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NATIONAL FLUORIDATION INFORMATION SERVICE 
 
The National Fluoridation Information Service (NFIS) is a consortium funded by the 

Ministry of Health, led by Regional Public Health working in partnership with: 

• Hutt Valley DHB Community Dental Services,  

• Environmental Science and Research,  

• Centre for Public Health Research at Massey University and  

• National Poisons Centre. 

 

Our work includes: 

• Following public debate and choices on water fluoridation 

• Monitoring international research on the usefulness of water fluoridation  

• Critically reviewing emerging research  

• Working with District Health Boards and Councils to provide accurate and up-

to-date information to their communities 

• Providing clinical advice to the Ministry of Health  

• Monitoring water fluoridation policy 

• Providing access to New Zealand oral health data and research 

• Sharing information via quarterly e-newsletters and e-briefings and the NFIS 

website 
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PLAIN ENGLISH SUMMARY 
 

The Ministry of Health (the Ministry) recommends water fluoridation where 

technically feasible as a safe and effective means of improving oral health.  

Approximately 50% of the New Zealand population currently has access to fluoridated 

drinking-water.  The Ministry of Health aims to increase access to fluoridated water to 

70% of the population. 

 

Under current New Zealand law, district health boards (DHBs) are responsible for 

protecting the health of their populations, while local councils are charged with 

deciding whether to fluoridate the water supplies they operate.  With water 

fluoridation being a controversial issue, it is important that DHBs and the Ministry 

have access to the best scientific evidence.  

 

To this end, the Ministry has established a National Fluoridation Information Service 

(the Service).  The function of the Service is to:  

1. monitor public discussion and decision-making processes on water fluoridation 

in New Zealand 

2. provide a central authoritative, accurate and up-to-date source of information 

and critical commentary on research pertaining to fluoridation 

3. coordinate support, communication and clinical and technical advice to, and 

on behalf of, DHBs and the Ministry 

4. ensure consistent, accurate, and up-to-date information and messages are 

communicated by DHBs and the Ministry, and 

5. evaluate the effectiveness of the Service in advancing water fluoridation in 

New Zealand. 

 

This literature review summarises the findings of scientific papers published between 

January and November 2010.  It is the first of a planned series of six-monthly reviews, 

and builds on a review of reviews published between January 2000 and July 2010
1
.  

 

The review identifies the implications of its findings for the Ministry’s fluoridation 

policy. 

 

                                                 
1
  Nokes C, Benschop J, Beasley M, Foote M, Hepi M, Mackay T, 2011, Review of Scientific Reviews Relating to 

Water Fluoridation Published between January 2000 and July 2010, ESR Client Report FW11011. 
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The New Zealand context 

 

Important facets of the New Zealand context in relation to water fluoridation are: 

i) naturally-occurring fluoride concentrations in New Zealand’s water supplies 

are low – generally less than 0.2 mg/L 

ii) the maximum acceptable value for fluoride, given in the Drinking-Water 

Standards for New Zealand and based on the World Health Organization 

Guideline, is 1.5 mg/L, which is designed to prevent possible undesirable 

health effects that may result from excessive fluoride intake 

iii) up-to-date information about the prevalence of tooth decay in New 

Zealand is available from a recently undertaken Oral Health Survey
2
  

iv) the prevalence of tooth enamel defects does not appear to be increasing in 

New Zealand
3
 

v) toothpaste in New Zealand is fluoridated at approximately 1000 mg/kg, 

which is typical of other developed countries, and considered safe for use 

by children (Guidelines for the use of fluoride
3
). 

 

Method 

 

Papers in the following fields were of interest for this review: 

• epidemiology
4
 in relation to water fluoridation 

• oral and public health 

• toxicology
5
/pharmacology 

• fluoridation economics 

• communication and community engagement. 

 

Two scientific bibliographic databases, Scopus and Web of Knowledge, were searched 

yielding 81 and 48 references, respectively.  A draft list of 21 papers was prepared 

from the search based on the following set of rejection criteria
6
: 

• being in a language other than English 

• not being primarily focused on water fluoridation – health effects or impacts 

• being an historical commentary, opinion piece or editorial 

• not falling into one of subject fields noted above 

                                                 
2
  Available at:  http://www.moh.govt.nz/moh.nsf/indexmh/our-oral-health-key-findings-2009-nz-oral-health-

survey 
3
  Guidelines for the use of fluoride, 2009, Ministry of Health, Wellington, available at 

http://www.moh.govt.nz/moh.nsf/indexmh/guidelines-for-the-use-of-fluorides?Open  
4
  Epidemiology is the study of the distribution of health and illness, and the factors associated with them in a 

community. 
5
 Toxicology is the study of the effects of chemicals on living organisms.  It is concerned with dose-response 

relationships and in some cases the mechanisms by which the chemical acts.   
6
  Several animal studies, which were considered important to include, did not meet all these criteria. 
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• being a study of an area or country with a context unlike that of New Zealand 

• being primarily concerned with water fluoridation levels outside of the 

currently recommended fluoridation range in New Zealand (0.7–1.0 mg/L). 

 

Regional Public Health oral health specialists and oral health advisors within the 

Ministry were asked to assess the draft list, and make suggestions for deletions or 

inclusions.  Reviewers could also suggest that a paper be dropped from review if, on 

closer examination, it met one of the rejection criteria.  A total of 25 papers were 

ultimately reviewed. 

 

Key findings 

 

The key findings listed here are those considered applicable to New Zealand.  The 

papers reviewed provided evidence: 

 

Protection against tooth decay 

a. of fluoridation protecting teeth against tooth decay in both adults and children 

(page 9) 

b. of fluoridation decreasing the amount of tooth decay in the baby and 

permanent teeth of children between five and 15 years of age (page 9) 

c. of fluoridation improving the survival of the surfaces of children’s teeth (page 

10) 

d. that where a good dental health system exists and fluoridated toothpastes are 

used, water fluoridation to a level of 0.5 mg/L may be sufficient to protect 

against tooth decay (page 10) 

 

Addressing social inequities 

e. of fluoridation helping to redress oral health inequalities arising from 

socioeconomic or racial factors, particularly at low socioeconomic levels (page 

9) 

f. that the teeth of children from a lower socioeconomic background survive for 

a shorter time than those of children of higher socioeconomic background 

(page 10) 

 

Flecking of teeth 

g. that an increased intake of fluoride in reconstituted infant formula by children 

in the six to 36 months age range increases the likelihood of mild flecking of 

the teeth (page 11) 

h. that total fluoride intake is the true risk factor for flecking of teeth (page 11) 
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Skeletal effects of fluoridation 

i. that water supply fluoridation does not adversely affect the mechanical 

properties of bone (page 17) 

 

Infant formula 

j. that the fluoride content of powdered infant formula in New Zealand is low 

(page 13) 

k. that an infant who is fully bottle-fed with formula up to six months of age in 

New Zealand can sometimes take in more fluoride than is recommended if 

their infant formula is prepared from fluoridated water, but that the only 

consequence of this will be flecking of their baby teeth, not their permanent 

teeth (page 13) 

 

Fluoride ingestion by New Zealanders 

l. that infants aged six to 12 months, living in a New Zealand community with 

fluoridated water and using standard fluoridated toothpaste may receive more 

than the recommended amount of fluoride (page 13) 

m. that for most New Zealanders, their intake of fluoride is well below the 

recommended level to protect against tooth decay (page 13) 

 

Economics of fluoridation 

n. that fluoridation achieves health gains and cost savings compared with non-

fluoridation, consequently, it is a highly cost-effective way of protecting public 

health (page 18) 

o. that although fluoridation is a cost-effective means of protecting public health, 

the cost savings/person decreases with time because of changing oral health 

needs (page 18) 

p. of a decreasing number of Medicaid claims of a dental nature as the 

percentage of the population of a county in New York State that receives 

fluoridated water increases (page 12) 

 

Communities 

q. that projects to introduce fluoridation into remote communities need to be 

adequately resourced and technically supported to avoid failure (page 12) 

r. that moderate-to-high levels of community support for fluoridation can be 

generated in communities when a comprehensive, multi-pronged approach to 

community information and engagement is used (page 20) 

s. that a helpful strategy for gaining public support for fluoridation is 

acknowledging the factors about it that outrage people (page 20) 
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Social effects 

t. of women who were exposed to fluoridated water in childhood tending to earn 

more in later life than those who received non-fluoridated water in childhood 

(page 19). 

 

Other findings are discussed in Section 3 of the report. 

 

Implications for the Ministry of Health’s fluoridation policy 

 

The discussion of implications for fluoridation policy is based solely on the findings of 

this review.  It takes no account of the findings of the recent Oral Health Survey
2
. 

 

The beneficial effects of fluoridation, and its cost effectiveness are evident from the 

review.  The findings indicate that the following should be considered when revisiting 

the recommended fluoridation concentration range in New Zealand’s fluoridation 

policy:  

• provision is made for protection against tooth decay while ensuring that the 

development of flecks in tooth enamel is kept to an acceptable level 

• the total fluoride concentration from all sources of fluoride is the primary risk 

factor in the development of flecked enamel, not the contribution from water 

alone 

• the flecked enamel that may arise from infants ingesting amounts of fluoride 

that exceed the upper level of intake
7
 is mild and affects the baby teeth rather 

than permanent teeth 

• many adults may be receiving less fluoride than is required for optimum 

protection against tooth decay. 

 

With regard to implementing fluoridation policy, two messages were evident from the 

review: 

• when introducing fluoridation to small, remote communities, failure of the 

project is almost certain if it is not properly resourced and technically 

supported 

• moderate-to-high support for fluoridation can be generated in a community if 

suitable promotion strategies are implemented. 

 

The findings from the review support the implications for policy identified in a review 

prepared for the Ministry of Health previously (Nokes et al, 2011)
1
, namely: 

                                                 
7
  The UL is the highest average intake likely to pose no adverse health effects to almost all individuals in the 

general population. 
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“The beneficial effects of fluoridation are evident from the review, as is the 

importance of the retention of fluoridation as a public health intervention.  While 

these findings support the fluoridation of water supplies, any review of the Ministry of 

Health’s policy on water fluoridation should consider the flecking of tooth enamel, an 

acknowledged adverse effect that can arise from water fluoridation. 

 

The flecking of enamel arising from water fluoridation, which is usually graded as mild 

or less, is of aesthetic rather than clinical significance, and occurs when concentrations 

of fluoride in water are close to or over 1 mg/L. However, total fluoride intake must be 

accounted for when considering enamel flecking, not just drinking-water intake. Other 

sources of fluoride include, use of fluoridated toothpastes and reconstitution of infant 

formula with fluoridated water. The contribution made by the different fluoride 

sources is likely to vary among individuals. 

 

The Ministry of Health’s fluoridation policy focuses on prevention of dental caries.  At 

the fluoride concentrations presently recommended by the Ministry of Health’s 

fluoridation policy, evidence shows that if fluorosis occurs, it is likely to be very mild or 

mild, and consequently of  aesthetic rather than clinical concern.  Given the 

controversial nature of fluoridation, it is important that any review of the policy 

considers whether its adverse effects are being experienced in New Zealand to an 

unacceptable degree.  If the aesthetic consequences of fluoridation are occurring to 

unacceptable levels, consideration has to be given to whether these can be reduced 

while still finding a point of balance that ensures effective reduction in tooth decay.” 

 

Research/Information needs 

 

The following research/information needs were identified: 

1. a survey of water suppliers in New Zealand to establish the fluoride 

concentration they are targeting within the guideline range 

2. development of a model to determine the balance between caries prevention, 

fluorosis development, and the oral health needs of various groups within the 

community 

3. a study to understand how the cost effectiveness of fluoridation is changing as 

the oral health needs of communities change 

4. re-evaluation and development of strategies for encouraging jurisdictions 

throughout New Zealand to implement water fluoridation. 
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1 INTRODUCTION 
 
1.1 Background and purpose 

 

Epidemiological studies in the first half of the 20
th

 century showed that naturally-

occurring fluoride in water could be beneficial (caries reduction) and detrimental 

(fluorosis) to dental health
8
.  Work to find the fluoride concentration that offered an 

acceptable balance between these effects eventually led to the introduction of 

fluoride into drinking-water supplies as a public health measure in the USA and 

Canada in the mid 1940s
8
.  Fluoride was first added to the Hastings drinking-water 

supply in New Zealand in 1954
9
.  The fluoridation of water supplies in New Zealand 

expanded rapidly during the 1960s
9
. 

 

The Ministry of Health’s Annual Review of Drinking-water Quality 2008/2009
10

 states 

that 51 drinking-water treatment plants in New Zealand added fluoride to their water  

These treatment plants provided water to just under 2.25 million people – 

approximately 52% of the New Zealand population.  The Ministry of Health (the 

Ministry) aims to raise the percentage of New Zealanders receiving fluoridated water 

to 70%
11

. 

 

Under current legislation, local authorities hold the mandate to decide whether water 

supplies in their jurisdictions are fluoridated.  Debate concerning the pros and cons of 

water fluoridation continues, with the fluoridation status of water supplies changing 

as the positions of councils and their communities on the issue shift.   

 

To advance water fluoridation in New Zealand by ensuring that debates on 

fluoridation are based on the best available scientific evidence, the Ministry has 

established a National Water Fluoridation Support and Co-ordination Service (the 

Service).  The objective of the Service is to assist the Ministry and District Health 

Boards (DHBs) through: 

i. monitoring public discussion and decision-making processes on water 

fluoridation in New Zealand 

ii. providing a central authoritative, accurate and up-to-date source of information 

and critical commentary on fluoridation research  

                                                 
8
  Parnell C, Whelton H O’Mullane D, 2009, Water Fluoridation, European Archives of Paediatric Dentistry, 10(3), 

141-148. 
9
  http://www.moh.govt.nz/moh.nsf/pagesmh/3597 accessed 21 January 2011 

10
  http://www.moh.govt.nz/moh.nsf/indexmh/annual-review-drinking-water-quality-nz-2007-08 accessed 14 

February 2011. 
11

  Request for Proposal - Proposals for national water fluoridation support and coordination service, Ministry of 

Health, 11 June 2010. 
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iii. coordinating support, communication and clinical and technical advice to, and on 

behalf of, the Ministry and DHBs 

iv. ensuring consistent, accurate and up-to-date information and messages are 

communicated by the Ministry and DHBs, and 

v. evaluating the effectiveness of the Service in advancing water fluoridation in 

New Zealand. 

 

This literature review contributes to ii) by providing a critical review of research 

papers in the scientific and medical literature published between January 2010 and 

November 2011.  A “review of reviews” summarising review articles and reports 

published between January 2010 and July 2010 has already been prepared
12

.  It 

provides the base on which the six-monthly literature reviews of scientific research 

papers (as opposed to review papers) will build.  This review is the first of the six-

monthly reviews.  

 

1.2 The Ministry of Health’s fluoridation policy  

 

An important function of the review is to identify the implications of the review 

findings for the Ministry’s policy on water fluoridation, and to propose changes to this 

policy that appear necessary. 

 

At present, the Ministry’s policy focuses on the concentration of fluoride that is 

required in drinking-water to achieve the desired health outcomes.  It is summarised 

in a statement approved by the Ministry’s Executive Leadership Team
13

 as: 

 

The Ministry of Health recommends the adjustment of fluoride to 

between 0.7 ppm and 1.0 ppm in drinking-water as the most effective 

and efficient way of preventing dental caries in communities receiving a 

reticulated water supply, and strongly recommends the continuation 

and extension of water fluoridation programmes where technically 

feasible. 

 

1.3 Water supply fluoridation in New Zealand  

 

The Drinking-water Standards for New Zealand 2005 (revised 2008) (DWSNZ) give the 

maximum acceptable value (MAV) for the concentration of fluoride in drinking-water 

as 1.5 mg/L.  The purpose of the MAV is to prevent possible undesirable health effects 

                                                 
12

  Nokes C, Benschop J, Beasley M, Foote M, Hepi M, Mackay T, 2011, Review of Scientific Reviews Relating to 

Water Fluoridation Published between January 2000 and July 2010, ESR Client Report FW11011. 
13

  Personal communication., Corinne Thomson, Ministry of Health, email 22 November 2010 
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that may result from excessive fluoride intake.  This should not be confused with the 

recommended concentration range for fluoride contained within the Ministry’s 

fluoridation policy. 

 

Although the recommended fluoride concentration range is below the MAV, it 

straddles 50% of the MAV which has implications for fluoride monitoring for 

compliance with the DWSNZ.  To comply with the DWSNZ, all chemical determinands 

at concentrations exceeding 50% of their MAV within a water supply must be 

monitored on a regular basis.  As fluoridating water treatment plants aim to add 

fluoride to achieve a concentration in the range of 0.7–1.0 mg/L (cf. 50% of the MAV is 

0.75 mg/L), these treatment plants are required to test the fluoride concentration in 

the water they produce at least weekly to comply with the DWSNZ.  They are likely to 

determine the fluoride concentration in their water supply on a more frequent basis 

because of the relatively small difference between a therapeutic fluoride 

concentration and the fluoride MAV. 

 

The Annual Review of Drinking-water Quality 2008/2009 reported that of the 51 

fluoridating treatment plants, two, supplying a total of approximately 11,400 people 

had each reported one occasion when the fluoride concentration had exceeded the 

MAV.  The exact duration of these excursions beyond the MAV is unknown, but they 

cannot have been longer than seven days because of the weekly monitoring 

frequency.  Exposures of this duration do not present a significant risk to health 

because the MAV is determined on the basis of a lifetime’s exposure to fluoride. 

 

1.4 The New Zealand context 

 

Two important factors that can influence the extent to which individuals are exposed 

to fluoride in the absence of an intentionally-fluoridated water supply are naturally-

occurring levels of fluoride in the water and the use of fluoridated toothpaste.  To 

contextualise the conclusions reached in this literature review, the levels of fluoride in 

these potential fluoride sources are discussed here. 

 

With the exception of geothermally-influenced waters, which are not used as the 

source waters of community water supplies, naturally-occurring fluoride levels in New 

Zealand waters are low, certainly by the standards of many other countries.  Davies et 

al.
14

 (2001) reported a fluoride concentration range from nd (not detectable, reported 

as 0.1 or 0.2 mg/L) to 1.8 mg/L, with a median concentration of nd in New Zealand 

                                                 
14

  Davies H, Nokes C, Ritchie J, 2001, A Report on the Chemical Quality of New Zealand’s Community Drinking-

water Supplies, ESR Report FW0120 to the Ministry of Health 
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drinking-water supplies.  Only three drinking-water supplies showed a fluoride 

concentration greater than 0.75 mg/L (50% of the MAV). 

 

In the light of this information, some of the findings relating to overseas jurisdictions 

in which fluoride may occur naturally at concentrations of many mg/L will not apply to 

New Zealand. 

 

The Ministry’s website reports that the concentration of fluoride in most New Zealand 

toothpastes is around 1000 ppm (parts per million)
15

, which is considered safe for 

children.  This concentration is typical of the concentrations contained in toothpaste 

in developed countries, and findings associated with the use of fluoridated toothpaste 

in these countries may also be relevant to New Zealand.  Toothpaste marketed for 

children under six years of age is available with a fluoride content of 400 ppm. 

 

One further factor that should be considered in association with overseas reports of 

increasing levels of dental fluorosis, is the evidence of trends in fluorosis in New 

Zealand.  The Ministry’s Guidelines for the use of fluoride
3
 states that “… the 

prevalence of diffuse opacities has not increased compared to earlier studies and is 

largely unchanged from estimates reported within New Zealand over the last 25 

years.”  On this basis, trends of increasing fluorosis reported in overseas jurisdictions 

with fluoridated water supplies do not necessarily reflect the New Zealand context. 

 

1.5 Structure of this report 

 

Following the introduction, the report describes the method used to identify papers 

for inclusion in this review.  This is followed by a discussion of the findings of these 

papers with key points summarised, which acts as the basis for a discussion about 

implications for the Ministry’s fluoridation policy, and proposals relating to 

fluoridation policy.  The main body of the report closes with a presentation of possible 

research directions derived from the papers. 

 

The Appendix discusses each of the 25 papers, and includes bibliographic details, a 

presentation of the study’s findings linked, where possible, to the New Zealand 

context, an evaluation of the quality of the study and level of evidence it provides, 

other comments the reviewer wished to make, and comment on the implications for 

the Ministry’s fluoridation policy. 

                                                 
15

  http://www.moh.govt.nz/moh.nsf/pagesmh/3578 
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2 METHOD 
 

2.1 Selection of papers 

 

As required in the project brief, the Oral Health Knowledge Library (OHKL) was used as 

the first source of references.  To augment the initial list obtained from the OHKL, two 

scientific bibliographic databases, “Scopus” and “Web of Knowledge”, were searched 

for academic peer-reviewed papers that might meet the requirements for inclusion in 

the literature review.  Target publications were research papers published between 

January 2010 and November 2010 reporting scientific studies concerning water 

fluoridation and the health effects of water fluoridation that might arise in 

conjunction with topical application of fluoride (for example, the use of fluoridated 

toothpaste, fluoride varnish).  The subject areas of interest were epidemiology, oral 

and public health, toxicology/pharmacology, ethical issues in relation to water 

fluoridation and communication and community engagement. 

 

The initial search keyword used was “water fluorid*” (* is a wild card) which yielded 

81 papers from Scopus and 48 papers from the Web of Knowledge.  In addition to the 

references found through these searches, the Ministry requested that two papers 

discussing work on fluoride intake in the New Zealand diet and published in December 

2010 also be included because of their link to water fluoridation in New Zealand.  

These are papers [9] and [10]. 

 

The titles and abstracts of papers identified through these initial searches were 

reviewed, and papers were accepted if the following criteria were met: 

a. the paper was a report of a scientific study, not a review of studies, a 

commentary, opinion piece or editorial 

b. the paper was primarily concerned with water fluoridation at levels relevant to 

optimal water fluoridation levels (0.7–1.0 mg/L) currently recommended in 

New Zealand, or contained a major segment relevant to water fluoridation 

c. the subject of the paper fell into one of the five subject areas specified by the 

Ministry (epidemiology, oral and public health, toxicology, ethical 

considerations relevant to fluoridation, and communication and community 

engagement) 

d. the paper reported a population study in an area or country in which the 

context was similar to that of New Zealand (see Section 1.4) 

e. the paper was in English. 

