at set concentration levels, whereas Scenario 2 reflects the range of fortification concentration cur-

rently on the market within each category

@ Springer
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within any category, while also accounting for the range of
iodine concentrations available for purchase (Table 1). As
in Scenario 1, 100% substitution was assumed, whereby the
total amount of cows’ milk in each participant’s diet was
replaced with a PBMA. This scenario was designed to reflect
a more realistic situation, accounting for the diversity of
products on sale and the range of iodine concentration in for-
tified PBMAs. For this analysis, the PBMAs were grouped
into the following categories: almond, coconut, oat, other-
plant, pea, rice or soya-based milk alternatives.

Data analysis

To characterise current intake of milk and PBMA in the
NDNS, intake estimates were generated from individual die-
tary records detailing food items consumed by each survey
participant on each survey day. Values for estimated iodine
intake (Mean, SD) represent projected four-day averages for
each individual. Multiple days of subject data were used to
reflect individual exposure—rather than a single day only, as
this may more appropriately represent habitual intake. The
approach reflects that taken by the European Food Safety
Authority (EFSA) for exposure assessments for the Com-
prehensive European Food Consumption Database [35].
To control for any selection bias in the associations with
nutrient intake, we applied NDNS survey weight factors for
individuals for each specific NDNS survey year [13].

Both modelling scenarios were conducted using the web-
based software application DaDiet© (Dazult, Version 17.04)
[36], which could account for 100% substitution at a range
of concentrations as per the market survey (Scenario 1), as
well as modelling for the probability of the retail product
containing iodine while reflecting the range of concentra-
tions present on the market (Scenario 2).

Iodine intake was estimated from the four-day food dia-
ries; though this method has limitations for the assessment
of iodine from iodised salt, this is not of concern in the UK,
as there is no iodised salt programme and it is not widely
available [37]. The National Cancer Institute method was
used to estimate the usual intake of iodine, to assess the per-
centage of the population meeting the threshold for iodine
adequacy [38]. To estimate the prevalence of inadequate
iodine intake, we used the UK Lower Reference Nutrient
Intake (LRNI) as the UK Department of Health set these
cut-offs as the minimum iodine intake required to prevent
goitre [39]. The LRNI cut-offs used in this analysis were
40 pg/day for children aged 1-3 years, 50 pg/day for children
aged 4-10 years, 65 pg/day for adolescent girls aged 11-18,
and 70 pg/day for adults. The risk of excessive iodine intake
was evaluated using the tolerable upper intake limit (UL)
as a reference value. The UL is defined as the maximum
level of total chronic daily nutrient intake unlikely to pose
a risk of adverse health effects to humans. The European
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ULs published by EFSA [40] were used in this analysis,
specifically 200 pg/day for children aged 1-3 years, 250 g/
day for children aged 4-10 years, 450 pug/day for adolescent
girls aged 11-18, and 600 pg/day for adults. The EFSA UL
were selected as the UK does not have an adjusted UL value
for children [39].

Given that we know there are differences in modelling
scenarios by the research design, typical statistical testing
was not appropriate. Thus, to assess meaningful differences
in changes in the mean iodine intake for the modelling sce-
narios, we examined means and their 95th percentile con-
fidence limits. Non-overlapping confidence intervals were
deemed meaningful. This approach has been utilised previ-
ously in dietary-pattern studies [41, 42].

Results
Characteristics of the study sample

The dataset consisted of 1738 participants. Of these indi-
viduals, 283 were aged between 1.5 and 3 years, 681
between 4 and 10 years, 295 were females aged between
11 and 18 years and 479 were females aged between 19 and
49 years.

Milk as a source of iodine

For all population groups, the key food group contributing
to iodine intake was milk, contributing 56% and 41% for
children aged 1-3 years old and aged 4-10 years, respec-
tively, and 26% and 20% for adolescent girls and women
aged 19-49 years. The average self-reported intake of
total milk (all milk) and by milk subgroup (whole, semi-
skimmed, skimmed) for milk consumers within the NDNS
and by age and gender prior to dietary modelling are shown
in Table 2. Overall, in the entire NDNS sample, 89% of
the population consumed milk during the survey period
with a mean intake of 174 g+ 153 g per day in consumers.
Within this, semi-skimmed milk was the largest contributor
to total milk intake (60%), followed by whole milk (27%)
and skimmed milk (7%). A lower proportion of adolescent
girls and women of reproductive age were milk consum-
ers (82% and 84% respectively) than the total population.
Males aged 1.5-3 years had the highest mean daily intake of
milk (313 +205 g/day), while adolescent girls had the lowest
(119 +104 g/day).

