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Abstract 
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Background

Dental caries is a major public health problem in most industrialised countries, affecting 60% to 90% of school children.

Community water fluoridation (CWF) is currently practised in about 25 countries; health authorities consider it to be a

key strategy for preventing dental caries. CWF is of interest to health professionals, policymakers and the public. This is

an update of a Cochrane review first published in 2015, focusing on contemporary evidence about the effects of CWF on

dental caries.

Objectives

To evaluate the effects of initiation or cessation of CWF programmes for the prevention of dental caries.

To evaluate the association of water fluoridation (artificial or natural) with dental fluorosis.

Search methods

We searched CENTRAL, MEDLINE, Embase and four other databases up to 16 August 2023. We also searched two clinical

trials registers and conducted backward citation searches.

Selection criteria

We included populations of all ages.

For our first objective (effects of initiation or cessation of CWF programmes on dental caries), we included prospective

controlled studies comparing populations receiving fluoridated water with those receiving non‐fluoridated or naturally

low‐fluoridated water. To evaluate change in caries status, studies measured caries both within three years of a change

in fluoridation status and at the end of study follow‐up.
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For our second objective (association of water fluoridation with dental fluorosis), we included any study design, with

concurrent control, comparing populations exposed to different water fluoride concentrations. In this update, we did

not search for or include new evidence for this objective.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.

For our first objective, we included the following outcomes as change from baseline: decayed, missing or filled teeth

(‘dmft’ for primary and ‘DMFT’ for permanent teeth); decayed, missing or filled tooth surfaces ('dmfs' for primary and

'DMFS' for permanent teeth); proportion of caries‐free participants for both primary and permanent dentition; adverse

events. We stratified the results of the meta‐analyses according to whether data were collected before or after the

widespread use of fluoride toothpaste in 1975.

For our second objective, we included dental fluorosis (of aesthetic concern, or any level of fluorosis), and any other

adverse events reported by the included studies.

Main results

We included 157 studies. All used non‐randomised designs. Given the inherent risks of bias in these designs, particularly

related to management of confounding factors and blinding of outcome assessors, we downgraded the certainty of all

evidence for these risks. We downgraded some evidence for imprecision, inconsistency or both. Evidence from older

studies may not be applicable to contemporary societies, and we downgraded older evidence for indirectness.

Water fluoridation initiation (21 studies)

Based on contemporary evidence (after 1975), the initiation of CWF may lead to a slightly greater change in dmft over

time (mean difference (MD) 0.24, 95% confidence interval (CI) ‐0.03 to 0.52; P = 0.09; 2 studies, 2908 children; low‐
certainty evidence). This equates to a difference in dmft of approximately one‐quarter of a tooth in favour of CWF; this

effect estimate includes the possibility of benefit and no benefit. Contemporary evidence (after 1975) was also available

for change in DMFT (4 studies, 2856 children) and change in DMFS (1 study, 343 children); we were very uncertain of

these findings.

CWF may lead to a slightly greater change over time in the proportion of caries‐free children with primary dentition (MD

‐0.04, 95% CI ‐0.09 to 0.01; P = 0.12; 2 studies, 2908 children), and permanent dentition (MD ‐0.03, 95% CI ‐0.07 to 0.01; P

= 0.14; 2 studies, 2348 children). These low‐certainty findings (a 4 percentage point difference and 3 percentage point

difference for primary and permanent dentition, respectively) favoured CWF. These effect estimates include the

possibility of benefit and no benefit. No contemporary data were available for adverse effects.

Because of very low‐certainty evidence, we were unsure of the size of effects of CWF when using older evidence (from

1975 or earlier) on all outcomes: change in dmft (5 studies, 5709 children), change in DMFT (3 studies, 5623 children),

change in proportion of caries‐free children with primary dentition (5 studies, 6278 children) or permanent dentition (4

studies, 6219 children), or adverse effects (2 studies, 7800 children).

Only one study, conducted after 1975, reported disparities according to socioeconomic status, with no evidence that

deprivation influenced the relationship between water exposure and caries status.

Water fluoridation cessation (1 study)

Because of very low‐certainty evidence, we could not determine if the cessation of CWF affected DMFS (1 study

conducted after 1975; 2994 children). Data were not available for other review outcomes for this comparison.
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Association of water fluoridation with dental fluorosis (135 studies)

The previous version of this review found low‐certainty evidence that fluoridated water may be associated with dental

fluorosis. With a fluoride level of 0.7 parts per million (ppm), approximately 12% of participants had fluorosis of

aesthetic concern (95% CI 8% to 17%; 40 studies, 59,630 participants), and approximately 40% had fluorosis of any level

(95% CI 35% to 44%; 90 studies, 180,530 participants). Because of very low‐certainty evidence, we were unsure of other

adverse effects (including skeletal fluorosis, bone fractures and skeletal maturity; 5 studies, incomplete participant

numbers).

Authors' conclusions

Contemporary studies indicate that initiation of CWF may lead to a slightly greater reduction in dmft and may lead to a

slightly greater increase in the proportion of caries‐free children, but with smaller effect sizes than pre‐1975 studies.

There is insufficient evidence to determine the effect of cessation of CWF on caries and whether water fluoridation

results in a change in disparities in caries according to socioeconomic status. We found no eligible studies that report

caries outcomes in adults.

The implementation or cessation of CWF requires careful consideration of this current evidence, in the broader context

of a population's oral health, diet and consumption of tap water, movement or migration, and the availability and

uptake of other caries‐prevention strategies. Acceptability, cost‐effectiveness and feasibility of the implementation and

monitoring of a CWF programme should also be taken into account.

PICOs

Plain language summary 

Available in English  Español

Does adding fluoride to water supplies prevent tooth decay?

Key messages

‐ Adding fluoride to water supplies may lead to slightly less tooth decay in children’s baby teeth.

‐ It may also lead to slightly more children being free of tooth decay.

‐ The benefits of fluoride in water supplies may be smaller than they were before the widespread addition of fluoride to

toothpaste.

Tooth decay and the use of fluoride

Tooth decay is a worldwide problem affecting most adults and children. Untreated decay may cause pain and lead to

teeth having to be removed.

 
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Fluoride is a mineral which occurs naturally in water at different concentrations. It prevents tooth decay. Since 1975,

fluoride has been an ingredient in most toothpastes. It is available in some mouth‐rinses, and dentists use treatments

that contain fluoride. It is possible to add fluoride to the local water supply. In this case, everyone in a community will

have access to fluoride.

If young children swallow too much fluoride while their permanent teeth are forming, marks may develop on those

teeth – this is called dental fluorosis. This can be very mild, with barely noticeable white lines or streaks. Rarely, some

fluorosis is more noticeable, and people can dislike how their teeth look.

What did we want to find out?

We wanted to find out if water with added fluoride in the local water supply is better than water without added fluoride

at:

‐ reducing the number of teeth, or tooth surfaces, with signs of decay;

‐ increasing the number of people who have no tooth decay.

We also wanted to find out about unwanted effects.

What did we do?

We searched for studies comparing communities that had fluoride added to their water supplies with communities that

had no additional fluoride in their water.

The last time we published this Cochrane review, we also searched for studies that reported dental fluorosis and the

concentration of fluoride in the water. Because the association of fluoridated water with dental fluorosis is widely

accepted, we did not update the evidence on this occasion.

What did we find?

We found 21 studies that assessed the effects of adding fluoride to a water supply. We also found one study that

assessed the effects of stopping artificially‐added fluoride in a water supply. Studies only measured tooth decay in

children.

In the last version of the review – not updated on this occasion – we found 135 studies that assessed the association of

fluoridated water with dental fluorosis.

Main results

Studies conducted after 1975 showed that adding fluoride to water may lead to slightly less tooth decay in children’s

baby teeth. We could not be sure whether adding fluoride to water reduced tooth decay in children’s permanent teeth or

decay on the surfaces of permanent teeth.

Adding fluoride to water may slightly increase the number of children who have no tooth decay in either their baby teeth

or permanent teeth. However, these results also included the possibility of little or no difference in tooth decay.

Studies conducted in 1975 or earlier showed a clear and important effect on prevention of tooth decay in children.

However, due to the increased availability of fluoride in toothpaste since 1975, it is unlikely that we will see this effect in

all populations today.

We were unsure whether there were any effects on tooth decay when fluoride is removed from a water supply.

We were unsure if fluoride reduces differences in tooth decay between richer and poorer people.
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In the last version of the review, we found that adding fluoride to water supplies increases the number of people with

dental fluorosis. If water contains 0.7 mg/L of fluoride, about 12% of people may have dental fluorosis that causes them

to be bothered about how their teeth look, and about 40% of people may have dental fluorosis of any level. We were

unsure whether fluoride in water leads to other unwanted effects.

What are the limitations of the evidence?

Our confidence in the evidence is limited because this review included studies in which communities were deliberately

selected to have changes to fluoride levels in the water supply. Although a common study approach for this topic, it can

mean that there are differences between communities that might affect the results. In addition, the findings in some

studies were different from others, and some results included the possibility of benefit and no benefit.

Older studies were conducted before the widespread use of fluoride toothpaste and other improvements in tooth decay

prevention. This meant we could not tell if these results were applicable to current times. However, they may still be

relevant to countries in which tooth decay is very high and people don't have easy access to fluoride toothpaste and

other prevention strategies.

How current is this evidence?

For the effects of water fluoridation on tooth decay, this review updates our previous review and the evidence is current

to August 2023.

For the association of fluoridated water with dental fluorosis, the review evidence is current to February 2015.

Authors' conclusions 

Implications for practice

Contemporary studies indicate that initiation of community water fluoridation may lead to a slightly greater reduction in

decayed, missing or filled primary teeth (dmft) and may lead to a slightly greater increase in the proportion of caries‐free

children, but with smaller effect sizes than earlier studies. This evidence was of low certainty. There is insufficient

evidence to determine the effect of cessation of community water fluoridation on caries and whether water fluoridation

results in a change in disparities in caries according to socioeconomic status. There are no studies evaluating the effect

of initiation/cessation of water fluoridation on the prevention of caries outcomes in adults.

There is a significant association between dental fluorosis (of aesthetic concern or all levels of dental fluorosis) and

fluoride level. The certainty of the evidence is limited due to a high risk of bias within the studies. From visual

observation of the data, we also noted the possibility of inconsistency.

The implementation or cessation of community water fluoridation requires careful consideration of the current evidence

alongside the broader context of a population's oral health, oral health behaviours, diet and consumption of tap water,

movement or migration, and the availability and uptake of other caries‐prevention strategies. In addition, factors such

as acceptability, cost‐effectiveness and the feasibility of the implementation and monitoring of a community water

fluoridation programme should be taken into account.

Implications for research
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Open in table viewer

Any initiation or cessation of a community water fluoridation programme should be fully evaluated using robust

methods to address confounding, and should collect cost data to inform economic evaluation. These studies should

include a concurrent control with comparable fluoridation status at baseline. Measures of caries outcomes should

therefore be taken at a minimum of two time points (i.e. baseline and follow‐up).

Since all the studies included in this review examined the effectiveness of water fluoridation in children, research on

effectiveness in adults is needed.

Standardised diagnostic criteria and reporting techniques for caries and dental fluorosis would improve comparability

of results across studies.

If one of the key aims of community water fluoridation is to reduce oral health disparities, then full evaluations of the

effects of community water fluoridation by socioeconomic status should be undertaken and fully reported whenever

schemes are introduced or removed.

Summary of findings 

Summary of findings 1. The initiation of community water fluoridation programmes on the prevention of dental caries

Initiation of water fluoridation compared with low‐/non‐fluoridated water for the prevention of dental caries

Population: people of all ages included in the review (although no studies on the effect of water fluoridation in adults met the

inclusion criteria)

Settings: community setting

Intervention: initiation of water fluoridation

Comparison: low‐/non‐fluoridated water

Outcomes Impact of initiation of water

fluoridation

No. of

participants
(studies)

Certainty

of the
evidence
(GRADE)

Comments

Effect in area
with low‐/non‐

fluoridated
water

Comparative
effect; mean

difference (95% CI)
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Change in number
of decayed,
missing and filled

teeth in the
primary dentition

(dmft)

Scale from 0 to 20

(greater reduction =

better)

Follow‐up: range

from 3 to 12 years

Contemporary evidence (after 1975) with lower burden of disease

The change in the

mean dmft from

baseline to

follow‐up in the

control group

ranged from 0.44

to 0.88.

In the areas with

water fluoridation,

there was a greater

reduction (change)

in mean dmft from

baseline to follow‐

up of 0.24 (‐0.03 to

0.52).

2908

(2 NRSI)

Low

⊕⊕⊝⊝

The mean dmft at baseline

in the non‐/low‐

fluoridated areas ranged

from 1.18 to 2.09.

One study reported data

according to disparities,

and found no evidence

that deprivation influences

the relationship between

water fluoridation and the

severity of caries (as

measured by dmft counts).

Data from 1975 or earlier with higher burden of disease

The change in the

mean dmft from

baseline to

follow‐up in the

control group

ranged from 0.3 to

1.04.

In the areas with

water fluoridation,

there was a greater

reduction (change)

in mean dmft from

baseline to follow‐
up of 2.10 (1.71 to

2.49).

5709

(5 NRSI)

Very low

⊕⊝⊝⊝
The mean dmft at baseline

in the non‐/low‐

fluoridated areas ranged

from 4.76 to 8.1.

We downgraded the

certainty of the evidence

for indirectness (i.e.

inapplicability of the

evidence to contemporary

settings). We acknowledge

that in some countries,

caries levels remain high

and access to fluoridated

toothpaste and other

caries prevention

strategies may remain

limited.

a

b

c d

b

c

e
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Change in number
of decayed,
missing and filled

teeth in the
permanent

dentition (DMFT)

Scale from 0 to 32

(greater reduction =

better)

Follow‐up: range

from 4 to 11 years

Contemporary evidence (after 1975) with lower burden of disease

The change in the

mean DMFT from

baseline to

follow‐up in the

control group

ranged from 0.27

to 2.83; caries

increments

ranged from ‐0.4

to ‐4.85.

In the areas with

water fluoridation,

there was a greater

reduction (change)

in mean DMFT from

baseline to follow‐

up of 0.27 (‐0.11 to

0.66).

2856

(4 NRSI)

Very low

⊕⊝⊝⊝

The mean DMFT at

baseline in the non‐/low‐

fluoridated areas ranged

from 0.99 to 8.23, where

reported.

One study reported data

according to disparities,

and found no evidence

that deprivation influences

the relationship between

water fluoridation and the

severity of caries (as

measured by DMFT

counts).

Data from 1975 or earlier with higher burden of disease

The change in the

mean DMFT from

baseline to

follow‐up in the

control group

ranged from ‐0.73

to 0.65.

In the areas with

water fluoridation,

there was a greater

reduction (change)

in mean DMFT from

baseline to follow‐
up of 1.00 (0.54 to

1.47).

5623

(3 NRSI)

Very low

⊕⊝⊝⊝
The mean DMFT at

baseline in the non‐/low‐
fluoridated areas ranged

from 3.01 to 4.03.

We downgraded the

certainty of the evidence

for inapplicability to

contemporary settings. We

acknowledge that in some

countries, caries levels

remain high and access to

fluoridated toothpaste and

other caries prevention

strategies may remain

limited.

Change in number

of decayed,
missing and filled
tooth surfaces in

the primary
dentition (dmfs)

‐ ‐ ‐ ‐ There were no data for

dmfs reported in the

included studies

conducted before or after

1975.

a

b

c f

b

c

g
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Change in number
of decayed,
missing and filled

tooth surfaces in
the permanent

dentition (DMFS)

Scale from 0 to 128

(lower values

indicate reduction

in caries)

Follow‐up: 4 years

Contemporary evidence (after 1975) with lower burden of disease

The mean DMFS

increment was

9.19.

The mean DMFS

increment was 2.46

lower (1.11 lower to

3.81 lower).

343 (1 NRSI) Very low

⊕⊝⊝⊝

There were no data for

DMFS reported in the

included studies

conducted in 1975 or

earlier.

b

h
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Change in
proportion of
caries‐free

participants
(primary teeth)

Scale: 0 to 1 (greater

increase = better)

Follow‐up: range 3

to 11 years

Contemporary evidence (after 1975) with lower burden of disease

The change in the

proportion of

caries‐free

children from

baseline to

follow‐up in the

control group

ranged from ‐0.19

to ‐0.11.

In the areas with

water fluoridation,

there was a greater

increase (change) in

the proportion of

caries‐free children

from baseline to

follow‐up of ‐0.04 (‐
0.09 to 0.01).

2908

(2 NRSI)

Low

⊕⊕⊝⊝

The proportion of caries‐
free children at baseline in

the non‐/low‐fluoridated

areas ranged from 0.49 to

0.68.

One study reported data

according to disparities,

and found no evidence

that deprivation influences

the relationship between

water fluoridation and the

presence or absence of

caries in the primary

dentition.

Data from 1975 or earlier with higher burden of disease

The change in the

proportion of

caries‐free

children from

baseline to

follow‐up in the

control group

ranged from ‐0.14

to 0.02.

In the areas with

water fluoridation,

there was a greater

increase (change) in

the proportion of

caries‐free children

from baseline to

follow‐up of ‐0.17 (‐
0.20 to ‐0.13).

6278

(5 NRSI)

Very low

⊕⊝⊝⊝
The proportion of caries‐
free children at baseline in

the non‐/low‐fluoridated

areas ranged from 0.08 to

0.20.

We downgraded the

certainty of the evidence

for inapplicability to

contemporary settings. We

acknowledge that in some

countries, caries levels

remain high and access to

fluoridated toothpaste and

other caries prevention

strategies may remain

limited.

i

b

c d

b

c

e
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Change in
proportion of
caries‐free

participants
(permanent teeth)

Scale: 0 to 1 (greater

increase = better)

Follow‐up: range 3

to 11 years

Contemporary evidence (after 1975) with lower burden of disease

The change in the

proportion of

caries‐free

children from

baseline to

follow‐up in the

control group

ranged from ‐0.78

to ‐0.05.

In the areas with

water fluoridation,

there was a greater

increase (change) in

the proportion of

caries‐free children

from baseline to

follow‐up of ‐0.03 (‐
0.07 to 0.01).

2348

(2 NRSI)

Low

⊕⊕⊝⊝

The proportion of caries‐
free children at baseline in

the non‐/low‐fluoridated

areas was 0.62, where

reported.

One study reported data

according to disparities,

and found no evidence

that deprivation influences

the relationship between

water fluoridation and the

presence or absence of

caries in the primary

dentition.

Data from 1975 or earlier with higher burden of disease

The change in the

proportion of

caries‐free

children from

baseline to

follow‐up in the

control group

ranged from ‐0.07

to 0.05.

In the areas with

water fluoridation,

there was a greater

increase (change) in

the proportion of

caries‐free children

from baseline to

follow‐up of ‐0.06 (‐
0.14 to 0.02).

6219

(4 NRSI)

Very low

⊕⊝⊝⊝
The proportion of caries‐
free children at baseline in

the non‐/low‐fluoridated

areas ranged from 0.05 to

to 0.12.

We downgraded the

certainty of the evidence

for inapplicability to

contemporary settings. We

acknowledge that in some

countries, caries levels

remain high and access to

fluoridated toothpaste and

other caries prevention

strategies may remain

limited.

i

b

c d

b

c

g
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Adverse effects
(including dental

fluorosis, skeletal

fluorosis, hip

fractures, cancer,

congenital

malformations,

mortality)

Contemporary evidence (after 1975) with lower burden of disease

‐ ‐ ‐ No studies reported data

for this outcome.

Data from 1975 or earlier with higher burden of disease

In one study, there was a small increase in

the number of children with mild fluorosis

(0.12% increase).

In another study, there were no cases of

"unsightly mottling".

7800

participants

(2 NRSI)

Very low

⊕⊝⊝⊝

CI: confidence interval; NRSI: non‐randomised studies of interventions

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of

the effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate

of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different

from the estimate of effect.

b

b

j
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Open in table viewer

A positive value represents a greater reduction in mean dmft/DMFT from baseline to follow‐up in the water fluoridation group;

a negative value represents a greater reduction in mean dmft/DMFT from baseline to follow‐up in the non‐fluoridated group.

Summary statistics for severity of caries were much higher in studies conducted in 1975 or earlier.