 

This resulted in a draft list of 21 papers.  The draft list was provided to Regional Public 

Health oral health specialists and oral health advisors within the Ministry for their 
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assessment of the suitability of the papers.  After the removal of some papers from 

the list and inclusion of others as requested by the reviewers, a final list of 25 papers 

was assembled. 

 

2.2 Evaluation of papers 

 

The review summaries in the Appendix follow the same format.  A uniform template 

was provided to guide the reviewers in what was required for the evaluation and to 

assist, as far as was possible, in providing uniformity of assessment.   



 

NFIS 15 

3 LITERATURE REVIEW FINDINGS 
 

3.1 Introduction 

 

This section presents the key findings of the papers reviewed.  The terms of reference 

for this report identified the following subject areas that were to be covered: 

• Epidemiology associated with water fluoridation 

• Oral and public health 

• Toxicology/pharmacology 

• Ethical issues in relation to water fluoridation 

• Communication and community engagement 

 

No papers dealing with ethical issues were identified for review, and the review of 

three papers concerned with the economics of fluoridation, identified by the literature 

search, was desirable.  These are discussed in the section “Fluoridation economics”. 

 

Reviews of all 25 papers identified for inclusion are provided in the Appendix.  Each 

paper is numbered to allow indexing in the main body of the report (in square 

brackets).  Each entry in the Appendix contains the bibliographic details of each paper, 

a summary of important information provided and conclusions reached relevant to 

the New Zealand context, an evaluation of the quality of the paper, additional 

comments by the reviewer, and comments on the implications of the paper for the 

Ministry’s fluoridation policy.  

 

Knowing the validity of the findings of a study is critical for understanding the study’s 

implications.  The reviewers’ notes in the Appendix assessed the quality of each paper.  

Papers of poor quality, although reviewed are not discussed in Section 3.  Their 

reviews, including the reviewer’s reasons for considering the paper to be of 

unacceptable quality, are contained in the Appendix.   

 

A brief note of the “Key Findings” of each paper is highlighted in this section. 

 

3.2  Background on the mechanism of action of fluoride in preventing dental 

caries 

 

This section briefly discusses what is understood about the action of fluoride in 

preventing dental caries to assist in understanding the sections that follow. 
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It is now generally accepted that the main actions by which fluoride acts to protect 

dental enamel are through remineralisation and the inhibition of demineralisation
16

.  

Exposure of the enamel surface of the post-eruptive tooth (a tooth exposed through 

the gum) to fluoride is of greatest importance in creating a surface resistant to acids 

formed by bacteria.  The beneficial effects of the post-eruptive interaction of fluoride 

with teeth have been well demonstrated by epidemiological studies.  A constant low 

level of fluoride in the oral cavity assists the post-eruptive protective mechanism
17

.  

The application of fluoride to the surface of the tooth to improve its resistance to 

caries, by using toothpaste or fluoride varnish, is termed topical application. 

 

Although the post-eruptive effect of fluoride is well accepted, the pre-eruptive (prior 

to the tooth being exposed through the gum) effects of fluoride on the tooth, and the 

extent to which this influences resistance to caries is still under debate.  The 

systematic application of fluoride which results from the ingestion of fluoride, through 

water fluoridation for example, is the means by which fluoride gains access to the pre-

eruptive tooth. 

 

Evaluating the relative contributions of the pre- and post- eruptive action of fluoride is 

extremely difficult, but irrespective of their relative importance, fluoridated water 

helps to ensure constant exposure to low concentrations of fluoride. 

 

Excessive exposure of the tooth to fluoride during the pre-eruptive stage of enamel 

formation causes hypomineralisation (greater surface and subsurface porosity) of the 

enamel, known as enamel fluorosis
18

. 

 

3.3 Epidemiology associated with water fluoridation 

 

Observations of the effects of fluoride on populations first led to water fluoridation 

being identified as a means of reducing dental caries.  Epidemiological studies have 

investigated the human oral health effects, both beneficial and adverse, of water 

fluoridation strategies.  The papers discussed in this section describe the findings of 

epidemiological studies in relation to dental caries (including tooth loss) and dental 

fluorosis. 

 

Ten epidemiological papers were reviewed.  Of these, five ([5], [17], [19], [20], [21]) 

were considered to be of insufficient quality to be taken into account when 

developing New Zealand’s water fluoridation policy, and are not discussed in this 

                                                 
16

  Kumar JV, 2008, Is water fluoridation still necessary? Advances in Dental Research, 20, 8-12. 
17

  Levy SM, 2003, An update on fluorides and fluorosis, Journal of the Canadian Dental Association, 69 286-291. 
18

  Browne D, Whelton H, O’Mullane D, 2005, Fluoride metabolism and fluorosis, Journal of Dentistry, 33, 177-186. 
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section.  The reader is referred to the Appendix for an assessment of the quality of 

each study. 

 

3.3.1 Beneficial effects of water fluoridation 

 

a) Reduction in dental caries 

 

Neidell et al [18] undertook an epidemiological study in the United States to assess 

whether there was an association between community water fluoridation exposure at 

various stages of life and adult tooth loss.  The dataset was obtained from a merger of 

tooth loss data from the 1995–1999 Behavioural Risk Factor Surveillance System and 

the 1992 fluoride census.  Confounders at both the county and individual level were 

taken into account.  The results showed that being born in a county in which all water 

supplies were fluoridated was associated with having 0.26 more teeth than being born 

in a country without fluoridation.  The study also found that the impact of fluoridation 

on the oral health status of those of lower socioeconomic status (SES) was greater 

than for those of higher SES, that is, there have been disproportionate improvements 

in the oral health of poorer groups in the community.  The study concluded that the 

advantages of fluoridation stretch beyond protecting children’s teeth, which is the 

prime focus of many studies, to protecting adults’ teeth.  The study also provides 

further evidence of the role played by water fluoridation in redressing oral health 

inequalities arising from SES differences racial/ethnic differences. 

 

Key findings: Evidence of fluoridation protecting the teeth of adults as well as 

children. 

 Evidence of fluoridation redressing oral health inequalities arising from 

socioeconomic status or racial factors: an effect more evident at the 

lower socioeconomic level. 

 

A study by Armfield [1] sought further evidence of the efficacy of water fluoridation in 

reducing the prevalence of decay in children’s teeth by comparing the oral health of 

those in fluoridated communities with that of children in non-fluoridated 

communities.  He drew on the results of clinical examinations undertaken in 2002 of 

128,990 Australian children (children from New South Wales were not included) in the 

five to 15 year age group.  The metric used for classifying the “caries experience” of 

the children was the dmft/DMFT
19

 index.  The adjusted mean caries experience (dmft) 

of five to 10 year old children residing in optimally fluoridated (more than or equal to 

                                                 
19

  dmft (or dmfs) = decayed, missing and filled teeth (or filled surfaces).  Lower case indicates deciduous teeth; 

upper case indicates permanent dentition.  The greater the score the poorer, the greater the decay and poorer 

the oral health. 
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0.7 mg/L) areas (mean = 1.81; 95% CI 1.77 to 1.86) was significantly lower than the 

mean dmft of comparably aged children living in areas with less than 0.3 mg/L of 

fluoride in the water (mean = 2.33; 95% CI 2.28 to 2.38).  The same trend was evident 

in the permanent dentition of children aged eight to 15 years, but the relative 

difference in this group was 31.6% rather than 28.7% as it was for the younger group.  

The study found a strong and consistent pattern showing that in children in 

communities with water containing fluoride at 0.7 mg/L or more, there was both a 

lower prevalence of caries and a lower caries experience than in children in 

communities with lower fluoride concentrations in the water.  The author considered 

that the study further supported the extension of what he regards as an important 

oral health intervention. 

 

Key finding: Evidence of fluoridation decreasing the prevalence and severity of 

dental caries in the primary and secondary teeth of children between 

five and 15 years of age. 

 

A study was undertaken in Denmark by Ekstrand and colleagues [11] that aimed to 

understand the factors in different municipalities influencing the caries experiences of 

Danish teenagers.  The work had four specific aims, but only one is relevant to this 

review, that was to replicate and extend a 1999 model that determined the factors 

associated with dental caries in Danish adolescents using data from 2004.  Of the 206 

Danish municipalities, 191 were included in the study.  The variable of interest in 

explaining the caries experience was the fluoride concentration, although several 

others were also considered, for example, the median number of immigrants and the 

size of the municipality.  Fluoride was identified as a main predictor of the DMFS
19

.  

The mother’s level of education was another significant predictor.  The data showed 

that as the fluoride concentration in a water supply increased, the DMFS decreased, 

reaching essentially zero at a concentration of 0.35 mg/L, with no trend beyond this 

concentration.  While this implies that a fluoride concentration of 0.35 mg/L should be 

satisfactory for protection against caries, the authors point out that factors in 

Denmark, such as the availability of fluoridated toothpaste for 30 years and the 

availability of free dental care up to the age of 18 years, are likely to contribute to this 

finding.  They also note that their results support the fluoridation of water as an oral 

health intervention, and that where an organised dental health system exists and 

fluoridated toothpastes are used, consideration could be given to water fluoridation 

at a concentration of 0.5 mg/L.   

 

Key finding: Evidence that where a good dental health system exists, and fluoridated 

toothpastes are used, water fluoridation to a level of 0.5 mg/L may be 
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sufficient to protect against dental caries, based on a study of 15 year 

old children in Denmark. 

 

Of additional interest in the Danish study was the finding, from interviews with the 

chief dental officers in the municipalities, that one of the important factors for a 

municipality achieving good oral health statistics was the implementation of goals in 

the dental service. 

 

A particularly important paper by Stephenson et al [25] reports a longitudinal study of 

childhood caries.  Few such studies have been reported.  The development of caries in 

the deciduous teeth of a prospective cohort of 2654 school children (four to five years 

of age when the study started) in Wales (non-fluoridated) and the West Midlands in 

England (fluoridated) was followed over a four-year period.  The study found that 

more occlusal surfaces
20

 succumbed to caries than non-occlusal surfaces, and that 

surfaces of children’s teeth in fluoridated areas survived better than those of 

children’s teeth in non-fluoridated areas.  Fluoridation was associated with a 0.5–0.8 

year higher median survival time of teeth, and low socioeconomic status was 

associated with lower tooth survival time (by up to 0.5 years).   

 

Key findings: Evidence of fluoride protecting children’s teeth. 

 Evidence that the surfaces of children’s teeth in fluoridated areas 

survive better than those of children in unfluoridated areas. 

 Evidence that shorter survival time of children’s teeth is associated with 

low socioeconomic status. 

 

Levy et al [15] reported a study to examine associations between fluorosis and 

fluoride intake, emphasising the contribution of infant formula to fluoride intake.  The 

study used data from the Iowa Fluoride Study, a longitudinal study of dietary and non-

dietary fluoride exposure, fluorosis and dental caries.  Six hundred and thirty infants 

participated in the study.  Questionnaires were periodically administered and visual 

assessments of dental fluorosis made.  Combining dietary and non-dietary intake of 

fluoride in the age ranges from three to six months and 16 to 36 months, showed that 

the significant variables associated with the development of fluorosis in the 

permanent maxillary incisors
21

 were fluoride intake from reconstituted infant formula 

(mixed with fluoridated water), other beverages with added fluoridated water and 

toothpaste.  This showed the total fluoride intake to be the true risk factor for 

fluorosis.  Fluorosis was not specifically associated with the quantity of formula 

                                                 
20

  The surface of a tooth that comes in contact with a tooth on the opposing jaw. 
21

  Incisors in the upper jaw. 
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consumed by case participants (those receiving fluoridated water versus control 

participants on non-fluoridated water), rather, the association was with the amount of 

fluoride in the formula (a combination of the amount of powder concentrate used and 

the level of fluoride in the water).  As the authors consider that mild dental fluorosis 

does not impact negatively on the oral health-related quality of life, they made no 

recommendation that the reconstitution of formula with fluoridated water be 

avoided. 

 

Key findings: Evidence that increased fluoride ingestion in reconstituted infant 

formula in the six to 36 months age range increases the likelihood of 

the development of mild fluorosis. 

 Evidence that total fluoride intake is the true risk factor for the 

development of fluorosis. 

 

Two other studies with findings concerning infant formula, but with more direct 

relevance to New Zealand, are discussed in the following section. 

 

3.4 Oral and public health 

 

Four papers have been treated as “Oral and public health” papers.  Two of these 

address fluoride intake in New Zealand, with one focusing on the possible effects of 

fluoride intake in infant formula.  Of the other two papers, one examines the outcome 

of trial water fluoridation projects in a remote community in Australia, and the other 

provides an insight into the influence of water supply fluoridation status on Medicaid 

claims related to caries in the United States. 

 

3.4.1 Beneficial effects of water fluoridation 

 

A paper by Spencer et al [24] reports an Australian study of the outcome of two trial 

community water supply fluoridation demonstration projects in remote indigenous 

communities in the Northern Territory.  In such dispersed communities, the difficulties 

in providing dental care using traditional models were considered “almost 

insurmountable”.  The study hoped to establish the beneficial effects of fluoridated 

water in the two communities studied, but a series of difficulties eventually brought 

the project to a premature end before the study’s goals could be realised.  Key 

amongst these difficulties were operational problems in the implementation of water 

supply fluoridation, which included malfunctioning water treatment plants and flawed 

fluoride monitoring.  However, important lessons were learned about what is required 

for water fluoridation projects to succeed in remote indigenous communities.  These 

included the need for such projects to be adequately resourced and technically 
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supported.  From the New Zealand perspective, there is a strong resemblance to a 

recent two-year community water supply fluoridation trial in Kaitaia and Kaikohe.  In 

fact, the baseline dental caries prevalence and severity data in the remote Australian 

communities were very similar to those observed in Kaitaia and Kaikohe, and the 

outcome was also similar, in that the fluoridation implementation was less than 

satisfactory, and non-dental influences led to its discontinuation.   

 

Key finding: Unless projects to introduce fluoridation into remote communities are 

adequately resourced and technically supported they are likely to fail. 

 

A study by Kumar et al [14] set out to establish the influence of the water supply 

fluoridation status of counties within New York State on the number of caries-related 

Medicaid claims for children and adolescents.  This provided a rare view of how water 

fluoridation impacts on dental treatment needs, rather than on oral health, as is the 

aim of epidemiological studies.  All of the Medicaid-reimbursed claims for 57 counties 

and New York City (this amounts to the entire state, because the other five New York 

counties are in the city) during 2006 were analysed, and amounted to 606,125 

individuals younger than 21 years of age.  Claims were characterised as caries-related 

(such as extraction, restoration or endodontic treatment) or non-caries-related, and 

the mean number of such claims was calculated for each county.  Community water 

fluoridation coverage for each county was determined using Center for Disease 

Control and Prevention data, and counties were characterised as (i) less fluoridated 

(≤30% coverage), (ii) partially fluoridated (31–69%) or (iii) predominantly fluoridated 

(≥70%). Demographic data on each county were also obtained using 2006 United 

States Census data.  The unit of analysis was the county, with New York City treated as 

a single entity.  Linear regression modelling was used to determine the strength of the 

association between water fluoridation coverage and the mean number of claims 

(controlling for county characteristics).  There was a clear gradient in caries-related 

claims (but not in the other claims) by county water-fluoridation status, with 1.66, 

1.33 and 1.23 claims per person for categories i, ii and iii, respectively.  The modelling 

showed that, for every 10% “increase” in the water fluoridation coverage of a county, 

the mean number of claims per child was 0.06 lower.  This was equivalent to a 

difference of 60 more claims per 100 individuals in a county with 0% water 

fluoridation coverage than in one with 100% coverage. 

 

The data are consistent with what is known about the influence of water fluoridation 

on dental caries, and they show that it is possible to detect an effect using routinely-

collected dental claims data. 

 



 

NFIS 22 

Key findings: There is a negative correlation between the proportion of a county (in 

New York State) that receives fluoridated water and the number of 

caries-related Medicaid claims. 

 Indirect evidence (through Medicaid claims) of the beneficial effect of 

water fluoridation on the prevalence of dental caries. 

 

3.4.2 Adverse effects of water fluoridation 

 

Two papers that specifically focused on the intake of fluoride by New Zealanders were 

published in the literature in 2010.  Cressey [9] reported the results of a survey of 

infant formula available in New Zealand to determine its fluoride content.  He found 

the mean fluoride concentration in powdered formula reconstituted with fluoride-free 

water to be 0.069 mg/L, with a range of 0.024 mg/L to 0.20 mg/L.  When fluoridated 

water was used to reconstitute to the formula, the fluoride concentration in the 

formula was linearly dependent on the fluoride concentration in the water.  There was 

a negligible likelihood of the upper intake limit
722

 (UL) being exceeded when formula 

was reconstituted with non-fluoridated water.  However, stochastic modelling showed 

that, for infants fully bottle-fed with infant formula in the first six months of life, the 

likelihood of the UL being exceeded was 30% and 93% of the time if the water was 

fluoridated at 0.7 mg/L and 1.0 mg/L, respectively.  The author noted that fluorosis 

that might develop as a result of this exposure would affect only the deciduous teeth, 

and not permanent teeth.   

 

Key findings: The fluoride content of powdered infant formula in New Zealand is low. 

 Reconstitution of infant formula with optimally fluoridated water can 

sometimes result in infants who are fully bottle-fed with formula in the 

first six months of life ingesting fluoride in excess of the upper intake 

limit for that age group. 

 Fluorosis resulting from excess fluoride intake through infant formula 

would only affect the deciduous teeth. 

 

The objective of the second New Zealand study, by Cressey et al [10], was to estimate 

the fluoride intake, arising from diet and consumption of toothpaste, for several sub-

populations in New Zealand, to determine whether any group was likely to be subject 

to excessive fluoride intake.  The study drew on already available fluoride 

concentration and consumption data.  The authors’ calculations showed that 

irrespective of the fluoridation status of a water supply, the mean and 95
th

 percentile 

estimations of dietary fluoride intake were well below the UL.  However, the 
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calculations also showed that infants aged six to 12 months who live in areas with 

optimally fluoridated water supplies (0.7–1.0 mg/L), and use toothpaste containing 

the standard fluoride concentration (1000 ppm), are at risk of exceeding their UL.  The 

study also found that for some adult sub-groups, fluoride intake may be too low to 

adequately protect against dental caries, even after fluoride contributions from 

toothpaste are taken into account. 

 

Key findings: Estimated mean and 95
th

 percentile levels of fluoride intake in New 

Zealand are well below the upper intake limit, and many adults may be 

receiving less than is required to achieve optimum caries protection. 

 Infants aged six to 12 months, who live in a New Zealand community 

with optimally fluoridated water and use toothpaste containing the 

standard fluoride concentration (1000 ppm) may receive more than the 

upper intake limit of fluoride. 

 

3.5 Toxicology and pharmacology 

 

Toxicological/pharmacological papers consider information about the toxicological 

endpoints resulting from exposure to fluoride, which are often identified through 

animal or human studies.  They are concerned with dose-response relationships and in 

some cases the mechanisms by which fluoride acts.  This information is unavailable 

from epidemiological studies. 

 

Five papers were classified as toxicological for this report.  Of these, four were studies 

of the effects of fluoride on rats.  The usefulness of these studies in understanding the 

effects of water fluoridation on human health is questionable.  Putting aside the issue 

of extrapolating the health effects in one species to what might be expected in 

another, a more obvious concern with these studies is that the conditions under which 

they were performed, and adverse effects observed, were drastically different from 

those in fluoridated water supplies.  Despite the difficulty in understanding what they 

mean for human health, the studies are summarised here as alerts to possible health 

effects. 

 

3.5.1 Adverse effects of water fluoridation 

 

Oxidative damage to the brain 

 

                                                                                                                                               
22

  The UL is the highest average intake likely to pose no adverse health effects to almost all individuals in the 

general population. 
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A paper by Basha et al [4] reported the results of a study assessing evidence of 

oxidative damage to rat brains induced by high fluoride concentrations in the animals’ 

drinking-water.  The study followed the effects over three generations.  In addition to 

a control group, which received water containing fluoride at less than 1 mg/L, two 

other groups received fluoride at concentrations of 100 mg/L and 200 mg/L, 

respectively.  The results show that very high fluoride intake over successive 

generations can lead to increased oxidative stress (effecting the brain) in rats, and the 

adverse effect of lipid peroxidation (the oxidative degradation of lipids).  The 

biochemical results, overall, suggest that the elevated lipid peroxidation in fluorosis 

may result from decreased activity of antioxidant enzymes.  While the study’s 

conclusions are valid for the study’s conditions, the extremely high concentrations of 

fluoride administered do not allow the conclusion that similar adverse effects occur in 

humans ingesting fluoride in the concentration range typical of fluoridated water 

supplies.  The study has no implications for the development of fluoridation policy in 

New Zealand because of the high fluoride concentrations employed.  However, the 

paper notes a 1998 animal study paper 
23

purporting to show effects on brain tissue in 

animals exposed to only 1 mg/L of fluoride in drinking-water.  Review of this paper is 

outside the brief for this work. 

 

Key finding: Rats suffer oxidative stress (affecting the brain) when fed water 

containing high fluoride concentrations (100 mg/L and 200 mg/L). 

 

Hyperglycaemia 

 

Lupo et al [16] reported a study to assess the effects of fluoride in drinking-water on 

glucose homeostasis in rats with renal deficiency.  Fluoride has been reported to 

produce hyperglycaemia in both rats and humans by inhibiting insulin secretion.  

These effects have been noted with high fluoride doses administered over short 

periods. Hyperglycaemia was observed when plasma fluoride concentrations were 

greater than 5 μmol/L.  People consuming drinking-water with a fluoride 

concentration of 1.0 mg/L usually have plasma fluoride concentrations between 0.5–

1.5 µmol/L, which makes this health effect seem unlikely under normal circumstances.  

