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Purpose of this Report 
 

This report provides a summary and critical appraisal of the scientific literature on the most important issues 

concerning community water fluoridation (CWF). This report summarizes scientific evidence that focuses on 

matters of public health significance, including the effectiveness, safety and adverse effects of CWF. The summary 

and tables can be used as a quick reference to examine particular studies and their outcomes for specific CWF 

topics. CWF is recommended based upon several comprehensive and systematic reviews of the evidence, which 

concluded that the practice was safe, effective and equitable, and upon its endorsement by scientific and 

professional bodies across the world.  

Since 2012, the Peel Health Region in Ontario has been monitoring and critically appraising the scientific literature 

on CWF and subsequently providing a summary report bi-annually for the Regional Municipality of Peel Council. The 

Peel Health Region has kindly agreed to share their summary report to be adapted and used by Alberta Health 

Services. The original report can be found at http://www.peelregion.ca/council/agendas/2016/2016-10-13-cwfc-

agenda.pdf. 

The summary and critical appraisal of the scientific literature was completed by the Peel Health Region. The time 

frame for the scientific publications included in this summary is 2006 to 2016; however, some additional, strong 

quality systematic reviews outside of this timeframe have been included due their importance and relevance.  

 

Methods 
 

This document uses a systematic and objective process to review published scientific research evidence on topics 

related to CWF of public health significance, including the effectiveness and safety of CWF. This process involves a 

series of predetermined, replicable, and transparent steps.  

There is extensive published literature on the subject of water fluoridation with a large variation in study design and 

study quality (e.g., reliability and accuracy of outcomes); however, the findings of some studies are not applicable 

to the context of CWF practiced within the optimal concentration, 0.7 parts per million (ppm) recommended to 

prevent tooth decay.  

In summary, these steps include: 

 comprehensive searches of electronic databases by a trained librarian—to ensure any and all published 

evidence is identified; 

 the systematic and explicit application of relevant criteria to the identified studies; 

 critical appraisal of relevant studies using specific validated tools for each study design;  

o The Health-Evidence Quality Assessment of Reviews Tool—used for Systematic Reviews   
o Cochrane EPOC Risk-of-Bias Tool—used for before–after studies 
o CASP Cohort Study Checklist—used for cohort studies 

http://www.peelregion.ca/council/agendas/2016/2016-10-13-cwfc-agenda.pdf
http://www.peelregion.ca/council/agendas/2016/2016-10-13-cwfc-agenda.pdf
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o 11 Questions to Help You Make Sense of Descriptive/Cross-sectional Studies Tool —used for cross-
sectional/ecological studies  
 

 two independent reviewers conducting all the review procedures (including screening citations, data 

abstraction and critical appraisal); and 

(Note: weaker forms of evidence lacking methodology, literature overviews, editorials, letters, case studies, 

videos, and opinion papers were not assessed for quality.)  

 

Summary of Findings 
 

This updated review of the best available evidence supports water fluoridation as an effective and cost-effective 

intervention to prevent tooth decay. Studies consistently report that children and adults living in fluoridated 

communities (those with CWF) have significantly lower levels of dental caries and are at lower risk of developing 

caries than those living in non-fluoridated communities. This benefit is also equitable across different 

socioeconomic groups.  

 

The findings of this review are summarized in the following two areas: effectiveness and adverse effects.  

CWF Effectiveness 
 

Tooth decay remains a significant public health problem and is certainly one of the most prevalent diseases 

affecting children, especially those exposed to poverty. All the benefits of water fluoridation continue to be well 

documented, and it is widely advocated as the most cost-effective public health measure in reducing dental caries. 

The use of fluoride for the prevention of dental cavities is also endorsed by over 90 national and international 

professional health organizations; in Canada, fluoridated water is a public health measure that has been used for 70 

years.  

 

Two systematic reviews (Iheozor-Ejiofor et al., 2015; Yeung, 2008), with a total of 50 single studies, reported 

beneficial effects when comparing children living in communities with the recommended concentration of fluoride 

to those living in communities where the concentration of fluoride is not adjusted to the recommended level for 

preventing tooth decay.  

 

The following findings compare children living in fluoridated communities with the range of 0.5 to 1.2 ppm of 

fluoride to communities with naturally low concentration of fluoride (<0.4 ppm) : 

 35% reduction in tooth decay in baby teeth (pooling of nine studies; N=44,268 children) 

 26% reduction in tooth decay in permanent teeth (pooling of 10 studies; N=78,764 children) 

 15% increase in children with no tooth decay (pooling of 18 studies; N=93,504 children) 
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Two recent studies, which were classified as having strong design and methodology, assessed the equity impact of 

CWF. Both studies show that the benefits of CWF are equally distributed across socioeconomic groups, with more 

pronounced benefits in children of low-income families (McGarady et al., 2012; McLaren et al 2016b). 

CWF Adverse Effects 

 

Scientific research does not support the claims of any adverse health effects caused by the practice of CWF as a 

public health measure including hip fractures in adults, osteosarcoma in children, carcinogenicity, developmental 

neurotoxicity and reproductive toxicity. Dental fluorosis remains the only adverse effect of CWF. Although the risk 

of mild dental fluorosis appears to be higher in children living in fluoridated communities, children who live in non-

fluoridated communities may also experience very mild to mild dental fluorosis. The Canadian Health Measure 

Survey 2007–2009 identified 12% of children with one or more teeth with fluorosis classified as very mild and 4% 

with fluorosis classified as mild. So few Canadian children have moderate or severe fluorosis that, even combined, 

the prevalence is too low to permit reporting. This finding provides validation that dental fluorosis remains an issue 

of low concern in Canada, and is therefore not a public health concern in this country.  