Because data were collected from a different sample of participants at baseline and follow‐up, overall sample sizes differed at

each time point. Therefore, we conducted analysis using an average number of participants of the baseline and follow‐up

sample sizes in each study. Only two studies (for permanent dentition) used the same sample of participants, and we did not

need to calculate an average sample size for these studies.

Downgraded by only one level for risk of bias because both included studies were at low risk of confounding and selection

bias. Also downgraded by one level for imprecision.

Downgraded by two levels due to the inherent risk of bias in the design of the included studies, and by one level due to

indirectness (applicability) of evidence (findings from studies conducted prior to 1975 may not be applicable to contemporary

settings; the use of fluoridated toothpaste, the availability of other caries prevention strategies, diet and tap water

consumption are all likely to have changed in the populations in which the studies were conducted).

Downgraded by two levels due to the inherent risk of bias in the design of some of the included studies, and by one level due

to considerable statistical heterogeneity and imprecision.

Downgraded by two levels due to the inherent risk of bias in the design of the included studies, and by one level due to

indirectness (applicability) of evidence (findings from studies conducted prior to 1975 may not be applicable to contemporary

settings; the use of fluoridated toothpaste, the availability of other caries prevention strategies, diet and tap water

consumption are all likely to have changed in the populations in which the studies were conducted). We also noted that the

effect estimate included considerable statistical heterogeneity.

Downgraded by two levels because of the inherent risk of bias in the design of the included study, and by one level for

imprecision (owing to the very small sample size).

A negative value represents a greater increase in the proportion of caries‐free children from baseline to follow‐up in the water

fluoridation group; a positive value represents a greater increase in the proportion of caries‐free children from baseline to

follow‐up in the non‐fluoridated group.

Downgraded by two levels due to the inherent risk of bias in the design of the included studies, and one level for indirectness

(applicability of the evidence, because the evidence was only available in studies conducted prior to 1975 and may not be

applicable to contemporary settings). This evidence was also limited by the small number of studies that contributed data

(relative to the overall number of studies in this comparison); both of these studies had an overall critical risk of bias.

Summary of findings 2. The cessation of community water fluoridation programmes on the prevention of dental caries

Population: people of all ages included in the review (although no studies on the effect of water fluoridation in adults met the

inclusion criteria)

Settings: community setting

Intervention: cessation of water fluoridation

Comparison: fluoridated water

Total number of participants measured

Downgraded by two levels because of inherent risk of bias in the design of the included study, and by one level for

imprecision

a

b

c

d

e

f

g

h

i

j

a

b
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Outcomes Impact of cessation of water
fluoridation

No of
participants
(studies)

Certainty
of the
evidence

(GRADE)

Comments

Effect in area

with
continuously

fluoridated water

Comparative

effect; mean
difference (95%

confidence
interval)

Change in number of
decayed, missing and
filled teeth in the

primary dentition
(dmft)

No evidence to determine the effect of the cessation of water fluoridation on dmft

Change in number of
decayed, missing and

filled teeth in the
permanent dentition

(DMFT)

No evidence to determine the effect of the cessation of water fluoridation on DMFT

Change in number of
decayed, missing and

filled tooth surfaces in
the primary dentition

(dmfs)

No evidence to determine the effect of the cessation of water fluoridation on dmfs

Change in number of

decayed, missing and
filled tooth surfaces in
the permanent

dentition (DMFS)

Scale from: 0 to 128

(lower = better)

Follow‐up: 3 years

2994

(1

observational

study)

Very low

⊕⊝⊝⊝

Insufficient evidence

to determine the

effect of the

cessation of water

fluoridation on caries

Change in proportion
of caries‐free

participants (primary

teeth)

No evidence to determine the effect of the cessation of water fluoridation on proportion of caries‐
free participants (primary teeth)

Total number of participants measured

Downgraded by two levels because of inherent risk of bias in the design of the included study, and by one level for

imprecision

a b

a

b
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Open in table viewer

Change in proportion
of caries‐free
participants

(permanent teeth)

No evidence to determine the effect of the cessation of water fluoridation on proportion of caries‐
free participants (permanent teeth)

Adverse effects No evidence to determine whether cessation of a water fluoridation programme is associated with

any harms

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of

the effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate

of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different

from the estimate of effect.

Total number of participants measured

Downgraded by two levels because of inherent risk of bias in the design of the included study, and by one level for

imprecision

Summary of findings 3. The association of water fluoridation (artificial or natural) with dental fluorosis

The association of water fluoridation (artificial or natural) with dental fluorosis

Population: people of all ages

Settings: community settings

Intervention: water with any concentration of fluoride from either natural sources or artificially added

Comparison: n/a

Dental fluorosis of aesthetic concern only with levels of reported fluoride exposure of 5 ppm or less

The certainty of the evidence starts at low because of the risk of bias in these study designs. From visual observation of the

data, we also noted the possibility of inconsistency. We did not downgrade by further levels.

One of the included studies did not report participant numbers and, therefore, this is an approximate number of participants

based on the data in the remaining four studies.

The certainty of the evidence starts at low because of the risk of bias in these study designs. We also downgraded by one level

due to indirectness because the concentrations of fluoride in many of the data groups were much higher than optimal levels.

a

b

a

b

c

d
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Outcomes Impact No. of
participants
(studies)

Certainty
of the
evidence

(GRADE)

Comments

Dental fluorosis of

aesthetic concern

(measured by Dean's

Index, TFI, TSIF)

For a fluoride level of 0.7 ppm,

the percentage of participants

with dental fluorosis of

aesthetic concern was

estimated to be 12% (95% CI

8% to 17%).

Controlling for study effects,

we would expect the odds of

dental fluorosis of aesthetic

concern to increase by a factor

of 2.90 (95% CI 2.05 to 4.10) for

each one unit increase in

fluoride level (1 ppm F).

59,630

(40 NRSI)

⊕⊕⊝⊝

Low

Dental fluorosis of
any level

‐ including dental

fluorosis that can

only be detected

under normal

clinical conditions

and other enamel

defects

(measured by Dean's

Index, TFI, TSIF)

For a fluoride level of 0.7 ppm,

the percentage of participants

with any level of dental

fluorosis was estimated to be

40% (95% CI 35% to 44%).

Controlling for study effects,

we would expect the odds of

dental fluorosis of any level to

increase by a factor of 3.60

(95% CI 2.86 to 4.53) for each

one unit increase in fluoride

level (1 ppm F)

180,530

(90 NRSI)

⊕⊕⊝⊝

Low

Dental fluorosis of aesthetic concern only with levels of reported fluoride exposure of 5 ppm or less

The certainty of the evidence starts at low because of the risk of bias in these study designs. From visual observation of the

data, we also noted the possibility of inconsistency. We did not downgrade by further levels.

One of the included studies did not report participant numbers and, therefore, this is an approximate number of participants

based on the data in the remaining four studies.

The certainty of the evidence starts at low because of the risk of bias in these study designs. We also downgraded by one level

due to indirectness because the concentrations of fluoride in many of the data groups were much higher than optimal levels.

a
b

a
b

a

b

c

d
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Other adverse
effects

‐ 596,410

(5 NRSI)

⊕⊝⊝⊝

Very low

Only a small number of studies

reported other types of adverse

effects (including skeletal fluorosis,

bone fracture and skeletal

maturity). We did not analyse the

data, and we were unable to draw

conclusions from data reported by

individual study authors.

CI: confidence interval; n/a: not applicable (because the studies assessed the association of an effect, a comparison group was

not necessary for this objective); NRSI: non‐randomised studies of interventions; ppm: parts per million; TFI: Thylstrup and

Fejerskov index; TSIF: Tooth Surface Index of Fluorosis

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of

the effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate

of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different

from the estimate of effect.

Dental fluorosis of aesthetic concern only with levels of reported fluoride exposure of 5 ppm or less

The certainty of the evidence starts at low because of the risk of bias in these study designs. From visual observation of the

data, we also noted the possibility of inconsistency. We did not downgrade by further levels.

One of the included studies did not report participant numbers and, therefore, this is an approximate number of participants

based on the data in the remaining four studies.

The certainty of the evidence starts at low because of the risk of bias in these study designs. We also downgraded by one level

due to indirectness because the concentrations of fluoride in many of the data groups were much higher than optimal levels.

Background 

Description of the condition

Dental caries is a chronic and progressive disease of the mineralised and soft tissues of the teeth. Its aetiology is

multifactorial and is related to the interactions over time between tooth substance and certain microorganisms and

dietary carbohydrates, producing plaque acids. Demineralisation of the tooth enamel (non‐cavitated dental caries)

follows and, in the absence of successful treatment, can extend into the dentine and the dental pulp, impairing its

function (Ten Cate 1991). Despite reductions in the prevalence and severity of dental caries over time (Lagerweij 2015),

inequalities in dental health persist (WHO 2021), with significant numbers of individuals and communities having a

clinically significant burden of preventable dental disease. Dental caries are associated with pain, infection, tooth loss

c

d

a

b

c

d
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and reduced quality of life (Sheiham 2005). In children, the burden of dental disease also includes lost school time and

poor school performance (Rebelo 2019), restricted activity days, as well as problems with eating, speaking and learning.

This especially affects those from lower‐income families, owing to their higher prevalence of caries (Feitosa 2005). Given

the progressive nature of the condition and its widespread prevalence in adulthood, most children are at risk of dental

caries.

Dental caries is a major public health problem in low‐, middle‐ and high‐income countries. The estimated prevalence of

caries in primary teeth ranges from 18.7% to 53.2%, with children living in low‐income countries being most impacted

(WHO 2021). It has been estimated that, in the USA, 37% of children aged between two and eight years have caries

experience in their primary teeth, and 58% of those aged 12 to 19 years have caries experience in their permanent teeth

(Dye 2015). Prevalence studies in South America, Asia and Europe have indicated that caries may affect between 20%

and 100% of the population (Bagramian 2009). Increasing levels of dental caries are observed in some low‐ and middle‐
income countries, especially those where community‐based preventive oral care programmes are not established (WHO

2021). Studies also suggest that the growing retention of teeth has also been accompanied by a rise in dental caries

among ageing adults in different parts of the world (Frencken 2017). This has major implications, especially in high‐
income countries experiencing an increase in life expectancy.

Description of the intervention

The link between fluoride and the prevention of dental caries dates back to the 1930s. There are many ways in which

fluoride can be provided, including toothpastes, gels, varnishes, milk and water.

Water can be artificially fluoridated (also known as community water fluoridation (CWF)) through the controlled

addition of a fluoride compound to a public water supply (Department of Health and Human Services 2000). Water that

is artificially fluoridated is set at the 'optimum level', considered to be around 1 part per million (ppm) (Dean 1941).

World Health Organization (WHO) Guidelines and the European Union water quality directive specify 1.5 ppm as the

maximum level for human consumption (European Union 1998; WHO 2017). In 2015, the USA updated the 'optimum'

level of fluoride in water to 0.7 ppm, replacing the previous stated optimum range of 0.7 to 1.2 ppm, in recognition that

people now receive fluoride from other sources (HHS 2015).

Community water fluoridation was initiated in the USA in 1945 and is currently practised in about 25 countries around

the world (British Fluoridation Society 2012). Health authorities consider it to be a key strategy for preventing dental

caries. In Western Europe, around 3% of the population receive water with added fluoride (Cheng 2007), mainly in

England, Ireland, and Spain. In the USA, over 72.7% of the population on public water systems receive fluoridated water,

with the aim of increasing the number of people whose water systems have the recommended amount of fluoride to

77% by 2030 (CDC 2023). In Australia, all states and territories provide fluoridated drinking water, but with the coverage

in each jurisdiction varying from 76% to 100% (NHMRC 2017). The rationale behind the role of community water

fluoridation is that it benefits both children and adults by effectively preventing caries, regardless of socioeconomic

status or access to care, potentially reducing oral health inequalities. It is believed to have played an important role in

the reductions in tooth decay (40% to 70% in children) and of tooth loss in adults (40% to 60%) in the USA (Burt 1999).

Fluoridation is an intervention that occurs at the environmental level, meaning that individual compliance is not relied

upon. Interventions at this level can have a greater impact upon populations than those at the individual and clinical

levels (Frieden 2010), although concerns have been raised around the ethics of 'mass intervention' (Cheng 2007).

Fluoride is also naturally present in the soil, in water and the atmosphere at varying levels, depending on geographic

location. In areas of Africa, Asia, the Middle East, Southern Europe and the Southern USA, ground waters have been

found to contain particularly high concentrations of fluoride, well above the 'optimum level' of 1 ppm. However, while
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groundwater in some areas can contain high concentrations of fluoride, fluoride content in drinking water in many

locations is too low to prevent and control tooth decay.

An adverse effect associated with the use of fluoride is the development of dental fluorosis due to the ingestion of

excessive fluoride by young children with developing teeth. Dental fluorosis occurs due to the hypomineralisation of the

dental enamel caused by the chronic ingestion of sufficiently high concentrations of fluoride while the dentition is still

forming (Pendrys 2001). Clinically, the appearance of teeth with fluorosis depends on the severity of the condition. In its

mildest form, there are faint white lines or streaks visible only to trained examiners under controlled examination

conditions. In more involved cases, fluorosis manifests as mottling of the teeth in which noticeable white lines or streaks

often have coalesced into larger opaque areas. In the more severe forms, brown staining or pitting of the tooth enamel

may be present and actual breakdown of the enamel may occur (Rozier 1994).

How the intervention might work

Fluoride impedes the demineralisation of the enamel and also enhances its remineralisation if it is present in high

enough concentrations in the saliva (Ten Cate 1991). This function is very important in caries prevention as the

progression of cavities depends on the balance of the demineralisation and remineralisation processes (Selwitz 2007).

The presence of fluoride in drinking water therefore confers the advantage of providing constant exposure to fluoride

ions in the oral cavity. The effectiveness of fluoridated water (McDonagh 2000; Truman 2002), and other fluoride sources,

such as toothpastes and varnishes, have previously been documented (Marinho 2013; Walsh 2010). Some adverse effects

of fluoridated water that have been explored are widely perceived to be dependent on dose, duration or time of

exposure, or a combination of these factors (Browne 2005). Within community water fluoridation programmes,

maximum fluoride concentrations are set to prevent other harms related to very high fluoride concentrations. Supra‐
optimal levels of fluoride (occurring naturally) have been linked to severe dental fluorosis and skeletal fluorosis. There is

a lack of evidence for other postulated harms, such as cancer and bone fractures; no evidence of a strong association

with water fluoridation has been shown for these conditions (McDonagh 2000; NHMRC 2017).

Why it is important to do this review

The use of water fluoridation as a means of improving dental health has been endorsed by many national and

international health institutions. It has been hailed by the US Surgeon General as "the best method for delivering

fluoride to all members of the community, regardless of age, education, income level or access to routine dental care"

(ADA 2016). Opponents have raised concerns about ethical issues of mass intervention, and potential harms associated

with fluoride (Cheng 2007). As a result, community water fluoridation remains controversial. Over the years, numerous

systematic reviews of water fluoridation have been undertaken, employing different inclusion criteria and different

methods of assessment and analysis (Griffin 2007; McDonagh 2000; Moynihan 2019; NHMRC 2017; Truman 2002). One of

the first systematic reviews of water fluoridation, also known as the York review, was published by McDonagh and

colleagues (McDonagh 2000). The review findings have often been misinterpreted and have been used to support

arguments on both sides of the water fluoridation debate (Cheng 2007). McDonagh 2000 showed that fluoridation

programmes reduce caries as well as increase the risk of dental fluorosis. However, the review authors found insufficient

evidence to draw conclusions regarding other potential harms or health disparities. Indeed, they stated that "the

evidence about reducing inequalities in dental health was of poor quality, contradictory and unreliable" (McDonagh

2000). Despite this, the review is often used to support the statement that water fluoridation reduces oral health

inequalities.
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Our 2015 Cochrane review highlighted the lack of contemporary evidence evaluating the effectiveness of water

fluoridation for the prevention of caries (Iheozor‐Ejiofor 2015). The caries data included in the review came

predominantly from studies conducted prior to the widespread use of fluoride toothpastes. Whilst the review showed

that water fluoridation is effective at reducing caries levels in both primary and permanent dentition in children, our

confidence in the effect estimates was limited by the observational nature of the study designs, the high risk of bias

within the studies, and, importantly, the applicability of the evidence to current lifestyles. The review called for more

contemporary studies evaluating the effectiveness of water fluoridation for the prevention of caries.

Since the publication of Iheozor‐Ejiofor 2015, new studies evaluating the effect of community water fluoridation

initiation programmes have been published. Given the continued interest in this topic from health professionals,

policymakers and the public, it is important to update and maintain a robust systematic review to reflect emerging,

contemporary evidence.

This review update focuses on updating the caries data only; we undertook no update of the fluorosis data. In Iheozor‐
Ejiofor 2015, we included 135 studies evaluating the association between water fluoridation and fluorosis, with 90%

(122/135) of the studies conducted after 1975 and, thus, after the advent of the widespread use of fluoride toothpaste.

We consider the evidence from these studies to be applicable to current settings.

In addition to updating the data on the effectiveness of water fluoridation programmes for preventing dental caries, this

review update aims to address concerns raised in a critique of the review (Rugg‐Gunn 2016), where valid. Changes to the

methods are listed in Differences between protocol and review.

Objectives 

To evaluate the effects of initiation or cessation of community water fluoridation (CWF) programmes for the prevention

of dental caries.

To evaluate the association of water fluoridation (artificial or natural) with dental fluorosis.

Methods 

Criteria for considering studies for this review

Types of studies

The criteria for including studies in the review and the subsequent methods differed according to the objectives

evaluated.

Evaluation of initiation or cessation of community water fluoridation
programmes for the prevention of dental caries
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In this review update, our primary objective was to evaluate the most up‐to‐date evidence evaluating the impact of the

initiation or cessation of a community water fluoridation (CWF) programme on the prevention of dental caries. We only

searched for studies that measured and reported our primary outcomes, and for this purpose we used the criteria in

Iheozor‐Ejiofor 2015. We recognise that randomised controlled trials are logistically unfeasible for this topic, and we

included non‐randomised studies of interventions (NRSI) in this review. Therefore, we included prospective studies with

a concurrent control comparing a fluoridated water community with a non‐fluoridated water community as we judged

that this was the most robust study design for this topic.

Because we intended to measure the change in dental caries as a consequence of a CWF programme, we included

studies that measured caries at a minimum of two time points: at baseline before initiation or cessation of a CWF

programme and at the end of the study follow‐up. Groups had to be comparable in terms of fluoridated water at

baseline. To measure the impact of initiating a CWF programme on dental caries, we included studies in which study

communities had comparable non‐fluoridated/low‐fluoridated water (less than 0.4 ppm fluoride concentration) at

baseline (before fluoride was artificially added to the water system in one of the study groups). To measure the impact of

stopping a CWF programme on dental caries, we included studies in which both study communities had comparable

fluoridation programmes at baseline before artificial fluoride was removed from the water system in one of the study

groups.

We acknowledge that single time point, cross‐sectional studies may provide context in terms of demonstrating the

association between water fluoridation and dental caries. These studies may be important in terms of exploring the

wider picture beyond the scope of the present review question. However, such study designs are limited in their ability

to account for unobservable confounding (Reeves 2017), and are not appropriate for answering the review question

regarding the impact of initiation or cessation of a CWF programme to prevent dental caries. Although we did not

include single time point studies that measured the association between water fluoridation and dental caries in this

review, we made a note of any such studies that we identified in the screening process (see Searching other resources)

and presented their findings for reference.

Evaluation of the association of water fluoridation (artificial or natural) with
dental fluorosis

In order to assess the association of water fluoridation (artificial or natural) with dental fluorosis, we included any study

design, with concurrent control, comparing populations exposed to different water fluoride concentrations. We included

studies with single time points because these types of studies are suited to answer questions of association.

We did not update the evidence for fluorosis in this version of the review. We judged that the evidence for dental

fluorosis was sufficiently summarised in Iheozor‐Ejiofor 2015; no new studies evaluating the association of water

fluoridation and dental fluorosis have been included in this review update. The methods used specifically for studies

that measured fluorosis outcomes are summarised in Appendix 1.

Types of participants

We included populations of all ages that received fluoridated water and populations that received non‐fluoridated/low‐
fluoridated water. We included populations of any size.