However, in patients with renal failure, accumulation of fluoride might lead to levels 

of fluoride in plasma greater than 1.5 µmol/L, even at water fluoride concentrations of 

1 mg/L.  Rats with normal kidney function and those with impaired renal function 

were given drinking-water containing fluoride concentrations of 0, 1, 5 and 15 mg/L 

for 60 days.  The study found that renal function and fluoride concentration made no 
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difference to plasma glucose levels, although there was an increase in plasma insulin 

concentration with increasing fluoride concentration.  The authors concluded that the 

increased plasma insulin concentration was a marker of insulin resistance, that is, 

more insulin being required to maintain normal blood glucose levels.  Animals with 

impaired renal function showed a statistically significant increase in insulin levels 

when their drinking-water fluoride concentration was 5 or 15 mg/L.  Animals with 

normal renal function only showed a significant increase in plasma insulin levels with a 

drinking-water fluoride concentration of 15 mg/L.  Note that a fluoride water 

concentration of 5 mg/L for rats is approximately equivalent to a drinking-water 

concentration of 0.8 mg/L for humans, because humans metabolise fluoride more 

slowly than rats.  The authors concluded that while ingestion of fluoridated water 

modifies plasma insulin levels in rats, it does so without affecting plasma glucose 

concentrations in both those with normal and impaired renal function.  The study 

suggests that significant disturbances in glucose homeostasis are unlikely to occur in 

humans consuming water fluoridated to 0.7 – 1.2 mg/L. 

 

Key findings: Rats, even with impaired renal function, do not suffer from changes in 

plasma glucose levels when fed fluoridated drinking-water. 

 Plasma insulin levels in rats with normal renal function increase with 

increasing levels of fluoride in their drinking-water, at fluoride 

concentrations in excess of 5 mg/L. 

 

Incorporation of lead into calcified tissue 

 

There has been concern that fluoride in waters that contain lead increase blood lead 

levels, and aids the incorporation of lead into calcified tissues (bone, enamel and 

dentine).  Sawan et al [22] undertook a study of rats to assess this concern.  The rats 

were divided into four study groups: a control group (Group C) in which fluoride and 

lead concentrations were less than or equal to 0.2 mg/L and 0.5 µg/L, respectively in 

its drinking-water; a fluoride group (Group F) with 100 mg/L fluoride in its drinking-

water; a lead group (Group L) with 30 mg/L of lead in its drinking-water; and a fluoride 

and lead group (Group F&L) with 100 mg/L fluoride and 30 mg/L lead in its drinking-

water.  Fluoride was introduced into the water as fluorosilicic acid (H2SiF6), a 

commonly used fluoridation chemical.  Blood lead levels were significantly higher in 

Group F&L animals than in Group L animals (76.7 ± 11.0 µg/dL vs 22.6 ± 8.5 µg/dL, 

p<0.001).  Lead concentrations in calcified tissues were two- to three- fold higher in 

Group F&L than in Group L.  The authors concluded that their results consistently 

showed that fluorosilicic acid increased the lead concentrations in blood and calcified 

tissues of the animals under the conditions of their study.  They also concluded that 
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the study showed evidence of a biological effect that may underlie increased blood 

lead levels that have been reported in children in fluoridated communities. 

 

Key finding: High levels of fluorosilicic acid (100 mg/L fluoride) in drinking-water 

containing high levels of lead (30 mg/L) are associated with in an 

increase in the levels of lead in the blood and calcified tissues of rats. 

 

It is outside the brief of this work to critique the studies that report increased blood 

lead levels in children in fluoridated communities by the authors of this paper.   

However, the experimental conditions in the study by Sawan et al [22] mean that the 

study’s results hold no relevance to water supply fluoridation in New Zealand.  This is 

due to the fluoride concentration used in the study being well in excess of the 

1.0 mg/L maximum concentration recommended for fluoridation in New Zealand, and 

the lead concentration used being greatly in excess of the MAV (maximum acceptable 

value) for lead in New Zealand drinking-water.  There are situations in which the lead 

in drinking-water in New Zealand exceeds the MAV: in the first 100–200 ml of water 

from taps because of dissolution of lead from leaded-brass and from rainwater 

catchments where lead flashing or lead paint is present on the roof.  However, the 

highest lead concentration recorded by Davies et al.
14

 (2001) in first-flush samples (the 

first 150 ml from the tap) is 0.98 mg/L and the median concentration in New Zealand 

drinking-waters was 0.1 mg/L.  The concentrations of lead used by Sawan et al are too 

high to show that clinical effects will be discernable at the much lower lead and 

fluoride concentrations in New Zealand, or indeed, any fluoridated drinking-waters. 

 

DNA damage 

 

It has been postulated that fluoride (especially in high doses) can increase levels of 

oxygen-derived free radicals, which could damage biomolecules, including DNA.  Some 

evidence (from in vitro tests) indicates that fluoride can induce apoptosis 

(“programmed cell death”), which may be an adaptive response to DNA damage.  A 

study by Gutierrez-Salinas et al [13] aimed to assess evidence for fluoride-induced 

apoptosis, by measuring recognised markers for this process (p53 protein, bcl-2 

protein, and protein caspase-3) in rat leucocytes.  Rats were exposed to three levels of 

fluoride (NaF) in their drinking-water for eight weeks.  The control group received 

water with fluoride at a concentration of less than 0.5 mg/L.  Of the other two groups, 

Group One received water with a fluoride concentration of 1 mg/L, and Group Two 

water with a fluoride concentration of 50 mg/L. 

 

There were no statistically significant differences in the levels of the markers in the 

leucocytes of the control group and Group One animals.  In contrast there were 
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significant differences in the levels of p53 protein and protein caspase-3 between the 

control group and Group Two, but not in the levels of bcl-2 protein.  These changes 

were interpreted as evidence for an increase in apoptosis of leucocytes in the 

presence of a water fluoridation concentration of 50 mg/L.  However, of relevance to 

the human situation is the absence of significant changes in the markers in the group 

receiving fluoride at a concentration (1 mg/L) more representative of fluoridated 

water supplies.  The authors also state that the effect at the 50 mg/L fluoride 

concentration gives them cause to suppose that such levels can cause important 

damage to the immune system, which would be consistent with what they say is other 

evidence of such an effect; such as the occasional reports of increased incidence of 

infectious diseases in humans and animals living in areas of naturally-occurring high 

fluoride waters.   

 

Key finding: High levels of fluoride (50 mg/L) in drinking-water are associated with 

the appearance of biomarkers for programmed cell death in the rat 

leucocyte. 

 

Again, the need to use conditions well outside those used in fluoridated water 

supplies before there is firm evidence of an adverse effect provides no evidence that 

these effects will be found in humans supplied with optimally fluoridated water.  

Moreover, it is unclear what the changes in the levels of the markers signify in terms 

of increased heath risk.  The authors themselves noted the need for further 

investigation to understand better the effect of fluoride on leucocytes. 

 

Effects on the human skeleton 

 

The effects of water fluoridation on the properties of bone have been difficult to 

detect through epidemiological studies.  For this reason, Chachra et al [7] undertook 

direct examination of bones from people living in two Canadian cities, one fluoridated 

(Toronto) and the other not (Montreal).  Femoral heads were collected from patients 

undergoing total hip replacement surgery, and they were subjected to a series of 

physical tests including measurements of density, “microhardness” and resistance to, 

and behaviour under, compressive stress.  Results were mixed, and depended on 

whether comparisons were made according to the water supply fluoridation status, or 

the fluoride content of the bone.  There was a large inter-individual variability in the 

“response” to water fluoridation, in terms of bone fluoride content.  The multiple 

factors that influence the extent of fluoride uptake by bone (such as, other fluoride 

sources, age, duration of residency, renal function and other disease states) are the 

likely explanation for this observation.  The inconsistent association between bone 

fluoride content and various mechanical properties of bone made it difficult to 
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identify a differential drinking-water fluoride-related effect between the two 

communities. 

 

The contributors to bone health are too many and varied, and any possible effect of 

municipal fluoride ingestion is too small, for such fluoridation to be a significant 

determinant of the general public’s bone health.  Importantly, no effects of fluoride 

on mineralisation, and no substantive adverse effects on bone mechanical properties 

were noted in the fluoridated community. 

 
Key finding: Evidence that water supply fluoridation does not adversely affect the 

mechanical properties of bone. 

 

3.6 Fluoridation Economics 

 

The economics of fluoridation was not initially specified as a subject area for inclusion 

in the review, but three papers on the subject identified during the literature search 

have been reviewed. Although the effects of fluoridation on health are the primary 

concern, fluoridation economics can provide further reasons for, or against, water 

fluoridation. 

 

Ciketic et al [8] examined the cost-effectiveness of fluoridation by comparing financial 

and oral health data for Townsville (fluoridated) and Brisbane (non- fluoridated) in 

Queensland.  The study took into account the costs of fluoridation and dental 

treatment, and calculated disability adjusted life years (DALYs) associated with dental 

caries for fluoridated and non-fluoridated supplies.  The work concluded that the 

fluoridation of water supplies in south-east Queensland is a highly cost-effective 

public health intervention.  It achieves a health gain (an estimated 10,437 DALYs are 

averted) while achieving a cost saving (a mean of $666 million (Australian dollars) 

when compared with non-fluoridation.  However, the study has shortcomings 

(apparently prioritising relevance over quality and comprehensiveness) and its 

applicability to the New Zealand context is uncertain.  Consequently, it cannot be 

considered in supporting the development of fluoridation policy in New Zealand. 

 

Key finding: Evidence that fluoridation of water supplies achieves health gains and 

cost savings compared with not fluoridating, and consequently is a 

highly cost-effective public health intervention in Australia. 

 

Another Australian study by Campian et al [6] examined how the changing dental care 

needs in Australia, arising from a decreasing caries rate and greater rates of tooth 

retention, are affecting the cost savings that result from water supply fluoridation.  
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The authors claim it to be the first study to examine how an aging population 

influences the cost effectiveness of water supply fluoridation. 

 

Cost savings were modelled for four age cohorts (6–20, 21–45, 46–65 and 66+ years) 

at three time points (the 1970s, 1980s and 1990s) using real discount rates (4%, 7% 

(base), 10%).  Two methods (conventional and complex) were used for the calculation.  

Using Australian dollars at the 2005 level, baseline assumptions and a conventional 

model, cost savings/person fell from $56.41 (1970s) to $17.75 (1990s).  Using the 

complex model, the fall in cost savings/person was from $249.45 (1970s) to $69.86 

(1990s).  Cost savings were always evident for the three younger cohorts in baseline 

and worst-case calculations.  However, for the 66+ year group no cost saving was 

evident for the 1990s, although the costs/person were slight.  For the worst-case 

calculations, the oldest cohort showed a cost (rather than cost saving) in both the 

1980s and 1990s.  The authors concluded that water supply fluoridation remains a 

cost-effective health intervention in Australia. 

 

This was a well-designed study, and the model would be applicable to New Zealand 

with an appropriate adjustment of the population profile to include Māori and Pacific 

Islanders. 

 

Key finding: Evidence that fluoridation is a cost-effective health intervention in 

Australia, but that cost savings/person decreases with age as the result 

of changing dental health needs. 

 

The third study looking at the economics of fluoridation was undertaken by Glied and 

Neidell [12] in the United States.  This study examined the economic value of teeth in 

relation to labour market outcomes by estimating the impact of poor oral health on 

earnings.  Amongst other datasets, the study made use of demographic data from the 

National Longitudinal Survey of Youth of 1979.  This survey sampled over 12,000 men 

and women born between the years 1957 and 1964.  Glied and Neidell used data from 

the survey to determine the economic consequences of differences in levels of 

exposure to fluoride in early childhood. 

 

Econometric modelling showed that, overall, water fluoridation increases earnings by 

approximately two percent.  However, this effect was highly gender-specific, 

increasing women’s earnings by four percent, but having no detectable effect on 

men’s earnings.  Further, the benefit to women’s earnings was evident in the lower 

socioeconomic group, predominantly.  The authors found some evidence that this was 

due to consumer and possibly employer discrimination.  They suggest that this is due 

to the “The Beauty Myth” argument, that is, that women are held to different 
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standards regarding physical appearance than men.  They warn that their findings may 

not apply to fluoridated communities today, primarily for two reasons: the increased 

use of other sources of fluoride, such as fluoridated toothpaste, and the “spill over 

effect” which results in fluoride from water supplies being included in other products 

for which fluoridated water is used in their production.  The authors conclude that, 

irrespective of these effects, the study shows that oral health does affect market 

outcomes.   

 

The New Zealand Government has a clear policy platform to try to reduce 

socioeconomic gradients across a wide range of health, educational and labour market 

outcomes.  This paper provides evidence that fluoridation may play some role in this 

since it offers evidence that poorer teeth may result in females from poorer 

socioeconomic backgrounds having worse labour market outcomes.  

 

Key findings: For women born between 1957 and 1964 in the United States, 

exposure to fluoride in childhood tended to increase the amount they 

earned in later life. 

 The benefit to women’s earnings was predominantly in the low 

socioeconomic group. 

 

3.7 Communication and community engagement 

 

Three papers were reviewed that reported studies of community engagement.  While 

none were regarded as having implications for the development of water fluoridation 

policy in New Zealand, two reached conclusions that offer insights into communicating 

with communities about water fluoridation.  

 

Studies of community engagement tend to be case studies, which can limit their 

general relevance.  For example, a paper by Sivaneswaran et al [23] discusses the 

strategies used that contributed to a plebiscite decision in Deniliquin, New South 

Wales, which favoured fluoridation of the community water supply.  Eighty-six percent 

of eligible voters voted, with 55.8% of these voting “Yes” to the question: “Do you 

support the addition of fluoride to Deniliquin town water supply?”  The key strategies 

the authors believe contributed to this result were: 

• the use of contemporary epidemiological data 

• the use of children to advocate for pro-fluoridation 

• presenting both sides of the debate to the community 

• a ground swell of support 

• framing of the issue 
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• timing of the plebiscite 

• wording of the plebiscite.  

 

Further discussion of these points is provided in the summary of this paper in the 

Appendix. 

 

Key finding: Moderate-to-high levels of community support for fluoridation can be 

generated in some communities when a comprehensive multi-pronged 

approach to community information and engagement is used. 

 

Another Australian study by Armfield and Akers [2] aimed to determine how risk 

perception of various “outrage factors” is associated with support or opposition to 

water fluoridation.  The study used a simple model for understanding the public’s 

perception of risk developed by Sandman
24

.  This model holds that scientists and 

experts perceive risk differently from the public.  While the former see the risk 

associated with a public health issue as being associated with hazard, the public sees 

the risk as being a combination of both “hazard” and “outrage”.  This difference in 

perception can lead to public outrage and anger over issues that present minimal 

health risk.   

 

Armfield and Akers undertook a cross-sectional questionnaire survey of 1500 

Australians between 18 and 92 years of age (with a 34.7% response rate). Twenty 

outrage factors (such as, control, responsiveness and dread) were assessed, 16 of 

which were significantly associated with the water fluoridation stance (for or against), 

with greater outrage being related to increased opposition of water fluoridation. An 

overall outrage index computed from the significant outrage factors accounted for a 

statistically significant 58% of the variance in the water fluoridation stance beyond the 

effects of age, gender, socioeconomic status, and age and presence of children.  The 

study concluded that outrage factors are important aspects of the public’s perception 

of risk in relation to water fluoridation. Given that water fluoridation appears to be a 

low-risk, high-outrage controversy, efforts to mitigate the level of public outrage, 

rather than continuing to deny possible hazards, may offer a worthwhile strategy in 

gaining public acceptance for the increasing the coverage of fluoridated water 

supplies. 

 

Key finding: Efforts to mitigate public outrage associated with fluoride, by 

acknowledging outrage factors may be a helpful strategy in gaining 

public support for fluoridation. 

                                                 
24

  http://www.psandman.com/col/4kind-1.htm  
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The third communications study by Arora et al [3] is a further Australian case study.  It 

is of limited usefulness, partly because of the low response rate to the survey on 

which the study was based.  The paper’s aim was to report on the extent of support 

for fluoridation by the parents of primary school children in Lithgow, New South 

Wales, and the associations between this level of support and socio-demographic and 

oral health factors.  Of the 1592 parents contacted, 703 (44%) completed a 

questionnaire and gave permission for their children to be examined.  Seventy percent 

of parents supported fluoridation, but support was significantly greater in parents of 

higher socioeconomic background.  No significant association was found between the 

parents’ support for fluoridation and the caries experience of their children except in 

the case of children in the five to six years age group.  In this age group, the 

experience of caries was greater in children whose parents supported fluoridation.  

The authors did not offer a full explanation for this.  Nearly half of parents considered 

that the health authorities or the government should take responsibility for making 

the decision to fluoridate water supplies.  Campbell et al (2001)
25

 found a similar 

sentiment in their New Zealand study.  While the study concluded that Lithgow 

parents strongly supported fluoridation, this conclusion is not supported by the 

survey’s low response rate.  The authors further concluded that the authorities should 

take a more proactive role in promoting fluoridation. 

 

Key findings: Evidence that fluoridation tends to be supported by parents of a high 

socioeconomic background. 

 Evidence that, in Australia at least, many parents consider that health 

authorities or the government should take responsibility for deciding 

whether water supplies should be fluoridated. 

                                                 
25

  Campbell D, Holbrook L, Watson P, 2001, Fluoridation–what the public know and what they want. Aust NZ J 

Public Health, 25, 346–348. 
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4 IMPLICATIONS FOR MINISTRY OF HEALTH WATER FLUORIDATION 

POLICY 
 

4.1 Evidence base 

 

This section summarises the findings from the literature review and identifies the 

papers that contributed to the finding.  The list in Table 1 provides the evidence base 

from which the implications for the Ministry’s water fluoridation policy are identified.  

Only the findings that were considered relevant to developing fluoridation policy for 

New Zealand are included in the table. 

 

Table 1. Major findings of the review relevant to the development of fluoridation 

policy in New Zealand 

 

Beneficial effects Paper 

a) Dental caries  

• Evidence of fluoridation protecting the teeth of adults as well as children. 
18 

• Evidence of fluoridation decreasing the prevalence and severity of dental 

caries in the primary and secondary teeth of children between five and 15 

years of age. 

1 

• Evidence that where a good dental health system exists, and fluoridated 

toothpastes are used, water fluoridation to a level of 0.5 mg/L may be 

sufficient to protect against dental caries, based on a study of 15 year old 

children in Denmark. 

11 

• Evidence of fluoride protecting children’s teeth. 25 

• Evidence of fluoridation improving the survival of the surfaces of children’s 

teeth 

25 

• There is a negative correlation between the proportion of a county (in New 

York State) that receives fluoridated water and the number of caries-related 

Medicaid claims. 

14 

• Indirect evidence (through Medicaid claims) of the beneficial effect of water 

fluoridation on the prevalence of dental caries. 

14 

• Evidence that fluoridation is a cost-effective health intervention in Australia, 

but that cost savings/person decreases with age as the result of changing 

dental health needs. 

6 
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b) Oral health inequalities  

• Evidence of fluoridation redressing oral health inequalities arising from 

socioeconomic status or racial factors: an effect more evident at the lower 

socioeconomic level. 

18 

• Evidence that shorter survival time of children’s teeth is associated with low 

socioeconomic status. 

25 

Adverse effects  

a) Dental fluorosis  

• Evidence that increased fluoride ingestion in reconstituted infant formula in 

the six to 36 months age range increases the likelihood of the development 

of mild fluorosis. 

15 

• Evidence that total fluoride intake is the true risk factor for the development 

of fluorosis. 

15 

• The fluoride content of powdered infant formula in New Zealand is low. 9 

• Reconstitution of infant formula with optimally fluoridated water can 

sometimes result in infants who are fully bottle-fed with formula in the first 

six months of life ingesting fluoride in excess of the upper intake limit for 

that age group. 

9 

• Fluorosis resulting from excess fluoride intake through infant formula would 

only affect the deciduous teeth. 

9 

b) Other adverse effects  

• Many adults may be receiving less fluoride than is required to achieve 

optimum caries protection 

10 

• Evidence that water supply fluoridation does not adversely affect the 

mechanical properties of bone. 

7 

• Infants aged six to 12 months, who live in a New Zealand community with 

optimally fluoridated water and use toothpaste containing the standard 

fluoride concentration (1000 ppm) may receive more than the upper intake 

limit of fluoride. 

10 

Miscellaneous  

• Implementation of goals in a dental service is an important factor in 

achieving good oral health statistics. 

11 

• Unless projects to introduce fluoridation into remote communities are 

adequately resourced and technically supported they are likely to fail.  (This 

is likely to be true for communities of all sizes.) 

24 

• Efforts to mitigate public outrage associated with fluoride, by acknowledging 

outrage factors may be a helpful strategy in gaining public support for 

fluoridation. 

2 
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• Moderate-to-high levels of community support for fluoridation can be 

generated in some communities when a comprehensive multi-pronged 

approach to community information and engagement is used. 

23 

 

4.2 Implications for fluoridation policy 

 

The papers of quality that were reviewed support a continued policy of fluoridation as 

a public health intervention.  The review provided further evidence that fluoridation is 

beneficial in protecting children, teenagers and adults from dental caries.  Overseas 

studies also showed the cost effectiveness of water supply fluoridation when 

compared with non-fluoridation.  Some caution is needed with regard to the cost 

effectiveness of fluoridation.  An Australian study into the effects of an aging 

population on cost effectiveness of water supply fluoridation showed that cost savings 

per person decreases with age because of changing oral health needs.  This has 

implications for the cost effectiveness of fluoridation with time as the cost savings 

that arise from the benefits of fluoridation are off-set by increasing costs of 

periodontal care.  A similar New Zealand study would be required to determine 

whether such a trend is evident in this country.  Although not specifically related to 

fluoridation policy it may assist in planning to contain periodontal treatment costs. 