Plant-based milk consumption
In total, 7% (n=204) of the NDNS sample consumed

PBMA, however within this sub-group absolute daily con-
sumption was low (118 + 108 g/day). When examined by
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age and gender, the highest proportion of consumers was
amongst women aged 19—49 years, with 10% reporting con-
suming a PBMA. Additionally, 8% of male and 5% of female
children aged 1.5-3 years consumed PBMAs. As explained
in methods, all self-reported PBMA consumption was omit-
ted from the modelling.

Projected changes in iodine intake

Scenario 1: What is the impact of iodine fortification
on plant-based milk alternatives, and what is the ‘opti-
mal’ level of fortification?

Table 3 shows the usual intakes of iodine and the poten-
tial shifts in daily iodine intake under Scenario 1. The iodine
intake on the usual diet (i.e. before modelling) ranged from
97 ug/day in adolescent girls, to 151 ug/day in women
of reproductive age. With usual diet, a considerable pro-
portion of girls 11-18 years and women of reproductive
age had intake of iodine below the LRNI (20% and 13%
respectively).

For all population groups, replacing milk with PBMAs
that were either unfortified or fortified at the minimum
iodine concentration (i.e. 13 pug/100 ml) would result in a
meaningful decrease in usual iodine intake. The greatest
impact was observed for children aged 1.5-3 years where
introduction of unfortified milk resulted in a 58% reduction
in iodine intake (127 to 53 ug/day).

When replacing milk with PBMAs fortified at
22.5 pug/100 mL, the concentration most frequently present
in the 2020 market survey, a 7% decrease in iodine intake
was observed in children aged 4-10 years. By contrast,
no meaningful difference from baseline was observed for
children aged 1.5-3 years, and females aged 11-18 and
19-49 years with use of PBMA at 22.5 ug/100 mL. When
replacement was based on PBMA fortified at the average
value of 27.4 pg/100 mL, there was no observed meaningful
difference in iodine intake in any age group.

When milk was replaced with PBMAs at the maxi-
mum fortification level present in the 2020 market survey
(45 pg/100 mL), iodine intake would be meaningfully higher
than the usual diet in all groups (by 26-51 pg/day). At the
maximum fortification level both children aged 1.5-3 and
4-10 years and women aged 19-49 years would be consum-
ing enough iodine to meet the recommended daily intake,
however adolescent girls would still have a median iodine
intake (at 123 pg/day) below the recommended daily intake.

Across all population groups, replacing milk with an
unfortified PBMA would result in a greater proportion of
individuals with iodine intake below the LRNI (Fig. 1) than
with their usual diet, 28—48% of the population compared to
2-20% with usual diet. Meaningfully different changes in the
proportion below the LRNI were also present for children
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aged 4-10 years, and females aged 11-18 and 19-49 years
at the minimum level of fortification.

In terms of the risk of exceeding of the EFSA UL the
greatest impact was in children aged 1.5-3 and 4-10 years
at the maximum level of fortification (38% and 12% above
the UL respectively); replacement with PBMA at 22.5 or
27.4 ng/100 mL had minimal impact on the proportion above
the UL. However, 0% of the population exceeded the UK UL
(1100 pg/day) at any level of fortification.

Scenario 2: How does the choice of plant-based milk
alternative category impact iodine intake and ade-
quacy using current retail data?

Table 4 shows the usual intakes of iodine and the poten-
tial shifts in daily iodine intake observed with Scenario 2.
The modelling shows that any change from usual intake
would result in a meaningful decrease in iodine intake
across all population groups. Based on the current market,
where all rice drinks are unfortified, replacing milk with
rice-based drinks would have the greatest impact on iodine
intake. However, as 67% of pea-based drinks are fortified,
this scenario had the lowest impact on estimated iodine
intake. Regardless of which category of PBMA is selected, a
change from the usual diet will result in a greater proportion
of the population with intake below the LRNI, particularly
in adolescent girls and women of reproductive age, and in
children aged 1.5-3 and 4-10 years will result in a lesser
proportion above the UL.