Types of interventions

Evaluation of initiation or cessation of community water fluoridation for the
prevention of dental caries
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We included studies that evaluated the effects of a change in the level of fluoride in the water supply of at least one of

the study areas within three years of the baseline survey. Exposure to fluoridated water or non‐fluoridated/low‐
fluoridated water (less than 0.4 ppm) could be in conjunction with other sources of fluoride (e.g. fluoridated toothpaste),

where the other sources could be assumed to be similar across study areas. Where specific information on the use of

other sources of fluoride was not reported, we assumed that populations in studies conducted after 1975 in

industrialised countries had been exposed to fluoridated toothpaste.

Evaluation of the association of water fluoridation (artificial or natural) with
dental fluorosis

We included studies that evaluated fluoride at any concentration present in drinking water.

Types of outcome measures

Evaluation of initiation or cessation of community water fluoridation for the
prevention of dental caries

We collected data for the following outcomes.

Change in the number of decayed, missing and filled primary and permanent teeth (dmft and DMFT, respectively).

We reported this outcome separately according to dentition type.

Change in the number of decayed, missing and filled primary and permanent tooth surfaces (dmfs and DMFS,

respectively). We reported this outcome separately according to dentition type.

Change in the proportion of caries‐free participants. Where feasible, we reported this outcome separately according

to dentition type (primary and permanent).

Adverse effects. We included dental fluorosis (using any measurement instrument reported below), or other

possible adverse effects, including skeletal fluorosis, hip fractures, cancer, congenital malformations, mortality.

Within the context of this review, we refer to dental fluorosis as an 'adverse effect'. However, it should be acknowledged

that moderate fluorosis may be considered an 'unwanted effect' rather than an adverse effect. In addition, mild fluorosis

may not even be considered an unwanted effect.

We also reported disparities in dental caries across different groups of people.

In their Cochrane review exploring fluoride varnishes for caries prevention, Marinho and colleagues developed an a

priori set of rules for prioritising the various caries outcome measures they expected studies would use (Marinho 2013).

We would have adopted these rules if the data had required it.

Evaluation of the association of water fluoridation (artificial or natural) with
dental fluorosis

We collected data for the following.

Dental fluorosis of aesthetic concern, measured using Dean's Fluorosis Index, Tooth Surface Index of Fluorosis

(TSIF), Thylstrup and Fejerskov Index (TFI) or the modified Developmental Defects of Enamel (DDE).

Any level of dental fluorosis (measured using any of the above measurement instruments).
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Other possible adverse effects, including skeletal fluorosis, hip fractures, cancer, congenital malformations and

mortality, as reported in the included studies.

We reported fluorosis outcome data according to fluoride levels: fluoride levels below 5 ppm; or all fluoride levels.

Search methods for identification of studies

Electronic searches

In this review update, we searched the following databases.

Cochrane Oral Health’s Trials Register (searched 12 July 2022; database no longer being updated)

Cochrane Central Register of Controlled Trials (CENTRAL; 2023, Issue 8), in the Cochrane Library

MEDLINE Ovid (1946 to 16 August 2023)

Embase Ovid (1980 to 16 August 2023)

ProQuest (all databases; to 16 August 2023)

Web of Science (Clarivate Analytics) Conference Proceedings (1990 to 23 August 2023)

ZETOC Conference Proceedings (1993 to 12 July 2022; unable to access this database in August 2023)

Subject strategies were modelled on the search strategy designed for MEDLINE Ovid. There were no language,

publication year or publication status restrictions. See Appendix 2 for search strategies.

Searching other resources

We searched the following trials registries for ongoing trials (see Appendix 2).

US National Institutes of Health Ongoing Trials Register, ClinicalTrials.gov (clinicaltrials.gov; searched 23 August

2023)

World Health Organization International Clinical Trials Registry Platform (apps.who.int/trialsearch; searched 23

August 2023)

We searched the reference lists of included studies and relevant systematic reviews for further studies.

We checked that none of the studies included in this review were retracted due to error or fraud, using Retraction Watch

(https://retractionwatch.com).

We did not perform a separate search for adverse effects of interventions; we only considered adverse effects described

in the study reports of included studies.

In order to address feedback on the previous version of this review, we also noted any single time point studies that

measured caries data. We sourced these studies from the results of database searches, backward citation searching of

relevant systematic reviews or other sources, as well as from the reference list of previously excluded studies in Iheozor‐
Ejiofor 2015. These studies were not eligible for this review, and we did not use systematic methods to identify these

studies (for example, using two independent review authors). We included references and data for these studies in

additional figures in order to provide a wider context for the interpretation of the review findings (see Discussion).
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Data collection and analysis

The following methods relate only to our primary objective of evaluating the most up‐to‐date evidence on the effects of

the initiation or cessation of a CWF programme for the prevention of dental caries. The methods used specifically for

studies that measured fluorosis outcomes are summarised in Appendix 1.

Selection of studies

Working independently, two review authors screened the titles and abstracts (when available) of all reports identified

through the electronic search update (see Contributions of authors). We obtained the full report for all studies that

appeared to meet the inclusion criteria, or for which there were insufficient data in the title and abstract to make a clear

decision. Two review authors independently assessed the full reports obtained from the electronic and other methods

of searching to establish whether the studies met the inclusion criteria. We resolved any disagreements through

discussion. Where resolution was not possible, we consulted a third review author. We recorded any studies rejected at

this or subsequent stages in the Characteristics of excluded studies table, and gave reasons for their exclusion.

Data extraction and management

Working independently, two review authors extracted data using specially designed data extraction forms (produced in

Excel) (see Contributions of authors). We piloted the data extraction forms on several papers and modified them as

required before use. Where translations were required, this was either done by colleagues fluent in the relevant

language who completed the data extraction form, or through the use of Google Translate. We discussed any

disagreements and consulted a third review author where necessary.

For each study, we aimed to record details for the following data.

Year of publication, country of origin and source of study funding

Participants, including demographic characteristics (socioeconomic status (SES), ethnicity), age, gender,

primary/permanent dentition, residential history, and criteria for inclusion and exclusion

Type of intervention and comparator

Reported outcomes, including method of assessment, and time intervals; unadjusted and adjusted effect estimates

Confounding factors and methods used to control for confounding. We noted information reported by study authors

for socioeconomic status. We also noted variables that predict the consumption of water (e.g. ethnicity, age); these

may provide context regarding the impact of the programme but are not related to bias (Assessment of risk of bias

in included studies).

Co‐interventions (e.g. fissure sealant programmes; other sources of fluoride)

Assessment of risk of bias in included studies

In the 2015 review (Iheozor‐Ejiofor 2015), we assessed all included studies for risk of bias using the Cochrane risk of bias

assessment tool adapted for non‐randomised controlled studies (Higgins 2011). In this update, we assessed all relevant

results of studies evaluating the effects of CWF programmes on the prevention of dental caries using an updated

ROBINS‐I tool which was in development at the time of the production of this review (Glenny 2022 [pers comm]). The

ROBINS‐I tool reflects the developments in assessing the risk of bias in NRSI (www.riskofbias.info/welcome). During this

process, we carried out a re‐assessment of studies that evaluated our first review objective and had been assessed using
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the previous tool in 2015. Working independently, three review authors (AMG, LO, TW) carried out the risk of bias

assessments. We resolved disagreements through group discussion. We did not re‐assess studies evaluating the

association of water fluoridation and dental fluorosis.

The ROBINS‐I tool assesses material bias associated with:

domain 1: risk of bias due to confounding;

domain 2: risk of bias in classification of interventions;

domain 3: risk of bias in selection of participants into the study (or into the analysis);

domain 4: risk of bias due to deviations from intended interventions;

domain 5: risk of bias due to missing data;

domain 6: risk of bias arising from measurement of the outcome;

domain 7: risk of bias in selection of the reported result.

In this review, we considered socioeconomic status to be the only relevant confounder as we were only interested in

prognostic factors that predict the implementation of the water fluoridation programme and caries. In the context of this

review, socioeconomic status may predict whether an area has CWF implemented or not (i.e. it may be more likely to be

implemented in areas of greater deprivation); it may also predict caries levels.

We used the preliminary questions from the ROBINS‐I tool for each study (i.e. Did the authors make any attempts to

control for confounding? If not, is there sufficient potential for confounding that an unadjusted result should not be

considered further? Was the method of measuring the outcome inappropriate?). We automatically assessed any study

that failed these preliminary questions as being at critical risk of bias, and we undertook no further assessment.

We made a risk of bias assessment for each domain, and subsequently, an overall judgement of risk of bias across the

seven domains. We present details about how we arrived at our judgements, and their interpretation, in Appendix 3.

We tabulated judgements of low, moderate, serious and critical risk of bias for each study, and presented supporting

information for these judgements in the Characteristics of included studies tables.

Measures of treatment effect

We planned to include the following caries indices in the analyses: dmft, DMFT, dmfs, DMFS and the proportion of caries‐
free participants. For dmft/DMFT and dmfs/DMFS analyses, we calculated the difference in mean change scores

(baseline and follow‐up) between fluoridated and control groups. For the proportion of caries‐free participants, we

calculated the difference in the change in the proportion of caries‐free participants (baseline to follow‐up) between the

fluoridated and control groups.

We report data on both adjusted and unadjusted results where available and noted the reason for adjustment.

Unit of analysis issues

We did not anticipate, or identify during the review process, any unit of analysis issues.

Dealing with missing data
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Where outcome data were missing from the published report, or could not be calculated from the information presented

in a study report, we attempted to contact the study authors to obtain the data and clarify any uncertainty. The analyses

generally included only the available data (ignoring missing data). If studies did not report the number of participants

evaluated, we did not include their outcome data in the analyses. Where standard deviations (SDs) were missing for

dmft(s) and DMFT(S) data, we used the equation: log(SD) = 0.17 + 0.56 x log(mean) to estimate the SDs for both the

before and after mean caries values. We estimated this equation from available data where the SDs were given (R² = 0.91;

Appendix 4). We undertook no other imputations.

Assessment of heterogeneity

We assessed clinical heterogeneity by examining the type of participants, interventions and outcomes of each study. We

assessed statistical heterogeneity by visual inspection of the point estimates and CIs in forest plots; lack of overlap of CIs

may indicate heterogeneity. We also assessed statistical heterogeneity using Cochran's test for heterogeneity and the I

statistic. For the interpretation of statistical heterogeneity, we used the methods outlined in the Cochrane Handbook for

Systematic Reviews of Interventions (Higgins 2021). For Cochran's Q test for heterogeneity, we considered heterogeneity

to be evident if P values were less than 0.1. We interpreted the I  statistic as follows:

0% to 40% might not be important;

30% to 60% may represent moderate heterogeneity;

50% to 90% may represent substantial heterogeneity;

75% to 100% considerable heterogeneity.

Assessment of reporting biases

We planned to assess publication bias according to the recommendations described in the Cochrane Handbook for

Systematic Reviews of Interventions if we included at least 10 studies in any meta‐analysis of the outcomes regarding

prevention of caries (Page 2022). Had we identified asymmetry in the contour‐enhanced funnel plots, we would have

investigated possible causes. However, none of the meta‐analyses included at least 10 studies.

Data synthesis

Initiation or cessation of community water fluoridation for the prevention of
dental caries

We did not include studies assessed at critical risk of bias in the primary analysis (see Assessment of risk of bias in

included studies and Sensitivity analysis). We used a random‐effects model for all analyses.

For the analysis of change in dmft/DMFT and dmfs/DMFS, we calculated mean change scores (change from baseline to

follow‐up) for both the water fluoridation and control groups. We tabulated the raw data and mean change scores. We

weighted the mean change scores for age when studies presented data by different age groups. For dmft, we only

analysed data for children aged eight years and younger. Using these mean change scores, we calculated a mean

difference in change scores between the water fluoridation and control groups for the review. As different populations

and sample sizes were evaluated at baseline and follow‐up, we calculated an average sample size using the samples

from the baseline and follow‐up time points in each study.

2

2
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For the proportion of caries‐free participants, we calculated the risk differences between baseline and follow‐up

measurements separately for the water fluoridation and control groups. We used a meta‐analytical approach to pool

data across age groups within each study. For information, we presented in the review tabulated available raw data from

each study reported for each age group. In order to calculate the change in the proportion of caries‐free participants in

each group, we subsequently combined these summary effect estimates and SDs in a meta‐analysis as continuous data.

Once again, we calculated an average sample size to give an indication of the size of the studies.

We managed data separately for initiation and cessation studies, and for primary and permanent dentition. We used

RevMan 2024 for all calculations.

We stratified the results of the meta‐analyses according to whether data were collected after the widespread use of

fluoride toothpaste (after 1975) or in 1975 and earlier.

We reported data on disparities and adverse effects (other than fluorosis) narratively.

Methods for the analysis of fluorosis data are presented in Appendix 1.

Subgroup analysis and investigation of heterogeneity

For studies that evaluated the effects of initiation or cessation of community water fluoridation for the prevention of

dental caries, we undertook subgroup analyses according to whether data were collected after the widespread use of

fluoride toothpaste, or before. We planned to include the following caries indices in the subgroup analyses: dmft, DMFT,

dmfs, DMFS and the proportion of caries‐free participants. We used a threshold of 1975 for this purpose (≤ 1975 or >

1975). We did not use the results of formal tests of subgroup interactions to inform our decision on whether to pool data

across subgroups; we stratified data separately according to these subgroups.

Sensitivity analysis

We planned to include the following caries indices in all sensitivity analyses: dmft, DMFT, dmfs, DMFS and the proportion

of caries‐free participants.

ROBINS‐I guidance suggests excluding from meta‐analysis those studies deemed to be at critical risk of bias. We used

this approach for our primary analysis. However, given the limited evidence available within the review, we conducted a

sensitivity analysis including studies assessed as being at overall critical risk of bias.

In addition, we undertook sensitivity analysis based upon the analytical approach used for the prospective cohort

studies, analysing them as either cohort studies with the same individuals at baseline and follow‐up or as controlled

before‐and‐after (CBA) studies with different individuals at different time points.

We also undertook sensitivity analyses to determine the effect of removing studies with imputed SDs.

We had planned to undertake further sensitivity analyses to determine if the results of the meta‐analysis were

influenced by the timing of the baseline measurement, as appropriate. However, there was little variation in the timing

of the baseline measurement, and so we did not undertake this sensitivity analysis.

Summary of findings and assessment of the certainty of the evidence

We assessed the certainty of the evidence for the outcomes in this review using GRADE methods

(gdt.guidelinedevelopment.org), with assessment undertaken for risk of bias, indirectness, inconsistency, imprecision

and publication bias. We used a collaborative approach to the GRADE assessments through discussion with team

members (JC, AMG, SL, LO, PR, TW, HW).
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We presented the results and certainty of evidence for each outcome in three summary of findings tables, according to

our review objectives:

the initiation of community water fluoridation programmes for the prevention of dental caries (summary of findings

Table 1);

the cessation of community water fluoridation programmes for the prevention of dental caries (summary of findings

Table 2);

the association of water fluoridation (artificial or natural) with dental fluorosis (summary of findings Table 3).

As outlined in the Cochrane Handbook (Schünemann 2023), all studies assessed using ROBINS‐I start as high‐certainty

evidence. Typically, a body of evidence from NRSI is then downgraded by two levels due to the inherent risk of bias (due

to confounding and selection bias) associated with the lack of randomisation. We used this approach when assessing

the certainty of the evidence for the initiation or cessation of water fluoridation in our first two summary of findings

tables. When we judged that studies did not require downgrading from high to low certainty due to risk of bias, we

provided justification for this decision in the review. We also reported and justified all downgrading decisions for other

GRADE criteria.

For the initiation of water fluoridation, we presented outcome data in the summary of findings table according to

whether data were collected after the widespread use of fluoride toothpaste, or before; we used a threshold of 1975 for

this purpose (≤ 1975 or > 1975). For studies conducted in 1975 or before, we downgraded the certainty of the evidence

for indirectness (applicability), as their findings may not be applicable to contemporary settings. In addition to the

advent of fluoridated toothpaste use, we assumed that the availability of other caries prevention strategies, diet and tap

water consumption are all likely to have changed in the populations in which the studies were conducted since 1975. We

did not separate the data according to study dates for cessation of water fluoridation because this comparison included

data from only one study.

This review did not include an update of the evidence for the association of water fluoridation with dental fluorosis. We

presented this summary of findings table, using GRADE judgements supported by previous risk of bias judgements, as

reported in Iheozor‐Ejiofor 2015.

Results 

Description of studies

Results of the search

After removal of duplicates from the search results, we screened 2057 titles and abstracts, which included backward

citation searches and searches of clinical trials registers. We reviewed the full texts of 17 records and selected two new

studies (with two records) for inclusion in the review, and two additional records for two already included studies.

During this selection process, we excluded nine studies (13 records). We also included 155 studies previously reported in

Iheozor‐Ejiofor 2015, and thus included a total of 157 studies (171 records) in this update.

The full details of the search results, screening and selection of included studies is illustrated in the PRISMA flow

diagram (Figure 1).
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155 studies (167 
publications) 
included in 
previous version of 
review

3569 records 
identified through 
updated database 
searching

2057 records after 
duplicates removed

2057 records 
screened

2040 records 
excluded

17 full-text articles 
assessed for 
eligibility

9 studies (with 13 
records) excluded:

• Ineligible 
comparator: 7 studies
• Measurement of 
baseline caries not 
within 3 years of 
fluoridation change: 2 
studies

2 new studies (with 
2 records) + 2 
records for 
previously 
included studies

157 studies (with 
171 records) met 
the review's 
inclusion criteria

22 studies 
evaluating 
initiation/cessation 
of CWF included in 
quantitative 
synthesis 
(meta-analysis) 
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90 studies 
evaluating 
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PRISMA flow diagram for the searches conducted in August 2023

Included studies

We included 157 studies in the review (see Characteristics of included studies).

Evaluation of the effects of initiation or cessation of community water
fluoridation on dental caries

Overall, twenty‐two prospective NRSI (24 records) published between 1951 and 2022 met the inclusion criteria for this

review objective.

Initiation of water fluoridation

Twenty‐one of these studies looked at the effect of the initiation of a water fluoridation programme on dental caries

(Adriasola 1959; Arnold 1956; Ast 1951; Backer‐Dirks 1961; Beal 1971; Beal 1981; Blinkhorn 2015; Brown 1965; DHSS

England 1969; DHSS Scotland 1969; DHSS Wales 1969; Goodwin 2022; Gray 2001; Guo 1984; Hardwick 1982; Holdcroft

1999; Kim 2019; Kunzel 1997; Loh 1996; Pot 1974; Tessier 1987). All studies included an intervention group in which a

population had initially been exposed to water with naturally low fluoride or no fluoride, followed by the initiation of a

community‐wide water fluoridation programme. Studies also included a prospective control group in which populations

were exposed to water with naturally low fluoride or no fluoride throughout the study period. These studies measured

dental caries in both the intervention and control groups before the initiation of a CWF programme (within three years of

initiation) and at a later follow‐up. This allowed us to measure and compare the change in caries status between

fluoridated areas and naturally low‐ (or non‐) fluoridated areas.

The studies were conducted in multiple locations in Europe (Backer‐Dirks 1961; Beal 1971; Beal 1981; DHSS England

1969; DHSS Scotland 1969; DHSS Wales 1969; Goodwin 2022; Gray 2001; Hardwick 1982; Holdcroft 1999; Kunzel 1997; Pot

1974), North America (Arnold 1956; Ast 1951; Brown 1965; Tessier 1987), South America (Adriasola 1959), Australia
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(Blinkhorn 2015), and Asia (Guo 1984; Kim 2019; Loh 1996).

Studies evaluated dental caries in a sample of children in both intervention and control populations. Only three studies

followed the same participants over time (Goodwin 2022; Hardwick 1982; Pot 1974). All other studies evaluated specific

age groups during a baseline measurement and then, using a different sample of participants in the same specific age

groups, at a later follow‐up. These studies cannot be used to establish change over time, but rather change at a group or

population level. Except for Pot 1974, participants in all studies evaluating the effects of the initiation of a CWF

programme were aged from three to 16 years, and were mostly recruited from schools. In Pot 1974, which involved a 20‐
year follow‐up period and followed up the same sample of study participants, adults and children were included in

assessments (aged five to 55 years at baseline measurement).