 

A study from the United Kingdom provided further evidence of oral health inequities 

arising from low socioeconomic status.  An oral health policy that promotes 

fluoridation as a means of redressing oral health inequities was supported by the 

findings of an American study. 

 

Several papers were concerned with dental fluorosis.  The importance of total fluoride 

intake as the primary risk factor in the development of dental fluorosis was made clear 

by one of these papers.  Assessment of total fluoride intake is needed when revisiting 

the range of fluoride concentrations recommended in fluoridated water in New 

Zealand.  A paper by Cressey et al [10] provides an up-dated estimate of fluoride 

intake for New Zealanders and offers a basis for these calculations.  However, the 

authors note that they did not take account of variations in the ingestion of fluoride 

through toothpaste and that this is likely to be large.  Ingestion of toothpaste is a 

concern, especially with infants and children (either inadvertently while brushing, or 

through eating).  Importantly, the paper also showed that bottle-fed infants, if also 

using toothpaste containing 1000 ppm of fluoride, may exceed the UL for fluoride.  

This is the case even when the water fluoride concentration is close to the lower 

boundary of the fluoride range recommended in the existing policy.  A companion 

paper by Cressey [9] showed that while fluoride concentrations in infant formula 
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powders available in New Zealand are low, when using optimally fluoridated water to 

reconstitute the formula, an infant’s fluoride intake may exceed the UL. 

 

While the adverse effects of mild dental fluorosis are generally considered cosmetic 

and deciduous teeth are those primarily affected by ingestion of fluoride in infant 

formula, the findings of the two New Zealand studies give cause to consider the need 

to tighten the recommended fluoride concentration in fluoridated water to a value 

near the lower end of the present recommended range. 

 

In summary, the findings from the review support the findings of the previous review 

of reviews (Nokes et al, 2011)
12

.  They indicate that consideration needs to be given to 

the following when revisiting the recommended fluoridation concentration range in 

New Zealand’s fluoridation policy:  

• provision is made for protection against tooth decay while ensuring that the 

development of flecks in tooth enamel is kept to an acceptable level 

• the total fluoride concentration from all sources of fluoride is the primary risk 

factor in the development of flecked enamel, not the contribution from water 

alone 

• the flecked enamel that may arise from infants ingesting amounts of fluoride 

that exceed the upper level of intake is mild and affects the baby rather than 

permanent teeth 

• many adults may be receiving less fluoride than is required for optimum 

protection against tooth decay. 

 

With regard to implementing fluoridation policy, two messages were evident from the 

review: 

• when introducing fluoridation to small, remote communities, failure of the 

project is almost certain if it is not properly resourced and technically 

supported 

• moderate-to-high support for fluoridation can be generated in a community if 

suitable promotion strategies are implemented. 

 

Several of the papers reviewed reported the results of animal studies.  In several 

cases, adverse effects on the animal models (rats) were reported.  However, the 

implications of these studies for human health were unclear, usually because the 

experimental conditions (fluoride concentration for example) were well outside those 

that would be encountered in fluoridated drinking-water.  For this reason, the animal 

studies are not taken into consideration when discussing the implications of the 

papers reviewed for New Zealand’s fluoridation policy.  However, it would be 
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advisable to maintain a watching brief on further work to understand whether the 

effects identified in these studies are likely to affect humans when fluoride 

concentrations approach those in fluoridated water. 
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5 RESEARCH AND INFORMATION NEEDS 
 

A substantial tabulation of research needs was prepared for the earlier “Review of 

reviews” report (Nokes et al, 2011)
12

.  The reader is referred to this document to 

supplement the list of possible research/information needs identified from this 

review.   

 

The research/information needs below are those considered helpful in developing 

fluoridation policy and strategies to help in implementing the policy.  

 

1. Research/Information Need:  Survey of water suppliers in New Zealand to 

establish the fluoride concentration they are targeting within the guideline 

range. 

Priority: High  

Rationale/comment:  Modelling of the intake of fluoride in New Zealanders 

requires knowledge of the intake from fluoridated water.  The recommended 

concentration range for fluoride in New Zealand allows for the fluoride 

concentration to vary from 0.7 mg/L to 1.0 mg/L.  ESR’s annual survey of water 

supplies gathers information concerning compliance with the DWSNZ, but 

provides no authoritative indication of the fluoride concentration targeted by 

each supplier.  Cressey et al [10] had to assume a concentration of 1.0 mg/L in 

their calculations, as a collation of typical concentrations is unavailable.  

Without this information, modelling to assist in fluoridation policy 

development is compromised. 

 

2. Research/Information Need:  Development of a model to determine the 

balance between caries prevention, fluorosis development and the oral health 

needs of various groups within the community.  

Priority: High  

Rationale/comment:  Total fluoride intake is the key risk factor with respect to 

the undesirable effects of fluoridation.  Exposure to fluoride can come from 

several different sources.  The various sources have different potential oral 

health effects and tend to affect different subpopulations (for example, 

infants, children, adults).  Evaluation for the risk/benefits of different fluoride 

sources for different groups in the community will help in establishing how 

best to achieve the optimum exposure for the different groups.  This work 

would directly support fluoridation policy development by identifying the 

optimum guideline for the concentration of fluoride in water, and which 

subpopulations should be encouraged or discouraged from the use of certain 

sources of fluoride. 
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3. Research/Information Need: A study, similar to that undertaken by Campain et 

al [6], to understand how the cost effectiveness of fluoridation is changing as 

the oral health needs of the community change.  

Priority: Low–to-moderate  

Rationale/comment:  Campain at al [6] have shown that, in Australia, the cost 

effectiveness of fluoridation is decreasing.  While linked more to supporting 

the development of the most cost-effective strategies for improving dental 

health generally, the research need is identified here because of the important 

role fluoridation presently plays in the Ministry’s strategy (target of 70% of the 

population receiving fluoridated water) and the need to consider whether this 

is likely to continue to be a cost-effective intervention.  Cost-effectiveness may 

not be the only consideration determining the use of fluoridation, but it needs 

to be understood. 

 

4. Research/Information Need:  Re-evaluation and development of strategies for 

encouraging jurisdictions throughout New Zealand to implement water 

fluoridation. 

Priority: Moderate-to-high  

Rationale/comment:  One Australian study showed that a substantial level of 

support could be generated in a community through suitable strategies.  The 

robust scientific information gathered through literature reviews and data that 

are current and relevant to the local situation, need to be packaged and 

disseminated.  Learning from the lessons in more recently published studies 

may help in strategy development. 
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APPENDIX: REVIEW SUMMARIES 
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Review 1 

 

Title 
Community Effectiveness of Public Water Fluoridation in 

Reducing Children’s Dental Disease  

Authors Armfield J. 

Journal Public Health Reports 

Year 2010 

Volume 125 

Pages 655–664 

Journal 

Impact 

Factor 

1.33 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

The aim of this study was to evaluate whether children living in areas with higher concentrations of 

fluoride in the public water supply have significantly reduced dental caries compared with children 

residing in non-fluoridated or low-fluoride areas after controlling for the possible confounding 

effects of age, regional location and area-based socioeconomic status (SES). 

Data from a national surveillance survey of children's dental health conducted in Australia in 2002 

were used. Oral health data were obtained on a random sample (n=128,990, 5- to 15-year-olds) of 

children attending routine visits with their respective state or territory School Dental Service (SDS).  

This is a free or subsidised voluntary oral health program for school-aged children. 

Disease prevalence was defined as the presence of one or more teeth with decay into the dentine, 

that were filled as a result of decay, or that had been extracted because of decay. Disease experience 

was recorded as a count of the total number of decayed, missing, or filled teeth, designated as 

"dmft" in the deciduous dentition and "DMFT" in the permanent dentition. 

Disease data were weighted to produce representative estimates on children enrolled in SDSs across 

Australia in 2002 in each state/territory by probability of selection and time since last visit. 

The level of fluoride in the water was obtained from a database maintained at the Australian 

Research Centre for Population Oral Health and kept updated by regular communication with 

relevant authorities and organisations in Australia's states and territories. The level of fluoride was 

treated as an ordinal variable with three levels: negligible (0–0.29 mg/L), suboptimal (0.3–0.69 mg/L) 

and optimal (≥ 0.7 mg/L). 

Because of the non-normal distribution of dmft and DMFT scores, Poisson log-linear regression and 

logistic regression models were fitted to test the significance of the effect of water fluoridation on 

caries experience and prevalence respectively after controlling for child age, socioeconomic 

disadvantage and residential remoteness. Possible confounding effects of child age, regional 
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location, and area-based SES were controlled for. 

The adjusted mean caries experience (dmft) of five to 10 year old children residing in optimally 

fluoridated areas (mean = 1.81; 95% CI 1.77 to 1.86) was significantly lower than the mean dmft of 

comparably aged children living in areas with negligible fluoride in public water (mean = 2.33; 95% CI 

2.28 to 2.38). The absolute magnitude of difference was 0.52 dmft, while the relative difference was 

28.7%. In the permanent dentition, the absolute magnitude of difference between the DMFT of eight 

to 15 year old children residing in areas with negligible fluoride (mean = 1.04; 95% CI 1.01 to 1.06) 

and those residing in optimally fluoridated areas (mean = 0.79; 95% CI 0.77 to 0.82) was 0.25, and 

this represented a relative difference of 31.6%. 

Children living in areas with a negligible fluoride concentration in the public water supply had 1.34-

times the odds of having at least one decayed, missing, or filled deciduous tooth compared with 

children living in optimally fluoridated areas. In the permanent dentition, children living in non-

fluoridated or low-fluoride areas had 1.24-times the odds of having at least one DMFT compared 

with children in optimally fluoridated areas. 

This study found a strong and consistent pattern of results indicating that children residing in areas 

with ≥ 0.7 mg/L fluoride in the water supplies had both lower caries prevalence and lower caries 

experience. Effects were observed for every age group and in both deciduous and permanent teeth 

after adjustment for age, SES and remoteness. 

The author identified the following limitations in his work: 

1. the study did not account for residential mobility. It is likely that children living in 

fluoridated areas have lived part of their lives in non-fluoridated areas and vice versa. This is 

likely to result in non-differential measurement bias
26

 

2. the lack of individual exposure data, as fluoridation exposure as above but also failure to 

control for a number of individual-level factors (such as family income) that may be related 

to caries experience. These issues are inherent in ecological studies. A child may live in a 

fluoridated area. but consume little fluoridated water. A child may live in an area of high 

SES, but his individual family’s income may be low. However, given the large sample size 

and the fact that this is a non-differential bias, it is likely to be of minor consequence. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

                                                 
26

  Non-differential bias is a type of misclassification bias which affects both study groups to a similar degree. Study 

groups being either the exposed or the unexposed in a cohort study or the cases and controls in a case-control 

study. 
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d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

Large sample size; random 

selection; weighting of disease 

data especially with regard to time 

since last visit; detailed and 

appropriate statistical analysis. 

h) Limitations of the study: 

Ecological study.  The author 

chose to exclude 2.4% of children 

from the dataset (those in the 

sub-optimal F category) as they 

made up only a small percentage 

of the data. A better approach 

would be to include these with 

the negligible category.  

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

An error was found regarding the referent category for fluoride concentration in Table 3.  The author 

was contacted and confirms the referent category should be fluoridated (not non-fluoridated). 

The introduction to this paper gives an overview of water fluoridation coverage in Australia: in 2006, 

69% of the Australian population had access to optimally fluoridated water (here 1 mg/L), with this 

varying across state and territory (5% in QLD to 100% in ACT).  

The study found a strong and consistent pattern of children residing in areas with ≥ 0.7 mg/L fluoride 

in the water supplies having both a lower caries prevalence and lower caries experience.  

Consequently, although data from New South Wales were excluded from the study, the implications 

for the conclusions of excluding these data are negligible. 

The exclusion of 2.4% of the sample in the sub-optimal range rather than including them with the 

negligible range causes some concern and warrants mention here. This exclusion may result in an 

exaggeration of the effect of the fluoride concentration. These data should have been included. 

However, because of the small percentage excluded, there is likely to be little impact on the validity 

of the study. 

There is a difference in the age range recorded in the analytic plan (5–14 years) discussion and the 
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age group recorded in Table 2 of the paper (5–15 years).  It appears that the five to 14 year old 

estimates were used for weighting the data (on the raw 5 to 15 year olds data) to produce 

representative estimates on children enrolled in school dental services across Australia in 2002. This 

is unlikely to affect the study validity. 

There are negative references to anti-fluoridation lobby groups in both the introduction and 

discussion sections of this paper. These have the potential to distract the reader from the otherwise 

good science. 

Implications for the Ministry of Health’s fluoridation policy: 

This review generally supports the New Zealand Ministry of Health’s present policy of water 

fluoridation as it concludes that children residing in areas with ≥ 0.7 mg/L fluoride in the water 

supplies had both lower caries prevalence and lower caries experience.  It would suggest that the 

fluoride concentration range presently recommended is appropriate. 
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Review 2 

 

Title 
Risk perception and water fluoridation support and opposition 

in Australia 

Authors Armfield J and Akers HF 

Journal Journal of Public Health Dentistry 

Year 2010 

Volume 70 

Pages 58–66 

Journal 

Impact 

Factor 

1.046 (2009) 

Study 

identification: 

Area Communication and community engagement 

Summary relevant to water fluoridation in New Zealand:  

Proposals to introduce water fluoridation are often perceived as controversial, and public opinion 

frequently plays a role in the outcome.  Despite this, the public perception of risk associated with 

water fluoridation has not been well researched and remains poorly understood. Explicit formulation 

of risk as feelings has only occurred relatively recently. Sandman, for example, has provided a simple 

but useful model for understanding public risk perception. He argues that the public perceives risks 

differently from ‘experts’, and that these differences can lead to public outrage over issues with only 

minimal health risk. Sandman’s model of risk perception holds that scientists and experts view the 

risk associated with a public-health issue as being synonymous with its hazard, whereas the public 

perception of risk is conceptualised as being a combination of both ‘hazard’ and ‘outrage’, with the 

latter being a function of factors such as voluntariness, control, responsiveness and dread. 

The aim of the paper was to determine whether risk perceptions reflecting various ‘outrage’ factors 

are associated with water fluoridation support and opposition. It was hypothesised that a number of 

identified outrage factors such as voluntariness, control, responsiveness, dread and various other 

concerns, would each be related to opinions of water fluoridation, and that these factors would 

account for a significant amount of the variance in water fluoridation support above and beyond 

various demographic and socioeconomic variables. 

The methods included a cross-sectional questionnaire survey of a national sample of 517 Australian 

adults (response rate = 34.7%) aged 18–92 years.  Sixteen of the 20 assessed outrage factors were 

significantly associated with their water fluoridation stance in the predicted direction, with greater 

outrage being related to increased water fluoridation opposition. An overall outrage index computed 

from the significant outrage factors accounted for a statistically significant 58% of the variance in the 

water fluoridation stance beyond the effects of age, gender, socioeconomic status, and age and 

presence of children. The conclusion was that outrage factors are important aspects of the public’s 

perception of risk in relation to water fluoridation. Given that water fluoridation appears to be a low-

risk, high-outrage controversy, efforts to mitigate the level of public outrage, rather than continuing 

to deny possible hazards, may offer a worthwhile strategy in gain public acceptance for the 
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extension of water fluoridation. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No).  Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good)  Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good)  
Good 

d) Analysis of the results is: (Poor, Fair, Good):  Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No).  
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No).  
Yes 

g) Strengths of the study:  
The methods and analysis are very 

good. 

h) Limitations of the study:  

Because no qualitative or 

quantitative research has 

investigated the role of outrage 

factors in water fluoridation 

support, the questions had to be 

created expressly for this study. 

Another limitation of the study is 

the low response rate. Those with 

the strongest views on water 

fluoridation would have been 

more likely to respond and 

therefore the distribution of 

opinions expressed in this study 

may not reflect that of the 

broader population.  It is possible 

that the participants’ responses to 

the outrage questions might be 

more extreme than those of a true 

population sample. 

i) The study’s findings can be generalised (Yes, No, uncertain):  No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain).  
Uncertain 
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This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No): 
No 

Comments: 

The study cannot be considered suitable for developing fluoridation policy because its findings 

cannot be generalised.  This is due in part to it being the first study of its kind in relation to ‘outrage’ 

factors and the implementation of fluoridation to water, and in part to the survey’s low response 

rate.  The authors do not provide a comprehensive discussion of how the low response rate, which 

compromised the paper’s validity, limited the interpretation of their findings.  Further, the high 

support for fluoridation reported, is well above that found in any New Zealand community survey27.  

Consequently, there is no certainty that the nature and prevalence of outrage factors are the same 

in New Zealand. 

Consideration for outrage factors is important when implementing policies that are low risk high 

outrage, but this paper does not provide strong evidence in support of this. 

Implications for the Ministry of Health’s fluoridation policy:  

While this paper does not contribute to policy development, outrage factors need to be considered 

by the Ministry and/or local government when implementing policies that have minimal health risk 

but high public outrage, such as drinking-water fluoridation.   

 
 

                                                 
27

  Personal communication, Dr Cheryl Brunton, School of Medicine and Health Sciences, University of Otago, email 

8 May 2011. 
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Review 3 

 

Title 
Parental support for water fluoridation in Lithgow, New South 

Wales 

Authors Arora A, Evans RW, Sivaneswaran S, Sujeer AN Blinkhorn AS 

Journal Australian Dental Journal 

Year 2010 

Volume 55 

Pages 417–422 

Journal 

Impact 

Factor 

0.573 (2009) 

Study 

identification: 

Area Communication and community engagement 

Summary relevant to water fluoridation in New Zealand:  

The aim of the paper was to report on the level of support for water fluoridation among parents of 

primary school in Lithgow, Australia and on the socio-demographic and oral health factors that may 

have influenced this support.  

As part of a survey in Lithgow of the oral health status of school children, their parents were asked to 

complete an oral health-related questionnaire. Questions on support for fluoridation and socio-

demographics were included. Descriptive statistics and logistic regression analysis were used to 

examine associations among variables. Only 44% of the parents contacted gave parental consent for 

their children to be examined and completed the questionnaire, therefore, the results and 

conclusion need to be read with caution and cannot be generalised as there was a large non-

response rate.   

Seventy percent of the responding parents supported water fluoridation. This support was 

significantly higher among those from a higher socioeconomic background. Nearly half of the 

responding parents thought that health authorities or the government should take responsibility for 

making the decision to fluoridate the water supply. No statistically significant differences in caries 

experience were observed amongst children whether or not their parents supported fluoridation, 

except for the five to six year olds children (p < 0.01).  In this cohort the experience of caries was 

greater in children whose parents supported fluoridation.  The conclusions were that Lithgow 

parents strongly supported the introduction of water fluoridation and suggested that governments 

and health authorities should adopt a more proactive role in relation to fluoridation implementation. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 
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b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
No 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 

g) Strengths of the study:  

The appropriateness of the 

methods and the quality of the 

data. 

h) Limitations of the study:  

The conclusion that ‘Lithgow 

parents strongly supported the 

introduction of water fluoridation 

and socio-demographic factors 

were associated with this support’ 

is invalid because of the high non-

responsive rate – 56% of parents 

did not respond). 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain).  
Uncertain 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No) 
No 

Comments:  

Of interest was the strong support amongst the responding parents for the health authorities to take 

responsibility for making decisions concerning fluoridation, and the note that this is consistent with 

studies conducted in the United States, United Kingdom and New Zealand.  Additionally, the finding 

that women over 40 years of age are twice as likely to favour fluoridation as those in the 20–29 years 

age bracket suggests that if programmes to promote water fluoridation are to be successful, 

intensive education efforts targeted at specific population groups should be considered. 

The ability to generalise the findings of the paper is limited by the survey’s low response rate.  

Implications for the Ministry of Health’s fluoridation policy: 

None 
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Review 4 

 

Title 
Evaluation of fluoride-induced oxidative stress in rat brain: a 

multigeneration study 

Authors Basha PM, Raj P, Begum S 

Journal Biology of Trace Elements Research 

Year 2010 

Volume 24 July 

Pages DOI 10.1007/s12011–010-8780-4 

Journal 

Impact 

Factor 

1.127 (5 year: 1.144) 

Study 

identification: 

Area Toxicology 

Summary relevant to water fluoridation in New Zealand: 

The study’s aims were to investigate the nature and degree of evidence for high dose fluoride-

induced oxidative damage to the brain, and the extent to which this might worsen with subsequent 

generations continuing to be exposed to such high doses via drinking-water. 

Very high levels of fluoride in drinking-water (100 mg/L and 200 mg/L) were administered to two 

different groups of rats (Groups II and III) and their respective offspring, repeating this process over 

three generations. The female rats continued to receive the water over their 21 day lactation period. 

Some of the pups of each generation were sacrificed at 21 days post-partum, for various biochemical 

estimations. Some male (paternal) rats were also studied. The above animals were compared with a 

control group (Group I; with a drinking-water fluoride concentration (DWFC) of < 1 mg/L), with 

respect to overall functioning and several biochemical assays.  

The feed and water consumption in fluoride-treated pregnant rats decreased considerably in all 

three generations of Groups II and III relative to controls. There was a slight decrease in the body 

weight of the pups at birth (and a marginal drop in the post-natal growth rate), plus a significant 

decrease in the “brain somatic index” in all three generations. 

The degree of lipid peroxidation was assessed by analysis of malondialdehyde (MDA) levels in four 

areas of the brain the cerebrum, cerebellum, medulla and hippocampus. Comparing the second to 

the first generation, MDA levels were increased in all four brain areas in both Group II (100 mg/L) 

and Group III (200 mg/L) relative to controls. (However in the majority, the increase only ranged 

between 1.1- and 1.5- fold). Comparison of the third with the first generation found larger relative 

increases, ranging between 1.9- and 3.4- fold. There were no clear, significant differences between 

groups II and III.  