Discussion

In this study, we sought to identify the level of iodine forti-
fication of commercially available plant-based milk alterna-
tives to minimise the risk of iodine deficiency when com-
pletely substituting milk. The main finding of our study
is that consumer choice will have a substantial impact on
iodine intake due to the diversity of PBMAs on sale. Fully
replacing milk consumption with an unfortified or organic
PBMA would increase the risk of iodine insufficiency across
both children and females aged 11-18 and 19-49 years.
However, a PBMA fortified to either 22.5 ng/100 mL or
27.4 ng/100 mL would seem to be an adequate replacement
for milk in terms of iodine intake, suggesting that the opti-
mal concentration for iodine fortification is approximately
27.4 ug/100 ml. When we modelled iodine intake while con-
sidering the probability of consumers selecting an iodine-
fortified product based on the current market offering, we
identified a meaningful decrease in iodine intake across all
age groups.

The results of this present analysis indicate that a transi-
tion away from milk and towards PBMAs are likely to affect
iodine status in the UK, particularly in those population



605

European Journal of Nutrition (2024) 63:599-611

S[BAI3)UI QOUPYU0d S[RuadIad Yige Surddeliano-uou 03 anp JAIp [ENSN WOLY JUSISYIP A[[NISUIUBSN

[s¢] Aep/3 09 synpe pue Aep/3r 0G4 ‘§T—11 pade sorewsj ‘Aep/3r OGg S18K )T— paSe ua1pyiyd ‘Kep/3n (O (SIeak ¢—1 paSe uaIp[Iyd () I
oyeiur soddn o[qersjog, "Aep/3rl (. synpe pue Aep/3r 9 ‘81— 1 pade sorewoy ‘Aep/3rl (oG sIvak ()]— poSe uaIpyo ‘Kep/3n O s18A ¢—1 Page UAIPIYd (INYT) YBIUT JUSLINU OUIJI JOMO|

siseq welIs 1oj weisd e uo pooj yoea 9oe[dar SOLIRUDS [V

uoned
90 T ¥T L LSTL9T «LLT 0 0 0T =01 O£T°OTT «ETT #1 %C1 €0 «I TOLTST «LST OF +8€ +'T T 681891 x8LI Sy -YnJoj wnuwrxepn
uon
90 T LT 11 2919 #SI 0 0 I'e 61 80186 €01 80 «€ 90 =«C 6TIcCl 971 TT TI 81 € 9¢l°Tel  6cl ¥'LT  -eoynIof oFeIoAY
90 1 61 +I 9SI‘Ob1  8FI 0 0 ¥€ €T TOI'€6 L6 90 «C 80 ¥ OTI VIl «LIT ¥'1 «S 61 ¥ TTLOIl  9Il $'TC  UONEIYNIO) OPOIN
uon
90 T €T 0T TWI'8TL «S€1 0 0 8¢ 06 16°€8 L8 TO =0 I'l L CTOI'86 001 LO =« 0T S €6°68 68 €1 -BOYNIOJ WNWIUIA
90 T 8T #€€ STI'TIL 61T 0 0 €% «8y SL69 «TL 0 0 TT «8C 6L°SL xLL 0 0 OF b€  SSIS  «€S 0 payniojun
90 T 8T €I 6SIevl  IST 0 0 0¢ 0T COIC6 L6 O S 80 ¥ O€L‘cel 921 9T SI ¥'1 T vel‘0Tl LTl 11p [ens)
as % as % ID%S6 W dS % dS % ID%S6 UBIN dS % dS % ID%S6 UBIN dS % dS % IO %S6 U
(Kep/3i) (Kep/3i) (Kep/3i) (Kep/3i)
< IN1> apeur Ared IN<  INYT> o e IN<  INYT> o Areq IN<  INYT> axeyur A[req (Tt 001/3r1)
[opowr
(6Ly =) (s1eok 61—61) (s6T=1) (189=U) (e8z=U) ur pasn uon

a3e 2Anonpoidal Jo uaWopy

(s183K QT—11) SIS JUIISI[OPY

(s1eak O1—) uaIp[IYD

(s1eak £—G'1) uaIpIYD)