In the intervention groups, in which populations were exposed to fluoridated water, reported concentrations of fluoride

ranged from 0.6 ppm to 1.2 ppm; however, most studies reported the concentration of fluoride to be 1 ppm. In studies

with incomplete reporting of fluoride concentration, we classed descriptions of 'high' or 'fluoridated' as the intervention

group and 'low' or 'non‐fluoridated' as the control group.

Measures of dental caries reported in the included studies were: decayed, missing and filled primary teeth (dmft);

decayed, missing and filled permanent teeth (DMFT); decayed, missing and filled surfaces in permanent teeth (DMFS);

and the proportion of caries‐free children (primary or permanent dentition). The period of time between baseline and

final measurement ranged from two to 20 years.

Four studies reported disparities in their study populations (Beal 1971; Goodwin 2022; Gray 2001; Holdcroft 1999). These

studies were all conducted in the UK and assessed caries outcomes in different socioeconomic groups. The methods

used to categorise socioeconomic status (SES) differed between studies, using area descriptive measures of "poor" or

"industrial" (Beal 1971), scores according to Jarman 1984 (Gray 2001; Holdcroft 1999), or Index of Multiple Deprivation

scores (Goodwin 2022). Caries measures reported in these studies according to socioeconomic status were: decayed,

extracted and filled primary teeth (deft; Beal 1971), dmft (Gray 2001; Goodwin 2022; Holdcroft 1999), DMFT (Goodwin

2022), and percentage of caries‐free children (Beal 1971; Goodwin 2022; Gray 2001).

Five studies were funded by research grants from research organisations, health authorities and government

organisations (Beal 1971; Blinkhorn 2015; Booth 1991; Goodwin 2022; Kunzel 1997); we assumed no conflicts of interest

regarding these funding sources. One study was funded in collaboration with members of the "pro‐fluoridation

committee" (Adriasola 1959), while the other studies did not state their funding sources.

We contacted the authors of two studies for further information and both responded: we contacted authors of Blinkhorn

2015 for the original review, and Goodwin 2022 for this update.

Cessation of water fluoridation

One study, conducted in Canada, focused on the effect of cessation of fluoridation on caries (Maupome 2001). In this

prospective controlled before‐and‐after study, the artificial fluoridation of water was stopped in one area of British

Columbia, Canada; in the control area, artificial fluoridation of water continued. The concentration of fluoride in the

control area was not stated but was described as "optimal". Caries were measured in a sample of children (school grades

2 and 3, and 8 and 9) before cessation of water fluoridation and after three years in both the intervention and control

areas; a different sample of children of the same ages were used at each time point. In this study, caries were measured

as DMFS. Disparities in caries between different population groups were not reported.

Maupome 2001 was funded by a research grant; we assumed no conflicts of interest regarding this funding source.
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Evaluation of the association of water fluoridation (artificial or natural) with
dental fluorosis

In this update, we did not search for new studies or update the evidence for this review objective. Here, we summarise

studies as previously reported in Iheozor‐Ejiofor 2015.

In Iheozor‐Ejiofor 2015, we included 135 eligible studies that used observational methods to collect fluorosis data in

populations that had artificial or natural concentrations of fluoride in their water. Studies were published between 1941

and 2014. Of these studies, 28% were conducted in Europe, 23% in Asia, 19% in North America, 13% in South America,

10% in Africa, 5% in Australia and 2% in multiple centres in Europe and Asia.

Forty studies reported sufficient data for inclusion in the analysis for fluorosis of aesthetic concern, and 90 studies were

included in the analysis for all severities of dental fluorosis. The remaining studies reported insufficient data for

inclusion in the analysis, typically because of failure to indicate water fluoride concentration in the study areas or

reporting inappropriate measures of fluorosis (e.g. mean value or Community Fluorosis Index (CFI)). Where studies

reported fluorosis outcomes as CFI only, we could not use the data. The CFI is a composite score calculated by summing

the scores of Dean's Fluorosis Index and dividing the total by the sample size. This gives an indication of the experience

and severity of fluorosis at a population level, but individual level data cannot be derived from it alone. Dean's Index,

Thylstrup and Fejerskov Index (TFI), Tooth Surface Index of Fluorosis (TSIF) and the Developmental Defects of Enamel

(DDE) were reported in 41%, 19%, 10% and 6% of the included studies, respectively, while 23% of the studies either

reported on other indices, specific enamel defects, or did not state the index used at all.

In addition to reporting dental fluorosis, five studies also reported other adverse effects associated with water

fluoridation (Alarcon‐Herrera 2001; Chen 1993; Jolly 1971; Wang 2012; Wenzel 1982). Where stated, adverse effects were

measured using radiographs or the diagnostic criteria of endemic skeletal fluorosis.

Forty‐four studies were supported by research grants from government organisations and health authorities, non‐
governmental organisations, research organisations, universities or a combination of these sources; we assumed no

conflicts of interest regarding these funding sources. Six studies were funded by: a sugar association (McInnes 1982), a

water company (Firempong 2013; Warnakulasuriya 1992), the dental industry (Machiulskiene 2009; Wenzel 1982), or

associated with a dental industry through authorship (McGrady 2012). Sources of support were not explicitly stated in 86

studies. One study explicitly stated that no funding had been obtained (Shanthi 2014).

Excluded studies

We excluded nine studies in this updated review (see Characteristics of excluded studies). Most studies did not include

an appropriate comparison group with a non‐fluoridated population or report caries data according to fluoridation

status, and were therefore not eligible for this review (Armfield 2013; Do 2014; Hawew 1996; Kämppi 2013; Koh 2015;

Zander 2013). We excluded two studies because caries measurements were not taken within three years of the cessation

of a fluoridation programme (Lee 2015; McLaren 2022). In the previous version of the review, we had listed Wang 2014 as

'awaiting classification'. We were unable to source the full text of the publication in this update, and we have therefore

now excluded this study.

For studies excluded in the previous version of this review, see Iheozor‐Ejiofor 2015.

Risk of bias in included studies
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Open in table viewer

Evaluation of the effects of initiation or cessation of community water
fluoridation on dental caries

ROBINS‐I assessments were the same for all results within each study; therefore, we present only one summary

assessment per study. See Table 1 for details of the risk of bias assessment for caries prevention studies.

Table 1. ROBINS‐I assessment for studies evaluating the initiation or cessation of community water fluoridation
programmes on the prevention of dental caries

Study ID Preliminary
questions

Risk of bias
due to

confounding

Risk of bias
in

classification
of

interventions

Risk of bias
in selection

of
participants

into the
study (or

into the
analysis)

Risk of bias
due to

deviations
from

intended
interventions

Risk of
bias due

to
missing

data

Risk of bias
arising from

measurement
of the

outcome

Ris
bia

se
of 

re
res

Adriasola

1959

Moderate Low Low Low Serious Moderate Lo

Arnold

1956

No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Ast 1951 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Backer‐

Dirks

1961

Serious Low Low Low Serious Moderate Lo

Beal 1971 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Beal 1981 Serious Low Low Low Serious Moderate Lo

Blinkhorn

2015

Low Low Low Low Serious Moderate Lo

Brown

1965

No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

DHSS

England

1969

Serious Low Low Low Serious Moderate Lo

DHSS

Scotland

1969

Serious Low Low Low Serious Moderate Lo
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DHSS

Wales

1969

Serious Low Low Low Moderate Moderate Lo

Goodwin

2022

Low Low Low Low Low Moderate Lo

Gray 2001 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Guo 1984 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Hardwick

1982

Moderate Low Low Low Serious Low Lo

Holdcroft

1999

‐ ‐ ‐ ‐ Serious ‐ ‐

Kim 2019 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Kunzel

1997

No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Loh 1996 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Maupome

2001

Moderate Low Moderate Low Serious Moderate Lo

Pot 1974 No further

assessment

‐ ‐ ‐ ‐ ‐ ‐ ‐

Tessier

1987

Moderate Low Low Low Serious Moderate Lo

A brief summary to support the judgement for each signalling question is reported in the notes section of the Characteristics

of included studies for the relevant study.

We were unable to access the Holdcroft 1999 report and have based our assessment on information presented in McDonagh

2000. The only domain we are able to confidently assess is "Risk of bias due to missing data". Given the lack of information on

the number of participants at baseline/follow‐up, we assessed the study as being at serious risk of bias for this domain.

Consequently, the best overall assessment this study could achieve was SERIOUS.

Overall risk of bias judgements

Low risk of bias except for concerns about uncontrolled confounding: there is the possibility of uncontrolled confounding

that has not been controlled for (given the observational nature of the study); otherwise, little or no concern about bias in the

result.

Moderate risk of bias: there is some concern about bias in the result, although it is not clear that there is an important risk of

bias.

b

a

b
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Serious risk of bias: the study has some important problems; characteristics of the study give rise to a serious risk of bias in

the result.

Critical risk of bias: The study is very problematic; characteristics of the study give rise to a critical of bias in the result, such

that the result should generally be excluded from evidence syntheses.

Of the 22 studies, we judged 10 studies to be at critical risk of bias because they did not report any attempt to control for

socioeconomic status (prespecified as an important confounding factor for the intervention‐outcome relationship)

(Arnold 1956; Ast 1951; Beal 1971; Brown 1965; Gray 2001; Guo 1984; Kim 2019; Kunzel 1997; Loh 1996; Pot 1974).

Because we judged these studies to be at critical risk of bias, we undertook no further assessment.

We fully assessed 11 studies with the ROBINS‐I tool. We rated 10 studies to be at serious risk of bias (Adriasola 1959;

Backer‐Dirks 1961; Beal 1981; Blinkhorn 2015; DHSS England 1969; DHSS Scotland 1969; DHSS Wales 1969; Hardwick

1982; Maupome 2001; Tessier 1987), and one study to be at moderate risk of bias (Goodwin 2022). It was not possible to

fully assess the risk of bias in the remaining study as we were unable to access the original study report (Holdcroft 1999).

However, based on the information available in McDonagh 2000, it was possible to assess the domain of risk of bias due

to missing data; therefore, we judged this study to be at serious risk of bias overall. It is unclear from the studies whether

the bias would overestimate or underestimate the effect.

Risk of bias due to confounding

We considered that socioeconomic status was the only important confounding factor relevant for this intervention. We

judged studies to be at low risk for this domain if there was an attempt to control for socioeconomic status by design (i.e.

matching test and control areas for socioeconomic status) and we considered that socioeconomic status was measured

in a valid and reliable way. We judged only two studies to be at low risk of bias for this domain, as they reported detailed

data for socioeconomic status of the populations involved in the studies (Blinkhorn 2015; Goodwin 2022). Where studies

reported that socioeconomic status had been controlled for by design but there was less assurance of the accuracy of

the data related to socioeconomic status (i.e. approximate population level data were provided), we judged studies to be

at moderate risk of bias for this domain (Adriasola 1959; Hardwick 1982; Maupome 2001; Tessier 1987). Five studies were

at serious risk of bias; for these, study authors reported that the populations being compared were comparable in terms

of socioeconomic status, but they provided no data or further assurance (Backer‐Dirks 1961; Beal 1981; DHSS England

1969; DHSS Scotland 1969; DHSS Wales 1969).

Risk of bias in classification of interventions

We judged all studies that underwent full assessment to be at low risk of bias with regard to classification of

interventions.

Risk of bias in selection of participants into the study (or into the analysis)

We judged all but one of the studies that underwent full assessment to be at low risk of bias with regard to selection of

participants. We judged Maupome 2001 to be at moderate risk of bias due to baseline imbalance with regard to caries

measures.

Risk of bias due to deviations from intended interventions

We judged all studies that underwent full assessment to be at low risk of bias with regard to deviations from the

intended intervention.
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Risk of bias due to missing data

Ten of the included studies were at serious risk of bias due to missing data (Adriasola 1959; Backer‐Dirks 1961; Beal

1981; Blinkhorn 2015; DHSS England 1969; DHSS Scotland 1969; Hardwick 1982; Holdcroft 1999; Maupome 2001; Tessier

1987). Although we were not able to fully assess Holdcroft 1999 for risk of bias due to the report being unavailable, we

were able to assess this domain as being at serious risk of bias based on the information reported in McDonagh 2000. We

judged DHSS Wales 1969 to be at moderate risk of bias due to missing data, and we judged Goodwin 2022 to be at low

risk of bias due to missing data.

Risk of bias arising from measurement of the outcome

We judged 10 of the studies that underwent full assessment to be at moderate risk of bias arising from measurement of

the outcome (Adriasola 1959; Backer‐Dirks 1961; Beal 1981; Blinkhorn 2015; DHSS England 1969; DHSS Scotland 1969;

DHSS Wales 1969; Goodwin 2022; Maupome 2001; Tessier 1987). This was largely due to the practical difficulties involved

in blind examination of children owing to the nature of the intervention. However, in Hardwick 1982, the study team had

arranged to examine the children involved in the study in a central facility where children from fluoridated and non‐
fluoridated areas were mixed, such that examiners could not determine where they resided. We judged this study to be

at low risk of bias for this domain.

Risk of bias in selection of the reported result

We judged all studies that underwent full assessment to be at low risk of bias with regard to selection of reported

results.

Evaluation of the association of water fluoridation (artificial or natural)
with dental fluorosis

Of the 135 studies included for this objective, we found 131 to have an overall high risk of bias, and four to have an

unclear risk of bias overall (Ellwood 1995; Levine 1989; Milsom 1990; Stephen 2002). We judged no studies as being at

overall low risk.

For sampling bias, we assessed five studies as being at high risk of bias, 60 as being at low risk, and the risk in the

remainder to be unclear. We found most studies (114) to be at high risk of bias for confounding; we assessed 11 studies

as being at low risk of bias for this domain. For detection bias, we assessed 103 studies as being at high risk, and 15

studies at low risk of bias. Overall, we found studies to be at low risk of bias for incomplete outcome data (92), with only

12 studies assessed as being at high risk of bias. For selective reporting, we assessed 42 studies as being at high risk of

bias, with 82 studies at low risk of bias. With regard to other bias, we assessed 48 studies as being at high risk, 66 studies

at low risk and all others at unclear risk. In most cases, the reason for studies having a high risk of other bias was that

they did not report on the reliability or consistency of the outcome assessments.

Effects of interventions

See: Summary of findings 1 The initiation of community water fluoridation programmes on the prevention of dental

caries; Summary of findings 2 The cessation of community water fluoridation programmes on the prevention of dental

caries; Summary of findings 3 The association of water fluoridation (artificial or natural) with dental fluorosis
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We describe the results of our review according to our review objectives. We did not include studies assessed at critical

risk of bias in the primary analysis. Of the 12 studies included in the primary analysis, seven were conducted after 1975

(Beal 1981; Blinkhorn 2015; Goodwin 2022; Hardwick 1982; Holdcroft 1999; Maupome 2001; Tessier 1987); these were

conducted in multiple locations across the UK, North America and Australia.

Evaluation of the effects of initiation or cessation of community water
fluoridation for the prevention of dental caries

Initiation of water fluoridation

See summary of findings Table 1.

Twenty‐one studies met the inclusion criteria, evaluating the effects of initiation of community water fluoridation. All

except Pot 1974 included children and adolescents. Four studies provided insufficient information to be included in a

meta‐analysis: one study reported data on caries by tooth surface but no overall measure of caries (Backer‐Dirks 1961);

one study provided data on edentulous (i.e. toothless) individuals only (Pot 1974); and two studies did not report the

number of participants examined (Holdcroft 1999; Loh 1996).

The results of the studies reporting the caries primary outcomes are presented in forest plots, stratified according to

when they were conducted (those conducted after 1975 (n = 8; Guo 1984 commenced in 1971, but final analysis occurred

in 1981) and those conducted in 1975 or before (n = 13)). Studies assessed at critical risk of bias were not included in the

primary analysis that follows.

Four studies reported data according to socioeconomic status. We assessed two of these studies to be at critical risk of

bias and therefore did not further analyse the data for disparities in these studies (Beal 1971; Gray 2001). In another

study, data for disparities were reported without the number of participants (Holdcroft 1999). For completeness, we

include the available data for these three studies in Appendix 5. We included disparities findings for the remaining study

alongside data for the relevant outcome (Goodwin 2022).

Change in the number of decayed, missing or filled primary teeth (dmft)

Seven studies, with data from 17,230 participants, reported data for dmft; six had an overall serious risk of bias

(Adriasola 1959; Beal 1981; Blinkhorn 2015; DHSS England 1969; DHSS Scotland 1969; DHSS Wales 1969), and one,

moderate risk of bias overall (Goodwin 2022). In these studies, final follow‐up data were collected between three and 12

years after the initiation of water fluoridation. We did not include in our primary analysis other studies with available

data because we judged them to have an overall critical risk of bias (Arnold 1956; Beal 1971; Guo 1984; Kunzel 1997); see

results of sensitivity analysis below.

There were significant subgroup differences between studies conducted after 1975 and conducted in 1975 or earlier

(Chi  = 57.81, degrees of freedom (df) = 1; P < 0.001, I  = 98%). We undertook no overall pooling.

It should be noted that a positive value represents a greater reduction in mean dmft from baseline to follow‐up in the

water fluoridation group; a negative value represents a greater reduction in mean dmft from baseline to follow‐up in the

non‐fluoridated group.

Studies conducted after 1975

Two studies were conducted after 1975, with baseline data collection in 2008 (Blinkhorn 2015) and 2013 (Goodwin 2022).

2 2
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Open in table viewer

We calculated the change in mean dmft from baseline to follow‐up for the fluoridated and the non‐fluoridated/low‐
fluoridated groups. We noted that the mean dmft decreased over time (baseline to follow‐up) in both groups (Table 2).

Using these data, the difference in the change in mean dmft between groups shows that initiation of water fluoridation

may lead to a slightly greater reduction in dmft (mean difference (MD) 0.24, 95% confidence interval (CI) ‐0.03 to 0.52; P =

0.09, I² = 26%; 2 studies, 2908 participants (average n); low‐certainty evidence; Analysis 1.1). We downgraded the

certainty of the evidence by only one level for risk of bias, as both studies were at low risk of bias for confounding and

selection bias. We also downgraded by one level due to imprecision.