A similar pattern was observed for the decline in catalase activity, in terms of the comparative 

modesty of the change, albeit (the decrease) increasing a little from one generation to the next, and 

again with small differences between the 100 mg/L and 200 mg/L groups. The pattern of the 
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decrease in superoxide dismutase (SOD) activity, glutathione peroxidase (GSH-Px) activity and 

glutathione S-transferase activity was also significantly decreased in the four areas of the brain. For 

the SOD the highest decrease was 4.5 fold, relating to the difference in levels in the cerebral cortex 

between third- and first- generation rats in the 200 mg/L fluoride group. No other differences 

exceeded 2.5 fold.  For the glutathione S-transferase activity test also, none of the inter-generational 

differences for either groups II or III in any of the four brain areas exceeded 2.5 fold. Similar relatively 

modest decreases were found for levels of glutathione itself. 

The authors commented that the transfer of fluoride to the foetus appears to be restricted, but 

fluoride might have been transferred from the dam when the offspring suckle (on fluoride containing 

maternal milk). Also, neonatal rats absorb and retain substantially more fluoride than older animals. 

Thus generation one rats will grow up with a substantially higher fluoride body load than did their 

mothers at the start of the study, and this pre-existing body load in subsequently pregnant rats will 

“supplement” their ongoing intake from high levels in drinking-water, such that the overall fluoride 

uptake in the young will gradually increase over subsequent generations. This cumulative effect may 

be exacerbated by the immaturity of excretory systems in very young animals suckling on fluoride-

rich milk.  

The results show that very high fluoride intake over successive generations can lead to increased 

oxidative stress, and the adverse effect of lipid peroxidation. Taken overall, the biochemical results 

suggest that the elevated lipid peroxidation in fluorosis may result from decreased activity of 

antioxidant enzymes.    

However, the most striking point about this study is the very high drinking-water fluoride 

concentrations (DWFCs) in the study groups (100 mg/L and 200 mg/L), which are vastly more than 

levels in fluoridated water supplies, and therefore will result in a much higher daily fluoride intake 

from water than occurs in humans consuming fluoridated water at 0.7 mg/L to 1.0 mg/L (even after 

adjusting for additional sources of fluoride intake). For example, it can be roughly estimated (from 

the limited data provided) that for the rats’ drinking-water with DWFCs of 100 mg/L and 200 mg/L, 

the resultant daily doses were approximately 10 mg/kg and  20 mg/kg, respectively, which are 100- 

and 200- times greater than the current Institute of Medicine (and FSANZ adopted) tolerable intake 

upper limit (UL) of 0.1 mg/kg/day.  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No, but the aims can be inferred  

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair  

d) Analysis of the results is: (Poor, Fair, Good) Fair  

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 
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f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study:  

h) Limitations of the study: 

Very poor generalisability to any 

plausible human fluoride exposure 

scenario.  Some of the chosen end 

points (i.e. biochemical evidence 

of oxidant-induced damage), 

while legitimate in their own right, 

are of uncertain clinical relevance, 

given the difficulty in predicting 

the clinical, neuropsychological 

and cognitive impacts or 

“correlates” of such biochemical 

alterations. 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

The study methodology was moderately good in terms of the detailed experimental design. 

However, one major drawback was the decision to test only the effects of very high levels of fluoride 

in drinking-water, which have virtually no relevance to the human situation of fluoridated water 

supplies containing fluoride at levels between 0.7 mg/L and 1.0 mg/L. 

The conclusions are reasonable with respect to the inferred aim of assessing potential risks of 

oxidative damage to brain tissue from fluoride, when given in the stated doses. However, as these 

were extremely high doses, it limits the generalisability, and the authors do not explicitly address the 

risks at more realistic levels. 

Implications for the Ministry of Health’s fluoridation policy: 

There are no pressing practical implications for the Ministry’s fluoridation policy arising from this 

study, principally because the doses (or DWFCs) associated with adverse endpoints were so high as 

to have little relevance to the assessment of risks to humans from fluoridated drinking-water. 

A further reason for this opinion is that some of the chosen endpoints in this study (i.e. biochemical 

evidence of oxidant-induced damage) are of uncertain relevance, given the difficulty in predicting 

the clinical, neuropsychological and cognitive impacts or “correlates” of such biochemical 

alterations. Also, these alterations were very modest (the greatest decrease in enzyme activity was 

by a factor of 4.5) relative to the very high DWFCs involved (100- and 200- times higher than a typical 

fluoridated DWFC of ~1 mg/L.) 
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In toxicological risk assessment in the public health context, it is not uncommon (though more so 

where relevant human data are sketchy) to formally allow for the possibility of up to a 100-fold 

difference in susceptibility between test animals and the most vulnerable members of human 

populations. This is typically done by incorporating safety or uncertainty factors of 10 for potential 

differences in susceptibility between species and within (the human) species. However, there is no 

strong requirement to apply this conservative extrapolation approach to these data, and adopt the 

results, because there are substantial human epidemiological data, with more readily interpretable 

endpoints than evaluations of biochemical markers of uncertain relevance. The reference cited
28

 in 

the paper purporting to show adverse effects in rats exposed to just 1 mg/L should be assessed. 

 

                                                 
28

  Varner JA, Jensen KF, Horvath W, Isaacson RL, 1998, Chronic administration of aluminium-fluoride or sodium-

fluoride to rats in drinking-water: alterations in neuronal and cerebrovascular integrity. Brain Res. 784, 84–298. 
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Review 5 

 

Title Fluoridation and tooth wear in Irish adults 

Authors 
Burke FM, Whelton H, Harding M, Crowley E, O’Mullane D, Cronin 

M, Kelleher V, Byrtek M 

Journal Community Dentistry and Oral Epidemiology 

Year 2010 

Volume 38 

Pages 415–421 

Journal 

Impact 

Factor 

2.418 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

Reducing dental caries occurrence is not the only dental benefit which is possible from community 

water fluoridation (CWF). In theory, at least, the replacement of hydroxyapatite at the enamel 

surface by fluorapatite (through prolonged exposure to the fluoride ion) could enhance the enamel’s 

resistance to physical or chemical agents. Conversely, there is also the theoretical possibility that the 

greater prevalence of fluorotic enamel could mean that its resistance to such agents is lower than it 

would otherwise be. There is little information on associations between CWF and tooth wear (a 

catch-all term for the noncarious loss of hard tooth tissue as a result of either chemical erosion, 

attrition by opposing teeth, or abrasion by extrinsic agents such as gritty foodstuffs). 

This study was a secondary analysis of data from an Irish national oral health survey for which the 

data were collected from 2000 to 2001. It investigated the association between tooth wear and 

lifetime exposure to CWF. The latter was determined from data on the number of years spent living 

in areas with CWF (although the exact details of how this was done are unclear), after which each 

participant was allocated to one of the following three groups: full fluoridated, meaning lifetime 

exposure for 16–34-year-old people, or at least 35 years’ exposure for older age groups (Ireland’s 

drinking-water supplies had been fluoridated for 37–38 years by the time of data collection); part-

fluoridated, meaning fewer than 35 years of exposure but more than zero; or non-fluoridated. Data 

on tooth wear were collected on the 12 anterior teeth (incisors and canines only), allocating an 

ordinal score to each tooth. The scores for the 12 teeth were averaged to give a single score for each 

examined participant (N = 2456).  

The study’s findings showed the prevalence of tooth wear was greater among older age groups and 

among males, but there were no clear gradients across the three categories of lifetime exposure to 

CWF. Multivariate analysis of variance revealed that those in the part-fluoridated group had a higher 

risk of tooth wear, but this was only just statistically significant (P = 0.0049) and it is likely that it 

would not be so if the data were analysed using a more appropriate (a) dependent variable or (b) 

modelling approach. Moreover, only the anterior teeth were examined for tooth wear. 
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Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, Good) Good 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound (Yes, No). Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 

g) Strengths of the study: 

Nationally representative data; 

apparently robust method of CWF 

exposure (albeit self-reported) 

h) Limitations of the study: 

Posterior teeth not examined for 

tooth wear; derivation of the 

dependent variable not ideal (they 

averaged the ordinal data and 

have not determined tooth wear 

prevalence); not enough 

information provided on the 

multivariate analysis, and a 

different approach should have 

been used. 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Uncertain 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This secondary analysis of national survey data has been done by a team with a sound reputation for 

their expertise (Drs Whelton and O’Mullane, in particular). The report is somewhat disappointing 

because of this, with several aspects that could have been improved. A complementary approach to 

the analysis would have been to determine the prevalence of tooth wear and then to use cross 

tabulations and logistic regression to examine the relationship between CWF and the dependent 

variable.  

Implications for the Ministry of Health’s fluoridation policy: 



 

NFIS 56 

There is nothing in this paper to inform the Ministry’s fluoridation policy. 
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Review 6 

 

Title 
The impact of changing dental needs on cost savings from 

fluoridation  

Authors Campain A, Mariño R, Wright F, Harrison D, Bailey D, Morgan, M. 

Journal Australian Dental Journal 

Year 2010 

Volume 55 

Pages 37–44 

Journal 

Impact 

Factor 

1.22 

Study 

identification: 

Area Fluoridation economics  

Summary relevant to water fluoridation in New Zealand: 

This study examines the economics of water fluoridation in Australia in relation to an aging 

population subject to a decline in dental caries and greater rates of tooth retention. The paper 

presents the findings from an averted cost analysis from a societal viewpoint. Averted costs were 

estimated using caries increment (non-fluoridated community), effectiveness of fluoridation and cost 

of a carious surface. The cost of a carious surface was estimated using a conventional and complex 

method. Net costs (programme costs – averted costs) were modelled for four age-cohorts (6–20, 21–

45, 46–65 and 66+ years), three time intervals (1970s, 1980s and 1990s) and subjected to base-, 

worse- and best- case assumptions (e.g. discount rate of 7%, 4% and 10%, respectively). Adjusting for 

2005 levels, the average annual cost savings/person under base-case assumptions were $56.41 

(1970s) to $17.75 (1990s) (conventional method) and $249.45 (1970s) to $69.86 (1990s) (complex 

method). Costs/person for the 66+ cohort were positive, but marginal.  The authors concluded that 

water supply fluoridation remains a cost-effective health intervention in Australia. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 
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f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 

 

N/A 

g) Strengths of the study: 

A well designed averted cost 

analysis with a transparent 

approach to modelling the effects 

of an ageing population, lower 

rates of dental decay and greater 

need for periodontal treatment. 

h) Limitations of the study: 

Study design was data intensive 

and although appropriate data 

sources were employed the 

authors acknowledge “an analysis 

of this nature is inherently 

difficult, largely because of the 

demands it places on 

epidemiological data” (p. 43). A 

one way sensitivity analysis only 

was employed. 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 

Yes, provided an appropriate 

population profile is used  

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

A well designed averted cost analysis with a transparent approach to modelling the effects of an 

ageing population, lower rates of dental decay and greater need for periodontal treatment. 

Clarity of aims/hypothesis 

The study’s purpose is clearly stated and aims to assess “the impact of changing dental needs on the 

cost savings from community water fluoridation in Australia” (p. 37). The viewpoint of the study is 

explicit and the programme costs and averted costs are characterised from a societal perspective. 

Appropriateness of method 

The issue of effectiveness is directly addressed. The authors cite a number of studies demonstrating 

the effect of water fluoridation on dental caries, but do not assess the quality, relevance and/or 

comprehensiveness of these studies. 

Quality of data 

The authors note that the use of economic analyses is limited by the availability of high quality 

epidemiological and demographic data.  

Relevant programme and averted costs were identified and valued credibly. 
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Programme costs included both direct and indirect costs. Direct costs included fixed costs (e.g. 

equipment, installation, testing and safety equipment and consulting engineering fees) and ongoing 

costs (e.g. consumables, labour and maintenance). Population figures for Melbourne from the 

Australian Bureau of Statistics were used to calculate the person fluoridation cost of AUS $0.27. 

Indirect costs were estimated from prevention and treatment costs associated with greater rates of 

tooth retention given periodontal disease is the fifth most prevalent health problem in Australia. 

Programme costs reflected market values, with costs associated with water fluoridation sourced 

from the Melbourne Water and Australian Dental Association Survey of Dental Fees used to estimate 

the fees for periodontal treatment.  

Averted costs were estimated from the effectiveness of water fluoridation, annual caries increment 

and the cost of a carious surface. Lower, middle and upper estimates of water fluoridation 

effectiveness for 1970s, 1980s and 1990s were derived from the existing literature, although the 

cited studies were not critically appraised. For non-fluoridated communities, the DMFT/S for each 

time point and age cohort was estimated from the literature.  Annual increments were calculated by 

“taking the average of the DMF estimates across the decade at both the low and high end of an age-

cohort and dividing this by the time over which the increment was calculated” (p. 39). DMFT were 

converted to DMFS using published conversion factors or imputed under a series of assumptions. 

The cost of a carious surface comprised dental restorative costs and lost productivity from taking 

time off work for treatment. This cost was estimated using a conventional and complex approach 

with figures for loss of productivity taken from the Household, Income and Labour Dynamics in 

Australia survey (which took into account part-time work and pensioner rates). 

All programme costs and averted costs are adjusted to 2005 Australian dollars 

Analysis of results 

Programme and averted costs are discounted at 7% as recommended by the New South Wales 

Treasury Policy and Guidelines Paper. A one way sensitivity analysis generated a “plausible range of 

net costs and savings” by varying the discount rate (4% and 10%), effectiveness of water fluoridation 

(lower and upper bound) and caries increment (±10%). For the four age-cohorts (6–20, 21–45, 46–65 

and 66+ years) and three time intervals (1970s, 1980s and 1990s) base, best and worst case 

scenarios were presented in relation to conventional and complex methods used to calculate the 

cost of a carious surface. 

Logic 

The study findings were not interpreted in a mechanistic fashion. The authors conclude that “even in 

an era of declining levels of dental decay and supplementary sources of fluoride, CWF [community 

water fluoridation] should continue to be supported” (p. 42) and that “at each of the time points 

analysed the cost savings from CWF declined with age, largely as a result of a plateau in the amount 

of new tooth decay experienced, lowered averted costs of decayed surfaces experienced later in life 

and estimates of higher periodontal treatment needs compared with those of younger age groups” 

(p. 43). 

Generalisability 

Except in passing, the study did not discuss the extent that the results can be generalised, but other 

countries including New Zealand are subject to structural aging and need to consider its impact on 

the economics of water fluoridation. The study highlights the need for policy makers to consider the 

need for community-based strategies to contain costs of periodontal prevention and treatment.   

Applicability to water fluoridation in New Zealand 

The analysis would need to be extended to consider the impact of different population profiles 

including Māori and Pacific Islanders. 

Implications for the Ministry of Health’s fluoridation policy: 
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Cost effectiveness studies undertaken from a societal perspective enable a wide range of costs and 

benefits to be taken into account.  This study makes quite a compelling case for fluoridation. 
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Review 7 

 

Title 
The long-term effects of water fluoridation on the human 

skeleton  

Authors Chachra D, Limeback H, Willett TL, Grynpas MD. 

Journal Journal of Dental Research 

Year 2010 

Volume 89 (11) 

Pages 1219–1223 

Journal 

Impact 

Factor 

3.458 (5 year: 4.195) 

Study 

identification: 

Area Toxicology 

Summary relevant to water fluoridation in New Zealand: 

This study assessed bone directly, comparing findings from residents in a fluoridated region with a 

drinking-water fluoride concentration (DWFC) of 1 mg/L (Toronto) with those from residents in a 

non-fluoridated region (Montreal). Bone was obtained via sampling of femoral heads, acquired from 

patients undergoing total hip replacement surgery. Samples were analysed for their fluoride content.  

The average was higher in the fluoridated region, though there was wide variability, with overlapping 

of the groups. Samples also underwent a number of physical tests, including density, 

“microhardness”, and resistance to, and behaviour under, compressive stress. 

At one site in the samples, the microhardness was greater for specimens from the fluoridated region. 

The mean density of cancellous (spongy) bone cores was also significantly greater (though densities 

did not correlate well with fluoride content). No significant differences in the degree of 

mineralisation were observed. The mean strain at ultimate compressive stress (UCS) and the “energy 

absorbed to failure” were significantly (p < 0.05) greater in samples from the fluoridated region.   

However, when comparisons were made between bone samples of high and low fluoride content 

(irrespective of which city), somewhat different results emerged. When the top quartile for fluoride 

content was compared with the bottom quartile, there was no significant difference in bone density, 

and the mean yield stress and UCS was higher for the bottom quartile (although these patients were 

eight years younger on average). A weak negative relationship was found between bone fluoride 

content and UCS, though there is considerable variability of results, with the fluoride content 

deemed to play a minor role in this. The top quartile did display higher microhardness of bone.  

There is a large inter-individual variability of “response” to water fluoridation, in terms of bone 

fluoride content. This is likely because incorporation of fluoride into bone also depends on other 

ingestion sources, age, duration of residency in any particular community, renal function, other 

disease states, remodelling rate and genetic factors. There is also an inconsistent association 

between bone fluoride content and various mechanical properties of bone, which makes it difficult 

to identify a differential drinking-water fluoride-related effect between two such communities.  

The contributors to bone health are too many and varied, and any possible effect of ingestion of 

fluoride from municipal supplies is too small, for such fluoridation to be a significant determinant of 

the general public’s bone health. Importantly, no effects of fluoride on mineralisation, and no 

substantive adverse effects on bone mechanical properties were noted in the bones from the 
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fluoridated community. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 

g) Strengths of the study: 

Detailed physical testing of 

important mechanical properties 

of bone; the ability to assess the 

degree of correlation between 

such properties and its fluoride 

content (although this correlation 

was inconsistent) 

h) Limitations of the study: 

The fluoride level in a 

community’s drinking-water is 

inherently an imprecise marker of 

the lifetime fluoride intake of any 

individual currently living in that 

community, or of their 

accumulated bone fluoride 

content. (This is because 

incorporation into bone also 

depends on other ingestion 

sources, age, duration of 

residency in any particular 

community, renal function, other 

disease states, remodelling rate 

and genetic factors). This is one 

major reason making it difficult to 

identify a differential drinking-

water fluoride-related effect 

between two such communities. 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Uncertain 
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This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

Arguably the most important findings from this study were that no (adverse) effects of fluoride on 

mineralisation, and no substantive adverse effects on bone mechanical properties, were noted in the 

fluoridated community. 

While the presumption was that the DWFCs would be lower in Montreal, no information was 

provided on the typical DWFCs in that city.  However, subsequent investigations lead to the 

conclusion that fluoride levels would have been ~ 0.13 mg/L.  This being so, the difference in fluoride 

concentrations between the two cities was at least 0.8 mg/L. 

The hypothesis the study was working to support was non-specific. The authors hypothesised that 

the direct measurement of fluoride levels in bone, and tests of some of its physical and mechanical 

properties, would reveal “a relationship” between the fluoride content and the properties 

The study reached reasonable conclusions on the basis of the results, but as the results were 

somewhat different from what the authors expected, the conclusions did not closely match the 

(rather vaguely expressed) hypothesis. 

Implications for the Ministry of Health’s fluoridation policy: 

The study provides no reason for there to be concern about adverse effects on bone health from the 

fluoride concentrations presently recommended in the Ministry’s fluoridation policy. 
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Review 8 

 

Title 
Drinking water fluoridation in South East Queensland: a cost-

effectiveness evaluation 

Authors Ciketic S, Hayabakhsh M, Doran C. 

Journal Health Promotion Journal of Australia  

Year 2010 

Volume 21(1) 

Pages 51–56 

Journal 

Impact 

Factor 

- 

Study 

identification: 

Area Fluoridation economics  

Summary relevant to water fluoridation in New Zealand: 

The study presents the findings from a cost effectiveness study of fluoridation of drinking-water 

supplies for Brisbane and Townsville in Queensland.  It considers the dollar costs, reduced costs of 

dental treatment and disability adjusted life years (DALYs) associated with dental caries for 

fluoridating versus not fluoridating drinking-water in south-east Queensland. Risk type intervention 

modelling demonstrates that water fluoridation would save AUS $665,686,529 [95% CI -

973,573,625–-381,322,176] and 10,437 [95% CI 6,406.5–14,035.35] DALYs in Brisbane and south-east 

Queensland. The incremental cost effectiveness ratio was AUS-$64,127/DALY. Sensitivity analysis 

demonstrates that water fluoridation is a cost effective measure for reducing dental caries.  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No).  No 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Poor 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Poor 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No).  
No 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
N/A 

g) Strengths of the study: 
The use of local epidemiological 

data is a strength of the study. 
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h) Limitations of the study:  

Effectiveness was not established 

through critical appraisal.  

The lack of rationale for the 

viewpoint of the analysis and the 

lack of comprehensive description 

of competing alternatives makes it 

difficult for readers to ascertain 

whether any important benefits or 

costs have been left out of the 

analysis.  

Relevant direct and indirect costs 

appear to be omitted including 

consulting engineering fees, 

installation, testing and 

monitoring as well as additional 

prevention and treatment costs 

associated with less teeth lost.  

No discussion of issues of 

implementation. 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Uncertain 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This study seems to prioritise relevance to the two cities in interest over quality and/or 

comprehensiveness.  Further, a number of small errors in the paper do not give confidence in its 

findings. As such it has limited applicability in the New Zealand context.  

Clarity of aims/hypothesis 

While authors draw attention to the burden imposed by dental caries, the viewpoint of the analysis 

is implicit and seems to be that of a health planner rather than considering costs and benefits from a 

societal perspective (eg, out of pocket costs by people not wanting to drink fluoridated water). The 

study was not placed in a decision making context.  

Competing alternatives were not comprehensively described although both the intervention and 

comparator were clearly identified. The intervention was fluoridation of drinking-water supplies 

with sodium silicofluoride and the comparator was ‘“the current practice of not fluoridating the 

water supplies” (p. 52). No other oral health interventions were considered. 

Appropriateness of method 

The evidence for the effectiveness of water fluoridation was drawn from a mix of observational 

studies and systematic reviews, but the quality of these was not assessed or search strategy 

disclosed. 