-eol1110J SUIPO]

jwr] Joddp) oy) 2A0qe pue AU JUSLINN AOUIYY JoM0 T ) MO[2q UIPOI Jo sayeul yim uonerndod
oy jo uoniodoxd o) pue (Kep/Srl) ourpor Jo oeur Jensn uo ((] OLTBUADS) SUOTIBIUAOUOD SUIPOT JO 95ULI B [JIM) SoAreuIa)e Y[ paseq-juefd yim i Suroerdor jo suoneordwr oy, € ajqeL

pringer

As



606

European Journal of Nutrition (2024) 63:599-611

N w - w =2}
o =] o o o

Proportion below the UK LRNI threshold (%)
o

Children (1.5-3 years) Children (4-10 vears)

Fig. 1 The implications of replacing milk with plant-based milk alter-
natives based on a range of iodine concentrations (Scenario 1) on the
proportion of the population with intakes of iodine below the Lower
Reference Nutrient Intake. Lower reference nutrient intake (LRNI):

groups already at risk of deficiency, such as women of repro-
ductive age and adolescent girls (13% and 20 below LRNI
with usual diet respectively). Adequate iodine intake is
essential to maintain thyroid hormone production, not only
to prevent thyroid enlargement (and eventually goiter) but
also to ensure thyroidal iodine stores are maximised prior
to pregnancy [43]. Iodine deficiency during pregnancy has
considerable implications for the developing child and the
iodine-intake recommendation is higher for pregnant/lac-
tating women than adults [4]. Emerging evidence suggests
that even mild-to-moderate iodine deficiency during preg-
nancy may be negatively associated with child cognition and
behaviour [2]. Whilst pregnant women are not included in
our analysis, it is worth noting that none of the fortification
scenarios met the WHO recommendation for iodine intake
during pregnancy and lactation [4].

While several studies have looked at replacing milk with
PBMAs [42, 44-48], very few have investigated the impact
on iodine intake. Our results revealed that replacing milk
consumption with an unfortified or organic PBMA would
increase the risk of iodine insufficiency across all age groups.
Overall, the results of our study are in accordance with ear-
lier scenario studies that assessed the effect of PBMAs on
iodine intake from the UK [49] and France [50]; The UK
study by Clegg et al. [49], also used data from the NDNS
(2014-2016) to assess the effects of replacing milk with dif-
ferent categories of PBMA, but only used average consump-
tion data for each age group from the NDNS report, not raw
data for individual values from the food diaries as done here.
The authors of the earlier study identified 6 iodine-fortified
products available in the UK, one coconut-based drink and
five legume-based drinks which were used in their mod-
els. When replacing the average milk consumption with the

@ Springer
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Scenario

Usual diet

0 pg/100 mL
13 pg/100 mL
22.5ug/100 mL
27.4 yg/100 mL
45 pg/100 mL

Adolescent girls (11-18 years) Women of reproductive age (19-49 years)

children aged 1-3 years; 40 pg/day, children aged 4-10 years; 50 pg/
day, females aged 11-18; 65 pg/day and adults; 70 pg/day. *Meaning-
fully different from usual diet due to non-overlapping 95th percentile
confidence intervals

coconut-based drink (13 pug/100 mL), they identified signifi-
cantly lower iodine intake across all age groups. However,
when replacing milk with the mean iodine concentration of
fortified legume-based milk alternatives (26.3 pug/100 mL)
they did not identify a significant change in iodine intake.
Similar results were found in France, using data from the
French Third Individual and National Study on Food Con-
sumption Survey; Salomé et al. [5S0] reported that replacing
milk with unfortified PBMAs would decrease the probability
of achieving an adequate iodine intake [50]. However, this
study did not include any iodine-fortified products in their
modelling. Our study provides an additional dimension to
the previous studies by showing the impact of different lev-
els of fortification, including organic/unfortified products,
and takes in to account the probability of selecting an iodine-
fortified product making it more reflective of the situation
facing consumers.