 

One systematic review that compiled 40 studies (N=59,630 children) reported that in a community where the 

concentration of fluoride in the public water supply is adjusted to 0.7 ppm, an estimated 12% of children would be 

expected to have dental fluorosis of aesthetic concern; and in communities with a fluoride concentration of 0.1 

ppm, 8% of children would have dental fluorosis of aesthetic concern (Iheozor-Ejiofor et al., 2015). Another reliable 

single study reported that 45% of children in the fluoridated community had fluorosis (of any level) versus 27% of 

children living in the non-fluoridated area (McGrady et al., 2012). 

 

A systematic review of 30 studies (Yeung 2008) and six strong single studies (Broadbent et al., 2014; Nasman et al., 

2013; Archer et al., 2016; Blakey et al., 2014; Levy et al., 2014; Young et al., 2015) reported on adverse health 

effects associated with CWF. Across these studies, 19 adverse health outcomes were assessed: cancer of all causes, 

thyroid cancer, bone cancer/osteosarcoma, intelligence (IQ), congenital malformations, dementia, still births, Down 

syndrome, sudden infant death syndrome, mental retardation, skeletal fluorosis, bone fracture, hip fracture, 

osteoporosis, goitre, urinary stone disease, coronary heart disease/mortality, and all-cause mortality. The findings 

of these studies do not support an association between fluoride in drinking water at the optimal concentration 

(0.7ppm) and any adverse health effects. 
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Conclusion 
 

As found in this review, the evidence to date finds that children and adults living in fluoridated communities have 

lower levels and severity of tooth decay than those living in low/non-fluoridated communities. The risk of dental 

fluorosis is slightly higher in fluoridated communities; however, only a small portion of people experience fluorosis 

of aesthetic concern. Studies assessing adverse health outcomes hypothetically associated with CWF do not support 

any association between effect of fluoride in drinking water at the optimal concentration (0.7 ppm) and any 

adverse health effects. Alberta Health Services will continue to monitor the evidence and update this review on 

CWF effectiveness and adverse effects.  

 

As of January 2017, a joint position statement on CWF was released from Alberta Health and AHS:  

 

 Alberta Health and Alberta Health Services recognize that community water fluoridation effectively 

prevents tooth decay, especially among people who are most vulnerable. It offers significant benefit 

with very low risk and reaches all residents who are connected to a municipal water supply. 

Therefore, Alberta Health and Alberta Health Services endorse community water fluoridation as a 

foundational public health measure to prevent dental disease and improve oral health. 

 

In conclusion, CWF remains a safe and effective public health measure in the prevention of tooth decay. For further 

information on CWF in Alberta, please contact Dr. Rafael Figueiredo, Provincial Dental Public Health Officer: 

Rafael.Figueiredo@albertahealthservices.ca.  

  

mailto:Rafael.Figueiredo@albertahealthservices.ca
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Summary Table for CWF Effectiveness 
 

The following table provides a quick reference to the scientific literature (single studies and systematic reviews) on 

the effectiveness of community water fluoridation in preventing tooth decay and related complications.  

 

 The following details for each scientific article are provided in the table: 

o Author and Year 

o Outcome(s) studied 

o Study description ( methods, population, and sample size) 

o Concentration of the fluoride exposure reported in the study 

o Key findings 

o Quality rating of methodology (critical appraisal assessment)  

 

 Each article or review’s methods are ranked as Strong, Moderate, or Poor, and are based on the critical 

appraisals. 

 

 Critical appraisals were assessed using the appropriate tool for each study design.  

 

 Articles are organized alphabetically by the first author’s name.  

 

The decayed, missing, and filled teeth (DMFT) index is one of the most common methods in oral epidemiology to 
assess tooth decay. Abbreviations of this measure can be seen as dmft, which refers to primary teeth and DMFT 
which refers to permanent teeth.
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Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Armfield et al. 
(2013) 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Children 5–
16 years 

 Country: Australia 

 Sample: N=16,508 

 Fluoridated 
communities: 0.5–
1 ppm 

 Non-fluoridated 
communities: Not 
reported 

 For children, tooth decay was significantly associated with 
consuming sugar-sweetened beverages 

 For children with more than 50% lifetime exposure to 
fluoridated water no association has been established between 
sweetened drink consumption and DMFT, permanent dentition 

 For children with lower lifetime exposure (<50%) to fluoridated 
water, the DMFT score was 46% higher in children consuming 3 
or more sweetened drinks/day than for children who were not 
consuming sweetened drinks 

Strong 
 

Blinkhorn et al. 
(2015) 

Tooth decay  Type: Ecological 

 Population: Children 5–
7 years 

 Country: Australia 

 Sample: N=2,129 

 Not reported  Children 5–7 years of age living in the fluoridated area had 
significantly lower DMFT scores (1.40) in comparison to those 
children living the community before fluoridation was 
introduced (DMFT=2.02) and non-fluoridated (DMFT=2.09) areas 

 The proportion of caries-free children was higher in the 
fluoridated areas (62.6%) compared to children living the 
community before fluoridation was introduced (50.8%) and non- 
fluoridated areas (48.6%) 

Moderate 
 

Cho et al. 

