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While the evidence base for the dental 
effects of topical fluoride use is strong, the risk-
benefit associated with systemic exposure to 
ingested fluorides is a more difficult scenario 
since excessive systemic ingestion of fluorides 
during dentally vulnerable periods can 
increase the risk of development of dental 
fluorosis, characterised by degrees of intrinsic 
tooth discoloration (tooth mottling).

Although the critical period for develop-
ment of fluorosis in late developing primary 
teeth is from four months in  utero until 
11 months of age,2 enamel fluorosis on the 
permanent anterior teeth is most likely to 
result from excessive fluoride ingestion during 
the first five years of life with the most signifi-
cant period being the first three years.1 While 
a total fluoride intake of 0.05–0.07 mg/kg body 
weight per day (mg/kg BW/d), in children, has 
been suggested as optimum for dental health 
benefits, the fluoride intake should not exceed 
a tolerable upper intake level (UL) of 0.1 mg/kg 
BW/d, especially during enamel formation, to 
minimise the risk of dental fluorosis.3

Several reports4 from western countries have 
shown an increase in the prevalence of mostly 
very mild to mild dental fluorosis including a 
relatively recent UK study,5 in children aged 
11–13 years, which indicated a dental fluorosis 
prevalence (at any severity level) of 55% in 
fluoridated areas and 27% in non-fluoridated 
areas.

Introduction

The global decline in the prevalence of dental 
caries is largely due to the widespread available 
and use of fluorides. The dental health benefits 
of naturally fluoridated waters were recognised 
well over a century ago now and subsequent 
optimisation of the fluoride concentration of 
drinking waters through artificial water fluori-
dation, introduced more than 60 years ago, is 
considered to be one of the ten most significant 
public health interventions of the twentieth 
century. Currently, 25 countries, including 
the UK, the USA, and Australia, have artificial 
water fluoridation schemes reaching approxi-
mately 369.2 million consumers.1 Inclusion 
of those drinking naturally fluoridated water 
brings the total number of people consuming 
optimally fluoridated water to around 
437.2 million1 representing almost 6% of the 
world’s population. More ubiquitous in terms 
of fluoride exposure has been the increasingly 
worldwide access to fluoridated toothpastes for 
nearly 50 years now.

This opinion piece highlights the importance of controlling systemic fluoride intake from food and drink in early childhood 

to minimise risk of dental fluorosis whilst maximising caries prevention; the wide range of fluoride contents found in a study 

of commercially-available food and drinks; and the need for comprehensive fluoride labelling on food and drink products in 

the UK, particularly those used by infants and young children.

Despite dental fluorosis being a side-effect of 
chronic excessive ingestion of fluoride, rather 
than an adverse health concern, perceptions 
of mild and moderate levels remain a conten-
tious issue. A cross-sectional national survey in 
the UK6 reported that 29% of the study popula-
tion perceived a ‘need for treatment’ for mild 
levels of fluorosis, while it was 69% at moderate 
levels and 91% at severe levels of fluorosis.

Considering the narrow ‘dose-gap’ between 
caries reduction benefit and dental fluorosis 
risk, the issue of monitoring fluoride intake in 
young children was raised by the World Health 
Organisation.7 More recently, controlling 
fluoride ingestion has regained the attention of 
researchers around the world due to the reported 
rise in the prevalence of dental fluorosis in both 
fluoridated and non-fluoridated areas.8

The total amount of fluoride intake, from 
all sources, has been suggested as the most 
important risk factor for development of dental 
fluorosis.9 Common sources of ingested fluoride 
include diet (including fluoridated water, foods 
and drinks prepared with fluoridated water or 
containing fluoride naturally), dietary fluoride 
supplements (such as fluoridated milk and salt), 
non-dietary fluoride supplements (for example, 
fluoride tablets), and inadvertent ingestion of 
fluoridated toothpastes. Although toothbrush-
ing with a fluoridated toothpaste is a major 
source of fluoride intake for children, data from 
fluoride intake studies in the UK have shown 
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Suggests it is important to control systemic 
fluoride intake from food and drink in early 
childhood to minimise risk of dental fluorosis 
while maximising caries prevention.

Highlights that a study of commercially available food 
and drinks showed a wide range of fluoride content 
(μg fluoride per 100 g of the product).