Quality of data 
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The study drew on data from a variety of sources in the peer-reviewed and grey literatures. An odds 

ratio with confidence intervals for deciduous teeth surfaces (dmfts) was obtained from a study 

utilising data collected from Brisbane (non-fluoridated) and Townsville (fluoridated). While high in 

relevance, the quality of this study was not assessed. Direct costs associated with fluoridation were 

sourced from a draft scoping study commissioned by the Queensland Government including capital, 

consumable and maintenance costs. It is unclear whether costs including consulting engineering 

fees, installation, testing and monitoring were included or that the costs were accurately measured 

(this latter point was acknowledged by the authors). The cost of the fluoridation plant was 

annuitised over the plant’s expected life time and all costs adjusted for inflation using the Consumer 

Price Index. It was unclear whether the indirect costs arising from less tooth loss, including 

prevention and treatment, were considered. Data about birth and death rates were obtained from 

the Australian Bureau of Statistics and Burden of Disease and Injury in Australia Study 2003. 

Disability adjusted life years were calculated using existing caries data and a disability weight of 

0.057 which was obtained from the literature, but there was no discussion about quality, relevance 

or comprehensiveness of relevant studies. Cost of dental treatment was estimated from market 

values using data from the Australian Dental Association and adjusted to 2003 prices using the 

Health Price Index.  

A two-way sensitivity analysis was undertaken with uncertainty distributions defined for model input 

parameters including odds ratios of dmfts, discount rate, cost of fluoridation and cost of dental 

treatment. It was unclear how the plausible ranges for the variables were identified. 

Analysis of results 

Little detail was given, but a risk type intervention model was developed and generated intervention 

(water fluoridation) and baseline (no water fluoridation) scenarios for a cohort of 36,322 persons 

(newborns), 181,925 persons (2–100 years), 338,617 persons (7–100 years) and 390,524 persons 

(12–100 years). A discount rate of 3% was used, but no justification  for this was given. Monte Carlo 

analysis was employed.  

Logic 

The authors conclude that “fluoridation should be implemented in Brisbane and south-east 

Queensland as a safe and efficient way to lower caries incidence in the population” (p. 55). Cost 

effectiveness planes and acceptability curves were correctly interpreted, and demonstrate that 

water fluoridation is cost effective in relation to the current practice of not fluoridating drinking-

water. However, an assessment of safety is beyond the scope of a cost effectiveness study and the 

literature relevant to this issue was not systematically reviewed. Furthermore, the study did not take 

into account community and political dynamics which might make the introduction of water 

fluoridation problematic 

Generalisability 

The study aims to determine the cost-effectiveness of water fluoridation for south-east Queensland, 

Australia. Locally relevant estimates of model input parameters used but use of sensitivity analysis 

improves the study’s generalisability. Findings may not be applicable to decision-making contexts 

where a societal perspective is appropriate. 

Applicability to water fluoridation in New Zealand 

Methodologically robust cost effectiveness studies that take a societal perspective have an 

important role in supporting decision-making about water fluoridation, but as noted above this 

particular study has a number of shortcomings.  

Four issues, in particular, limit the applicability of this study to the New Zealand context.  

(1) The need to consider how benefits and costs are distributed especially in relation to 
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vulnerable populations. 

(2) Disability weights may not be applicable especially for Māori. 

(3) The need to take into account the direct costs that might arise as a result of community and 

political dynamics when introducing and/or maintaining water fluoridation in communities, 

eg, public health and local authority staff time.  

(4) Whether a health planner or societal perspective should be adopted when undertaking cost 

effectiveness studies. 

Implications for the Ministry of Health’s fluoridation policy: 

Methodologically robust cost effectiveness studies have an important role in supporting decision-

making about water fluoridation, but the shortcomings of this study mean it cannot be used in 

supporting Zealand fluoridation policy development.  
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Review 9 

 

Title 
Dietary fluoride intake for fully formula-fed infants in New 

Zealand: impact of formula and water fluoride 

Authors Cressey P 

Journal Journal of Public Health Dentistry 

Year 2010 

Volume 70 

Pages 285–291 

Journal 

Impact 

Factor 

0.961 

Study 

identification: 

Area Oral health 

Summary relevant to water fluoridation in New Zealand: 

This study surveyed a number of infant formulas available in New Zealand in 2007 to determine their 

fluoride content.  Stochastic modelling was undertaken to determine dietary intake of fluoride from 

formula.  

The work found that the levels of fluoride in formula are very low (range 0.024 mg/L to 0.20 mg/L 

when reconstituted with fluoride-free water).  This is due to manufacturing changes made in New 

Zealand in 1997.  The level of fluoride in infant formula available in New Zealand appears to be at the 

lower end of the range observed internationally. 

The study found that the fluoride concentration in reconstituted formula was a linear function of the 

concentration of the fluoride present in the drinking-water used to prepare the formula. 

The study suggests that there is no risk of the UL for fluoride intake (adopted in New Zealand and 

Australia) being exceeded if infants in the first six months of life consume formula made with non-

fluoridated water. However, if the formula is made with optimally fluoridated drinking-water (0.7 

mg/L to 1.0 mg/L), the modelling suggests that the UL would be exceeded 30% of the time at 

0.7mg/L and 93% of the time at 1.0mg/L. The UL for infants is 0.7mg/day. 

The author concludes that there is an increased likelihood of dental fluorosis in deciduous teeth if 

infants consume formula reconstituted with optimally fluoridated drinking-water, and that there is 

no impact on the developing permanent teeth. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 



 

NFIS 69 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

The author has taken into account 

previous NZ studies and the 

current overseas literature. The 

methodology utilised to 

undertake the analytical aspect of 

this survey is robust. 

h) Limitations of the study: - 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

Critically the study shows that infant formula in New Zealand does not contain significant levels of 

fluoride.   

Implications for the Ministry of Health’s fluoridation policy: 

The use of optimally fluoridated water (0.7 mg/L–1.0 mg/L) may result in fluorosis of deciduous 

teeth.  These teeth are less susceptible to diffuse opacities of enamel because the enamel is both 

secreted and matures more quickly.  Such enamel defects are also less obvious because deciduous 

teeth are considerably whiter than adult teeth, and there is no longer-term aesthetic impact.  

Targeting the level of fluoridation to the lower end of the recommended range would reduce the 

likelihood of enamel defects should it be considered a great enough concern. 

Data on the percentage of the population exclusively and partially breastfeed for the first six months 

would provide a clearer idea of the proportion of the population that may be at risk.   
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Review 10 

 

Title Estimated Dietary fluoride intake for New Zealanders 

Authors Cressey P, Gaw S, Love J 

Journal Journal of Public Health Dentistry 

Year 2010 

Volume 70 

Pages 327–336 

Journal 

Impact 

Factor 

0.961 

Study 

identification: 

Area Oral Health 

Summary relevant to water fluoridation in New Zealand: 

Using existing fluoride concentration and consumption data, this study estimated New Zealanders’ 

daily fluoride intake from diet and toothpaste.  This was done for a number of sub-populations to 

determine whether any group was at risk of high fluoride intake. 

Irrespective of whether a water supply was fluoridated or not, the mean and 95
th

 percentile 

estimations of dietary fluoride intake were calculated to be well below the UL.  However, infants 

aged six to 12 months who live in areas with optimally fluoridated water supplies  

(0.7 mg/L to 1.0 mg/L) and are also using standard fluoride concentration toothpaste (1000 ppm) are 

at risk of exceeding their UL.  For some adult sub-groups, fluoride intake may be too low to 

adequately protect against dental caries, even after contributions from toothpaste are taken into 

account. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 
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g) Strengths of the study: Timely review of previous NZ work 

h) Limitations of the study: 
Did not factor in toothpaste eating 

contribution to fluoride intake 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments:  

This is a natural and timely review of previous estimates made in New Zealand in the early 1990s.  

The authors acknowledge the gap in the New Zealand data on toothpaste eating – with some 

overseas studies estimating 50% of children eating toothpaste. 

Implications for the Ministry of Health’s fluoridation policy: 

This is a relevant piece of work to help support the continuation of water fluoridation.  It shows the 

great majority of New Zealanders are not at risk of excessive fluoride intake.  However, It also shows 

that infants aged six to 12 months may be at risk of ingesting levels in excess of the UL.  The 

consequence of this is development of very mild or mild fluorosis in deciduous teeth, but the 

Ministry might need to consider tightening the current recommended fluoridation range to 0.7 mg/L 

to 0.8 mg/L if there is concern over this.  This is probably not urgent but should be included in the 

Ministry’s work plan over the next two to three years. 

Ingestion of toothpaste may be a critical behaviour.  The risk to infants can be mitigated if there is 

continued support of the use of a pea-sized amount of toothpaste under supervision. 

Statements to allay concerns over the fluorosis that could be experienced by some infants may also 

be helpful, pointing out that it has no impact on structural integrity when the defects are classifiable 

as “questionable”, “very mild”, or “mild”.  
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Review 11 

 

Title 

Factors associated with inter-municipality differences in dental 

caries experience among Danish adolescents. An ecological 

study 

Authors Ekstrand KR, Christiansen MEC, Qvist V, Ismail A 

Journal Community Dentistry and Oral Epidemiology 

Year 2010 

Volume 38 

Pages 29–42 

Journal 

Impact 

Factor 

2.418 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

Of the four aims in this paper, the second aim is the only one relevant to this review, that was to 

replicate and extend 1999 municipality models that determine the factors associated with dental 

caries in Danish adolescents using data from 2004.  

Denmark has a free Child Dental Health Service (CDHS), for children aged 0 to 18 years, organised at 

the municipality level. For this study, caries data on 15-year-old children were obtained for each 

municipality from the databases of the CDHS through the Danish National Board of Health. 

Municipalities that did not have data on dental caries experience for at least 60% of 15-year-old 

children in 2004 were excluded. One hundred and ninety one of 206 municipalities (93%) met this 

inclusion criterion. 

Caries experience was expressed by means of the DMF index where D is cavitated caries, M is teeth 

extracted due to caries, and F is restorations made due to caries. The outcome measure was the 

mean DMFS among 15-year-old children in 2004. Eight variables were used to model the differences 

among the municipalities. The municipality was the unit of analysis, not the individual child. Thus all 

variables were at the level of the municipality. 

The explanatory variable of interest in this review is the mean concentration of fluoride in the water 

supply (mg/L). Other variables included mean personal income, mean children/dentist ratio, mean 

auxiliary personnel/dentist ratio, percentage of mothers (to 15 year old children) with ≤ 10 years of 

education, median number of immigrants, size of the municipality and mean cost per child per year 

of the CDHS. 

Linear regression models were developed to investigate the association between the mean DMFS 

and the putative explanatory variables. A stepwise backward elimination was used to select variables 

for the final models. First, all explanatory variables were included and then a stratified analysis was 

performed based on the municipality size (four strata). The size of the municipality was chosen as 

the stratification variable because it was the variable with the greatest variation ranging from 474 to 

79,120 young adults aged 18 years in 2004, and because that variable showed the strongest 

correlation to other background variables. 

Once fluoride concentration was identified as a key predictor of DMFS, a detailed analysis was 
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performed between fluoride concentration and DMFS. A scatter-plot between these two variables 

was examined and further regression analysis was performed to explore the apparent dose-response 

over the full range of F concentration (0.03 to 1.2 mg/L). The slopes of the regression lines were 

reported.  

Fluoride level and mother’s education remained significant with an R
2
 value of 0.46. Once stratified, 

the R
2
 values were 0.37, 0.39, 0.60 and 0.50 for the four increasing levels of municipality size, 

respectively.  R
2
 describes the amount of variance in the outcome variable that is “explained” by the 

predictors.  

The scatter-plot between fluoride concentration and DMFS indicated that there was a clear drop in 

mean DMFS as the fluoride concentration in the water supply increased from essentially zero to 0.35 

mg/L, after which there was no trend. The regression models indicated that the slopes differed 

significantly from zero in the interval 0.03 mg/L to 0.38 mg/L (p<0.001). Above this interval, the slope 

was not statistically significantly different from zero (p = 0.06). However this figure is very close to 

the traditional 0.05 cut off point for statistical significance. 

The fluoride concentration in water was the single strongest factor in both 1999 and 2004 and it was 

moderately and negatively correlated to mean DMFS. The negative correlation was significant up 

until 0.38 mg/L in 2004 and 0.30 mg/L in 1999. The authors suggest that in a country with organised 

health care and where the population is using fluoridated toothpaste, a level of 0.5 mg/L may be the 

most appropriate. 

The authors list the following limitations of their work:  

1. the shortcomings of the ecological study design, mainly the ecological fallacy that community 

wide exposures and outcomes occur at the individual level. However, they point out that there 

is a high level of agreement between the 1999 study and the current (2004) study  

2. the potential for misclassification due to different examiners. However, they report the 

municipality dentists themselves are well calibrated and use standardised protocols 

3. the potential for selection bias by omitting the 15 municipalities that had <60% of 15-year-old 

children registered. The authors were able to report that these 15 were included in the1999 

study and in all respects were “average”, none were outliers. Their exclusion was therefore 

unlikely to influence the results of the 2004 study 

4. Movement of children between municipalities over time. The authors report on published 

results from five municipalities in Denmark indicating that movement to another municipality in 

that age interval is limited (<10%), perhaps related to the fact that parents do not wish their 

children to change schools. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 
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e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

A detailed and well reported 

statistical analysis, including 

investigation into collinearity 

between explanatory variables, 

residual diagnostics and 

examinations of outliers. Similar 

results were found in data from 

1999 and 2004. 

h) Limitations of the study: Ecological 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

The dose–response effect between fluoride and mean DMFS, under Danish conditions, levelled out 

over 0.38 mg/L fluoride in the water supply both in 2004 and 1999, which is much lower than what 

was previously considered as optimal (0.7 mg/L to 1.2 mg/L). This should be contextualised in the 

light of the fact that nearly all Danish children for more than 30 years have used fluoridated 

toothpaste, and that children and adolescents in the same period have participated in the Child 

Dental Health Service, free of charge. The authors expect other thresholds in countries with cultural 

and social backgrounds that are different from those in Denmark and Finland. This may be true for 

the New Zealand situation. 

Implications for the Ministry of Health’s fluoridation policy: 

This review generally supports the New Zealand Ministry of Health’s present policy of water 

fluoridation, but it would suggest that if New Zealand children use the dental service provided and 

use fluoridated toothpaste, a fluoride level of 0.5 mg/L in the drinking-water may be sufficient to 

protect against caries. 
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Review 12 

 

Title The economic value of teeth  

Authors Glied S,  Neidell M 

Journal The Journal of Human Resources 

Year 2010 

Volume 45(2) 

Pages 468–487 

Journal 

Impact 

Factor 

1.877 

Study 

identification: 

Area Fluoridation economics  

Summary relevant to water fluoridation in New Zealand: 

This study examines the economic value of teeth in relation to labour market outcomes by 

estimating the impact of poor oral health on earnings. Econometric modelling shows that water 

fluoridation has a highly gendered effect, increasing women’s earnings by 4% but having no 

statistically significant effect on men’s earnings. This effect was pronounced for women with parents 

of low occupational status. The study examines possible mechanisms for this result and finds some 

evidence for consumer and employer discrimination in relation to the ‘beauty myth’
29

.   

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 
Addresses methodological 

difficulties in determining the 

relationship between oral health 

                                                 
29

  The notion that women are expected to meet higher standards of physical appearance than men. 
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and labour market outcomes by 

utilising variation in childhood 

fluoridation exposure. 

h) Limitations of the study: 

Study focuses on those born 

between 1957 and 1964 where 

drinking-water was the main 

source of fluoride. Potential for 

misallocation of fluoride exposure 

to individuals. 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Uncertain 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

The study demonstrates the economic outcomes associated with oral health status. The authors 

note that oral health unlike other dimensions of physical appearance that may lead to labour market 

discrimination, is “highly responsive to interventions” (p. 468).  

Appropriateness of method 

Given the methodological difficulties in establishing a relationship between oral health and labour 

market outcomes, the study “exploits the quasi-random timing of the adoption of community water 

fluoridation to identify the impact of fluoridation exposure during childhood on earnings as adults” 

(p. 492). Econometric modelling enabled the authors to show that fluoride exposure in childhood 

had “a robust, statistically significant effect on hourly earnings of women, while the effect for men is 

much smaller and statistically insignificant” (p. 488). Regression modelling also enabled the authors 

to test the sensitivity of this result to county level variables, non-parametric trends, and alternative 

fluoridation exposure assignments. 

Quality of data 

The study focuses on those born between 1957 and 1964 where drinking-water was the main source 

of fluoride. Data were sourced from secondary data sets including the Centre for Disease Control’s 

Water Fluoridation Census (1992), National Longitudinal Study of Youth (1979–1994), the City and 

County Data Books (1960–1970), Bureau of Economic Analysis’ Regional Economic Information 

System (1959–1968) and the County Business Patterns (1974). Data included water fluoridation 

status, earnings, demographics and the availability of dental and other health services. The quality 

of the data was not discussed. 

Analysis of results 

The regression outputs are intelligently interpreted and results clearly presented. There was no 

discussion about whether the regression analysis assumptions were met (eg, residual analysis) to 

ensure that the parameter estimates are unbiased and consistent. 

Logic 

A coherent research design including an explicit conceptual framework. Econometric modelling 

shows that water fluoridation has a highly gendered effect, increasing women’s earnings by 4% but 
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having no statistically significant effect on men’s earnings. When broken down by socioeconomic 

status, the effect of fluoride exposure was pronounced for women with parents of low occupational 

status – “fluoride exposure roughly translates into a return of nearly $1/hour” (p. 488). The study 

examines possible mechanisms for this result and finds some evidence for consumer and employer 

discrimination. 

Validity of conclusions 

The authors undertake falsification tests to demonstrate that exposure to water fluoridation is 

exogenous to the other factors that may influence earnings. They investigate two potential sources 

of endogeneity, selection effects and contemporaneous investments. 

Generalisability 

The authors stress that the study findings may not be generalisable to present day fluoridated 

communities because of the other fluoride sources, including toothpaste and the use of fluoridated 

water in food stuffs and beverages. 

Applicability to water fluoridation in New Zealand 

The aim of the study was to determine the relationship between oral health and labour market 

outcomes and not water fluoridation per se. The study was based in the United States, but its 

findings are applicable to New Zealand (see below). 

Implications for the Ministry of Health’s fluoridation policy: 

The study provides evidence for the incorporation of labour market outcomes into economic 

evaluation of water fluoridation and highlights the importance of gender and socioeconomic status 

in relation to poor oral health and earnings.  

The New Zealand government has a clear policy platform to try to reduce socioeconomic gradients 

across a wide range of health, educational and labour market outcomes.  This paper provides 

evidence that fluoridation may play some role in this since it offers evidence that poorer teeth may 

result in females from poorer socioeconomic backgrounds having worse labour market outcomes.  If 

fluoridation is being given consideration, part of this must be about addressing a socioeconomic 

divide, with poorer individuals from communities without community water fluoridation being more 

likely to suffer from caries and poorer quality teeth. 
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Review 13 

 

Title 
Exposure to sodium fluoride produces signs of apoptosis in rat 

leukocytes 

Authors 

Gutiérrez-Salinas J, Morales-González JA, Madrigal-Santillán E, 

Esquivel-Soto J, Esquivel-Chirino C, García-Luna y González-Rubio 

M, Suástegui-Domínguez S, Valadez-Vega C. 

Journal International Journal of Molecular Sciences 

Year 2010 

Volume 11 

Pages 3610–3622. 

Journal 

Impact 

Factor 

1.387 ( 5 year: 1.265) 

Study 

identification: 

Area Toxicology 

Summary relevant to water fluoridation in New Zealand: 

Fluoride has been postulated (especially in high doses) to produce increased levels of oxygen-derived 

free radicals, which could induce damage to biomolecules, including DNA (with potentially severe 

consequences). Part of the reasoning is some evidence (from in vitro tests) that fluoride can induce 

apoptosis (or “programmed cell death”). Apoptosis can arise via several mechanisms, including as an 

(adaptive) response to such DNA damage, and hence could serve as a marker of DNA damage. 

This study was designed to assess evidence for fluoride-induced apoptosis, by measuring its 

recognised markers. These include levels of p53 protein, bcl-2 protein, and protein caspase-3. The 

authors outline the effect of sodium fluoride (NaF) on the expression of these three indicators in rat 

leucocytes.  

A significant limitation of the study was the selection of fluoride levels in water. For one (“control”) 

group of rats there was a baseline level, < 0.5 mg/L. The other two groups were fed water with an 

added fluoride content of 1 mg/L and 50 mg/L. The corresponding doses in the rats were calculated 

as “zero”, ~ 0.124 mg/kg/day and ~ 6.1 mg/kg/day, respectively. (The latter is much higher than the 

Institute of Medicine (IOM) established UL of 0.1 mg/kg/day and a USEPA recently proposed 

“reference dose”(RfD) of 0.08 mg/kg/day, for humans).   

There was little difference (and no statistically significant differences) in the expression (and its time 

course over eight weeks as judged by four fortnightly tests post-baseline) of the p53 protein, the bcl-

2 protein or protein caspase-3, between the leucocytes of the rats fed no added fluoride and those 

of the rats fed 1 mg/L of added fluoride in water. In contrast, there were progressively increasing and 

statistically significant increases in the expression (levels) of p53 protein and protein caspase-3, but 

not of bcl-2 protein, in the rats receiving 50 mg/L fluoridated water. 

These changes were interpreted as evidence for an increase in leucocyte apoptosis in the presence 

of a drinking-water fluoride concentration (DWFC) of 50 mg/L, (providing a mean dose of ~ 6.1 

mg/kg/day). However, more relevant to the human situation is that no such changes were noted in 

rats receiving water with a DWFC of 1 mg/L, providing a mean dose of ~ 0.124 mg/kg/day, which is 

much nearer the current UL and/or RfD for humans. 
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The authors also state that the effect of 50 mg/L DWFC on circulating leucocytes gives them cause to 

suppose that such levels could cause important damage to the immune system, which would be 

consistent with what they say is other evidence of such an effect, such as the occasional reports of 

increased incidence of infectious diseases in humans and animals living in areas of high fluoride in 

water content. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

The experimental protocol used, 

and in particular the end points 

chosen, and the analytical 

methods were systematic and 

sound.  

h) Limitations of the study: 

The study has two major 

limitations.  First, the chosen 

DWFCs mean that  little 

information was obtained on any 

“dose response relationship” 

between fluoride levels in water 

of ~ 0 mg/L to 1 mg/L, or slightly 

above 1 mg/L (the only level 

tested above this being 50 mg/L). 