(2014)
a 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Children 6, 8 
and 11 years 

 Country: South Korea 

 Sample: N=1,485 

 Not reported  Children 11 years of age living in an area where water was 
previously but is no longer fluoridated, and who ingested 
fluoridated water for ~ 4 years after birth, had 12% lower caries 
rates than those living in a non-fluoridated area 

 There were no significant differences in caries rates in 6 and 8 
year olds comparing those living in areas where water was 
previously but is no longer fluoridated, and those living in a non-
fluoridated area 
 

Poor 
 

Cho et al. 
(2014)

b
 

Tooth decay and 
inequities 

 Type: Cross-sectional/ 
ecological 

 Population: Children 
11 years 

 Country: Korea 

 Sample: N=1,446 

 Not reported  Children from all socio-economic groups living in fluoridated 
areas had lower rates of caries compared to children living in 
non- fluoridated areas 

Poor 
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Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Crocombe  
et al. (2015) 

Tooth decay 

 

 Type: Cross- sectional/ 
ecological 

 Population: Adults 15–
46 years 

 Country: Australia 

 Sample: N=466 

 Fluoridated: 0.3–
0.7 ppm; 
>0.7 ppm 

 Non-fluoridated: 
<0.3 ppm 

 Rural individuals 15–46 years of age with 50% or higher lifetime 
exposure to fluoridated water had significantly lower DMFT score 
(mean=6.01) and lower numbers of filled teeth (4.08) than adults 
with 50% or lower lifetime exposure to fluoridated water (mean 
DMFT= 9.14; number of filled teeth=7.06) 

Strong 
 

Do et al. (2014) 

 

Tooth decay  Type: Cross- sectional/ 
ecological 

 Population: Children 8–
12 years 

 Country: Australia 

 Sample: N=2,611 

 Not reported  Children aged 8–12 years who have been exposed to fluoridated 
water during the first 3 years of life showed an association with 
higher prevalence of mild fluorosis, but significantly lower 
prevalence and severity of caries in the primary and permanent 
dentitions 

 Exposure to fluoridated water during the first 3 years of life was 
associated with better oral health of school-age children 

 Lower household income was significantly associated with 
greater prevalence and severity of tooth caries in primary 
dentition among children 8–10 years old and tooth caries in 
permanent dentition among children 8–12 years old 

 

 

 

 

Moderate 
 
 

Do & Spencer 

(2015) 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Children 5–
14 years 

 Country: Australia 

 Sample: N=5,400 

 Not reported  Children 5–8 years of age living in fluoridated areas had 39% less 
dental caries than children living in non-fluoridated areas 

 Children 9–14 years of age living in fluoridated areas had 37% less 
dental caries than children living in non-fluoridated areas 

Moderate 
 

Elmer et al. 

(2014) 

Tooth extraction 

related to tooth 
decay 

 Type: Hospital chart 
review 

 Population: Patients 0–
19 years; 

 Country: England 

 Sample: Not reported 

 Not reported  In 0–19 year olds, the rate of hospital admissions for the 
extraction of decayed teeth was significantly lower in areas with 
a fluoridated water supply than non-fluoridated water supply 

 Note: the results were compared across different levels of 
deprivation using the Index of Multiple Deprivation  

 Among the most deprived areas, rates of hospital admission in 
the fluoridated community varied between 4.17 and 4.91 per 
10,000 habitants while similar deprived areas non-fluoridated 
had rates between 51.51 and 112.58 per 10,000 habitants 

No validated tool 

available to 
appraise this 
type of study 

 



9 
 

Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Hashizume  
et al. (2013) 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Children 8–10 
years 

 Country: Brazil 

 Sample: N=441 

 Not reported  Fluoridation of public water supplies and fluoridated dentifrices 
was associated with decreased prevalence of hidden caries 
(assessed using x-rays) in Brazilian children; hidden caries was 
26.4% in 1975 and 12.9% in 1996 

Poor 
 

Iheozor-Ejiofor  
et al. (2015) 

Tooth decay  Type: Systematic review 
of prospective controlled 
studies 

 Population: Children 

 # of studies: 19 single 
studies 

 Fluoridated: 0.5–
1.2 ppm 

 Non-fluoridated: 
<0.4 ppm 

 Pooling of single studies comparing children living in fluoridated 
areas to areas with little or no fluoridation showed 
o 35% reduction in baby tooth decay (9 studies with combined 

N=44,268 children) 
o 26% reduction in permanent tooth decay (10 studies with 

combined N=78,764 children)  
o  15% increase in children with no tooth decay (N=18; 93,504 

children) 

Strong 
 

Johnson et al. 
(2014) 

Tooth decay  Type: Before-after 

 Population: Children 4–
15 years in remote 
Indigenous communities 

 Country: Australia 

 Sample: N=324 

 Not reported  In children 4–15 years of age, seven years of water fluoridation 
consumption reduced the caries rate and severity by 37% 

 This reduction was most noticeable in younger children (4–9 
years), with caries rates decreasing by 50% 

Poor 
 

Klivitsky et al. 

(2015) 

Hospitalizations 
for dental 
infections 

 Type: Cross-sectional/ 
ecological 

 Population: Children 
<18 years 

 Country: Israel 

 Sample: N=1,413 
hospitalizations 

 Fluoridated: 
>0.7 ppm 

 Non-optimally 
fluoridated: 
<0.5 ppm 

 Children younger than 18 years of age living in non-optimally 
fluoridated cities were two times more likely to report 
hospitalizations for dental infections than children living in 
optimally fluoridated cities 

 This effect was more noticeable in populations of lower socio-
economic status 

Moderate 
 

Koh et al. 
(2015) 

Tooth decay  Type: Before–after 

 Population: Children 4–9 
years 

 Country: Australia 

 Sample: N=457 

 Fluoridated: 0.6–
0.8 ppm 

 Non-fluoridated: 
Not reported 

 For children 4–9 years of age from low socio-economic status, 
the consumption of water fluoridation for 36 months lowered 
caries rates experience by 12% and 19%, respectively. 