Comprehensive fluoride labelling is needed on food 
and drink products in the UK, particularly those used 
by infants and young children.
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diet to be the sole source of fluoride intake 
for the majority of infants (up to 6 months of 
age) with a fluoride intake of up to 0.18 mg/kg 
BW/d.10 Similarly, in the US, the Iowa Fluoride 
Study reported that during the first 12 months 
of age, up to 96% of total fluoride intake can be 
from diet, which then decreases to 53% at age 
24 months.11

The identification of infant milk formula 
(IMF) as a risk factor for having dental 
fluorosis prompted manufacturers to volun-
tarily reduce the fluoride content of their IMF 
powder in several countries including the US 
and Australia.12. Nevertheless, the association 
between IMF feeding and dental fluorosis has 
been the matter of debate in recent years1 as 
some studies have shown that fluoride concen-
tration (μg/ml) of water used to reconstitute 
powdered IMF could have a greater impact on 
the fluoride intake of formula-fed infants than 
the fluoride concentration of the powdered 
formula itself.10,13

With trends towards greater use of conveni-
ence products such as ready-to-feed infant food 
and drinks, not only the choice of infant feeding 
method (for example, breast- or formula-fed) 
but also the type of weaning food/drinks used 
by infants and very young children can have 
a profound impact on their dietary fluoride 
intake. Recent UK studies have indicated that 
some infant products contain a relatively high 
fluoride concentration; for example, ready-to-
feed meat-based weaning foods with a fluoride 
concentration of up to 1.20 μg/g.14

Fluoride ‘flow’ and the ‘halo’ effect

Any excessive systemic fluoride intake of sig-
nificance to dental fluorosis risk occurs in early 
childhood, while topical fluoride exposure of 
significance to dental health benefit occurs 
across the whole life course. Ingestion of 
fluoride through diet does not pose a risk of 
development of dental fluorosis in adults since 
most uptake of fluoride into teeth occurs during 
tooth development and eruption, the majority 
of which is complete by late childhood.

The increasing within and between area and/
or country movement of people and commodi-
ties, including food and drink make it difficult 
to establish any links between total fluoride 
exposure and health outcomes.

Bottled water use and consumption of 
ready-to-drink beverages as well as processed 
and ready-to-eat foods has become increas-
ingly common worldwide. This increasing 
globalisation of the food and drink industry 

means that products (including bottled waters) 
from a fluoridated area may be transported to 
a non-fluoridated area for consumption and 
vice-versa, producing a ‘halo’ effect.

In addition to this effect, the fluoride con-
centration of these products, which come from 
many sources, can be highly variable making 
fluoride intake from these products difficult 
to measure in the community. For example, a 
study in Spain reported a wide range of fluoride 
concentration (0–4.16 ppmF) in mineral waters 
bottled in Spain, whereas imported brands 
had a range from 0.10  to 1.21 ppmF.15 That 
study also reported that only <26% of brands 
specified the fluoride content (μg fluoride per 
100 g of the product) on the label. Another 
study16 in the US (Indianapolis) reported that 
some of the analysed bottled waters targeted 
for infants did not comply with the American 
Dental Association (ADA) recommendation17 
to prevent fluorosis which states:

‘The (ADA expert) panel offers the following 
suggestions to practitioners to use in advising 
parents and caregivers of infants who consume 
powdered or liquid concentrate infant formula 
as the main source of nutrition: – Suggest the 
continued use of powdered or liquid con-
centrate infant formulas reconstituted with 
optimally fluoridated drinking water while 
being cognisant of the potential risk of enamel 
fluorosis development; – When the potential 
risk of enamel fluorosis development is a 
concern, suggest ready-to-feed formula or 
powdered or liquid concentrate formula recon-
stituted with water that either is fluoride-free 
or has low concentrations of fluoride.’

Understanding ‘fluoride flow’ within its 
‘source-production-consumption’ environ-
ment and being able to monitor systemic 
fluoride exposure are key to promoting the 
benefits of fluorides while minimising risks 
from chronic over-exposure. Information on 
the fluoride content of commonly consumed 
food and drink items is therefore a pre-req-
uisite to enable assessment of dietary fluoride 
intake at individual and/or community levels.

A fluoride database

A fluoride database14 developed and populated 
by Teesside and Newcastle universities includes 
the fluoride concentration (μg fluoride per 1 g 
of the product) and content (μg fluoride per 
100 g of the product) of a substantial number 
of food and drink products sold within the UK, 
representing brands manufactured by leading 
companies in the European food market. The 

database is intended as a tool for public health 
professionals and policy-makers to facilitate 
monitoring of dietary fluoride intake, particu-
larly in children. While useful, the database has 
some limitations since, as with any element/
nutrient, the fluoride content of a similar food 
or drink product might not be exactly as that 
recorded in the database because of natural 
variability in nutrient composition of the 
product which may be due to different factors. 
For example, the composition of animal 
products could be influenced by age, feeding 
routine and season. In addition, factors such as 
the country of origin and local growing con-
ditions could affect the composition of plant 
products, while alteration in recipes, amounts 
and types of ingredients and even the material 
composition of the cooking vessel can affect 
the fluoride content of a particular product.