The corresponding doses in the 

rats were calculated; these were 

“zero”, ~ 0.124 mg/kg/day and ~ 

6.1 mg/kg/day, respectively. (The 

latter level was the only one at 

which significant changes were 

found, but the associated dose 

was over sixty times the current 

IOM UL of 0.1 mg/kg/day). 

Second, in terms of the level of 

change in the markers of 

apoptosis, it is uncertain what 

these signify in terms of the actual 

increased risk of and adverse 
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health outcomes from either the 

(postulated) underlying DNA 

damage or the (postulated) 

secondary disturbance of 

leukocyte immunological function. 

The authors themselves state that 

further investigations are required 

to more precisely evaluate the 

effects of fluoride on leucocytes.  

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

Implications for the Ministry of Health’s fluoridation policy: 

There are no pressing practical implications for the Ministry’s fluoridation policy arising from this 

study, principally because the doses involved were so high as to have very limited relevance to the 

assessment of risks to humans from fluoridated drinking-water. 

It should be acknowledged that in toxicological risk assessment in the public health context, it is not 

uncommon (though more so where relevant human data are sketchy) to allow for the possibility of 

up to a 100-fold difference in susceptibility between test animals and the most vulnerable members 

of human populations, and factor this in to the standard setting process.  

However, there is no strong requirement to apply this conservative extrapolation approach to these 

data, and adopt the results. This is partly because there are substantial human epidemiological data 

available. Also, it is uncertain what the study’s findings (that is, the level of change in markers of 

apoptosis) actually signify, in terms of increased risk of, and adverse health outcomes from, any 

induced DNA damage or any secondary disturbance of leukocyte immunological function. The 

authors themselves state that further investigations are required to more precisely evaluate such 

risks. (Human studies of the incidence of infectious or other immune system mediated-diseases 

would likely be of more relevant). 
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Review 14 

 

Title 

Geographic variation in Medicaid claims for dental procedures 

in New York State: role of fluoridation under contemporary 

conditions 

Authors Kumar JV, Adekugbe O, Melnik TA 

Journal Public Health Reports 

Year 2010 

Volume 125 

Pages 647–654 

Journal 

Impact 

Factor 

1.325 

Study 

identification: 

Area Oral and public health 

Summary relevant to water fluoridation in New Zealand: 

The impact of community water fluoridation (CWF) has been (and continues to be) determined 

epidemiologically, but its impact on dental treatment needs is less clear. This study set out to 

determine whether there were fewer caries-related Medicaid claims for children and adolescents in 

New York State areas with CWF. 

All of the Medicaid-reimbursed claims for 57 counties and New York City (this amounts to the entire 

state, because the other 5 NY counties are in the latter) during 2006 were analysed, amounting to 

606,125 individuals younger than 21 years of age. Procedure codes were used to characterise claims 

as caries-related (such as extraction, restoration or endodontic treatment) or non-caries-related, 

with the mean number of such claims being calculated for each county. CWF coverage for each 

county was determined using data from the Centers for Disease Control and Prevention, and 

counties were characterised as (i) less fluoridated (≤30% coverage), (ii) partially fluoridated (31–69% 

coverage) or (iii) predominantly fluoridated (≥70% coverage). Demographic data on each county 

were also obtained using 2006 US Census data. The unit of analysis was the county, with New York 

City treated as a single entity. Linear regression modelling was used to determine the strength of the 

association between CWF coverage and the mean number of claims (controlling for county 

characteristics). There was a clear gradient in caries-related claims (but not in the other claims) by 

county CWF status, with 1.66, 1.33 and 1.23 claims per person, respectively for categories i), ii) and 

iii), and the modelling showed that, for every 10% “increase” in the CWF coverage of a county, the 

mean number of claims per child was 0.06 lower. This was equivalent to a difference of 60 more 

claims per 100 individuals in a county with 0% CWF than in one with 100% CWF. 

The data are consistent with what is known about the influence of CWF on dental caries, and they 

show that it is possible to detect an effect using routinely-collected dental claims data. 
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Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

Multivariate analysis; robust case 

definitions; clear and concise 

discussion of the findings 

h) Limitations of the study: 

Routinely-collected data; 

Medicaid claims only rather than 

all dental patients; dental patient 

data rather than purposively 

collected epidemiological data; 

child data only 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

This is a well-conducted secondary analysis of routinely collected data by a team with a sound 

reputation for their expertise. The authors are careful to cover the weaknesses of their data and to 

consider alternative hypotheses for the observed differences. I would like to have seen the analysis 

repeated with New York City excluded, as a sensitivity analysis, otherwise the careful and logical 

approach is impressive. Such investigations of CWF and treatment needs are very rare. 

Implications for the Ministry of Health’s fluoridation policy: 

The findings of this study generally support the Ministry’s current policy of supporting CWF. It does 

not provide any information which could be used to assess whether the currently recommended 

fluoride concentration range should be amended. 
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Review 15 

 

Title 

Associations between fluorosis of permanent incisors and 

fluoride intake from infant formula, other dietary sources and 

dentrifices during early childhood 

Authors 
Levy SM, Broffitt B, Marshall TA, Wichenberger-Gilmore JM, 

Warren JJ. 

Journal Journal of the American Dental Association (JADA) 

Year 2010 

Volume 141 

Pages 1190–1201 

Journal 

Impact 

Factor 

1.73 

Study 

identification: 

Area Oral Epidemiology 

Summary relevant to water fluoridation in New Zealand: 

The objectives of this study were to: 

a) identify associations between fluorosis of the permanent maxillary incisors and intake of 

fluoride during early childhood, and  

b) determine the risk associated with consumption of substantial amounts of infant formula 

reconstituted with fluoridated water. 

The data used were from the Iowa Fluoride Study, which was a longitudinal study of dietary and non-

dietary fluoride exposure, dental fluorosis and dental caries.  The periodic administration of 

questionnaires gathered exposure data, and dental fluorosis was assessed visually by one of two 

trained examiners using the fluorosis risk index (FRI).  Participants were categorised as case 

participants or control participants according to the extent of fluorosis as measured by the FRI.  The 

authors used the period from three to nine months of age for cumulative assessment of fluoride 

intakes during infancy, they excluded the period from nine to 12 months of age because children are 

making dietary transitions at that age, and for early childhood, they used the period from 16 to 36 

months of age. Mothers of the 630 children of the study were primarily white (98%) and the families 

were of relatively high socioeconomic status. 

Greater fluoride intakes from reconstituted powdered formulas and other water-added beverages 

(when participants were aged three to nine months) increased fluorosis risk, as did higher dentifrice 

intake by participants when aged 16 to 36 months.  The total fluoride intake that is the true risk 

factor. 

Formula (reconstituted with water) was the primary source of fluoride for infants in areas with 

fluoridated water supplies.  The study found that fluorosis was not specifically associated with the 

quantity of formula consumed by case participants versus control participants, but rather with 

amount of fluoride in the formula (arising from use of more of the powder concentrate and higher 

levels of fluoride in the water).  Fluoride levels are very low in the formula available in New Zealand. 

The authors note that nearly all the fluorosis was mild and that this level of fluorosis is not 
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associated negatively with oral health-related quality of life.  Consequently, warnings to avoid the 

use of fluoridated water for reconstituting infant formula are not warranted. 

The paper acknowledges limitations of the study, and recommends further studies with a more 

diverse population to confirm the findings and to help determine the best water fluoride 

concentration for reconstituting formula. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 
Longitudinal  study – with good 

sample size 

h) Limitations of the study: 

May be difficult to compare with 

NZ as fluoride levels in formula 

were not disclosed.  Importantly, 

participants entered the study by 

self selection resulting in a biased 

sample. Results only generalisable 

to a very specific population 

group. 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes - marginal 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes – very specific population 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

There was no disclosure of levels of fluoride in the infant formula.  This makes assessment of 

relevance to New Zealand difficult.  It is important to note that the study participants were 98% 

white, of high socioeconomic status, and self selected to participate. 
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Implications for the Ministry of Health’s fluoridation policy: 

The important message from this study is that total fluoride intake is the critical driver for 

development of dental fluorosis.  When establishing recommended fluoride concentrations in 

fluoridated water for fluoridation policy, account needs to be taken of exposure to all sources of 

fluoride. 
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Review 16 

 

Title 
Effect of fluoridated water on plasma insulin levels and glucose 

homeostasis in rats with renal deficiency 

Authors Lupo M, Buzalaf M, Rigalli A 

Journal Biology of Trace Elements Research 

Year 2010 

Volume  

Pages DOI 10.1007/s12011–010-8690-5 

Journal 

Impact 

Factor 

1.127 (5year: 1.144) 

Study 

identification: 

Area Toxicology 

Summary relevant to water fluoridation in New Zealand: 

Fluoride has been reported to produce hyperglycaemia, due to an inhibitory effect on the secretion 

of insulin, both in humans and rats. This has occurred with high, one-off doses, and from repeated 

administration of fluoride at 100 mg/L in drinking-water given to rats, for a period of 30 days. 

Hyperglycaemia was observed when plasma fluoride concentrations were greater than 5 μmol/L. 

(People consuming drinking-water with fluoride concentrations of 1.0 mg/L usually have plasma 

fluoride concentrations between 0.5–1.5 µmol/L, but in patients with renal failure, fluoride might 

accumulate, so that even at drinking-water fluoride concentrations (DWFCs) of 1 mg/L, plasma levels 

might be > 1.5 µmol/L).  

The mechanism behind hyperglycaemia has been debated with some studies suggesting any 

hyperglycaemia is due to inhibition of insulin secretion, while others suggest it arises from resistance 

to (the actions of) insulin (which is still secreted in normal or even increased amounts).  

The aim of the study was to evaluate glucose homeostasis in rats, especially those with renal 

impairment, which were given drinking-water at a range of fluoride levels (0 mg/L, 1 mg/L, 5 mg/L, 

15 mg/L) for 60 days. Half the animals of each fluoride group (4 of 8) underwent kidney surgery in 

order to produce moderate renal deficiency (described as “NX”). The other four underwent “sham” 

surgery as a control (“matching”) measure. The result was eight groups of four rats; described as 

Sham0, NX0, Sham1, NX1, Sham5, NX5, Sham15 and NX15.  

There were no significant differences in plasma glucose levels (including following an additional 

glucose tolerance test, putting more stress on homeostatic mechanisms) between the renally 

impaired (NX) and the normal renal function (sham) animals, for any of the DWFCs. However, for 

both groups, mean plasma insulin levels increased with increasing DWFCs (though the only 

statistically significant differences were between the Sham15 and Sham0 group, and between the 

NX5 and NX15 groups versus the NX0 group). There were only small, non-statistically significant 

increases in mean insulin levels between the Sham5 and Sham1 groups with respect to the Sham0 

group. 

To the extent that increased plasma insulin may be a marker of increased insulin resistance (that is, 

more required to maintain normal blood glucose levels), this suggests that such resistance is not a 

factor at water levels of 1 mg/L and 5 mg/L in rats (except possibly in NX5), while the possibility 

cannot be discounted at DWFCs of 15 mg/L.  
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The study shed limited light on the effect of renal impairment on the way DWFC influences plasma 

insulin levels. For any given DWFC, mean insulin levels were lower for the renally impaired (NX) 

group than the sham group. This is more difficult to explain, and is not just a function of blood 

fluoride levels, as the mean fluoride level was higher in the NX15 than the Sham15 group yet the 

insulin level was slightly lower, which is more consistent with decreased insulin secretion rather than 

increased insulin resistance. However, the differences here were small.  

None of the fluoride groups had their plasma glucose levels affected, not even those with (induced) 

renal “disease”. However, the authors concluded that a resistance to insulin (as assessed by 

statistically significant increased insulin levels relative to the 0 mg/L group) was demonstrated.  This 

was only seen in both 15 mg/L groups, and the renally impaired 5 mg/L group, (in which the latter 

finding seems curious because their plasma fluoride level was actually lower than that of the 0 mg/L 

group).   

The 15 mg/L group seems irrelevant as regards generalising to humans. The estimated corresponding 

daily intake for this group seemed to be 2 mg/kg bw/day; which is 20-times the UL of 0.1 mg/kg 

bw/day. However, rats metabolise fluoride more rapidly than humans, and thus higher doses are 

required in rats to produce any given fluoride blood level; in this regard, the authors suggest that a 

dose of 15 mg/L in drinking-water for rats would be “equivalent” to 3 mg/L in drinking-water for 

humans. From this perspective, the authors noted that of the various DWFCs studied, “… the dose of 

5 ppm F present in the drinking-water given to rats would correspond to the fluoride levels usually 

found in optimally fluoridated water ( ~ 0.8 mg/L)”.  

Given the very limited findings in the 5 mg/L groups, this suggests that significant disturbances in 

glucose homeostasis are unlikely to occur in humans consuming fluoridated water at 0.7 mg/L to 1.0 

mg/L. Supportive evidence from previous work is that significant perturbation of glucose metabolism 

has been noted only when plasma F exceeds 5 µmol/L, however, this was not reached even at the 

15 mg/L DWFC as used in the current study. 

(The above study was for 60 days only. There is a theoretical possibility that in susceptible individuals 

more prone to an insulin resistance effect, the compensatory need for increased insulin secretion 

might in the longer term place stress on the stores and production of insulin). 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No, only generally 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 
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g) Strengths of the study: 

Satisfactory overall design, 

appropriate control groups, good 

randomisation of groups, 

appropriate physiological and 

biochemical (analytical) 

investigations. 

h) Limitations of the study: 

Insufficient discussion of the 

findings from the 5 mg/L group, 

and of the somewhat inconsistent 

differences between the renally 

impaired and control animals in 

this group (this despite the 

acknowledgement that these 

groups were more relevant than 

the 15 mg/L group in terms of 

generalisability to human 

exposures via optimally 

fluoridated water supplies.   

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Uncertain 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

In reaching conclusions, more emphasis could have been placed on the lack of positive findings in 

the 1 mg/L groups, and the limited and inconsistent findings in the 5 mg/L groups. 

Implications for the Ministry of Health’s fluoridation policy: 

There are no pressing practical implications for the Ministry’s fluoridation policy arising from this 

study. 

A drinking-water fluoride concentration of 5 mg/L is thought to produce blood fluoride levels similar 

to those occurring in humans consuming fluoridated water at 0.8 mg/L.  Significant disturbances in 

glucose homeostasis were not found at this fluoride concentration in this study indicating that such 

effects are unlikely to occur in humans consuming fluoridated water at 0.7 mg/L to 1.0 mg/L.  

However, that study was conducted for 60 days only. 
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Review 17 

 

Title Fluoride in drinking water and dental fluorosis 

Authors 
Mandinic Z, Curcic M, Antonijevic B, Carevic M, Mandic J, Djukic-

Cosic D, Lekic CP 

Journal Science of the Total Environment 

Year 2010 

Volume 408 

Pages 3507–3512 

Journal 

Impact 

Factor 

2.905 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

Dental fluorosis is one marker of fluoride exposure. Assays of urine and blood have also been used. 

Hair analysis is potentially useful because it offers access to a reasonably recent time series for 

exposure. While the aims of this study were rather opaque, it appears that one aim was to 

determine the suitability of hair assays as a fluoride biomarker, and then to relate the resultant data 

to the occurrence of fluorosis among 12-year-old schoolchildren from four Serbian towns with 

differing levels of fluoride in their water supplies. A total of 164 children were involved; the paper 

gave no information on how they were sampled or whether they were representative of their 

respective municipalities (in fact, the gender composition, 60% female, suggests that they were not). 

The children were dentally examined and 85% had hair which was of sufficient length for the fluoride 

assay. Samples were taken. Dean’s Index was used to collect data on fluorosis, presumably on all 

teeth, but this is unclear. Drinking-water samples were taken from both wells (144 samples) and 

reticulation systems (65 samples). The mean fluoride concentration in the tap water supplies ranged 

from 0.07 mg/L to 0.17 mg/L and for the wells, it was 0.10 mg/L to 11.00 mg/L. Curiously, 

participants were not asked about the source of the water they drank and this information was 

sought from the annual reports of regional public health bodies. Bivariate analyses only were 

undertaken. There were positive correlations between fluoride concentrations in hair samples and 

the fluoride concentrations of wells, and between the former and the observed fluorosis (although 

the latter was observed in only seven individuals, only one of whom was categorised as ‘severe’). The 

findings of the study suggest the potential for fluoride in hair samples to be used as a biomarker of 

fluoride exposure, but the study adds nothing substantive to knowledge of the fluoride-fluorosis 

association.  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Poor 
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c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Poor 

d) Analysis of the results is: (Poor, Fair, Good) Poor 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Fair 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 

g) Strengths of the study: 

Promising validation of hair 

sampling as a means of assaying 

fluoride exposure 

h) Limitations of the study: 

Doubts about sample 

representativeness; ecological  

determination of water source; 

inadequate data analysis and 

presentation; conclusions not 

necessarily supported by the data 

or the methods used 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This is a methodologically weak study with deficiencies in methods, data presentation, analysis and 

in the exposition of the findings. 

Implications for the Ministry of Health’s fluoridation policy: 

There is nothing in this paper to inform the Ministry’s fluoridation policy. 
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Review 18 

 

Title 
The Association between community water fluoridation and 

adult tooth loss 

Authors Neidell M, Herzog K, Glied S 

Journal American Journal of Public Health 

Year 2010 

Volume 100 

Pages 1980–1985 

Journal 

Impact 

Factor 

4.371 (2009) 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

The aim of the study was to estimate the association between community water fluoridation (CWF) 

exposure at various stages of life (current, 20 years previously and birth) and adult tooth loss. 

Tooth loss data from the 1995–1999 Behavioural Risk Factor Surveillance System (BRFSS) were 

merged with data from the 1992 Water Fluoridation Census, to estimate interval regression models 

that relate CWF exposure with tooth loss. Multiple confounders at both the county (eg, median age 

and death rate) and the individual level (eg, marital status and number of children) were accounted 

for. 

CWF levels in the respondent’s county of residence at the time of birth were significantly (p<0.01) 

related to tooth loss. Being born in a county in which all water supplies were fluoridated was 

associated with having 0.26 more teeth than being born in a country without fluoridation. The 

impact of CWF exposure is larger for individuals of lower socioeconomic status (SES) than for those 

of higher SES. The estimates for African Americans high school drop-outs and high school graduates 

implied that going from 0% to 100% fluoridation in the county at the time of birth was associated 

with having 0.37 (p<0.05), 0.61 (N.S.) and 0.39 (p<0.01) more teeth, respectively. 

The study concludes that the benefits from CWF go beyond improving the oral health of children into 

improving adult oral health. The “universal coverage” of CWF also appears to have had a lasting 

improvement in racial and economic disparities in oral health. 

The authors identified the following limitations in their work: 

1. the assignment of fluoride exposure. The authors were unable to assign individuals to their 

water district because the BRFSS identifies only the county of residence. As a result, they 

computed a countywide measure of fluoridation status based on the status of water 

districts within the county, and assigned individuals to this countywide average 

2. the assignment of historical fluoridation status, from a statistical perspective, was based on 

the current county of residence. Respondents may have not lived in the same county for 

their entire lives. Evidence suggests that CWF status does not have a statistical relationship 

with mobility decisions.  Consequently, the authors point out that any significant 

measurement error in CWF assignment would be random – often referred to as “classical 
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measurement error”. Standard derivations show that classical measurement error biases 

estimates toward the null 

3. potential confounding by unobserved factors associated with fluoridation status and with 

oral health, for example, access to dental care. However, the authors did account for 

multiple confounders at both the county (e.g. median family income of the county) and the 

individual level (e.g. individual income) 

4. external validity of the study.  Evidence indicates that the impacts of CWF are much smaller 

today than they were 50 years ago. Some of the explanations for a smaller impact include 

greater availability of alternative fluoride sources, such as fluoride toothpaste, and spillover 

effects of fluoridation from greater use of fluoridated water in the production of consumer 

goods 

5. not capturing the full range of impacts of CWF on oral health. This was raised because the 

outcome measure was an extreme one – tooth loss.   

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair to Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

Detailed statistical analysis with 

planned model-building strategy; 

stratified analysis by ethnicity and 

education status; use of imputed 

data to check model assumptions; 

in depth discussion of limitations; 

control for known confounders 

including CWF levels from earlier 

years. 

h) Limitations of the study: Ecological level analysis 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 
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This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

The quality of the data gathered (part c) deemed fair to good because the data were not gathered 

for this study per se. Use has been made of existing data sources. However, the authors are aware of 

the limitations of this and have considered the effect of this on inferences made from their study. 

The authors’ sole focus on tooth loss has generally resulted in an understatement of the overall 

impact of CWF on oral health. 

Implications for the Ministry of Health’s fluoridation policy: 

This review generally supports the New Zealand Ministry of Health’s present policy of water 

fluoridation as it concludes that fluoridation at the time of birth reduces adult tooth loss, and that 

the benefits are greatest for those in lower SES groupings.  However, it provides no information that 

could be used to assess whether the fluoride concentration range presently recommended requires 

modification. 
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Review 19 

 

Title Prevalence of fluorosis in an endemic village in central India 

Authors Pandey A 

Journal Tropical Doctor 

Year 2010 

Volume 40 

Pages 217–219 

Journal 

Impact 

Factor 

0.399 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

This study investigated fluorosis in a central Indian village which comprises a number of smaller 

hamlets, where the fluoride concentration of the available water ranges from 1.0 mg/L to 7.8 mg/L. 

