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Appendix Table 1. Scoring form for the quality assessment of eligible studies

Relevance of evidence

11 The results were described for a cohort of children or Relevance of evidence:
adolescents spanning an age range of no more than two years High — > 3 points
- yes: 1point Moderate — 2 points
- no: 0 points Low — 0-1 points

- not described or unclear: 0 points
1.2 The cohort had used fluoridated toothpaste, and/or their
drinking water had been sufficiently fluoridated (> 1.0 ppm) for
the entire study period

- yes: 1 point

- no: 0 points

- not described or unclear: 0 points
1.3 The cohort had had regular access to oral healthcare services
(whether preventive, restorative or both) throughout the study
period

- yes: 1 point

- no: 0 points

- not described or unclear: 0 points
1.4 The study had been conducted in Western Europe, North-
America, Australia or New Zealand

- yes: 1 point

- no: 0 points

- not described or unclear: 0 points
Risk of bias
2.1 The number of drop outs had been stated Risk of bias:

- yes: 1point Low — 3 points

- not described or unclear: 0 points Moderate — 1-2 points
2.2 The reasons for dropping out had been provided High — 0 points

- yesorthe main reason: 1 point
- not described or unclear: 0 points
2.3 The investigator had been blinded to the clinical history of the
participants and/or blinded to the group allocation in case of
interventions

- yes: 1point

- no: 0 points

- not described or unclear: 0 points
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Appendix Table 4. Study characteristics and results of the annual declines in the percentage of caries-free children in the primary dentition (ds) ordered

by age at baseline

First author Age N Caries- | Caries- | Decline | Follow- | Mean Decade | Country RoB/ | Additional information
and year of at freeat | freeat | in up decline RoE
publication base- base- follow- | caries- | (years) | in *)
line line (%) | up (%) | free caries-
partici- free
pants partici-
(%) pants
per
year
(%)
Pienihakkinen
et al. 2004 2 226 97 77 20 3 6.7 1990s Finland m/h | Observational study.
Karjalainen et
al. 2001 3 135 91.9 71.9 20 3 6.7 ? Finland m/h | Observational study.
Tickle et al. Intervgntion stl'de. At bas'eline
2017 3 | 1,09 | 100 | 635 | 365 3 122 | 2010s UK Jn | selection of caries-free children.
Preventive intervention extra fluoride
(50% ).
Holt 1995 5 1,006 63 48 15 4 3.8 ? UK m/m | Observational study.
. Intervention study. At baseline
van Rijkom et the selection of caries-free children
al. 2004 5 676 100 57 43 4 10.8 1990s I/h L . C
Netherlands Preventive intervention extra fluoride
(50%). Used bitewing radiographs.
Vlerzr'r(;ii;e et 6 179 453 33 123 3 41 2000 the Ih Intervention study. Preventive
al. ’ ) ) > Netherlands / intervention extra fluoride (70%).

(") RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.
(**) This refers to the percentage of participants in the cohort that had received a preventive intervention exceeding preventive care as usual.




Appendix Table 5. Study characteristics and results of the annual increments in dmfs (ds) ordered by age at baseline

First author Age N Mean Mean Incre- Follow- | Mean Decade | Country RoB/ | Additional information

and year of at dmfs at | dmfs at | ment up incre- RoE

publication base- base- follow- | in (years) | ment *

line line up (SD) | dmfs in dmfs
(SD) (SD) per
year

Intervention study. At baseline
selection of caries-free children.

Tickle et al. . .

zlocl7e eta 3 1,096 (g) é 82) 3.09 3 1.0 2010s UK I/h Preventive intervention extra fluoride

' (50% ). Data as reported for
subgroups have been pooled.
2.2 4.0 Observational study.
Holt 1995 5 1,006 1.8 4 0.5 ? UK
© / (5.47) | (6.9) m/m
Intervention study. At baseline selec-
tion of caries-free children. Preventive
Rijk 1. h

van Rijkomet | 676 0 1.59 >9 4 0.4 1990s the I/h | intervention extra fluoride (50%). Used

al. 2004 (0) (2.87) Netherlands L .
bitewing radiographs. Data as reported
for subgroups have been pooled.

Margolis et al. 6.12 2.28 Observational study. Data as reported

6 2,185 8.4 3 0.8 1980 USA

1994 ! (9.0) (4.0) > m/m for subgroups have been pooled.
Intervention study. Preventive

Petersen et 8.1 intervention school-based education

6 666 5.0 3.1 3 -1.0 1990 Chi

al. 2004 > na m/m program (50%). Data as reported for
subgroups have been pooled.
Intervention study. Preventive
. . . o

Vermaire et 6 179 >-53 6.09 | 057 3 02 | 2000s the I/h 'arltf:i?tté?fzﬁtsrfg ll:glr;d: rg&f Z;e?e?mta

al. 2014 (7.97) | (6.6) | (6.0) ' Netherlands P group
pooled. SDs were requested from the
author.

Salnchez- 593 552 ’ Observational study.

Pérez et al. 7 88 -2.71 4 -0.7 ? Mexico I/m

5010 (7.26) (4.86)

(") RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.
(**) This refers to the percentage of participants in the cohort that had received a preventive intervention exceeding preventive care as usual.




Appendix Table 6. Study characteristics and results of the annual increments in dmft (3) ordered by age at baseline

First author Age N Mean Mean Incre- Follow- | Mean Decade | Country RoB/ | Additional information
and year of at dmft at | dmftat | ment up incre- RoE
publication base- base- follow- | in (years) | ment *
line line up (SD) | dmft in dmft
(SD) (SD) per
year
Karjalainen et 0.19 0.94 . .