Table 2. dmft data and underlying calculations

Study ID Date Age
(years)

Fluoridated area Non‐/low‐fluoridated area

Baseline

(before/at
initiation)

Follow‐up Baseline Follow‐up

Mean SD N Mean SD N Mean SD N Mean SD N

Blinkhorn

2015

>

1975

5 to 7 2.02 3.13 781 0.72 1.63 844 2.09 2.91 523 1.21 2.27 612

5 to 7 Mean ( SD) change in dmft: 1.3 (3.49), N =

813

Mean ( SD) change in dmft: 0.88 (3.77), N =

568

Goodwin

2022

>

1975

5 1.06 2.16 699 0.49 1.40 609 1.18 2.41 911 0.74 1.96 835

5 Mean (SD) change in dmft: 0.57 (2.61), N =
654

Mean (SD) change in dmft: 0.44 (3.17), N =
873

Adriasola

1959

≤
1975

5 8.9 5.03 186 6.4 4.18 340 8.1 4.77 174 7.8 4.67 140

5 Mean ( SD) change in dmft: 2.5 (7.04), N =
263

Mean ( SD) change in dmft: 0.3 (6.72), N =
157

Arnold

1956

≤
1975

4 4.19 3.30 323 2.13 2.26 168 5.05 3.66 20 4.46 3.42 63

5 5.37 3.79 1633 2.27 2.34 853 6.82 4.33 402 5.25 3.74 351

6 6.43 4.19 1789 2.98 2.73 750 7.17 4.46 462 5.67 3.91 294

7 6.29 4.14 1806 4.03 3.23 423 6.66 4.28 408 5.77 3.95 223

8 5.78 3.95 1647 4.12 3.27 470 6.06 4.06 376 5.32 3.77 275

4 to 8 Mean ( SD) change in dmft: 2.75 (4.99), N =
4931

Mean ( SD) change in dmft: 1.18 (5.8), N =
1437

Beal 1971 ≤
1975

5 4.91 4.86 182 2.45 3.24 182 4.97 4.12 217 5.09 4.84 229

5 Mean ( SD) change in dmft: 2.46 (5.8), N =

182

Mean ( SD) change in dmft: ‐0.12 (6.27), N

= 223

a a

a a

a a

b

a a

a a
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Beal 1981 ≤
1975

5 4.29 3.50 196 1.8 2.48 170 4.28 3.58 205 3.49 3.62 180

8 5 2.89 189 3.42 2.84 167 5.36 3.06 163 4.97 3.00 186

5 or 8 Mean ( SD) change in dmft: 2.02 (4.18), N =
361

Mean ( SD) change in dmft: 0.57 (4.6), N =
367

DHSS

England

1969

≤
1975

3 2.7 2.58 43 0.6 1.11 133 1.4 1.79 44 1.2 1.64 144

4 3.6 3.03 66 1.3 1.71 131 2.6 2.53 47 1.8 2.06 162

5 5.4 3.80 148 1.6 1.92 111 5 3.64 110 2.8 2.63 119

6 5.7 3.92 182 2.5 2.47 130 5.4 3.80 127 4.1 3.26 107

7 6.4 4.18 192 2.7 2.58 172 6 4.03 121 4.3 3.35 133

3 to 7 Mean ( SD) change in dmft: 3.09 (4.3), N =
654

Mean ( SD) change in dmft: 1.04 (4.22), N =
557

DHSS

Scotland

1969

≤
1975

3 4.87 3.6 97 1.88 2.11 135 5.2 3.72 107 4.45 3.44 130

4 7.12 4.43 112 2.97 2.71 171 7.16 4.47 77 6.86 4.35 132

3 to 4 Mean (SD) change in dmft: 3.49 (4.92), N =
258

Mean (SD) change in dmft: 0.59 (5.64), N =
223

DHSS

Wales

1969

≤
1975

3 3.9 3.17 310 1.4 1.79 171 4 3.21 146 3.3 2.89 105

4 5.54 3.86 413 2.6 2.53 267 5.8 3.96 210 4.8 3.56 122

5 5.5 3.84 556 2.9 2.69 284 5.5 3.84 256 4.8 3.56 138

6 6.3 4.15 603 3.1 2.79 310 6.2 4.11 331 5.9 4.00 133

7 6.85 4.35 640 3.65 3.05 266 7.3 4.50 346 6.8 4.33 130

3 to 7 Mean ( SD) change in dmft: 2.87 (4.68), N =
1910

Mean ( SD) change in dmft: 0.64 (5.54), N =
959

Guo 1984 ≤
1975

3 3 3.4 202 2.6 3.3 79 1.3 3.2 205 3.7 3.9 128

4 4.6 4 354 4.5 4.7 164 5.6 4.6 246 7.1 4.6 164

5 6.5 4.4 589 5.5 4.3 345 6.4 4.2 218 8.5 4.6 387

6 6.7 4.4 695 6.2 4.8 297 5.8 4.2 309 9 4.3 354

7 5.5 3.7 399 5.6 3.7 240 5.4 3.7 335 7.9 3.6 352

8 4.2 3 392 4.4 2.9 279 3.5 2.7 343 6 3.1 350

3 to 8 Mean ( SD) change in dmft: 0.23 (5.39), N =

2018

Mean ( SD) change in dmft: ‐2.47 (5.35), N

= 1696

a a

b

a a

b

a a

b,c

a a

a a
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Kunzel

1997

≤
1975

5 2.4 2.42 688 1.4 1.79 1306 3.3 2.89 172 2.9 2.68 597

8 4.9 3.60 2438 2.8 2.63 3020 4.9 3.60 777 4.9 3.60 1078

5 to 8 Mean ( SD) change in dmft: 2.1 (5.01), N =
3726

Mean ( SD) change in dmft: 0.13 (5.0), N =
1313

dmft: decayed, missing or filled primary dentition; SD: standard deviation

Note: we only included data for children up to the age of 8 years for the primary dentition.

Average number of participants

Imputed SD

We combined data from 2 fluoridated areas.

Data from McDonagh 2000 review; not verified

Goodwin 2022 reported adjusted and unadjusted data. We used the unadjusted data from this study in Analysis 1.1, due

to the variation in the analytical approach for dmft. For completeness, we report the adjusted data in Appendix 6.

Goodwin 2022 also reported disparities and analysed these data in order to determine whether there was an effect on

dmft reduction. In this study, there was no evidence that deprivation influenced the relationship between water

fluoridation and the severity of caries (as measured by dmft counts).

At the baseline measurement, the mean dmft in the non‐/low‐fluoridated areas ranged from 1.18 to 2.09 (averaged

across ages per study).

Studies conducted in 1975 or earlier

Five studies were conducted (or reported data from) 1975 or earlier (Adriasola 1959; Beal 1981; DHSS England 1969;

DHSS Scotland 1969; DHSS Wales 1969).

We calculated the change in mean dmft from baseline to follow‐up for the fluoridated and the non‐fluoridated/low‐
fluoridated groups. We noted that the mean dmft decreased over time (baseline to follow‐up) in both groups (Table 2).

Using these data, the difference in the change in mean dmft between groups shows that initiation of water fluoridation

may reduce dmft but the applicability of the evidence to a contemporary setting is very uncertain (MD 2.10, 95% CI 1.71

to 2.49; P < 0.001, I² = 44%; 5 studies, 5709 participants (average n); very low‐certainty evidence; Analysis 1.1). We

downgraded the evidence by two levels due to the inherent risk of bias in the design of the included studies, and further

downgraded by one level due to indirectness (applicability) of evidence (findings from studies conducted prior to 1975

may not be applicable to contemporary settings).

At the baseline measurement, the mean dmft in the non‐/low‐fluoridated areas ranged from 4.76 to 8.1 (averaged across

ages per study).

Change in the number of decayed, missing or filled permanent teeth (DMFT)

Seven studies, with data from 15,418 participants, reported data for DMFT; six had an overall serious risk of bias (Beal

1981; Blinkhorn 2015; DHSS England 1969; DHSS Wales 1969; Hardwick 1982; Tessier 1987), and one, an overall

moderate risk of bias (Goodwin 2022). In these studies, final follow‐up data were collected between four and 11 years

after the initiation of water fluoridation. We did not include in our primary analysis other studies with available data

because we judged them to have an overall critical risk of bias (Arnold 1956; Brown 1965; Guo 1984; Kim 2019; Kunzel

1997); see results of sensitivity analysis below.

b,d

a a

a

b

c

d
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The Blinkhorn 2015 data for DMFT that we used in the analysis was unpublished and supplied by the study authors

whilst we prepared the previous version of this review.

There were significant subgroup differences between studies conducted post‐1975 and those conducted in 1975 or

earlier (Chi  = 5.60, df = 1; P = 0.02, I  = 82%). We undertook no overall pooling.

It should be noted that a positive value represents a greater reduction in mean DMFT from baseline to follow‐up in the

water fluoridation group; a negative value represents a greater reduction in mean DMFT from baseline to follow‐up in

the non‐fluoridated group.

Studies conducted after 1975

Four studies were conducted after 1975 (Blinkhorn 2015; Goodwin 2022; Hardwick 1982; Tessier 1987). Two studies were

prospective cohort studies following the same children over time (Goodwin 2022; Hardwick 1982). We used data as

reported in the study reports for the caries increments from these studies, which we entered into the meta‐analysis as

negative values. The mean caries increments in these studies were lower for the fluoridated group than the non‐
fluoridated/low‐fluoridated group. For the other two studies (Blinkhorn 2015; Tessier 1987), we calculated the change in

mean DMFT from baseline to follow‐up for the fluoridated and the non‐fluoridated/low‐fluoridated groups. In Tessier

1987, we noted a greater change in DMFT in the fluoridated group. However, in Blinkhorn 2015, the reduction was

greater in the non‐fluoridated/low‐fluoridated group. Goodwin 2022 reported adjusted and unadjusted data. We used

the unadjusted data for this study in Analysis 1.2 due to a different estimate of effect being presented for adjusted data

(i.e. incidence rate ratio rather than mean difference). For completeness, we report the adjusted data in Appendix 6.

Using these data, the difference in the change in mean DMFT between groups shows that initiation of water fluoridation

may lead to a slightly greater reduction in DMFT, but the evidence is very uncertain (MD 0.27, 95% CI ‐0.11 to 0.66; P =

0.16, I² = 83%; 4 studies, 2856 participants (average n); very low‐certainty evidence; Analysis 1.2). We downgraded by two

levels for the inherent risks of bias in the design of some of the included studies, and by one level due to considerable

statistical heterogeneity and imprecision. Although we did not further explore the statistical heterogeneity in this effect

estimate, we note that the direction of effect in Blinkhorn 2015 differed from the other studies in this meta‐analysis.

Goodwin 2022 reported disparities and analysed their data in order to determine whether there was an effect on DMFT

reduction. In this study, there was no evidence that deprivation influenced the relationship between water fluoridation

and the severity of caries (as measured by DMFT counts).

At the baseline measurement, the mean DMFT in the non‐/low‐fluoridated areas ranged from 0.99 to 8.23 (averaged

across ages per study), where reported.

Studies conducted in 1975 or earlier

Three studies were conducted pre‐1975 (Beal 1981; DHSS England 1969; DHSS Wales 1969).

We calculated the change in mean dmft from baseline to follow‐up for the fluoridated and the non‐fluoridated/low‐
fluoridated groups (data for each age group in each included study are presented in Table 3). We noted that the mean

DMFT decreased over time in the fluoridated and non‐fluoridated/low‐fluoridated groups in Beal 1981 and DHSS

England 1969. However, in DHSS Wales 1969, the mean DMFT decreased in the fluoridated group but increased in the

non‐fluoridated/low‐fluoridated group (Table 3). The difference in the change in mean DMFT between groups shows that

initiation of water fluoridation may reduce DMFT but the applicability of the evidence to a contemporary setting is very

uncertain (MD 1.00, 95% CI 0.54 to 1.47; P < 0.001, I² = 80%; 3 studies, 5623 participants (average n); very low‐certainty

evidence; Analysis 1.2). We downgraded the certainty of the evidence by two levels due to the inherent risk of bias in the

2 2
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included studies, and one level due to indirectness (applicability) of evidence (findings from studies conducted prior to

1975 may not be applicable to contemporary settings). We also note that this effect estimate included considerable

statistical heterogeneity.

Table 3. DMFT data and underlying calculations

Study ID Date Age

(years)

Fluoridated area Non‐/low‐fluoridated area

Baseline (before/at
initiation)

Follow‐up Baseline Follow‐up

Mean SD N Mean SD N Mean SD N Mean SD N

Blinkhorn

2015

>

1975

10‐12 0.59 1.10 777 0.45 0.95 642 0.99 1.47 436 0.72 1.23 455

10‐12 Mean ( SD) change in DMFT: 0.14 (1.50), N

= 710

Mean ( SD) change in DMFT: 0.27 (1.94), N

= 446

Goodwin

2022

>

1975

11 Mean ( SD) increment in DMFT:‐ 0.32

(0.77), N = 570

Mean ( SD) increment in DMFT: ‐0.40

(0.90), N = 622

Guo 1984 >

1975

6 0.2 0.6 695 0.2 0.5 297 0.1 0.4 309 0.5 0.9 354

7 0.4 0.8 399 0.4 0.9 240 0.3 0.7 335 1.2 1.4 352

8 0.5 1 392 0.5 1 279 0.4 0.8 343 1.6 1.5 350

9 0.7 1.1 388 0.8 1.4 275 0.7 1.1 310 2.2 2 352

10 0.7 1.3 346 1.1 1.5 310 0.8 1.5 323 2.4 2 436

11 0.8 1.5 330 1.6 1.9 307 0.9 1.4 451 3 2.7 365

12 1.1 1.7 468 1.7 2.4 208 0.9 1.5 841 3.4 3 493

13 1.4 2 469 2.1 2.9 232 1.2 1.6 801 3.8 3.3 504

14 1.2 1.8 322 2.6 2.9 221 1 1.5 795 4.4 3.8 490

15 1.7 2.5 164 2.2 2.3 38 1.2 1.7 121 4.2 4 63

6 to 15 Mean ( SD) change in DMFT: ‐0.11 (1.69), N
= 3190

Mean ( SD) change in DMFT: ‐1.14 (2.59), N
= 4194

Hardwick

1982

>

1975

12 Mean (SD) increment in DMFT: ‐3.76

(2.86), N = 144

Mean (SD) increment in DMFT: ‐4.85

(3.39), N = 199

a

b b

b b
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Kim 2019 >

1975

8 0.92 1.46 213 0.5 1.01 103 1 1.38 1194 0.44 0.94 243

10 1.75 2.53 198 0.5 1.29 116 1.59 2.08 1205 0.88 1.24 239

12 3.04 2.74 260 0.87 1.84 117 2.86 2.77 1203 1.38 1.86 239

8 to 12 Mean (SD) change in DMFT: 1.00 (2.5), N =

504

Mean (SD) change in DMFT: 0.81 (2.5), N =

2162

Loh 1996 >

1975

7 to 9

(Malay)

2.9 ‐ ‐ 2 ‐ ‐ 1.9 ‐ ‐ 3.1 ‐ ‐

7 to 9

(Chinese)

4.4 ‐ ‐ 2.1 ‐ ‐ 3.7 ‐ ‐ 4.5 ‐ ‐

Insufficient data to include in further analysis

Tessier

1987

>

1975

6 to 7 8.28 ‐ 56 3.16 ‐ 96 8.23 ‐ 85 5.4 ‐ 93

6 to 7 Mean (SD) change in DMFT: 5.12 (6.16), N =
76

Mean (SD) change in DMFT: 2.83 (6.18), N
= 89

Arnold

1956

≤
1975

6 0.78 1.29 1789 0.26 0.70 750 0.81 1.31 462 0.8 1.31 294

7 1.89 2.11 1806 0.84 1.34 423 1.99 2.17 408 1.88 2.11 223

8 2.95 2.71 1647 1.58 1.91 470 2.81 2.64 376 2.63 2.54 275

9 3.9 3.17 1639 2.04 2.21 582 3.81 3.13 357 3.52 2.99 277

10 4.92 3.61 1626 2.93 2.70 141 4.91 3.61 359 4.32 3.36 62

11 6.41 4.19 1556 3.67 3.06 151 6.32 4.15 293 5.34 3.78 139

12 8.07 4.76 1685 5.89 3.99 176 8.66 4.95 328 7.71 4.64 48

13 9.73 5.29 1668 6.6 4.26 497 9.98 5.36 377 9.36 5.18 225

14 10.95 5.65 1690 8.21 4.81 128 12 5.95 369 11.36 5.77 59

15 12.48 6.08 1511 8.91 5.03 53 12.86 6.18 292 12.38 6.05 21

16 13.5 6.35 1107 11.06 5.68 198 14.07 6.50 248 13.16 6.26 155

6 to 16 Mean ( SD) change in DMFT: 0.90 (3.20), N
= 10,647

Mean ( SD) change in DMFT: 0.15 (3.51), N
= 2824

Beal 1981 ≤
1975

8 1.48 1.51 189 0.65 1.16 167 1.55 1.40 163 1.34 1.50 186

12 3.53 3.32 192 2.74 2.33 189 4.28 2.47 188 4.11 2.95 197

8/12 Mean ( SD) change in DMFT: 0.82 (2.50), N

= 369

Mean ( SD) change in DMFT: 0.20 (2.64), N

= 367

b b

a

b b

a

b b

b b
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Brown

1965

≤
1975

9 to 11 4.07 2.20 595 1.52 1.80 502 4.21 2.63 571 3.68 2.35 521

12 to 14 7.68 3.90 593 3.23 2.92 503 7.94 4.41 486 7.46 4.40 485

9 to 14 Mean ( SD) change in DMFT: 3.03 (3.31), N
= 1097

Mean ( SD) change in DMFT: 0.52 (4.18), N
= 1032

DHSS

England

1969

≤
1975

8 2.4 2.42 199 1.08 1.54 95 2.4 2.42 148 1.85 2.09 79

9 3.1 2.79 227 1.5 1.86 135 2.9 2.68 166 2.4 2.42 95

10 3.6 3.03 134 2 2.18 115 3.8 3.12 160 3.1 2.79 80

11 4.6 3.48 145 3 2.74 200 4.7 3.52 126 3.9 3.17 122

12 5.6 3.88 111 3.52 2.99 134 6.1 4.07 51 4.99 3.64 99

13 7.1 4.43 91 4.9 3.60 132 6.6 4.26 52 6.1 4.07 127

14 8.4 4.87 70 5.77 3.95 90 7.9 4.71 36 6.74 4.31 108

8 to 14 Mean ( SD) change in DMFT: 1.62 (3.92), N
= 939

Mean ( SD) change in DMFT: 0.65 (4.39), N
= 725

DHSS

Wales

1969

≤
1975

8 2.00 2.18 607 1.31 1.72 283 1.95 2.15 351 2.16 2.28 125

9 2.65 2.55 553 1.98 2.17 260 2.6 2.53 325 2.9 2.68 134

10 3.35 2.91 502 2.59 2.52 241 3.2 2.84 308 3.6 3.03 133

11 3.83 3.14 278 2.99 2.73 126 3.3 2.89 270 4.1 3.26 42

12 4.65 3.50 186 4.38 3.38 108 3.95 3.19 265 6.16 4.09 108

13 6 4.03 178 5.9 4.00 93 5.2 3.72 274 7.6 4.61 105

14 6.95 4.38 158 6.73 4.30 93 5.6 3.88 243 7.64 4.62 96

8 to 14 Mean ( SD) change in DMFT: 0.66 (3.72), N
= 1833

Mean ( SD) change in DMFT: ‐0.73 (4.95), N
= 1390

b b

a

b b

a,c

b b
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Kunzel

1997

≤
1975

6 0.3 0.7 ‐ 0.2 ‐ ‐ 0.5 0.8 ‐ 0.4 0.89 ‐

7 0.7 1.1 ‐ 0.3 ‐ ‐ 0.9 1.2 ‐ 1 1.48 ‐

8 1.3 1.4 2419 0.5 1.00 3016 1.3 1.4 777 1.8 2.06 1076

9 1.9 1.5 ‐ 0.9 ‐ ‐ 1.8 1.6 ‐ 2.4 2.42 ‐

10 2.4 1.8 ‐ 1.2 ‐ ‐ 2.4 1.8 ‐ 3.2 2.84 ‐

11 3 2 ‐ 1.6 ‐ ‐ 2.8 1.8 ‐ 3.9 3.17 ‐

12 3.7 2.3 1626 2 2.18 2426 3.5 2.1 563 4.8 3.56 925

13 4.3 2.7 ‐ 2.6 ‐ ‐ 4.1 2.6 ‐ 5.5 3.84 ‐

14 5.3 3.1 ‐ 3.4 ‐ ‐ 4.7 2.5 ‐ 6.5 4.22 ‐

15 5.8 3.5 1995 4 3.22 1897 5.2 3.1 744 7.4 4.54 756

8/12/15 Mean (SD) change in DMFT: 1.02 (2.94), N =

6690

Mean (SD) change in DMFT: ‐0.85 (3.26), N

= 2421

DMFT: decayed, missing or filled permanent teeth; SD: standard deviation

Imputed SD

Average number of participants

Data combined from 2 fluoridated areas

Imputed SD for follow‐up data only

N values only available for ages 8, 12 and 15 years

At the baseline measurement, the mean DMFT in the non‐/low‐fluoridated areas ranged from 3.01 to 4.03 (averaged

across ages per study).

Change in the number of dmfs

There were no data for dmfs reported in any of the included studies (i.e. both those conducted in 1975 or earlier, or after

1975).

Change in the number of DMFS

Studies conducted after 1975

One study, with data from 343 participants, reported data on DMFS increment (Hardwick 1982). We judged this study to

be at serious risk of bias.

A smaller caries increment was observed for the water fluoridation group (6.73) than for the control group (9.19).

Initiation of community water fluoridation may lead to a lower DMFS increment, but the evidence is very uncertain (MD

2.46, 95% CI 1.11 to 3.81; 1 study, 343 participants; very low‐certainty evidence; Analysis 1.3). We downgraded the

certainty of the evidence by two levels due to the inherent risk of bias in the design of the included study, and one level

for imprecision owing to the very small sample size.

Studies conducted in 1975 or earlier

d,e

b b

a

b

c

d

e
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There were no data for DMFS reported in the included studies conducted in 1975 or earlier.