Skeletal and dental fluorosis were determined and an unsuccessful attempt was made to relate their 

prevalence to the fluoride concentration of the water.  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Poor 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Poor 

d) Analysis of the results is: (Poor, Fair, Good) Poor 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
No 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
No 

g) Strengths of the study: Not apparent 

h) Limitations of the study: 

Unclear research question; 

Methods section grossly 

inadequate; self-report used to 

determine dental fluorosis; data 
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presentation very weak, with 

numerous errors in the basic 

arithmetic; paper does not appear 

to have been peer-reviewed 

adequately 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This is a methodologically weak study with serious deficiencies in data presentation, analysis and in 

the exposition of the findings. The methods are not acceptable by modern standards, and the paper 

adds nothing to our current knowledge of fluoride and fluorosis. How it got through peer review and 

editing is inexplicable. 

Implications for the Ministry of Health’s fluoridation policy: 

There is nothing in this paper to inform the Ministry’s fluoridation policy. 
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Review 20 

 

Title 
Child dental caries in relation to fluoride and some inorganic 

constituents in drinking water In Arsanjan, Iran 

Authors 
Rahmani A, Rahmani K, Dobaradaran S, Mahvi AH, Mohamadjani 

R, Rahmanib H. 

Journal Fluoride 

Year 2010 

Volume 43 

Pages 179–186 

Journal 

Impact 

Factor 

Not available. Title has been suppressed due to the exceptionally 

high self citation rate. 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

The aim of the study was unclear. The paper states “it was to examine the relationship between the 

fluoride content of groundwater used for drinking and cooking in eight villages of the Arsanjan area 

of Fars Province in the Iran”. 

The study was conducted between April and September in 2009 and the eight villages that were 

selected for study rely on local groundwater sources, with different levels of fluoride, for drinking-

water. The standard SPADNS method was used for analysis of fluoride in the water (DR/5000s 

Spectrophotometer). 

Decayed permanent (Dt) and deciduous (dt) teeth, not including filled or missing teeth, of the 

children in each village were determined according to the World Health Organization standard by 

two dentists using a sharp dental probe and examining each mouth under good natural light. 

The level of fluoride in the water ranged from 0.10 mg/L to 1.2 mg/L. There was a slight downward, 

but not statistically significant trend between increasing fluoride content of the drinking-water and 

the mean Dt and dt in each village. 

The authors recommended that, in view of the high concentration of fluoride in drinking-water in 

certain parts of Iran, along with the extensive consumption of tea with a mostly modest fluoride 

content, low-fluoride bottled drinking-water should be used and a hybrid sorbent resin used to 

remove fluoride from drinking-water. 

The authors identify no limitations of their study. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). No 
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b) Appropriateness of study’s method is: (Poor, Fair, Good) 
Too little information to make an 

evaluation 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Uncertain 

g) Strengths of the study: 
Two dentists examined all the 

children 

h) Limitations of the study: 

No clear statement of aims, no 

control for confounding, selection 

method for villages and children 

within villages was not given, 

ecological study, no discussion of 

any limitations. 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This is a poor quality study.  

Implications for the Ministry of Health’s fluoridation policy: 

None 
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Review 21 

 

Title 
Drinking water fluoride and child dental caries in 

Noorabademamasani, Iran 

Authors Rahmani A, Rahmani K, Mahvi AH, Usefie M 

Journal Fluoride 

Year 2010 

Volume 43 

Pages 187–193 

Journal 

Impact 

Factor 

Not available. Title has been suppressed due to the exceptionally 

high self citation rate. 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

The aim of the study was to examine the amount of dental caries in children in relation to the level 

of fluoride in the drinking-water in the Noorabademamasani area of Fars Province in Iran. 

The study was conducted between October and February of 2008–2009 and the seven village 

districts that were selected for study rely on local groundwater sources, with different levels of 

fluoride, for drinking-water.  

Decayed permanent (Dt) and deciduous (dt) teeth, not including filled or missing teeth, of the 

children in each village were determined according to the World Health Organisation standard by 

dentists from medical centres. 

The level of fluoride in the water varied from 0.10 mg/L to 0.53 mg/L. Linear regression analysis 

showed a weak association between water fluoride and mean Dt and dt in each village district. Sub-

analyses with villages omitted were performed.  

The authors observe that the caries scores are low and suggest that the reason for this may be that 

in this area of Iran there is a health centre that regularly serves the children under the age of 12 

years.  

The authors identify no limitations of their study. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Poor 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 
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d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
No 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Uncertain 

g) Strengths of the study: - 

h) Limitations of the study: 

No control for confounding, 

selection method for villages and 

children within villages was not 

given, ecological study, no 

discussion of any limitations, sub-

analysis. 

i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

This is a poor quality study.  

Implications for the Ministry of Health’s fluoridation policy: 

None 
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Review 22 

 

Title 
Fluoride increases lead concentrations in whole blood and in 

calcified tissues from lead-exposed rats 

Authors 
Sawana R, Leite G, Saraivaa M, Barbosa Jr F, Tanus-Santosc J, 

Gerlacha R. 

Journal Toxicology 

Year 2010 

Volume 271 

Pages 21–26 

Journal 

Impact 

Factor 

3.241 (5 year: 3.297) 

Study 

identification: 

Area Toxicology 

Summary relevant to water fluoridation in New Zealand: 

This study aimed to test whether fluorosilicic acid (H2SiF6) could increase levels of lead in blood (BPb) 

and mineralised tissues (teeth and bone) of female rats exposed (after weaning) to lead in drinking-

water (at 30 mg/L). This was a generational study of sorts, in that their mothers had also received 

the same drinking-water (in terms of specific fluoride and lead levels) from the beginning of 

gestation. 

There were four study groups: a fluoride (F) group (supplied water with 100 mg/L fluoride); a lead 

(Pb) group (supplied water with 30 mg/L lead, as Pb acetate); a combined (F + Pb) group (supplied 

both F and Pb, at the above levels); and a control group supplied neither (their water contained a 

maximum of 0.1 mg/L F and 0.5 µg/L lead).  Food was supplied ad libitum (the food pellets contained 

no more than 0.05 mg/kg of fluoride or lead), so the food consumption (common to all groups) 

would have had little effect on their overall F or Pb intakes.  

When the females became pregnant, they were housed separately, and when the offspring were 

weaned, they were given the same drinking-water solution as their mothers. At the age of 81 days 

the progeny underwent analytical testing of blood, teeth and bones for various elements, including 

fluoride and lead content. No significant body weight differences were found at the end of the study. 

The mean BPb was 3.4-times higher in the (F + Pb) group than in the Pb group, while BPbs were 

< 0.5 µg/dL in the F and Control groups. With respect to the calcified tissues tested, the mean lead 

level in the (F + Pb) group was higher than those in the Pb group for all four tissues; the differences 

being as follows: dentine (~ 1.7 fold), enamel surface (~ 2.5 fold), whole bone (~ 2 fold), and surface 

bone (~ 3 fold). No significant differences in fluoride concentrations were found in these four tissues 

when comparing the F and the (F + Pb) groups.   

The authors argue that exposure to fluoride should be minimised over the ages of 12 to 36 months, 

as this is a time where lead exposures can be comparatively high.   
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There is a brief discussion regarding H2SiF6 (fluorosilicic acid) specifically as a fluoridating agent. They 

cite epidemiological studies (predominantly by one group
30

) reporting higher BPbs in children 

receiving fluoridated water supplies have generally involved this particular compound. 

The authors conclude that exposure of animals, from the beginning of gestation, to both fluoride and 

lead increases the concentrations of lead in the blood and calcified tissues.  The applicability of the 

results to water fluoridation is discussed below. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

The experimental protocol seems 

reasonably sound, and the 

analytical methods appear 

appropriate. 

h) Limitations of the study: 

The major limitation, as discussed 

in the summary, is that the 

“fluoride + lead” group would 

likely have had ~ 1000 times as 

much fluoride via water as the 

“lead (alone)” group did, which 

cannot be generalised to a 

comparison between fluoridated 

and unfluoridated water in NZ, 

where the difference in most 

instances is likely five to ten fold. 

Also the lead levels in the 

drinking-water (albeit for both 

groups) were extraordinarily high 

relative to lead levels in drinking-

water in NZ. 

                                                 
30  For example, Masters RD, Coplan MJ, Hone BT, Dykes JE, 2000. Association of silicofluoride treated water with 

elevated blood lead. Neurotoxicology, 21, 1091–1100. 
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i) The study’s findings can be generalised (Yes, No, uncertain): No 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
No 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
No 

Comments: 

The stated aim was to see whether fluorosilicic acid (H2SiF6) could increase levels of lead in the 

blood, bone and teeth of rats exposed to lead in drinking-water (at levels of 30 mg./L) from the 

beginning of gestation. The hypothesis was that there would be an increase (and this was 

confirmed).   

The experimental protocol seems sound, however, the levels of fluoride and lead chosen for study 

(relative to those of a control group) seriously limit the generalisability of the results. 

The difference in water fluoride content between the (F + Pb) and Pb groups was likely more than or 

equal to 1000 fold
31

. This is vastly greater than the difference in fluoride content there would be 

between fluoridated water (0.7 to 1.0 mg/L) and unfluoridated water with natural levels of fluoride 

in New Zealand (typically less than 0.1 mg/L)
32

. 

Thus, comparisons between the Pb and (F + Pb) groups in this study cannot be readily generalised to 

any comparison between non-fluoridated and fluoridated water supplies in New Zealand. 

(The authors say the DWFC of 100 mg/L was chosen because it produces plasma fluoride levels in 

rodents that are “commonly found in humans chronically exposed to 8 mg/L of fluoride in drinking-

water, which is a concentration known to cause severe fluorosis.”  Indeed, they describe their study 

as a “proof-of-concept” study, as opposed to anything else).  

A further reason for limited generalisability is the hugely increased doses of lead provided in the 

drinking-water relative to that likely to be in community water supplies. The level provided, of 

30 mg/L, is 3000 times higher than the current New Zealand maximum acceptable value of 

0.01 mg/L. Clearly this huge difference will affect absolute differences in lead concentrations more 

than relative ones. However, it is far from clear whether the same proportionate increases in BPb 

would occur between children with a DWFC of 1 mg/L and say 0.1 mg/L, respectively, especially if 

both groups were drinking water with a lead content of only 0.01 mg/L. 

Possible mechanisms for the above proportionate increase in BPbs include fluoride enhancement of 

gut absorption and interference with renal excretion. There may also be an interaction with regard 

to distribution. F and Pb are similarly distributed, including strikingly in superficial enamel, and this 

can occur as a pre-eruptive event. Possibly fluoride-induced alterations in the precipitation of 

hydroxyapatite may play a role, though lead itself can replace calcium in the hydroxyapatite 

structure. The high lead content of superficial enamel is certainly related to the high degree of its 

calcification and the distinct way it mineralises. 

It is not totally clear whether the blood, bone and teeth analyses were carried out only on the 

progeny, or on their mothers as well. 

                                                 
31

  The water concentration of fluoride in the Pb group is not stated.  However, as no fluoride was actively provided 

to the Pb group, it is likely the fluoride level was the same or similar to that in the water provided to the control 

group, where the fluoride level was up to (“maximally”) 0.1 mg/L. 
32

  Davies H, Nokes C, Ritchie J, 2001, A Report on the Chemical Quality of New Zealand’s Community Drinking-

water Supplies, ESR Report FW0120 to the Ministry of Health 
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While the study reaches valid conclusions with respect to its initial aim, the conclusions are limited in 

scope, in that they can only be affirmed for the particular drinking-water concentrations of fluoride 

and lead that were investigated 

The study findings cannot be confidently generalised to more “typical” (that is, much lower) levels of 

fluoride and lead in drinking-water. They are definitely not directly applicable (in terms of the 

specific magnitude of the observed effect) to water fluoridation in New Zealand. 

Implications for the Ministry of Health’s fluoridation policy: 

This study has raised an interesting hypothesis.  However, the findings cannot be generalised directly 

to fluoridated drinking-water supplies in New Zealand. Therefore, it has no direct, current 

implication for the development of New Zealand’s fluoridation policy. 
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Review 23 

 

Title 
Successful fluoride plebiscite in the township of Deniliquin, New 

South Wales, Australia 

Authors Sivaneswaran S, Chong GTF and Blinkhorn AS 

Journal Journal of Public Health Dentistry 

Year 2010 

Volume 70 

Pages 163–166 

Journal 

Impact 

Factor 

1.046 (2009) 

Study 

identification: 

Area Communication  and Community engagement 

Summary relevant to water fluoridation in New Zealand:  

The aim of the study was to describe the strategies adopted to influence a plebiscite outcome in 

favour of water fluoridation in the rural Australian town of Deniliquin, in 2004.  Deniliquin had been 

fluoridated previously from 1986 to 1988, however, there was a change in the proportion of pro-

fluoridation council members in 1988, following the death of the mayor, which led to the decision to 

cease fluoridation. The dental community had unsuccessfully campaigned twice for the 

reintroduction of water fluoridation: in 1988 and 2002.  

The methods used to encourage support for fluoridation for the 2004 plebiscite were health 

promotion strategies including: a) the skilful use of media to educate the community on the benefits 

of water fluoridation; b) disseminating contemporary local data to demonstrate oral health 

disparities with neighbouring fluoridation townships; and c) a well established lobbying machine to 

mobilise the community. Key strategies included: 

• the use of contemporary epidemiological data.  Routine school dental screening illustrated 

the local caries crisis and the resultant higher rates of dental treatment under general 

anaesthetic compared with neighbouring fluoridated towns with similar socioeconomic 

levels that derived water from the same river 

• the use of children to advocate for pro-fluoridation. Students were informed of the results 

of the routine school dental screening and then wrote to the council requesting water 

fluoridation be introduced. Consequently, the council decided to resolve the matter with a 

plebiscite. On the day of the plebiscite the children also handed out the “how to vote 

cards”. In the researchers’ opinion children are very evocative public health advocates 

• presenting both sides of the debate to the community. The council invited representatives 

from the health department along with a well-known anti-fluoridationist to present their 

arguments for and against water fluoridation at a public forum. In addition, pamphlets 

containing information from both perspectives were distributed to every household 

• a ground swell of support. A community fluoridation information programme was 

conducted via the local newspaper, radio and television. The level of information peaked 

during the two weeks leading up to the plebiscite. On the eve of the plebiscite a full-page 

advertisement was placed in the town’s only newspaper listing the names of 50 people of 
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good standing in the community, who supported water fluoridation. The advertisement 

read: “Fluoride works. Fluoride is Safe. Vote Yes. Supported by these members of our 

community”. Furthermore, a broad base of support engaging community leaders and major 

health organisation such as the health department contributed to the comfort of councillors 

who decided on the implementation of fluoridation in a politically charged arena. The local 

health professional also handed out the “how to vote cards” on the day of the plebiscite 

along with the children  

• framing of the issue. Water fluoridation is perceived by politicians to be a politically 

sensitive issue. However, in this case study the framing of the issue was always kept to the 

consistent framing of water fluoridation as a public health issue rather than a political 

matter 

• timing of the plebiscite. The plebiscite was held on the same date as the elections of the 

council members which resulted in a high voter turnout. Voter turnout is important because 

the margin of fluoridation votes is usually very close, and the greater the turnout, the 

greater the likelihood of a positive vote 

• wording of the plebiscite. The wording of the plebiscite was simple and straightforward, as 

convoluted or complicated plebiscite wording has resulted in either outright failure or 

repeal of a positive vote because of a subsequent legal challenge. 

The results were a response rate of 86%. The wording of the plebiscite was “Do you support the 

addition of fluoride to Deniliquin town water supply?” There were 2533 ‘yes’ votes (55.8%), 1879 

‘no’ votes (41.4%) and 127 spoiled votes (2.8%). The conclusion of the study was that it was possible 

to influence the outcome of fluoride plebiscites in favour of water fluoridation in the face of intense 

opposition. The council resolved to implement water fluoridation and the residents received 

fluoridated water in January 2005. 

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good)  Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study:   

h) Limitations of the study:  
It is a single case study with no 

replicate to see if the same 

outcome could be obtained in a 
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similar situation elsewhere. 

i) The study’s findings can be generalised (Yes, No, uncertain):  No - it is only one case study 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No) 
No 

Comments:  

Case studies are intended to provide detailed information about a particular situation.  Although this 

limits the extent to which their findings can be generalised, they may still provide conclusions that 

are useful to others.   

The response of “Yes” for j) was because like Australia, New Zealand local authorities have 

responsibility for the decision to fluoridate their water supplies, and many hold referenda for their 

constituents to inform their decision making.  The strategies described in the study may be of 

interest to local bodies considering a referendum on the fluoridation of water supplies. 

Implications for the Ministry of Health’s fluoridation policy:  

The paper does not have implications for the development of fluoridation policy, but those involved 

in implementing the fluoridation policy may find some of the strategies employed in this work, 

helpful. 
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Review 24 

 

Title 
The Strong Teeth Study: background, rationale and feasibility of 

fluoridating remote indigenous communities 

Authors Spencer AJ, Baillie R, Jamieson L 

Journal International Dental Journal 

Year 2010 

Volume 60 

Pages 250–256 

Journal 

Impact 

Factor 

0.632 

Study 

identification: 

Area Oral and public health 

Summary relevant to water fluoridation in New Zealand: 

This paper reported on the outcome of a trial community water fluoridation (CWF) project in two 

remote indigenous communities in Australia’s Northern Territory. It describes the background, 

rationale and process of the CWF project, and presents the outcome of the feasibility study. 

Essentially, the CWF implementation suffered from a number of operational problems, not least of 

which were malfunctioning plant and flawed fluoride monitoring. Important lessons were learned 

about what is required for CWF projects to succeed in remote indigenous communities. As the 

authors pointed out, there was a cascade of issues which eventually brought the project to a 

premature end, well before any positive oral health benefits could be demonstrated. From the New 

Zealand perspective, there is a strong resemblance to a recent two-year CWF trial in Kaitaia and 

Kaikohe. In fact, the baseline dental caries prevalence and severity data in the remote Australian 

communities were very similar to those observed in Kaitaia and Kaikohe, and the outcome was also 

similar, in that the CWF implementation was less than satisfactory, and non-dental influences led to 

its discontinuation. The authors emphasised the need for such projects to be adequately resourced 

and technically supported.  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Fair 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Fair 

d) Analysis of the results is: (Poor, Fair, Good) Fair 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 
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f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 

g) Strengths of the study: 

Its evaluation of CWF 

demonstration projects in a little-

studied sector with severe 

resource and support constraints 

h) Limitations of the study: 

It is largely a process evaluation 

because the project’s failure 

meant that outcome data were 

not available. 

i) The study’s findings can be generalised (Yes, No, uncertain): Uncertain 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

The lessons learned in this project are of direct relevance to New Zealand, leaving aside the issue of a 

number of technical deficiencies in the report itself, such as transposition of data in Table 2 

(confirmed by consulting the three authors) and inadequate explanation of some of the statistical 

adjustments of the baseline data. Essentially, inadequate resourcing and technical support led to the 

CWF demonstration project being terminated before oral health benefits could be determined. New 

Zealand’s system of local authorities being the decision-makers on CWF implementation means that 

such problems are highly likely here. 

Implications for the Ministry of Health’s fluoridation policy: 

The most efficient introduction and implementation of fluoridation in small communities may be 

best achieved through centralised, rather than local, control of these projects. 
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Review 25 

 

Title 
Modelling childhood caries using parametric competing risks 

survival analysis methods for clustered data 

Authors Stephenson J, Chadwick BL, Playle RA, Treasure ET 

Journal Caries Research  

Year 2010 

Volume 44 

Pages 69–80 

Journal 

Impact 

Factor 

2.462 

Study 

identification: 

Area Oral epidemiology 

Summary relevant to water fluoridation in New Zealand: 

This study involved a competing risks survival analysis of longitudinal data from a prospective cohort 

study of 2654 schoolchildren (4–5 years old at baseline) in Wales (non-fluoridated) and England’s 

West Midlands (fluoridated at 1 mg/L)) who were followed up for four years. Transitions among 

sound tooth surfaces were determined. The two transitions modelled were sound-to-carious and 

sound-to-exfoliated. This required the use of a competing risks approach. The study found that more 

occlusal surfaces succumbed to caries than non-occlusal surfaces, and that surfaces of children’s 

teeth in fluoridated areas survived better than those of children’s teeth in non-fluoridated areas. 

Fluoridation was associated with a 0.5–0.8-year higher median survival time, and low socioeconomic 

status was associated with lower survival time (by up to 0.5 years).  

Evaluation: 

Criterion In this study this criterion is: 

a) The study’s aim or hypothesis is clearly stated (Yes, No). Yes 

b) Appropriateness of study’s method is: (Poor, Fair, Good) Good 

c) Quality of the data gathered by the study is: (Poor, Fair, 

Good) 
Good 

d) Analysis of the results is: (Poor, Fair, Good) Good 

e) The logic used to reach the study’s conclusions is sound 

(Yes, No). 
Yes 

f) The study reaches valid conclusions with respect to its initial 

hypothesis or aim (Yes, No). 
Yes 
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g) Strengths of the study: 
Longitudinal design, novel and 

sophisticated analysis 

h) Limitations of the study: 

Deciduous teeth only examined; 

no distinction made between 

natural exfoliation and extraction 

due to caries; lack of 

complementary data using 

conventional approaches to 

‘triangulate’ the main findings. 

i) The study’s findings can be generalised (Yes, No, uncertain): Yes 

j) The findings of the study are applicable to water 

fluoridation in NZ (Yes, No, Uncertain). 
Yes 

This study should be considered in developing fluoridation 

policy in New Zealand (Yes, No)   
Yes 

Comments: 

The fact there are very few published longitudinal analyses of the effect of CWF on deciduous teeth, 

makes this particular study important. The use of survival analysis is unique for caries data and offers 

an alternative to the usual methodological approaches to determining CWF effectiveness. While the 

analysis was limited to deciduous teeth only, it was informative. 

Implications for the Ministry of Health’s fluoridation policy: 

The findings of this study support the Ministry’s current fluoridation policy. CWF prolongs the 

survival time of deciduous teeth and surfaces. The study does not provide any information which 

could be used to assess whether the currently recommended fluoride concentration range should be 

amended. 

 