Poor 
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Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

McDonagh et al. 
(2000) 

Tooth decay  
 

 Type: Meta-analysis 
 Population: Children and 

adults 
 Country: International 

(30 countries) 

 # of studies: 26 single 
studies 

 Fluoridated: 0.7–
1.2 ppm 

 Non-fluoridated: 
<0.7 ppm 

 Pooling of single studies comparing children living in fluoridated 
areas with those living in low/non-fluoridated areas showed: 
o Fewer decayed, missing or filled primary/permanent teeth by 

2.25 teeth 

o 15% increase in caries-free children 

 In studies completed after 1974, a beneficial effect of water 
fluoridation was still evident in spite of the assumed exposure 
other sources of fluoride (e.g., toothpaste) 

 

Strong 
 

McGrady et al. 
(2012) 

Tooth decay and 

inequities 

 Type: Cross-sectional/ 
ecological 

 Population: Children 11–
13 years 

 Country: United Kingdom 

 Sample: N=1,783 

 Fluoridated: 
1 ppm 

 Non-fluoridated: 
Not reported 

 Children living in the fluoridated community had significantly less 
decayed, missing or filled teeth (mean=2.94) than those living in 
the non- fluoridated community (mean=4.48) 

 Found an association of deprivation and mean DMFT across 5 
quintile deprivation in both groups.  

 Statistically significant benefit (lower mean DMFT) was found in 
the fluoridated community in each quintile deprivation except 
the least deprived quintile 

Strong 
 

McLaren & 
Emery (2012) 

Tooth decay and 

inequities 

 Type: Cross-sectional/ 
ecological 

 Population: Children 6– 
11 years 

 Country: Canada 

 Sample: N=1,017 

 Not reported  Children living in fluoridated communities had significantly 
reduced odds (OR = 0.44) of having higher DMFT score compared 
to those living in non/low fluoridated communities 

 This benefit was observed across socio-economic groups and 
children with the lowest socio-economic status benefited most 

Strong 
 

McLaren et al. 
(2016a) 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Children 
(Grade 2) 7–8 years  

 Country: Canada 

 Sample: N= 12,581 

 Not reported  There was an increase from 2004/2005 to 2013/2014 in dental 
caries on smooth surfaces in grade two children living in both 
Calgary and Edmonton 

 This increase in caries was larger and more consistent in Calgary 
where CWF cessation occurred 

 Change over time in mean primary tooth decay surfaces in 
Calgary = 2.9; and in Edmonton = 1.60. Difference in change over 
time between cities was statistically significant 

Moderate 
 



11 
 

Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

McLaren et al. 
(2016b) 

Tooth decay and 
inequities 

 Type: Uncontrolled 
before–after 

 Population: 
Children(Grade 2) 7–8 
years 

 Country: Canada 

 Sample: N=3,787 

 Not reported  Among grade 2 children living in Calgary, absence of dental 
insurance was associated with higher mean DMFT in 2013/14 
after fluoridation was discontinued (Relative Risk = 1.56), but not 
in 2009/10 (Relative Risk = 0.87) when water was fluoridated 

 There were no statistically significant differences in mean 
primary tooth decay 

 Absence of dental insurance was associated with greater 
likelihood of having two or more untreated decay (primary or 
permanent), in both 2009/10 (Odds ratio = 1.76), and 2013/14 
(Odds ratio = 2.0) 

Moderate 
 

McLaren & 

Singhal (2016) 

Tooth decay  Type: Systematic review 

 Population: Children and 
adults 

 Country: North America, 
South America, Europe, 
Asia and the Caribbean 

 # of studies: 15 single 
studies 

 Not reported  Results from published studies are mixed, but pointed more to 
an increase in dental caries in children post-CWF cessation 

 Of the 9 studies with at least moderate methodological quality, 5 
reported an increase in caries post-cessation, 3 studies did not 
report an increase and one reported mixed results 

Moderate 
 

Mullen et al. 

(2012) 

Tooth decay 

 

 Type: Cross-sectional/ 
ecological 

 Population: Adolescents 
16 years 

 Country: Republic of 
Ireland and Northern 
Ireland 

 Sample: N=1,403 

 Fluoridated: 0.5–
1 ppm 

 Non-fluoridated: 
0–0.3 ppm 

 Adolescents were categorized into four lifetime exposure 
categories: No exposure (0%); low exposure (1–50%); medium 
exposure (51–80%) and high exposure (81–100%), based on 
proportion of time living in communities with and without 
fluoridated water 

 Adolescents living in fluoridated communities had significantly 
less DMFT (mean=2.54) and fillings (F mean=2.01) than those 
living in non- fluoridated communities (DMFT mean=3.63; fillings 
F mean=3.11) 

 Adolescents with the highest lifetime exposure to fluoridated 
water (81–100%) had significantly less DMFT (mean=2.42) than 
those with no exposure (mean=3.61) 

 There were also significantly fewer fillings in both the high 
exposure group (F mean 1.98) and medium exposure (F 
mean=2.33) compared to the no exposure group (F mean=3.10) 