Change in the proportion of caries‐free participants (primary dentition)

Seven studies, with data from 19,767 children, reported data for the change in the proportion of children that were

caries‐free in their primary dentition. Six studies had an overall serious risk of bias (Adriasola 1959; Beal 1981; Blinkhorn

2015; DHSS England 1969; DHSS Scotland 1969; DHSS Wales 1969), and one an overall moderate risk of bias (Goodwin

2022). In these studies, final follow‐up data were collected between three and 11 years after the initiation of water

fluoridation. We did not include in our primary analysis other studies with available data because we judged them to

have an overall critical risk of bias (Ast 1951; Beal 1971; Gray 2001; Guo 1984; Kunzel 1997); see results of sensitivity

analysis below.

There were significant subgroup differences between studies conducted after 1975 and those conducted in 1975 or

earlier (Chi  = 18.03, df = 1; P < 0.001, I  = 95%). We undertook no overall pooling.

Studies conducted after 1975

Two studies were conducted after 1975 (Blinkhorn 2015; Goodwin 2022), one of which was a prospective cohort study

following the same children over time (Goodwin 2022).

We calculated the risk difference between baseline and follow‐up measurements separately for the fluoridated water

and control groups, using raw data in Table 4, and we pooled summary estimates across age groups in each study (not

shown). We noted that the proportion of caries‐free children increased over time in both the fluoridated and non‐
fluoridated/low‐fluoridated groups.

Table 4. Number of caries‐free children: primary teeth

Study ID Date Age (years) Fluoridated area Non‐/low‐fluoridated area

Baseline (before/at initiation) Follow‐up Baseline Follow‐up

n N n N n N n N

Blinkhorn 2015 > 1975 5 to 7 397 781 632 844 254 523 412 612

Goodwin 2022 > 1975 5 478 699 503 609 620 911 656 835

Gray 2001 > 1975 5 1465 2462 1903 2524 345 466 273 419

Guo 1984 > 1975 3 67 202 31 79 54 205 39 128

4 74 354 39 164 32 246 14 164

5 61 589 47 345 18 218 19 387

6 53 695 56 397 27 309 12 354

7 41 399 21 240 29 335 11 352

8 53 392 24 279 50 343 16 350

8 278 392 204 279 273 343 104 350

2 2

a
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Adriasola 1959 ≤ 1975 3 26 151 82 216 9 77 25 135

4 12 156 53 216 11 76 11 110

5 4 186 47 340 7 174 14 140

Ast 1951 ≤ 1975 5 63 274 108 217 73 259 107 324

Beal 1971 ≤ 1975 5 62 297 138 314 35 217 55 229

Beal 1981 ≤ 1975 5 41 196 78 170 43 205 54 180

8 18 189 31 167 12 163 18 186

DHSS England 1969 ≤ 1975 3 16 43 96 133 27 44 97 144

4 23 66 84 131 16 47 89 162

5 12 148 51 111 15 110 42 119

6 16 182 47 130 13 127 18 107

7 13 192 55 172 7 121 24 133

DHSS Scotland 1969 ≤ 1975 3 30 97 69 135 27 107 29 130

4 14 112 51 171 10 77 15 132

DHSS Wales 1969 ≤ 1975 3 89 310 100 171 39 146 21 105

4 78 413 114 267 32 210 27 122

5 56 556 90 284 18 256 19 138

6 29 603 78 310 20 331 15 133

7 17 640 53 266 14 346 5 130

Kunzel 1997 ≤ 1975 5 231 688 682 1306 39 172 192 597

8 117 2438 746 3020 40 777 61 1078

Note: we only included data for children up to the age of 8 years for the primary dentition.

Data from all fluoridated areas combined

Baseline data not available for ages 6 and 7 years. Although data were available for children aged 8, we were uncertain

whether these data were for primary or permanent dentition and did not include these data from this study.

Baseline number of participants only available for first follow‐up in 1961, when children up to 5 years of age would have

received the full effect. Water fluoridation ceased in 1962.

Using these pooled summary estimates, the difference in the change in the proportion of caries‐free children between

groups shows that the initiation of water fluoridation may lead to a slightly greater increase in the proportion of caries‐
free children (MD ‐0.04, 95% CI ‐0.09 to 0.01; P = 0.12, I  = 0%; 2 studies, 2908 participants (average n); low‐certainty

b

a

c

a

b

c
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evidence; Analysis 1.4). This absolute increase of 0.04 in the proportion of caries‐free children in fluoridated areas may

be considered a small but important effect. We downgraded the certainty of the evidence by only one level for risk of

bias as both studies were at low risk for confounding and selection bias. We also downgraded by one level due to

imprecision.

Goodwin 2022 reported adjusted and unadjusted data. We used the unadjusted data from this study in Analysis 1.4 due

to the variation in the analytical approach for primary dentition. For completeness, we report the adjusted data in

Appendix 6. Goodwin 2022 also reported disparities and analysed these data in order to determine whether there was an

effect on caries. In this study, there was no evidence that deprivation influenced the relationship between water

fluoridation and the presence or absence of caries in primary dentition.

At the baseline measurement, the proportion of caries‐free children in the non‐fluoridated/low‐fluoridated areas ranged

from 0.49 to 0.68.

Studies conducted in 1975 or earlier

Five studies were conducted in 1975 or earlier (Adriasola 1959; Beal 1981; DHSS England 1969; DHSS Scotland 1969;

DHSS Wales 1969).

We calculated the risk difference between baseline and follow‐up measurements separately for the fluoridated water

and control groups, using raw data in Table 4, and we pooled summary estimates across age groups in each study (not

shown). We noted that the proportion of caries‐free children increased over time or remained similar in both the

fluoridated and non‐fluoridated/low‐fluoridated groups.

Using these pooled summary estimates, the difference in the change in the proportion of caries‐free children between

groups shows that the initiation of water fluoridation may increase the proportion of caries‐free children, but the

applicability of the evidence to a contemporary setting is very uncertain (MD ‐0.17, 95% CI ‐0.20 to ‐0.13; P < 0.001, I² =

13%; 5 studies, 6278 participants (average n); very low‐certainty evidence; Analysis 1.4). We downgraded the certainty of

the evidence by two levels due to the inherent risk of bias in the design of the included studies, and by one level due to

indirectness (applicability) of evidence (findings from studies conducted prior to 1975 may not be applicable to

contemporary settings).

At the baseline measurement, the proportion of caries‐free children in the non‐fluoridated/low‐fluoridated areas ranged

from 0.08 to 0.20.

Change in the proportion of caries‐free participants (permanent dentition)

Six studies, with data from 17,336 participants, reported data for the change in the proportion of children that were

caries‐free in their permanent dentition. Five studies had an overall serious risk of bias (Adriasola 1959; Beal 1981;

Blinkhorn 2015; DHSS England 1969; DHSS Wales 1969), and one an overall moderate risk (Goodwin 2022). In these

studies, final follow‐up data were collected between three and 11 years after the initiation of water fluoridation. We did

not include in our primary analysis other studies with available data because we judged them to have an overall critical

risk of bias (Brown 1965; Guo 1984; Kunzel 1997); see results of sensitivity analysis below.

There were no significant subgroup differences between studies conducted post‐1975 and those conducted in 1975 or

earlier (Chi  = 0.49, df = 1; P = 0.48, I  = 0%). We undertook no overall pooling.

Studies conducted after 1975

Two studies were conducted after 1975 (Blinkhorn 2015; Goodwin 2022), one of which was a prospective cohort study

following the same children over time (Goodwin 2022).

2 2
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Open in table viewer

We calculated the risk difference between baseline and follow‐up measurements separately for the fluoridated water

and control groups, using data in Table 5, and we pooled summary estimates across age groups in each study (not

shown). We noted that the proportion of caries‐free children increased over time in both the fluoridated and non‐
fluoridated/low‐fluoridated groups.

Table 5. Number of caries‐free children: permanent teeth

Study ID Date Age (years) Fluoridated area Non‐/low‐fluoridated area

Baseline (before/at initiation) Follow‐up Baseline Follow‐up

n N n N n N n N

Blinkhorn 2015 > 1975 10 to 12 525 777 486 642 272 436 307 455

Goodwin 2022 > 1975 11 N/A N/A 461 570 N/A N/A 486 622

Guo 1984 > 1975 5 575 589 338 345 214 218 358 387

6 616 695 266 297 284 309 249 354

7 305 399 189 240 272 335 162 352

8 278 392 204 279 273 343 104 350

9 242 388 167 275 195 310 98 352

10 215 346 161 310 199 323 84 436

11 213 330 133 307 245 451 65 365

12 240 468 90 208 475 841 91 493

13 227 469 88 232 434 801 77 504

14 161 322 69 221 455 795 73 490

15 78 164 11 38 66 121 11 63

Adriasola 1959 ≤ 1975 12 7 292 8 419 3 197 9 211

Beal 1981 ≤ 1975 8 77 189 115 167 56 163 82 186

12 51 192 41 189 13 188 14 197

Brown 1965 ≤ 1975 9 to 11 34 595 220 502 35 571 42 521

12 to 14 7 593 94 503 3 486 11 485

a a a a

b

c
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DHSS England 1969 ≤ 1975 8 40 199 50 95 33 148 29 79

9 25 227 57 135 20 166 20 95

10 13 134 36 115 14 160 10 80

11 12 145 12 200 3 126 12 122

12 3 111 20 134 0 51 4 99

13 3 91 9 132 2 52 8 127

14 0 70 4 90 2 36 9 180

DHSS Wales 1969 ≤ 1975 8 143 607 112 283 88 351 26 125

9 73 553 78 260 49 325 15 134

10 63 502 44 241 25 308 8 133

11 30 278 15 126 35 270 0 42

12 15 186 10 108 27 265 2 108

13 7 178 0 93 14 274 1 105

14 8 158 3 93 15 243 1 96

Kunzel 1997 ≤ 1975 8 1021 2419 2147 3016 334 777 333 1076

12 120 1626 801 2426 42 563 50 925

15 118 1995 249 1897 27 744 18 756

N/A: not applicable

Because this study reported increment data, following the same participants over time, there are no available data at

baseline.

Baseline data not available for ages 11 and 15 years. Although data were available for children aged 8 years, we were

uncertain whether these data were for primary or permanent dentition and did not include these data from this study.

Data for children aged 16 to 17 years presented in study report but without number of participants

Using these pooled summary estimates, the difference in the change in the proportion of caries‐free children between

groups shows that the initiation of water fluoridation may lead to a slightly greater increase in the proportion of caries‐
free children (MD ‐0.03, 95% CI ‐0.07 to 0.01; P = 0.14, I  = 0%; 2 studies, 2348 participants (average n); low‐certainty

evidence; Analysis 1.5). This absolute increase of 0.03 in the proportion of caries‐free children in fluoridated areas may

be considered a small but important effect. We downgraded the certainty of the evidence by only one level for risk of

bias, as both studies were at low risk of bias for confounding and selection bias. We also downgraded by one level due to

imprecision.

a

b

c
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Goodwin 2022 reported adjusted and unadjusted data. We used unadjusted data in Analysis 1.5 due to a different

outcome being presented for the adjusted data. For completeness, we report the adjusted data in Appendix 6. Goodwin

2022 also reported disparities and analysed these data in order to determine whether there was an effect on caries. In

this study, there was no evidence that deprivation influenced the relationship between water fluoridation and the

presence or absence of caries in permanent dentition.

At the baseline measurement, the proportion of caries‐free children in the non‐fluoridated/low‐fluoridated areas was

0.62, where reported.

Studies conducted in 1975 or earlier

Four studies were conducted (or used data from) 1975 or earlier (Adriasola 1959; Beal 1981; DHSS England 1969; DHSS

Wales 1969).

We calculated the risk difference between baseline and follow‐up measurements separately for the fluoridated water

and control groups, using raw data in Table 5, and we pooled summary estimates across age groups in each study (not

shown).

Using these pooled summary estimates, the difference in the change in the proportion of caries‐free children between

groups shows that the initiation of water fluoridation may increase the proportion of caries‐free children, but the

applicability of the evidence to a contemporary setting is very uncertain (MD ‐0.06, 95% CI ‐0.14 to 0.02; P = 0.13, I² =

93%; 4 studies, 6219 participants (average n); very low‐certainty evidence; Analysis 1.5). We downgraded the certainty of

the evidence by two levels for the inherent risk of bias in the design of all included studies, and by one level due to

indirectness (applicability) of evidence (findings from studies conducted prior to 1975 may not be applicable to

contemporary settings). We also noted that this effect estimate included considerable statistical heterogeneity.

At the baseline measurement, the proportion of caries‐free children in the non‐fluoridated/low‐fluoridated areas ranged

from 0.05 to 0.12.

Adverse effects

Arnold 1956 reported a small increase in the number of children with mild fluorosis: "0.24 percent in 1944; 0.36 percent

in 1954". Brown 1965 reported no cases of "unsightly mottling". No other studies evaluating the effects of initiation of a

community water fluoridation programme reported outcome data for fluorosis or any other adverse effect. We judged

the certainty of the evidence to be very low. We downgraded by two levels due to the inherent risk of bias in the design

of the included studies, and one level for indirectness (the available evidence came from studies conducted prior to

1975 and may not be applicable to contemporary settings). In addition, we note that this evidence came from only two

studies (a small number relative to the overall number of studies in this comparison), and that both of these studies had

an overall critical risk of bias.

Sensitivity analyses – caries outcomes

In sensitivity analyses, we: included studies at critical risk of bias in meta‐analyses; used an alternative analytical

approach for managing data from Goodwin 2022; and excluded studies in which we had imputed missing standard

deviations (SDs). Although these sensitivity analyses sometimes increased or decreased the size of the effect, we did not

consider the results of the sensitivity analyses to introduce any important changes to our interpretation of the review

findings. We noted that the effect estimate was no longer imprecise when we used a different analytical approach to

manage dmft data in Goodwin 2022. The results of all sensitivity analyses are summarised in Appendix 7.

Cessation of water fluoridation
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One study, with data for 2994 participants, evaluated the effects of cessation of water fluoridation on DMFS during a

three‐year period (Maupome 2001). The study was conducted in a population with "generally low caries experience,

living in an affluent setting with widely accessible dental services". We assessed the overall risk of bias in this study to be

serious.

This study reported no data for change in the number of dmft or DMFT, change in the number of dmfs, proportion of

caries‐free participants (in either dentition type), or adverse effects. In addition, the study did not include any data

regarding disparities across social class.

See summary of findings Table 2.

Change in the number of DMFS

The study authors reported that "Caries incidence (assessed in 2994 life‐long residents, grades 5, 6, 11, 12) expressed in

terms of D1D2MFS was not different between the still‐fluoridating and fluoridation‐ended communities" (Maupome

2001). However, it should be noted that there was a baseline imbalance in D1D2MFS between the two groups. The

results of the study did not demonstrate an increase in caries in the children in the fluoridation‐ended group compared

with the still‐fluoridated group. In fact, there was a statistically significant decrease in caries severity (including incipient

and cavitated lesions) for the fluoride‐ended group, which was not found in the still‐fluoridated group, for both of the

age groups examined. A complex pattern of disease was found when different caries indices were examined. We did not

analyse these data in the review owing to the baseline imbalance in D1D2MFS between the groups. We downgraded the

certainty of the evidence by two levels due to the inherent risk of bias in the design of the included studies, and by one

level due to imprecision.

Evaluation of the association of water fluoridation (artificial or natural)
with dental fluorosis

We did not update the evidence for dental fluorosis in this updated review. Here, we summarise the results of findings

for this objective as previously described in Iheozor‐Ejiofor 2015. Approximately one‐third of the dental fluorosis studies

that met the review's inclusion criteria did not report data in a way that allowed for further analysis (Appendix 8).

See summary of findings Table 3.

Dental fluorosis of aesthetic concern

Fluoride levels of 5 ppm or less

We included 40 studies, at high risk of bias, that reported data from 59,630 participants in the analysis of dental fluorosis

of aesthetic concern. The reported fluoride exposure ranged from 0 to 4.9 ppm with a mean (SD) of 0.80 (0.90) ppm.

In order to assess the assumption of linearity, we plotted the log odds of the prevalence of dental fluorosis with fluoride

level and with log of fluoride level (not shown). A positive linear relationship could be assumed in both cases, indicating

that as fluoride levels increase, so does the prevalence of dental fluorosis. We used the reported fluoride level as a

predictor rather than the log of reported fluoride exposure. We then centred this predictor by taking away the grand

mean (0.80) from the reported fluoride level.

Caterpillar plots (not shown) of the residuals for slope and intercept indicated that many of the studies differed

significantly from the average (random effects at zero) at the 0.05 level of significance. The effect of fluoride exposure

was positive; a higher prevalence of dental fluorosis is associated with increased fluoride exposure (odds ratio (OR) 2.90,
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95% CI 2.05 to 4.10). When controlling for study effects, we would expect the odds of dental fluorosis to increase by a

factor of 2.90 for each one unit increase in fluoride exposure.

The random intercept and random slope model indicated that the effect of fluoride exposure differed across studies. The

negative covariance of ‐0.82 implies that studies with a higher than average probability of dental fluorosis tend to have a

more shallow slope.

The results presented so far have been based on study‐specific values. This is indicated in the following graphic, where

the random effects of intercept and slope are set to zero; in effect, the plotted prevalence of dental fluorosis in an

'average' study. An alternative approach is to calculate the prevalence of dental fluorosis in all studies combined, to

obtain the marginal probability of dental fluorosis. The study‐specific values indicate the probability of dental fluorosis

in terms of 'any given participant', whereas the marginal probabilities indicate the probability of dental fluorosis 'among

the participants' (Figure 2).

Figure 2

Proportion of the population with dental fluorosis of aesthetic concern by water fluoride level, together with 95%

confidence interval for the proportion (studies reporting up to and including 5 ppm).

The marginal probabilities of dental fluorosis of aesthetic concern at different fluoride levels are given below. We judged

the certainty of the evidence for dental fluorosis of aesthetic concern to be low. Because of the risk of bias in these study

designs, the certainty of the evidence starts at low; we did not further downgrade the evidence. From visual observation

of Figure 2, we noted the possibility of inconsistency.
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Fluoride exposure (ppm) Probability of dental fluorosis of aesthetic concern (95% CI)

0.1 0.08 (0.05 to 0.12)

0.2 0.09 (0.06 to 0.13)

0.4 0.10 (0.06 to 0.15)

0.7 0.12 (0.08 to 0.17)

1 0.15 (0.11 to 0.21)

1.2 0.18 (0.13 to 0.24)

2 0.31 (0.23 to 0.40)

4 0.59 (0.46 to 0.71)

All fluoride levels

The analysis of dental fluorosis of aesthetic concern at all reported fluoride exposure was based on 60,030 observations

from 40 studies. The reported fluoride levels ranged from 0 to 7.6 ppm with a mean (SD) of 0.85 (1.03) ppm. There was

very little difference in the results from the analysis restricted to 5 ppm or less. The effect of fluoride exposure is positive

and statistically significant; a higher prevalence of dental fluorosis is associated with increased fluoride exposure (OR

2.84, 95% CI 2.00 to 4.03). When controlling for study effects, we would expect the odds of dental fluorosis to increase by

a factor of 2.84 for each one unit increase in fluoride level (1 ppm F).

Any level of dental fluorosis

Fluoride levels of 5 ppm or less

We included 90 studies, at high risk of bias, that reported data from 180,530 participants in this analysis. The reported

fluoride levels in the studies ranged from 0 to 5 ppm, with a mean of 1.22 ppm (SD 0.92). When restricted to studies

reporting fluoride exposure of 5 ppm or less, there is a clearer positive relationship between the proportion of children

with dental fluorosis and fluoride level exposure.

The relationship between the log odds of dental fluorosis and fluoride level and log fluoride level were both

approximately linear. Consequently, we used the reported fluoride exposure as a predictor rather than the log of

reported fluoride exposure. We then centred this predictor by taking away the grand mean (1.22) from the reported

fluoride exposure level.

The effect of fluoride exposure is positive and statistically significant; a higher prevalence of dental fluorosis is

associated with increased fluoride exposure (OR 3.60, 95% CI 2.86 to 4.53). Controlling for study effects, we would expect

the odds of dental fluorosis to increase by a factor of 3.60 for each one unit increase in fluoride exposure (1 ppm F).

The random intercept and random slope model indicated that the effect of fluoride exposure differed across studies. The

statistically significant negative covariance of ‐1.05 implies that studies with a higher than average probability of dental

fluorosis tend to have a more shallow slope.
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The results presented so far have been based on study‐specific values. This is indicated in the following graph, where the

random effects of intercept and slope are set to zero; in effect, the plotted prevalence of dental fluorosis in an 'average'

study (Figure 3).