The results of the current study also demonstrate the
importance of considering realistic situations regarding the
iodine fortification of PBMAs. In particular, it highlights
that the current rate of iodine fortification of PBMAs is
not sufficient for total replacement of milk. However, the
market for PBMA products is developing rapidly, as high-
lighted by the differences in iodine-fortified products iden-
tified by Clegg et al. in July 2020 and the products identi-
fied in December 2020 used in the current analysis [23].
We used data from 29 iodine fortified PBMAS to create our
scenarios, which included the most commonly used level of
iodine fortification at 22.5 ug/100 mL. Manufacturers often
choose this concentration as it is the amount required to be
labelled a source of iodine [51] (100 ml provides 15% of
the adult RNI); our analysis suggests that this concentration
(22.5 pg/100 mL) is an adequate replacement for the iodine
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in milk, though still resulted in a meaningful difference in
iodine intake in children 4-10 years.

The iodine concentration of conventional milk is highly
variable as seasonality and farming practices can affect milk
iodine concentration; summer milk has been shown to have
a lower iodine content than winter milk [33, 52]. As a result,
milk iodine concentration can range from 9.5 pg/100 g to
45 pg/100 g, depending on the season [33]. Our study high-
lights that the nutritional implications of replacing milk
with PBMAs are not identical across all at-risk population
groups supporting the need for individual variability when
making dietary recommendations. While adolescent girls
and women of reproductive age may benefit from a higher
level of fortification, PBMASs fortified at a concentration of
45 pg/100 mL of iodine may be too high for regular con-
sumption in young children, particularly those under the age
of 3 years as the proportion of those with iodine intake over
the upper limit increased to 38% (from 15%). While this
level of fortification is similar to the iodine concentration of
winter milk, consuming a PBMA throughout the year may
increase the risk of excess iodine intake in young children.
However, the upper limit for children is extrapolated from
the adult value and is not based specifically on evidence of
direct harm to children. Therefore, the risk of excess iodine
intake in this age group is not well known but excess iodine
intake can increase the risk of developing iodine-induced
thyroid dysfunction [53].

Surveys indicate that although many consumers perceive
PBMAs as healthy, they are unaware that these products
are nutritionally different to milk, and 23% even consider
PBMAs healthier than milk [18]. Our study has highlighted
that even if consumers know the nutritional differences,
achieving nutritional equivalence is complex, as fortifica-
tion practices between products vary greatly. In light of the
present results, and as the popularity of PBMAs continues
to grow, it is important that iodine fortification is mentioned
alongside calcium when including PBMAs in public health
guidelines, such as the UK’s Eatwell Guide [54] or the Brit-
ish Dietetic Association’s One Blue Dot policy [55]. With
the current widespread availability and intake of PBMAs
likely to increase, developing recommendations related to
its consumption for the population overall and for specific
population groups would be a worthwhile inclusion in future
dietary guidelines. Countries could also consider other pol-
icy strategies, such as using iodised salt in salt-containing
industrial food products (such as bread) and recommending
iodine supplementation to all pregnant women—strategies
not currently in place in the UK.

In the UK, there has been a reduction in milk consump-
tion in recent years [56], especially in population groups
such as women of reproductive age [18, 30]. In this study,
milk is the primary dietary source of iodine in all four
cohorts, although consumption varied between groups.

@ Springer

Young children were the most reliant on milk as a source of
iodine while adolescent girls and young women were less
reliant. This may be in part due to the rise in popularity
of PBMAs with adolescent girls and young women [57].
In our sample, baseline consumption of PBMAs was low.
However, at baseline, 9% of women aged 19-34 opted for
a PBMA. This number is likely to increase over time as
consumer interest surrounding sustainable plant-based diets
continues to increase.

Strengths and limitations

The use of raw food diary data from the latest NDNS was
one of the strengths of the current modelling analysis due to
the quality of the dietary data collected, which underwent
rigorous quality checks, including post-collection and post-
data entry checks, and the data is weighted to be representa-
tive of the UK population. The use of this data allows for
the use of these results in a UK setting by policy makers and
public health agencies. An important strength of this analy-
sis is the use of statistical modelling to estimate the ‘usual
intakes’ of iodine resulting in a better estimate of the true
distribution of usual intakes with shorter tails at the upper
and lower ends, therefore, improving the estimates of the
proportions of the population with intakes above or below a
particular reference value (e.g. LRNI or UL) which would
otherwise be overestimated [58].