Strong 
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Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

O’Sullivan  
et al. (2015) 

Tooth decay  Type: Cross-sectional/ 
ecological 

 Population: Adults >50 
years 

 Country: Ireland 

 Sample: N=4,977 

 Fluoridated: 0.6–
0.8 ppm 

 Non-fluoridated: 
Not reported 

 Older adults living in areas with a with fluoridated water supplies 
were more likely to have all their own teeth 

 Note: There was no association between fluoridation and bone 
health as determined by bone mineral density as measured by 
ultrasound 

Moderate 
 

Ran & 

Chattopadhy 

ahet (2016) 

Cost -benefit 

of CWF  

 Type: Systematic review 
of economic studies 

 Population: Children and 
adults 

 Country: International 

 # of studies: 10 single 

studies 

 Not reported  This updated review included 10 studies, four of them reporting 

only on the CWF benefits, and the other six reporting both costs 

and benefits of CWF 

 All included studies reported CWF to be a value-for-money 

intervention, and its benefits increased with community 

population size 

 The four benefit-only studies reported lower dental costs in 

fluoridated vs. non-fluoridated communities 

 In the six cost-benefit studies, the annual per capita fluoridation 

costs ranged from $0.11 to $4.92; however, the cost- benefits 

ranged from $5.49 to $93.19 for communities with at least 1,000 

populations 

  Benefit-cost ratios ranged from 1.12:1 to 135:1, and these ratios 

were positively associated with community population size 

 

Moderate 
 
 

Rugg-Gunn & 

Do (2012) 

Tooth decay 
 

 Type: Non-systematic 
literature review 

 Population: Children ~5 
years and >12 years 

 # of studies: 59 single 
studies 

 Not reported  Studies conducted after 1990 report lower effect in caries 
reduction than studies before 1990 

 Reductions in dental caries in recent studies have been observed, 
however not always statistical significance values have been 
reported 

 The ‘halo’ effect, and increase routine of utilizing statistical 
control for cofounding factors in recent studies may contribute to 
the smaller reductions in caries 

Poor 
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Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Slade et al. 

(2013) 

Tooth decay 

 

 Type: Cross- sectional/ 
ecological 

 Population: Adults 

 Country: Australia 

 Sample: N=3,779 

 Fluoridated: 0.5–
1 ppm 

 Non- fluoridated: 
Not reported 

 Adults, in the pre-1960 cohort with, >75% CWF lifetime versus 
<25% CWF lifetime exposure had 12% lower DMFT score  

 Adults in the 1960–1990 cohort with, >75% CWF lifetime versus 
<25% CWF lifetime exposure had 11% lower DMFT  

Strong 
 

Yeung (2008) 
 

Tooth decay  Type: Systematic review;  

 Population: Children 

 

 Fluoridated: 0.7–
1.0 ppm 

 Non-fluoridated: 
<0.4 ppm 

 Introducing water fluoridation into an area significantly 
increased proportion of caries-free children, and decreased 
mean dmft/DMFT scores vs areas that were non-fluoridated over 
the same time period 

 Note: Full review can be found in the Australian Government, 
NHMRC (2007) report 

Strong 
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Summary Table for CWF Adverse Effects 
The following tables provide a quick reference to the scientific literature (single studies and systematic reviews) on the effectiveness of community water 

fluoridation in preventing tooth decay and related complications.  

 

 The following details for each scientific article are provided in the table: 

o Author and Year 

o Outcome(s) studied 

o Study description ( methods, population, and sample size) 

o Concentration of the fluoride exposure reported in the study 

o Key findings 

o Quality rating of methodology (critical appraisal assessment)  

 

 For easy reference, tables are categorized with the following adverse health outcomes: 

o Table 1: Dental Fluorosis 

o Table 2: Bone Health 

o Table 3: Cancer 

o Table 4: Endocrine 

o Table 5: Other health outcomes 

 

 Quality ratings uses for the articles’ methods are Strong, Moderate, and Poor, and are based on the critical appraisals.  

 

 Critical appraisals were assessed using the appropriate evaluative tool for each study design 

 

 Articles are organized alphabetically based on the author’s name.  
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Table 1: Dental Fluorosis 

Author 

(year) 
Outcome Study Description 

Fluoride Water 

Exposure 
Key Findings 

Quality 

Rating of 

Methodology 
Iheozor-Ejiofor  

et al. (2015) 

Dental fluorosis  Type: Systematic review 

of prospective controlled 

studies 

 Population: Children 

 # of studies: 40 single 

studies 

 Fluoride in the 

water: 0.1, 0.4, 

0.7 ppm 

 With exposure to fluoride at a level of 0.7 ppm, about 12% would 

be expected to have fluorosis of aesthetic concern 

 At 0.4 and 0.1 ppm, 10% and 8% would have fluorosis of 

aesthetic concern 

 Strong 

 

McDonagh et al. 