Figure 3

Proportion of the population with dental fluorosis of any level by water fluoride level, together with 95% confidence

interval for the proportion (studies reporting up to and including 5 ppm fluoride concentration)

The marginal probabilities of any dental fluorosis are presented in the table below. We judged the certainty of the

evidence for dental fluorosis of any level to be low. Because of the risk of bias in these study designs, the certainty of the

evidence starts at low; we did not further downgrade the evidence. From visual observation of Figure 3, we noted the

possibility of inconsistency.

Fluoride exposure (ppm) Probability of any dental fluorosis (95% CI)

0.1 0.28 (0.23 to 0.33)

0.2 0.30 (0.25 to 0.34)

0.4 0.33 (0.28 to 0.38)
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0.7 0.40 (0.35 to 0.44)

1 0.47 (0.42 to 0.52)

1.2 0.52 (0.47 to 0.56)

2 0.68 (0.62 to 0.73)

4 0.83 (0.77 to 0.88)

All fluoride levels

We included 90 studies that reported data from 182,233 participants in this analysis. The reported fluoride levels ranged

from 0 to 14 ppm with a mean (SD) fluoride level of 1.28 (1.11) ppm. There was little change in the pooled estimates

when we included all fluoride levels in the analysis. The effect of fluoride exposure is positive and statistically

significant; a higher prevalence of dental fluorosis is associated with increased fluoride exposure (OR 3.13, 95% CI 2.55

to 3.85). When controlling for study effects, we would expect the odds of dental fluorosis to increase by a factor of 3.13

for each one unit increase in fluoride exposure (1 ppm F).

The statistically significant negative covariance of ‐0.87 implies that studies with a higher than average probability of

dental fluorosis tend to have a shallower slope. The between‐study variance increases as fluoride level increases.

Post hoc analysis

We used a multivariate analysis to investigate possible sources of heterogeneity in the model. We explored the effects of

the source of fluoride and its interaction with fluoride concentration by including them as fixed covariates in the models

above. We classified the source of fluoride as natural or artificial. We excluded from the analysis studies that reported

mixed sources of fluoridation, or where the source of fluoridation was not reported. We carried out separate analyses for

the outcomes of fluorosis of aesthetic concern and any level of fluorosis, and for studies reporting fluoride

concentrations restricted to 5 ppm or less and concentrations at any level.

The results from the models with the additional covariates and the ones containing fluoride concentration only as a

covariate are not directly comparable, as the additional covariate analyses included fewer studies due to missing data

(source of fluoride). For fluorosis of aesthetic concern at all concentrations, fluoride concentration and source of fluoride

explain a proportion of the variation between estimates, whereas the interaction between these estimates does not (the

OR for fluorosis due to fluoridation becomes 3.16 (95% CI 2.12 to 4.71) when controlling for source of fluoride (OR 0.25,

95% CI 0.09 to 0.70) and interaction (OR 1.89, 95% CI 0.74 to 4.82)). The conclusions are the same for fluorosis of

aesthetic concern at fluoride concentrations of 5 ppm or less (the OR for fluorosis due to fluoridation becomes 3.22 (95%

CI 2.16 to 4.79) when controlling for source of fluoride (OR 0.25, 95% CI 0.10 to 0.70) and interaction (OR 1.82, 95% CI 0.71

to 4.62)).

For the outcome of fluorosis at all levels, the additional covariates do not contribute significantly to the model.

Other adverse effects

Only five of 135 studies reported other adverse effects. These adverse effects were: skeletal fluorosis (Chen 1993; Jolly

1971; Wang 2012), bone fracture (Alarcon‐Herrera 2001), and skeletal maturity (Wenzel 1982). Data were available for

participants aged between six and over 66 years. Four of the studies included a total of 596,410 participants (Alarcon‐
Herrera 2001; Chen 1993; Wang 2012; Wenzel 1982), and Jolly 1971 did not include the number of participants. Fluoride
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concentration in all studies ranged from less than 0.2 ppm to 14 ppm. All studies were at high risk of bias. We did not

analyse the data from these studies, and we were unable to draw conclusions from the available data; we present the

individual study data in Table 6. We judged the certainty of the evidence for other adverse effects to be very low. Because

of the risk of bias in these study designs, the certainty of the evidence starts at low certainty. We also downgraded by

one level for indirectness because very high concentrations of natural fluoride in some groups were unlikely to be

applicable to all settings.

Table 6. Other adverse effects

Study ID Type of
adverse
effect

Age
(years)

Fluoride
level (ppm)

Assigned
fluoride level
(ppm)

Number of
participants

Proportion of
participants with
outcome

Chen 1993 Skeletal

fluorosis

16 to 65 5.5 5.5 28 82.1

3.1 3.1 114 71.1

0.4 0.4 50 46

3.1 3.1 50 86

Wang 2012 Skeletal

fluorosis

≥16 2.2 2.2 406,298 10.8

0.5 0.5 188,400 4.8

Wenzel

1982

Skeletal

maturity

12 to 14 2.4 2.4 122 0.59 (0.1)

< 0.2 0.1 113 0.59 (0.09)

Alarcon‐

Herrera 2001

Bone fracture 6 to 12 < 1.5 0.75 97 5.2

1.51 to 4.99 3.25 112 8.9

5 to 8.49 6.75 38 2.6

8.5 to 11.99 10.25 27 11.1

12 to 16 14 59 8.5

13 to 60 < 1.5 0.75 192 3.1

1.51 to 4.99 3.25 330 7.9

5 to 8.49 6.75 146 8.9

8.5 to 11.99 10.25 138 7.2

12 to 16 14 96 6.3

a

b

c

c
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Jolly 1971 Skeletal

fluorosis

Not

stated

0.7 0.7 Not stated 3.6

1.4 1.4 Not stated 2.4

2.4 2.4 Not stated 17

2.4 2.4 Not stated 23

2.5 2.5 Not stated 33

3 3 Not stated 19.6

3 3 Not stated 42.2

3.3 3.3 Not stated 10

3.3 3.3 Not stated 45

3.6 3.6 Not stated 33.1

4.3 4.3 Not stated 19.4

5 5 Not stated 60

5.1 5.1 Not stated 44.5

5.5 5.5 Not stated 31.3

7 7 Not stated 47.4

8.5 8.5 Not stated 58.9

9.4 9.4 Not stated 70.1

ppm: parts per million

Participants were diagnosed on the basis of diagnostic criteria for endemic skeletal fluorosis (WS 192‐2008)

Participants were examined radiologically

Reported data were mean (standard error) skeletal maturity

Discussion 

Summary of main results

We included 157 non‐randomised studies in the review. These studies evaluated two objectives: the effect of initiation or

cessation of a water fluoridation programme on dental caries, and the association of a water fluoridation programme

with dental fluorosis. We did not update the evidence for the association of water fluoridation with dental fluorosis, and

the results reported here are the same as those described in Iheozor‐Ejiofor 2015.

b

a

b

c
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For our primary objective, we reported data separately according to whether studies evaluated the initiation or the

cessation of a community water fluoridation programme.

We included 21 studies that evaluated the initiation of water fluoridation. The contemporary evidence, which was

derived from studies conducted after 1975, was mostly of low certainty, and came from studies conducted in multiple

locations across the UK, North America and Australia. We found that water fluoridation may lead to a slightly greater

reduction in decayed, missing or filled primary teeth (dmft). Although pooled data from contemporary studies also

indicated a slightly greater reduction in decayed, missing or filled teeth or surfaces in the permanent dentition

(DMFT/DMFS), we were very uncertain of this effect (because of very low‐certainty evidence).

Water fluoridation may lead to a slightly greater increase in change in the proportion of children who are caries‐free (in

their primary dentition and permanent dentition) in favour of water fluoridation. The difference in the change in the

proportion of caries‐free children in areas with fluoridated water may be considered a small but important effect.

Other evidence for the initiation of water fluoridation came from studies conducted before 1975, and although the effect

estimates indicated a positive benefit of water fluoridation in caries reduction, we judged this evidence to be of very low

certainty. These very low‐certainty judgements were partly informed by the limited applicability of the evidence

specifically to a contemporary environment, with ready access to fluoridated toothpastes and other caries prevention

strategies, in contrast to settings that continue to have poor access to these resources.

Only one study, in Canada, evaluated the cessation of a water fluoridation programme, and only had data available for

one of our review outcomes. Although this study found no difference in the caries incidence measured in terms of DMFS

between the still‐fluoridating and fluoridation‐ended communities, we were very uncertain of this effect (because of

very low‐certainty evidence).

We did not update the evidence for the association of water fluoridation with dental fluorosis in this review. As

previously reported, we found low‐certainty evidence of a positive association with fluoridated water and dental

fluorosis of aesthetic concern as well as dental fluorosis of any level of severity.

Disparities in dental caries

Only four studies reported dental caries according to socioeconomic group disparities. We judged the data for two

studies to be at a critical risk of bias, and a third study reported insufficient data for us to report disparities meaningfully.

One recent study, with socioeconomic status data measured according to the Index of Multiple Deprivation, found that

there was no evidence that deprivation influenced the relationship between water exposure and caries status (as

measured by dmft/DMFT counts or proportion of caries‐free participants).

Overall completeness and applicability of evidence

Despite the scope of the review including both adults and children, there was no available evidence on the effect of

initiation/cessation of water fluoridation on caries outcomes in adults. Therefore, the evidence meeting the review's

inclusion criteria pertains to caries in children only.

Our primary analysis focuses on data from studies conducted post‐1975 with the most recent studies being conducted in

2015 and onwards. Approximately 60% of the studies that evaluated the initiation of water fluoridation were conducted

in 1975 or earlier. The applicability of 50‐ to 75‐year‐old evidence to today’s lifestyles has to be considered in the context

of reductions in caries' levels over time, the uptake of other strategies proven to prevent caries, and global changes in

patterns of food consumption (Kearney 2010). For example, in many parts of the world, people consume more

industrially‐processed foods, and prepare and cook less food at home using locally‐sourced water (Slimani 2009).
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Variation in fluoride concentrations in water across regions and countries, and the increase in processed foods and

beverages and their transportation, make it difficult to assess dietary fluoride intake. Such changes may mean that,

although the tap water is fluoridated in a particular area, some members of the population do not consume a sufficient

volume, through beverages and foods prepared with tap water, to provide a benefit to their oral health.

In public health research, some have argued that a 'halo effect' may reduce the expected effect size of interventions in

studies that compare effects in populations in two geographic areas in close proximity. In relation to community water

fluoridation (CWF), the halo effect refers to the diffusion of fluoride beyond the geographical locations receiving CWF to

those areas not receiving CWF; for example, when food and beverages are produced in an area with fluoridated water

and then transported and consumed in non‐fluoridated areas, and vice versa. In the UK, approximately 46% of the food

consumed is imported (DEFRA 2021); 'home‐grown' food is also transported widely within the UK. We are unaware of

any evidence to quantify the potential impact of the halo effect, or to suggest this is greater in areas evaluated that are in

close proximity. Similarly, there is little evidence to suggest more recent studies are at greater 'risk' of the halo effect

than older studies.

Globally, caries levels have been decreasing, although there is variation by World Health Organization region (Table 7).

Figure 4 shows the estimated prevalence of untreated caries of permanent teeth in people aged five years and older.

Areas where a large percentage of the population (more than 60%) receive fluoridated water (either natural or artificial

fluoridation) include: North America, Australasia, parts of South America (namely, Brazil, Columbia and Chile), the

Republic of Ireland, and Malaysia. Whilst these areas tend to have low to very low DMFT, there are many other parts of

the world where fluoridated water is not widespread that also have low caries levels. Equally, there are areas with a

relatively high distribution of water fluoridation and moderate caries levels (e.g. Brazil).

Table 7. WHO region‐specific estimated prevalence of caries in permanent teeth and the percentage change in
prevalence

World Health Organization (WHO) region Prevalence of caries Percentage change

in prevalence

2019 1990 to 2019

African Region 28.50% ‐1.66%

Eastern Mediterranean Region 32.25% ‐0.27%

European Region 33.63% ‐3.91%

Region of the Americas 28.24% ‐0.05%

South‐East Asia Region 28.69% +0.67%

Western Pacific Region 25.41% ‐6.50%

GLOBAL 28.70% ‐2.59%

Table derived from a table in WHO 2021
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Source: WHO 2021. Datasource: Global Burden of Disease Collaborative Network. GBD 2019. Seattle:IHME;2020. Map

Production: WHONCD/MNDunit. Map Creation Date: 30 August 2022. Note: N = 194 countries; data are age standardised,

for ages > 5 years, both sexes, from GBD 2019.

In countries where the widespread use of fluoride toothpastes has increased from the mid to late 1970s, along with

increased access to other caries‐preventive strategies of proven effectiveness, such as fluoride varnishes (Marinho 2013),

and dental sealants (Ahovuo‐Saloranta 2013), the benefit of water fluoridation may be diluted.

Most research evaluating water fluoridation and its association with dental caries has been undertaken using single time

point, cross‐sectional studies with concurrent control. There have been concerns regarding the exclusion of these

studies from the previous version of this review (Rugg‐Gunn 2016). We did not include these studies in our review

because they do not allow a measure of change in caries status over time and therefore do not address the review's

research question with regard to evaluating the initiation/cessation of water fluoridation. However, the single time point

studies do provide context in terms of demonstrating the association between water fluoridation and dental caries and

may therefore be helpful in terms of interpreting the wider picture beyond the scope of the present review question. For

this reason, we collected data from single time point studies found during our database searches and used these data to

plot the mean difference in caries outcomes between populations with and without fluoridated water. This task was not

part of our formal review process and therefore, we did not use systematic approaches for study identification. In terms

of dmft, most identified single time point studies were conducted in the UK. Data from these UK single time point

studies, alongside the results of the review, show a clear reduction in the size of effect with regard to caries measures

over time (Figure 5), with the most recent single time point studies showing a mean difference of 0.16 to 0.21 dmft

between fluoridated and low‐fluoridated/non‐fluoridated areas (PHE 2014; PHE 2018; PHE 2022). A similar pattern was
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seen in terms of DMFT (Figure 6). With regard to the difference in proportion of caries‐free participants between

fluoridated and low‐fluoridated/non‐fluoridated areas, a smaller effect size was seen in the more recent studies across

most countries (Figure 7). Comparison between studies evaluating the effectiveness of CWF and single time point

studies evaluating association is not strictly appropriate due to variation in study design and measurement of the caries

outcome (point estimate or change over time). However, the findings from the evaluation of the effectiveness of CWF in

this review do not contradict the evidence from the contemporary single time point studies.

Figure 5
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Single time point cross‐sectional studies: mean difference and 95% confidence interval (CI) in decayed, missing and

filled teeth (dmft) in the primary dentition between fluoridated and low/non‐fluoridated areas, with age (in years) at

time of measurement (Armfield 2010; Arora 2010; Bailie 2009; Blinkhorn 1981; Booth 1992; Brown 1990; Carmichael

1980; Carmichael 1989; Cortes 1996; Cypriano 2003; Do 2015; Evans 1995; French 1984; Jackson 1975; Jackson 1980;

Jackson 1985; James 2021; Jones 1997; Kanagaratnam 2009; Kelman 1996; Lalloo 2015; O'Mullane 1996; PHE 2014; PHE

2018; PHE 2022; Provart 1995; Riley 1999; Rugg‐Gunn 1988; Rugg‐Gunn 1977a; Rugg‐Gunn 1981a; Saliba 2008; Silva 2021;

Tagliaferro 2004; Tank 1965; Thomas 1995; Tiano 2009; Tickle 2003; Whelton 2004; Zadik 1992)

Figure 6
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Single time point cross‐sectional studies: mean difference and 95% confidence intervals (CI) in decayed, missing or filled

teeth (DMFT) in the permanent dentition between fluoridated and low/non‐fluoridated areas (Antunes 2004; Armfield

2010; Blinkhorn 1981; Bomfirm 2022; Cortes 1996; Cruz 2018; Cypriano 2003; Do 2015; Gushi 2005; Hopcraft 2005;

Jackson 1975; Jackson 1985; Jones 1997; Kanagaratnam 2009; Kelman 1996; Kim 2017; Kumar 2001; Lalloo 2015;

Marques 2022; McGrady 2012; McLaren 2012; Morgan 1992; Murray 1991a; NZ MoH 2010; O'Mullane 1996; Peres 2006;

PHE 2014; Riordan 1991; Saliba 2008; Silva 2021; Tagliaferro 2004; Thomas 1992; Treasure 1994; Whelton 2004; Zadik

1992)

Figure 7
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Single time point cross‐sectional studies: mean difference and 95% confidence intervals (CI) in proportion of caries‐free

participants between fluoridated and low/non‐fluoridated areas, with age (in years) at time of measurement (Armfield

2010; Blinkhorn 1981; Booth 1992; Cruz 2018; Do 2014; Ellwood 1995; Evans 1995; Freire 2013; French 1984; Gillcrist 2001;

Hopcraft 2005; Hopcraft 2009; Ismail 1990; James 2021; Kelman 1996; Lalloo 2015; Lee 2004; Marques 2022; McGrady

2012; McLaren 2012; Murray 1991a; O'Mullane 1996; Peres 2006; PHE 2014; Provart 1995; Saliba 2008; Silva 2021;

Stockwell 1990; Tagliaferro 2004; Tank 1965; Tickle 2003; Treasure 1994; Zadik 1992)

We did not update the evidence for the association of dental fluorosis in this review. We have no concerns regarding the

applicability of the findings for dental fluorosis from our previous review, owing to the large number of included studies

across a wide range of settings that provided data for this outcome (Iheozor‐Ejiofor 2015).

There was limited reporting of adverse effects, other than dental fluorosis, in the studies included in this review. The

broader literature speculates about harms associated with higher levels of fluoride in water (e.g. cancer, lowered

intelligence, endocrine dysfunction) (Solanki 2022). However, there has been insufficient evidence to draw conclusions.

A recent evidence summary evaluated the impact of fluoridated water on the systemic health of the human population

(Lambe 2022). The review found no conclusive evidence for an association between CWF and most conditions evaluated,

including bone health, cancer, kidney stones, birth and infant abnormalities, and death rates. The authors acknowledge

that the evidence was typically of low quality.

It should be noted that the impact of water fluoridation may be affected by inconsistencies in the delivery of artificially

fluoridated water supplies at the desired, optimal dose. An evaluation of long‐term variability in artificially and naturally

fluoridated water supplies in England reported that artificially fluoridated samples showed wide variation in fluoride

dose control: "Mean fluoride concentrations in the artificially fluoridated supplies ranged from 0.53 (SD 0.47) to 0.93 (SD

0.22) mg F/L and were within the optimal range of 0.7‐1.0 mg F/L in 27.7%‐77.8% of samples" (Moore 2019). This

variability in fluoride concentrations in CWF programmes, over time and geography, was confirmed in a subsequent

study which called for greater access and collation of fluoride concentration data to allow for "essential monitoring,

surveillance and research" (Nyakutsikwa 2022). The challenge of consistent delivery at an optimal concentration is not

just confined to the UK. For example, monitoring reports from the USA have also demonstrated variability in dosing

outside the target range (Boehmer 2023).

Brief economic commentary

Our review did not evaluate the cost‐effectiveness of water fluoridation. However, we undertook a brief economic

commentary on this topic. From literature searches, we identified 437 reports from which we identified 56 potentially

eligible reports. We assessed the full texts of these 56 reports and found 25 eligible reports for 24 studies. For the full

details of this search and our summary of the eligible reports, see oralhealth.cochrane.org/our-evidence/brief-

economic-commentaries.