It is important that the public take responsibil-
ity for their health; parents need to make the best 
decisions for their young children while health 
professionals must provide comprehensive advice 
to their patients/clients to allow this to happen. 
To facilitate this, the provision of appropriate 
access to current information intended to help 
decision-making in dietary choice is key.

Fluoride labelling

The wide range of fluoride content within 
food and drink groups, verified within the UK 
fluoride database clearly highlights the need 
for comprehensive fluoride labelling of food 
and drink products, particularly those used 
primarily by infants and very young children.

Nutrition labelling is an information tool 
meant for consumers and organised by the 
public authorities in collaboration with repre-
sentatives of all stakeholders including the food 
industry, public and regulators. Information 
provided on food product packaging helps 
consumers build knowledge and develop their 
plans for consuming a healthy diet as well as 
choosing between different foods, brands 
and flavours. In the case of fluoride exposure, 
monitoring fluoride intake is a difficult and 
time-consuming task which involves assess-
ment of fluoride ingestion from diet and 
toothpaste ingestion, whereas controlling 
ingestion of fluoride is a more practical and 
feasible alternative approach which would be 
facilitated by the labelling of fluoride content 
of food and drink products.

In Europe, nutrition labelling has been a legal 
obligation since 1990. However, the European 
Union Food Information Regulation (EU 
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FIR) came into force in December 2011  and 
mandatory nutrition declarations for most pre-
packed foods came into effect from December 
2016.  The EU FIR specifies the information 
which must be made available to consumers 
when they buy food and how that information 
must be presented. This mandatory information 
includes: energy, fat (and the proportion of which 
is saturates), carbohydrates (and the proportion 
of which is sugars), protein and salt. However, 
declaration of vitamin and mineral content per 
100g is classed as supplementary information.18

Although fluoride is not generally regarded 
as an essential element, it is considered to be an 
important nutrient due to its caries-prevention 
properties and is included in the list of ultra-
trace elements (an element with an established 
or estimated requirement, generally indicated 
in μg/day for humans).19

Currently, the inclusion of information on 
the fluoride content of food and drink products 
by manufacturers is voluntary. Some baby food 
manufacturers have started to voluntarily declare 
the fluoride content of a limited number of their 
products such as IMFs. However, in view of the 
importance of maintaining topical exposure to 
fluorides but avoiding excessive systemic intake, 
especially during ‘tooth-vulnerable’ periods, 
manufacturers (particularly baby and toddlers’ 
food and drinks manufacturers) should be 
encouraged to label the fluoride content of their 
products alongside other currently included 
minerals. In particular, bottled water labels 
should indicate whether they are suitable for 
consumption by infants and very young children. 
This would help ensure manufacturers monitor 
and control the fluoride content of their products 
to meet guidelines for intake, for example, by 
using non-fluoridated waters for production, 
providing more choices for consumers.

A post-Brexit approach?

According to the current legal requirements 
of the Natural Mineral Water, Spring Water 
and Bottled Drinking Water (England) 
Regulations 2007,20 the maximum limit for 

any naturally present fluoride concentration of 
natural mineral water is 5 mg/l, with a specific 
requirement for the labelling of bottled water 
with fluoride concentrations >1.5 mg/l, which 
should state; ‘contains more than 1.5 mg/l of 
fluoride; not suitable for regular consumption 
by infants and children under seven years of 
age,’ and the inclusion of the actual fluoride 
content on the label.

With the UK leaving the EU, an opportu-
nity for review of UK food labelling policy 
after Brexit happens and the labelling of 
fluoride content of food and drink products is 
a pertinent area for improvement.

Projects such as the five-year (2014–2018) 
Food Integrity Project (FIP),21 funded by 
the European Union’s Seventh Framework 
Programme for research and technological 
development, might be a suitable approach to 
encourage/enforce manufacturers to specifi-
cally label their products for fluoride content. 
The FIP which includes 60 participating bodies 
from 18 European countries, is working with 
the industry to develop methods and processes 
that assure the quality and safety of the food 
chain and is focusing on reducing the current 
barriers to data sharing and utilisation.

In 2015, the UK imported €44 billion worth 
of food and drink products, of which €31 billion 
(70%) came from the EU while it exported €15 
billion worth of similar products, of which €11 
billion (73%) went to the EU.22 The size of this 
market creates an ideal opportunity for the UK 
authorities to take a strong lead in improving the 
labelling of products with the goal of improving 
general and oral health.
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