(2000) 

Dental fluorosis  Type: Meta-analysis  

 Population: Children 

 No. of studies: 88 single 

studies 

 Fluoridated: 0.6–
1.2 ppm 

 Low natural 

fluoride in the 

water: <0.3 ppm 

 High natural 
fluoride in the 
water: 4–7 ppm 

 For individuals living in communities exposed to fluoride at 1.0 
ppm, 48% were observed to have fluorosis, and 12.5% were 
observed to have fluorosis of aesthetic concern 

 

 Strong 

McGrady et al. 
(2012) 

Dental fluorosis 

 

 Type: Cross-sectional/ 
ecological 

 Population: Children 11– 

13 years  

 Country: United Kingdom 

 Sample: N=1,783 

 Fluoridated: 1.0 
ppm 

 Non-
fluoridated: 
Not reported 

 Odds of developing mild fluorosis were 3 times higher in the 
fluoridated community than the non-fluoridated community 
(odds ratio=3.3) 

Strong 
  

Perez-Perez et al. 
(2014) 

 

 

Dental fluorosis  Type: Cross-sectional/ 
ecological 

 Population: Children 8-14 
years 

 Country: Mexico 

 Sample: N=917 

 Fluoridated tap 
water: 0.7 ppm 

 Well water: 0.43 
ppm 

 Bottled water: 
<1.5 ppm 

 No association shown between the consumption of fluoridated 
water and the level of dental fluorosis 

 Mild fluorosis associated with higher socio-economic status; 
however, relationship is complex, and evidence is inconclusive  

 Higher fluorosis severity associated with soft drink consumption 

Moderate 
 

Yeung (2008) Dental fluorosis  Type: Systematic review 
 Population: Children and 

adults 

 

 Fluoridated: 0.7 
ppm 

 Non- 
fluoridated: 0.4 
ppm 

 Water fluoridation results in development of dental fluorosis, 
but most of it is mild and not considered to be of aesthetic 
concern 

 Note: Full review can be found in the Australian Government, 
NHMRC (2007) report 

Strong 
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Table 2: Bone Health 

Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Levy et al. 

(2014) 

Bone density  Type: Cohort 

 Population: Children 15 
years old 

 Sample: N=358 

 Not reported  Assessed cumulative fluoride intake from water, food beverages 
and fluorides supplements from birth to age 15 years  

 No association shown between average daily fluoride intake and 
bone density, as measured by dual-energy x-ray absorptiometry 

Moderate 
 

McDonagh et al. 
(2000) 

Bone fracture or 
development 

 Type: Meta-analysis 

 Population: Children and 
adults 

 # of studies: 29 single 
studies 

 Range: <0.3– 
8.0 ppm 

 No association shown between bone fracture or bone health 
and water fluoridation consumption 

Strong 
 

Nasman et al. 
(2013) 

Hip fracture  Type: Cohort 

 Population: Older 
adults  

 Country: Sweden 

 Sample: N=473,277 

 Range: 0.1–
2.7ppm 

 Long-term fluoride exposure from public drinking water was not 
associated with incidence of hip fracture 

Strong 
 

O’Sullivan et al. 
(2015) 

Bone mineral 
density 

 Type: Cross-sectional/ 
ecological 

 Population: Adults >50 
years 

 Country: Ireland 

 Sample: N=4,977 

 Fluoridated: 
0.6–0.8 ppm 

 Non- fluoridated: 
Not reported 

 Older adults living in areas with a with fluoridated water supplies 
were more likely to have all their own teeth 

 No association shown between fluoridation and bone health as 
determined by bone mineral density as measured by ultrasound 

Moderate 
 

Yeung (2008) Bone fracture or 

Osteoporosis 

 Type: Systematic review  
 Population: Children and 

adults 

 Concentration 
range: 0.25– 
8.0 ppm 

 Water fluoridation at levels aimed at preventing dental caries 
has little effect on fracture risk or osteoporosis, either 
protective or deleterious 

 Note: Full review can be found in the Australian Government, 
NHMRC (2007) report 

 Strong 
 

Young et al. 

(2015) 

Hip fracture, 

Down 
syndrome, all- 
cancer, all- 
cause mortality 
and 
osteosarcoma 

 Type: Cross-sectional/ 
ecological 

 Population: Children and 
adults 

 Country: United Kingdom 

 Sample: N=32,482 

 Fluoridated: 1.0–
1.5 ppm 

 Non-
fluoridated: 
Not reported 

 No association shown between CWF and hip fractures; Down 
syndrome; all-cancer, all-cause mortality; or osteosarcoma 

 People living in fluoridated areas had a 7.9% and 8% lower 
incidence of renal stones and bladder cancer, respectively, 
than those living in non-fluoridated areas 

Strong 
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Table 3: Cancer 

Author  
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Archer et al. 

(2016) 

Osteosarcoma  Type: Case Control 
 Population: Children and 

adolescents 0–19 years 
diagnosed with 
osteosarcoma (case), 
CNS tumors or leukemia 
(controls) 

 Country: United States 

 Sample: N=1,510 

 Concentration 
range = 0.1–5.5 
ppm 

 No relationship shown between consumption of fluoridated 
public drinking water and the prevalence of 
childhood/adolescent osteosarcoma 

 No difference shown in the odds of childhood osteosarcoma due 
to consumption of fluoride from different sources (water 
naturally fluoridated vs. water with fluoride adjusted using 
fluorosilicic acid) 

Strong 
 

Bassin et al. 

(2006) 

Osteosarcoma  Type: Case-control 

 Population: Children 
and adolescents 0–20 
years 

 Sample: 103 cases and 

215 controls (other 
orthopedic patients from 
same hospital) 

 Three levels of 
exposure:  
o <0.3ppm, 
o 0.3–0.69 

ppm,  
o >0.7 ppm 

 High versus low fluoride level exposure in drinking water was 
associated with increased incidence of osteosarcoma among 
males 0 to 14 years but not females 

 Association peaked at 6–8 years of age; 7-year-old males with 
high fluoride exposure were 5.5 times more likely to have 
osteosarcoma (odds ratio= 5.46; 95% CI: 1.50–19.9) 

Poor 
 

Blakely et al. 