In general, across the studies, some clear findings emerge. CWF appears to offer good value for money due to its low per

capita intervention delivery costs, potential to reduce caries, even at low magnitudes of effect size, and the related

impact on dental treatment costs averted. However, the magnitude of cost‐effectiveness (or net cost‐savings) is shown

to be sensitive to the size of the fluoridated population, the magnitude of water fluoride's effectiveness observed in

more recent studies, and the underlying caries risk in the treated population. Therefore, whilst in general water

fluoridation appears to offer good value for money, this is context‐dependent, and each proposed scheme should be

considered on a case‐by‐case basis according to population size, magnitude of benefit and underlying caries prevalence

in the population served.
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Sustainability of the intervention

When considering the implementation of any intervention, the environmental impact should be considered; promoting

oral health and disease prevention is the most impactful route to environmental sustainability in dentistry. Following

Cochrane Oral Health policy (https://oralhealth.cochrane.org/about-us/sustainability), we conducted a brief search for

healthcare sustainability science research for community water fluoridation using the search strategy in Appendix 9. One

review author (SL) screened the results of this search. We identified one life‐cycle analysis of water fluoridation (Duane

2022), comparing the environmental impact of community water fluoridation to data for school‐based fluoride varnish

programmes, supervised toothbrushing or the provision of toothbrushes and toothpaste. The analysis was undertaken

for a five‐year‐old child over a one‐year period. The life‐cycle analysis model was based on an existing water fluoridation

scheme in Ireland and the return on investment measures from PHE 2016 were used to map against the environmental

impacts. Water fluoridation was shown to have the lowest environmental impact and the lowest disability‐adjusted life‐
years impact. We note, however, that the PHE 2016 calculations were based on a pooled effect estimate from studies

conducted predominantly over 50 years ago and do not consider set‐up costs for new initiatives. The applicability of the

findings of the life‐cycle analysis to other water fluoridation schemes needs consideration; any future life‐cycle analysis

should include return‐on‐investment data from more contemporary studies and include set‐up and ongoing monitoring

costs. We encourage people to explore other resources on this topic to understand, learn and promote sustainable

actions in oral health.

Certainty of the evidence

We used the GRADE approach to assess the certainty of the evidence within the review. As outlined in the Cochrane

Handbook (Higgins 2021), all studies assessed using ROBINS‐I start with high certainty of evidence when applying

GRADE criteria. Typically, we downgraded the body of evidence from the caries studies by two levels due to the inherent

risk of bias in non‐randomised studies of interventions (NRSI; due to confounding and selection bias). We downgraded

evidence from Blinkhorn 2015 and Goodwin 2022 by only one level for risk of bias, as we considered both studies to be

at low risk of bias with regard to confounding and selection bias.

In our review protocol (Iheozor‐Ejiofor 2013), we stated that we would produce summary of findings tables, applying the

GRADE criteria. We have attempted to be transparent in our decisions regarding the downgrading of the certainty of the

evidence, and feel our decisions are justified. With regard to the caries outcomes, we judged the certainty of the

contemporary evidence (from studies conducted after 1975) to be either low or very low. We downgraded the certainty

of the evidence owing to the inherent risks of bias in the designs of included studies, as identified during our risk of bias

assessments using ROBINS‐I. We downgraded the evidence for imprecision when effect estimates included the

possibility of benefit and no benefit (change in the number of dmft and DMFT, and changes in the proportion of caries‐
free participants with primary and permanent dentition). We also downgraded the evidence for change in the number of

DMFT for inconsistency, because the effect estimate included considerable statistical heterogeneity.

We assessed the evidence from studies conducted in 1975 or earlier as being at very low certainty, due to all studies

being at serious risk of bias and for concerns regarding the applicability of the evidence to today's societies (see Overall

completeness and applicability of evidence). Present day reductions in caries may be of a smaller magnitude in regions

with access to other sources of fluoride.

With regard to our second objective (evaluating the association of water fluoridation with dental fluorosis), we deemed

the evidence to be stable, and we made no changes to the risk of bias assessment and GRADE assessment in this review.

With regard to the fluorosis outcomes, we judged the certainty of the evidence to be low, downgraded due to an overall

high risk of bias. We also note inconsistency in the findings due to substantial between‐study variation.
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We did not downgrade any of the evidence for publication bias. We expected that publication bias was less likely for

studies evaluating the initiation and cessation of water fluoridation programmes because these were often large‐scale

prospective studies. However, we could not rule out the possibility of publication bias in the evidence for dental

fluorosis, which was sometimes evaluated in small studies.

Potential biases in the review process

In this updated review, we conducted a thorough search and independently assessed study eligibility, extracted data

and assessed the risk of bias in the included studies before reaching consensus together or with one other review

author.

We did not update the evidence for the association of water fluoridation with dental fluorosis, which included data from

90 studies. We reached this decision through discussion with the review team and the wider Cochrane editorial team.

During the review process, we made decisions to classify studies according to thresholds for fluoride concentration,

participant age for primary and permanent dentition (if not specified by study authors), and contemporary and early

studies. We acknowledge that these cut‐offs were arbitrary.

We classified water with a fluoride concentration of 0.4 ppm or less as low‐ or non‐fluoridated, based on a priori clinical

judgement, and it is possible that this cut‐off might be high for equivalence of non‐fluoridation in hot climates. In

practice, almost half of the studies evaluating the initiation of a water fluoridation programme did not include the

fluoride concentration for the low‐ or non‐fluoridated areas, and in this case, we used the study authors' classification of

areas as low‐ or non‐fluoridated. Only one of the 21 studies reported a fluoride concentration greater than 0.2 ppm in

the non‐fluoridated area (Beal 1981).

When analysing the dental fluorosis data, our primary analysis focused on fluoride concentrations of 5 ppm or less.

However, there was little difference in the results obtained when we examined all fluoride concentrations.

As in our earlier review (Iheozor‐Ejiofor 2015), we only reported on dmft in children eight years old and younger, which

was based on clinical judgement. This cut‐off is unlikely to alter the review's findings as very little data were excluded

due to this cut‐off.

We used a cut‐off date of 1975 as an indication of when fluoridated toothpaste use became widespread in industrialised

countries. There is no indication in the included studies of the extent to which this was true in their study populations.

We note that the systematic review by Griffin 2007 used a cut‐off date of 1979. In this review, we included three studies in

the contemporary group with a study duration that included a threshold between 1975 and 1979: in Guo 1984, the

change in fluoridation was in 1971, with a final assessment in 1981; in Hardwick 1982, the study was carried out between

1974 and 1978; and in Tessier 1987, the study was carried out between 1978 and 1986. We did not include Guo 1984 in

the analysis (because it had an overall critical risk of bias). We did not further explore the impact of including Hardwick

1982 and Tessier 1987 in the analysis of contemporary studies.

We used sensitivity analysis to explore the impact of decisions made during our primary analysis. We imputed the

standard deviation (SD) for five studies included in the analysis measuring change in caries (dmft and DMFT). We had not

prespecified the decision to impute SDs in the original protocol (Iheozor‐Ejiofor 2013), but this decision allowed us to

include more data in the analyses. We assessed the impact of this decision through sensitivity analyses, and found that

although effect sizes were larger in the contemporary evidence and smaller in the earlier evidence, our overall

interpretation of the results was the same.
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We undertook a post hoc sensitivity analysis regarding the analytical approach of longitudinal studies. In the primary

analysis, we used a controlled before‐and‐after study design approach for Goodwin 2022. This study also reported dmft

caries increment, and we used these data in sensitivity analysis. Using the caries increment from the longitudinal

analysis resulted in a very similar pooled effect estimate to the primary analysis, although imprecision in the estimate

was no longer a concern using the longitudinal analysis.

Agreements and disagreements with other studies or reviews

Multiple systematic reviews have explored the effectiveness of water fluoridation programmes or the association

between fluoridated water and caries, dental fluorosis and harms, including Griffin 2007, McDonagh 2000, Moynihan

2019, NHMRC 2017, Rugg‐Gunn 2012 and Truman 2002. The scope of the reviews and the methods used vary. However,

findings across the reviews are broadly consistent with regard to caries and fluorosis. Older studies (conducted in 1975

or earlier) provide consistent evidence that water fluoridation reduced the incidence of dental caries and increased the

proportion of caries‐free children; contemporary studies conducted after 1975 show smaller effect sizes. There is

insufficient/inconsistent evidence from the current review and other reviews with regard to the impact of water

fluoridation on disparities in caries (McDonagh 2000; NHMRC 2017).

Evaluating the initiation of community water fluoridation programmes for the prevention of dental caries

Whilst the most widely recognised systematic review of water fluoridation remains the York review published in 2000

(McDonagh 2000), it should be recognised that over 80% of the studies in McDonagh 2000 evaluating the initiation of

water fluoridation were conducted before 1975. Like the current review, for the evaluation of the initiation or cessation

of water fluoridation programmes, McDonagh 2000 included prospective studies comparing at least two populations,

one receiving fluoridated water and the other non‐fluoridated water, with at least two time points evaluated. A change in

the level of fluoride in the water supply of at least one of the study areas had to have occurred within three years of the

baseline survey. McDonagh 2000 excluded single time point cross‐sectional studies, and did not pool any study data.

The mean difference in change in dmft/DMFT and increase in proportion of caries‐free children were presented for

selected ages/age groups. The 2015 version of this review and the current update differ from the York review in that we

did undertake statistical pooling, imputing SDs where necessary. Rather than selecting specific ages from the data

provided in the included studies, we undertook the analyses by dentition, utilising all data for primary teeth for children

aged eight years and younger, and all available data for permanent teeth. The analyses showed mean reductions of 0.24

in dmft and 0.27 in DMFT for studies undertaken post‐1975, due to water fluoridation.

In terms of the proportion of caries‐free children following water fluoridation, the McDonagh 2000 review reported a

range of mean differences, from a reduction in the proportion of caries‐free children of –0.05 to an increase of 0.64. The

pooled estimate obtained in our review demonstrates an increase in the proportion of caries‐free children in the areas

with water fluoridation of 0.04 for primary teeth and 0.03 for permanent teeth, based on studies conducted since 1975.

In Truman 2002, five studies with before‐and‐after measurements showed that starting (or continuing) water

fluoridation decreased dental caries experience among children aged four to 17 years by a median of 29.1% during three

to 12 years of follow‐up. Two studies with before‐and‐after measurements showed increased dental caries with

continuation of water fluoridation; inadequate control of confounding is suggested to be the cause of these

inconsistencies. If the studies with negative findings are excluded from the analysis, then starting water fluoridation

decreased dental caries experience by a median of 41.2% (range from 14.5% to 110%). If all studies are included, then

water fluoridation decreased dental caries experience by a median of 29.1% (range from 66.8% increase to 110%

decrease).
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The National Health and Medical Research Council (Australia) undertook a comprehensive overview of reviews (NHMRC

2017). It evaluated systematic reviews published between 1 October 2006 and 12 November 2015 which evaluated

evidence for the effect of water fluoridation on dental caries. Three systematic reviews were included (Griffin 2007;

Iheozor‐Ejiofor 2015; Rugg‐Gunn 2012). The reviews were assessed using AMSTAR and found to range from high quality

(Iheozor‐Ejiofor 2015) to low quality (Rugg‐Gunn 2012). The overview of reviews supplemented evidence from the three

systematic reviews with evidence from 25 primary studies published between 1 October 2006 and 17 November 2015.

Evidence statements, based on both the systematic reviews and primary studies, showed consistent evidence that water

fluoridation at current Australian levels is associated with a decreased prevalence of dental caries in both primary teeth

of children and permanent teeth of children, adolescents and adults (assessed using measures of dmft/DMFT,

dmfs/DMFS, proportion of caries‐free teeth and caries prevalence). The authors conclude that water fluoridation

reduces the incidence of dental caries in the primary and permanent teeth of children by approximately 35% compared

to non‐fluoridated water, and increases the proportion of children who have no dental caries by approximately 15%. The

values presented in the report’s conclusion (35% and 15%) are illustrative proportions from Iheozor‐Ejiofor 2015; no

overall effect estimates for adults were presented.

None of the reviews by Iheozor‐Ejiofor 2015, McDonagh 2000, Truman 2002, or this current Cochrane review update,

included studies evaluating the effectiveness of water fluoridation for preventing caries in adults. However, Griffin 2007

undertook a comprehensive systematic review evaluating the effectiveness of fluoride in preventing caries in adults,

including nine studies that examined the effectiveness of water fluoridation. The review is included in the NHMRC 2017

overview (above). One of the nine studies they included was a prospective cohort trial, and the remaining eight were

cross‐sectional studies with single time point data, and hence fell outside the scope of both the McDonagh 2000 review

and this one. In their analyses, Griffin 2007 demonstrated a prevented fraction of 34.6% (95% CI 12.6% to 51.0%) when

pooling data from seven studies of lifelong residents of control or fluoridated‐water communities (5409 participants).

When the analysis was limited to studies published after 1979, the prevented fraction was 27.2% (95% CI 19.4% to

34.3%; 5 studies; 2530 participants). The most recent of these post‐1979 papers was published in 1992. The fluoride

concentration evaluated in two of these more recent studies was not reported, and was above what is considered the

'optimal level' in a further two studies. Griffin and colleagues acknowledge that the paucity of studies and the quality of

the included studies limits their review findings. However, as discussed above, the NHMRC 2017 review found consistent

evidence from Griffin 2007 and additional primary studies that water fluoridation at current Australian levels is

associated with a decreased prevalence of dental caries in the permanent teeth of adults.

A systematic review published in 2015 addressed the question “Does an optimum concentration of fluoride in water

reduce the risk of [early childhood caries] (ECC)?” (Moynihan 2019). Thirty‐two studies (13 described as cohort studies,

15 cross‐sectional studies and four ecologic studies), including infants and children younger than 72 months, were

identified. The authors state that the highest level evidence comes from cohort studies that reported ECC in children

who had resided in fluoridated areas from birth compared with those residing in non‐fluoridated areas. Most of the

studies were described as being at moderate risk of bias, although the authors reported no details regarding the

ROBINS‐I assessments. The findings for Moynihan 2019 are based on these 13 cohort studies (excluding the cross‐
sectional studies from the analysis), stating, “All studies showed lower development of ECC in children exposed to

fluoridated water, and there was evidence of a large effect size in individual studies.” Only four of the studies were

deemed suitable for meta‐analysis, showing a mean difference in mean dmft of –1.25 (95% CI –2.14 to –0.36; P = 0.006, I

= 94%). There is significant unexplained statistical heterogeneity. Given that data from less than 30% of the available

cohort studies are available for analysis, caution should be used in interpreting the findings.

A more recent systematic review has evaluated children's dental health surveys at national, regional and county levels

conducted in the Republic of Ireland from 1950 to 2021, and compares the dental caries experience in children living in

areas with and without community water fluoridation (Sharma 2023). The review did not evaluate the initiation of water

2
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fluoridation but the association between fluoridation and caries. In line with most reviews, large reductions in the

prevalence of dental caries were seen over time. Whilst greater reductions in dental caries were reported in areas with

fluoridation than without, the authors report that a quantitative assessment of the evidence was not feasible due to the

frequent lack of data on the SDs of the mean dmft/DMFT. Sharma 2023 presented no effect estimate.

Evaluating the cessation of community water fluoridation programmes on the prevention of dental caries

With regard to the cessation of water fluoridation programmes, the McDonagh 2000 review included eight studies,

whereas our review included only one study (Maupome 2001). This variation is due to differences in criteria for the

control group in this comparison. In a controlled before‐and‐after study, the groups should be comparable at baseline.

Therefore, in the water fluoridation cessation studies, the two groups should both be fluoridated areas, one of which

(the 'intervention' group) subsequently has the fluoride removed from the water. The area that remains fluoridated acts

as the control. In most of the cessation studies in McDonagh 2000, a non‐fluoridated area was used as the control at

baseline. The intervention and control groups, therefore, were not comparable at the start of the study. Whilst the

McDonagh 2000 review suggested that caries prevalence increases following the withdrawal of water fluoridation (“of 22

analyses of stopping water fluoridation, 14 found… that stopping water fluoridation led to an increase in caries in the

previously fluoridated area compared to the never‐fluoridated area”), this result was not confirmed in the study

included in our review.

In the review by Truman 2002, three studies with before‐and‐after measurements showed that stopping water

fluoridation was associated with an increase in dental caries experience by a median of 17.9% with a range from 31.7%

increase to a 42.2% decrease in caries. One study showing a negative estimate of effectiveness was subsequently

excluded from the analysis due to post hoc concerns regarding potential confounding, resulting in a revised increase in

dental caries experience by a median of 29.1% (range from 17.9% to 31.7%). One study with post‐exposure

measurements only also showed an increased dental caries experience following the stopping of water fluoridation. All

the study populations involved children aged four to 17 years.

Impact of water fluoridation on disparities in caries

Our 2015 Cochrane review was criticised for reporting that there was insufficient evidence regarding the effectiveness of

CWF for reducing social disparities in oral health, suggesting that the review may be “inadvertently, or deliberately,

misinterpreted” as reporting that water fluoridation is ineffective in these regards (Rugg‐Gunn 2016). It is not our

intention to cause confusion or promote misinterpretation of our findings. None of the identified systematic reviews

have identified consistent, robust evidence that water fluoridation reduces dental health inequalities. We would stress,

however, that a lack of evidence to demonstrate an effect does not equate to lack of effect.

When addressing the issue of whether water fluoridation results in a reduction in disparities in caries levels across

different groups of people, the McDonagh 2000 review included 15 studies, all except two of which were cross‐sectional

surveys. The authors concluded that, based on a small number of low‐quality, heterogeneous studies, there was "some

evidence that water fluoridation reduces the inequalities in dental health across social classes in five and 12 year‐olds,

using the dmft/DMFT measure. This effect was not seen in the proportion of caries‐free children among five year‐olds.

The data for the effects in children of other ages did not show an effect." The review findings continue to be

misrepresented. For example, its findings have been used to infer that the effect includes a broader age group than the

two age categories specified (children aged five and 12), or is applicable to all caries outcome measures, as in the

following quotation: “The York review, in England, reported ‘some evidence that water fluoridation reduces the

inequalities in dental health across social classes in 5‐ to 12‐year olds’” (Do 2019). Due to concerns regarding the
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misinterpretation of their findings, the review authors put out a statement in 2003, stating “The evidence about reducing

inequalities in dental health was of poor quality, contradictory and unreliable” (McDonagh 2000). There were no data for

disparities in caries levels among adults.

On this issue, the Australian National Health and Medical Research Council overview of reviews stated, “The evidence

evaluation identified one review and three ecological studies which provided insufficient evidence to reach a conclusion

about any association between water fluoridation at current Australian levels and disparities in dental caries

experience” (NHMRC 2017).

A review by Shen 2021 evaluated a range of interventions aimed at reducing inequality in dental caries in children. They

conclude that "whole population interventions such as water fluoridation are more likely to reduce inequalities".

However, there were no quantitative data to support this and three‐quarters of the included studies were assessed as at

low risk of bias for random sequence generation, despite all four studies being non‐randomised studies of interventions.

Griffin 2007, Moynihan 2019 and Truman 2002 did not aim to evaluate the association between water fluoridation and

oral health disparities. Truman 2002 does highlight important research questions that remain unanswered, including

“what is the effectiveness of CWF in reducing socioeconomic or racial and ethnic disparities in caries burden?”

Evaluating the association of water fluoridation (artificial or natural) with dental fluorosis

We have not updated the evidence for dental fluorosis reported in Iheozor‐Ejiofor 2015; the analysis of dental fluorosis in

2015 was, itself, an update of the analysis presented in the McDonagh 2000 review. The results from our review of the

dental fluorosis data are fairly comparable with those of the McDonagh 2000 review. In the analysis of fluorosis in the

McDonagh 2000 review, areas with natural fluoride levels above 5 ppm were excluded. It was acknowledged that this is

significantly above the level recommended for artificial fluoridation. However, the range of concentrations from 0 ppm

to 5 ppm allowed exploration of a dose‐response relationship. In Iheozor‐Ejiofor 2015, we also conducted analyses of

studies of fluoride concentrations of 5 ppm or lower, in addition to an analysis of all studies irrespective of fluoride

concentrations. In the McDonagh 2000 review, the estimated percentage of the population with dental fluorosis of

aesthetic concern at a fluoride concentration of 0.7 ppm was 9% (95% CI 4% to 17%; based on studies with a fluoride

concentration of 5 ppm or lower). In our review, this was slightly higher at 12% (95% CI 8% to 17%). There was little

change in the pooled estimates when all fluoride levels were included in the analysis.

Other adverse effects

The broader literature speculates about harms associated with higher levels of fluoride in water (e.g. cancer, lowered

intelligence, endocrine dysfunction) (Solanki 2022). These harms have not been systematically evaluated in this review,

as these outcomes were rarely reported in the included studies. However, previous reviews suggest there is no

conclusive evidence for an association between CWF and most conditions evaluated (Lambe 2022; MRC 2002; NHMRC

2017).
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