As to weaknesses, there are several uncertainties that may
have affected the calculated exposure assessment results
(Table 5). Each potential source of uncertainty has been
considered qualitatively as recommended by EFSA [35].
Several sources of potential under and over estimation were

Table 5 Qualitative evaluation of the influence of uncertainties based
on EFSA protocols [35]

Source of uncertainty Direction
and mag-
nitude *
Food consumption data
Representativeness, Mis-/under-reporting +
Use of a 4-day food diary to extrapolate chronic intakes =+
Inaccuracies in data on recipe composition +
Iodine concentration data
Auvailability of analytical data in final products (not +
reported values from manufacturers)
Overages on labels +
Effect of processing, storage or cooking on iodine +
Brand loyal intake assessment +++-

4+ +,4+ +,+ + +are the uncertainty likely to cause small, medium
or large overestimates of exposure

—, ——, ——— are the uncertainty likely to cause small, medium or large
underestimates of exposure
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identified in association with food consumption data and
iodine concentration data utilised in the assessment. The
present study was a theoretical approach focussing solely on
the replacement of milk with PBMAs without considering
changes in the consumption of other animal-based foods,
including other dairy products such as cheese and yoghurt.
Although this study used a large set of PBMAs (146 prod-
ucts) whose full and detailed nutrient composition was avail-
able, we may not have fully captured the PBMA market as
it is dynamic. Nevertheless, this set of PBMAs was diverse
and contained the principal types of substitutes. Consumer
preferences and brand loyalty were not considered in this
study. Brand loyalty is defined as the tendency of consum-
ers to purchase and consume the same foods repeatedly [35]
and can lead to high exposure by brand-loyal consumers if
the product contains a high concentration of iodine. This is
a source of uncertainty in the current analysis, the direction
of the effect is based on level of fortification of these prod-
ucts. Additionally, iodine intake was likely overestimated in
the present study, since the possible losses of iodine from
preservation and cooking were not considered; we could not
apply retention factors for the estimation of iodine in the
PBMA after use in cooking as there are no data on these
losses in PBMA. Finally, we did not consider plant-based
cheese or yoghurt alternatives in the dietary scenarios, and
some consumers may switch all their dairy products to plant-
based versions, not just milk, leading us to underestimate the
potential change to total iodine intake.

Future studies should take the aspect of bioavailability
into consideration, especially in studies concerning popula-
tion groups who are vulnerable to iodine deficiency, includ-
ing premenopausal women, pregnant or lactating women,
strict vegetarians/vegans, young children, or those with a
milk allergy. Even when fortified to similar levels to con-
ventional milk, PBMAs may not be equivalent because the
type of ingredient used to fortify the PBMA could affect
bioavailability. Both potassium iodide and seaweed have
been used as iodine sources in PBMAs [20] yet the latter
has been found to be less bioavailable [59]. In this study we
have assumed a 100% switch of milk with PBMAs, how-
ever, only around half (47%) of the PBMA consumers in
the NDNS data set consumed alternatives 100% of the time.
Of the consumers who consumed both milk and PBMA:s,
they were more likely to consume PBMAs in the home, and
often consumed the milk in the workplace or at a friend’s
house where PBMAs might not be available. Therefore,
future studies should also consider the impact of a partial
replacement of milk with PBMAs to account for this type of
consumer. Our study focused on iodine, but cow’s milk is an
important source of other micronutrients, including vitamins
B2 and B12, and as our market survey [23] has highlighted
that PBMAs are not always fortified with these either, fur-
ther modelling studies could consider other nutrients.

Conclusion

Our modelling results suggest that the replacement of milk
with commercially available PBMAs has great potential
to affect intake of iodine intakes at a population level,
depending on the level of fortification. We identified that
fortification at approximately 22.5-27.4 pug/100 mL (and
< 45 pg/100 mL) would be sufficient to minimize the impact
of transitioning from milk to PBMA on iodine intake. How-
ever, the majority of PBMASs are still not fortified with
iodine, and the likelihood of consumers selecting an unfor-
tified product is high. Individuals who choose to consume
unfortified or organic PBMAs in place of milk will need to
be more mindful of their iodine intake. If these PBMAs are
consumed as part of a diet with other iodine-rich foods such
as fish and eggs, there may be less risk of deficiency, but
those following a plant-based diet such as a vegan diet would
be at a higher risk of deficiency when consuming unforti-
fied PBMAs. Consequently, if PBMAS are to be consumed
in place of milk, public health messages need to ensure that
alternative sources of iodine are clearly signposted.
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