(2014) 

Osteosarcoma 

and Ewing 

sarcoma 

 Type: Cross- sectional/ 
ecological  

 Population: Children and 
adults 

 Country: United Kingdom 
 Sample: N=4,216 

 Fluoridated: <1.5 
ppm 

 Non-fluoridated: 

Not reported 

 No association shown between consumption of fluoridated 
drinking water and relative risk of osteosarcoma and relative risk 
of Ewing sarcoma in children and adults  

Strong 

Levy et al. 

(2012) 

Osteosarcoma  Type: Cross-sectional/ 
ecological 

 Population: Children and 
adolescents 5–19 years 

 Country: United States 

 Sample: N/A  

 Concentration 
range 0.7–4.0 
ppm 

 Suggests water fluoridation status in the continental U.S. has no 
influence on osteosarcoma incidence rates during childhood and 
adolescence 

Strong 
 

McDonagh et al. 
(2000) 

Cancer  Type: Meta-analysis  

 Population: Children 
and adults 

 # of studies: 26 single 
studies 

 Concentration 
range: <0.3–8.0 
ppm 

 No association shown between all-cancer incidence or mortality 
of cancer, including osteosarcoma, bone/joint and thyroid 
cancers and consumption of fluoridated water  

Strong 
 



18 
 

Schwartz 

(2014) 

Eye cancer  Type: Cross-sectional/ 
ecological 

 Population: Children 
and adults of all ages 

 Country: United States 

 Sample: Census data 
from 44/50 states 

 Not reported  US states with greater access to fluoridated water had lower 
rates of eye cancer incidence 

Moderate 
 

Yeung (2008) Cancer (all- 
cause, 
bone/joint, 
osteosarcoma 
and thyroid) 

 Type: Systematic review 
 Population: Children and 

adults 

 Fluoridated:1.0 
ppm 

 Non-fluoridated: 
various levels or 
lowest ppm 

 There is no clear association between water fluoridation and 
overall cancer incidence or mortality (for “all cause” cancer, and 
specifically for bone cancer and osteosarcoma 

 Note: Full review can be found in the Australian Government, 
NHMRC (2007) report 

Strong 
 

Young et al. 

(2015) 

Hip fracture, 

Down 
syndrome, all- 
cancer, all- 
cause mortality 
and 
osteosarcoma 

 Type: Cross-sectional/ 
ecological 

 Population: Children and 
adults 

 Country: United Kingdom 

 Sample: N=32,482 

 Fluoridated: 1– 
1.5 ppm 

 Non- fluoridated: 
Not reported 

 In children and adults, there was no association between CWF 
consumption and hip fractures, Down syndrome, all-cancer, all-
cause mortality or osteosarcoma 

 People living in fluoridated areas had a 7.9% and 8% lower 
incidence of renal stones and bladder cancer, respectively, 
compared to those living in non-fluoridated areas 

Strong 
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Table 4: Endocrine 

Author 
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

U.S. National 
Research Council 
(2006) 

Outcomes related 
to the endocrine 
system 

 Type: Non-systematic 
literature review 

 Population: Children and 
adults  

 Country: United States 

 # of studies: Not 
reported 

 Not reported  Endocrine effects of fluoride exposures in experimental animals 
and in humans studies included decreased thyroid function, 
increased calcitonin activity, increased parathyroid hormone 
activity, secondary hyperparathyroidism, impaired glucose 
tolerance, and possible effects on timing of sexual maturity 

 Summarized single studies; many of the effects could be 
considered subclinical (no adverse health effects) 

 

 

 Poor 

 

Peckham et al. 
(2015) 

Hypothyroidism  Type: Cross- sectional/ 
ecological 

 Population: Age not 
reported 

 Country: England 

 Sample: N=7,935 

 Fluoride level 
categories:  
o >0.7ppm 
o >0.3 to 

<0.7ppm 
o <0.3ppm 

 The odds of a physician general practitioner practice recording 
high levels of hypothyroidism were 
o 37% higher in areas with a fluoride concentration range 

between >0.3 and ≤0.7 ppm, and  
o 62% higher in areas with fluoride concentration >0.7 ppm, 

compared with practices in areas with maximum fluoride 
concentration of ≤0.3 ppm 

Poor 
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Table 5: Other Health Outcomes 

Author  
(year) 

Outcome Study Description 
Fluoride Water 

Exposure 
Key Findings 

Quality 
Rating of 

Methodology 

Broadbent et 

al. (2014) 

Intelligence 

Quotient (IQ) 

 Type: Prospective cohort 

 Population: children 7–
13 years, measured 
again at ; adults 38 years 

 Country: New Zealand 

 Sample: cohort 
assembled N=992 
children; cohort follow-up 
N=942 adults  

 Fluoridated: 
0.85 ppm 

 Non- fluoridated: 
0–0.03 ppm 

 The cohort follow-up was conducted when individuals reached 
38 years of age 

 Individuals living in fluoridated communities did not differ in IQ 
from those living in non-fluoridated communities 

 There was no significant difference in IQ between those who had 
or had not used fluoride toothpaste or fluoride tablets 

Strong 
 

Choi et al. 

(2012) 

Intelligence  Type: Systematic review 

 Population: Children 4–16 
years 

 Country: China and Iran 

  # of studies: 27 single 
studies 

 Concentration 
range: 0.4–11.5 
ppm 

 Pooled analysis of 27 studies: Children living in areas with high 
concentration of fluoride in the water supplies, in rural China 
and Iran (concentration of fluoride up to 11.5 ppm) had 
significantly lower IQ scores compared to those living in areas 
with low concentration of fluoride 

 Note: Authors acknowledged that “each of the [studies] 
reviewed had deficiencies, in some cases rather serious, which 
limit the conclusions that can be drawn."(pg.1367); and the 
difference in IQ scores between the high- and low-fluoride 
groups “may be within the measurement error of IQ testing.”(p. 
1366) 

Moderate 
 

Malin & Till 

(2015) 

Attention Deficit 
Hyperactivity 
Disorder (ADHD) 

 Type: Cross-
sectional/ecological 

 Population: Children 4–17 
years 

 Country: United States 

 Sample:  

N=79,264 (2003) 

N=73,123 (2007) 

N=76,015 (2011) 

 Not reported  Parents of children 4–17 year olds living in U.S. states with a 
greater proportion of people consuming fluoridated water 
reported higher rates of ADHD in their children 

 Individual or community fluoride exposure status of children 
diagnosed with ADHD was not assessed. The relationship 
between local water fluoridation and ADHD was not possible to 
determine 

 Note: This study has empirically demonstrate an association 
between more widespread exposure to fluoridated water and 
increase ADHD prevalence in US children and adolescent. 
Further clarification of a potential dose-response relationship 
between fluoride exposure and ADHD symptoms would also be 
important for determining causality 

Poor 
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McDonagh et 
al. (2000) 

Impact on Health 
Outcomes 

 Type: Systematic review 

 Population: Children 5–
14 years; adults 

 # of studies: 33 single 
studies 

 Concentration 
range: <0.3–8.0 
ppm 

 Studies included the following health outcomes: Down 
syndrome, mortality, senile dementia, goiter and intelligence.  

 Evidence is insufficient to reach a conclusion regarding any 
association between these outcomes and CWF 
 

Strong 
 
 
 

Peterson et 

al. (2015) 

Arsenic from 

fluoridation 

 Type: Cross-
sectional/ecological 

 Population: drinking 
water samples from 
Ontario 

 Country: Canada 

 Sample: N=1329 (paired) 

 Fluoridated: 
mean = 0.53 ppm 

 Non-fluoridated: 
0.12 ppm 

 Drinking water treatment was found to reduce arsenic levels in 
water in both fluoridated and non-fluoridated systems by 0.2 
µg/L (0.0002 ppm) 

 Fluoridated drinking water systems were associated with an 
additional 0.078 µg/L (0.000078 ppm) of arsenic in water when 
compared to non-fluoridated water systems. 

 Note: The Canadian Drinking Water Quality Guideline (CDWQG) 
for arsenic is 10 µg/L. The 0.078 µg/L additional arsenic, which 
represents less than 1% of the maximum allowable 
concentration of arsenic, is thus not toxicologically relevant 
based on the CDWQG 

 
 
 

Strong 
 

Yeung (2008) Impact on Health 
Outcomes  

 Type: Systematic review;  
 Population: Children and 

adults 
 

 Fluoridated: 1.0 
ppm 

 Non-fluoridated: 
different levels 
or lowest ppm 

 Studies examining other possible negative effects of water 
fluoridation provide insufficient evidence to reach conclusion. 

 Included studies examined the following health outcomes: 
dementia, still births, congenital malformations, Down 
Syndrome, Sudden Infant Death Syndrome, mental retardation, 
IQ, skeletal fluorosis, goitre, urinary stone disease, coronary 
heart disease and mortality 

 Note: Full review can be found in the Australian Government, 
NHMRC (2007) report 

Strong 
 

Young et al. 

(2015) 

Hip fracture, 

Down 
syndrome, all- 
cancer, all- 
cause mortality 
and 
osteosarcoma 

 Type: Cross-
sectional/ecological 

 Population: Children 
and adults 

 Country: United 
Kingdom 

 Sample: N=32,482 

 Fluoridated: 1– 
1.5 ppm 

 Non-fluoridated: 
Not reported 

 In children and adults, there was no association between 
consumption of CWF and hip fractures; Down syndrome; all-
cancer, all-cause mortality; or osteosarcoma 

 People living in fluoridated areas had a 7.9 % and 8% lower 
incidence rate for renal stones and bladder cancer, respectively, 
than those living in non-fluoridated areas 

Strong 
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Zohoori et al. 
(2014) 

Fluoride intake  Type: Cross-
sectional/ecological 

 Population: Infants 1–12 
months 

 Country: United Kingdom 

 Sample: N=38 
communities (n=19 
fluoridated community; 
n=19 non-fluoridated 
community) 

 Fluoridated, 
Mean ingestion: 
0.107 mg/kg 
body weight  

 Non-fluoridated: 
0.024 mg/kg 
body weight 

 Mean total daily fluoride intakes of infants living in fluoridated 
and non-fluoridated areas were 0.107 and 0.024 mg/kg body 
weight per day, respectively 

 Total daily fluoride intake of 79% of infants living in the 
fluoridated area exceeded the fluoride intake threshold of 0.07 
mg/kg body weight per day 

 Total daily fluoride intake of 95% of infants living in the non-
fluoridated areas were below the lower threshold of the 
suggested ‘optimal’ fluoride intake (0.05 mg/kg body weight per 
day) 

Poor 
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