1 7 ? Finl h I .
al. 2001 3 35 (0.82) (1.93) 0.75 3 0,3 inland m/ Observational study
Holt 1995 5 1,006 L3 1.7 0.4 4 0,1 ? UK m/m | Observational stud

’ 2,5) | (2.28) : ' ' V-
gléglgln;ann et 7 505 é:g) (1:569) -0.9 3 -0,3 2000s Germany m/h | Observational study.
sanchez- 27 | 146 i -

Pérez et al. 7 88 -1.24 4 -0,3 ? Mexico I/m Observational study.
5010 (3.19) | (2.01)

(") RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.




Appendix Table 7. Study characteristics and results of the annual declines in the percentage of caries-free children and adolescents in the permanent
dentition (Ds) ordered by age at baseline

First author Age N Caries- | Caries- | Decline | Follow- | Mean Decade | Country RoB/ | Additional information
and year of at freeat | freeat | in up decline RoE
publication base- base- follow- | caries- | (years) | in *)
line line (%) | up (%) | free caries-
partici- free
pants partici-
(%) pants
per
year
(%)
Intervention study. At baseline
selection of caries-free children.
van Rijkom et the Preventive intervention extra fluoride
al. 2004 > 676 100 8 17 4 4.3 1990s Netherlands /h (50% ). Used bitewing radiographs.
Data as reported for subgroups have
been pooled.
glloalszood etal. | ¢ | 1830 | 954 70 25.4 5 51 | 2000s | Malaysia I/h | Observational study.
Observational study. The reported
Peres et al. ‘ results \yere ad.justed .for oversampling
2016 6 302 97 28.1 68.9 12 5.7 1990s Brazil m/h | of low birth weight children, the
unadjusted results were requested
from the author.
Vermaire et the Intervention study. Preventive
6 179 97.1 81.6 15.5 3 5.2 2000s I/h intervention extra fluoride and
al. 2014 Netherlands
sealants (70%).
Virtanen 2001 | 6 453 987 | 172 | 815 12 6.8 | 1990s Finland m/h | Observational study. We only included
the cohort 80-81.
Heinemann et
al. 2017 7 505 92.3 70.5 21.8 3 7.3 2000s Germany m/h | Observational study.




Karjalainen et

Intervention study. Preventive
intervention extra fluoride (46%). Data

al. 1994 / 206 709 46.1 24.8 83 ? Finland m/h as reported for subgroups have been
pooled.

Sanchez-

Pérez et al. 7 88 97.7 72.7 255 6.4 ? Mexico [/m Observational study.

2010

van

Palenstein the Observational study. Used bitewing

Helderman et / 62 68 32 36 ? ? Netherlands m/m radiographs.

al. 2001

Ruiken et al. the Observational study. Preventive

8 355 52.4 29 234 5.9 1980s m/h | intervention school-based education

1986 Netherlands
program (100%).

Intervention study. Preventive
intervention xylitol and other
polyalcohols (80%). Follow-up data

Lenkkeri et al. . provided for clinical as well as clinical

10 496 82.7 41.9 40.8 10.2 2000s Finland I/h . .

2012 and radiographical assessments;
baseline was only assessed clinically,
therefore we used only the clinical
data at follow-up.

David et al. Observational study. Used bitewing

2006 12 112 37 8 29 4.8 1990s Norway m/h radiographs.

Observational study. Exclusion of
. children with severe systemic diseases

Li et al. 2017 12 282 74.5 379 36.6 6.1 2010s Hong Kong m/m and/or a history of orthodontic
treatment.

ggi@a etal. 13 764 75.8 66 9.8 33 | 2000s India m/m | Observational study.

Foster Page

and Thomson 13 255 31.8 20.8 11 3.7 2000s | New Zealand | m/h | Observational study.

2012

Ekback et al. Observational study. Used bitewings

2016 14 423 204 414 9 3 1990s Sweden m/h radiographs (individually indicated).




Kruger et al.

1998 15 649 14.5 7.9 6.6 2.2 1980s | New Zealand | m/h | Observational study.
Observational study. Same study
population as in Swedberg, Fredén,
Swedberg, Norén, and Johnsson 1997. Data as
Fredén, and 15 4,380 8 4.9 3.1 0.8 1980s Sweden m/h | reported for subgroups have been
Norén 1997 pooled. Baseline caries experience

based on DMFT provided in Swedberg,
Fredén, Norén, and Johnsson 1997.

") RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.
") This refers to the percentage of participants in the cohort that had received a preventive intervention exceeding preventive care as usual.
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Appendix Table 8. Study characteristics and results of the annual increments in DMFS (Ds) ordered by age at baseline

First author Age N Mean Mean Incre- Follow- | Mean Decade | Country RoB/ | Additional information
and year of at DMFS DMFS ment up incre- RoE
publication base- at at in (years) | ment *
line base- follow- | DMFS in
line up (SD) | (SD) DMFS
(SD) per
year
Observational study. We set the
Schmoeckel 0.11 4.98 4.87 follow-up on 11 years, this was based
etal. 2015 > 170 (0.53) (6.59) 11 0.44 1990s Germany \/m on the mean ages at baseline and
follow-up.
Intervention study. At baseline
selection of caries-free children.
van Rijkom et 0 0.27 0.27 the Preventive intervention extra fluoride
al. 2004 > 676 (0) (0.76) 4 0.07 1990s Netherlands /h (50% ). Used bitewing radiographs.
Data as reported for subgroups have
been pooled.
Intervention study. Preventive
Petersen et 0.1 0.3 0.2 . intervention school-based education
al. 2004 6 666 3 0.07 1990s China m/m program (50%). Data as reported for
subgroups have been pooled.
Intervention study. We included only
. 0.08 0.3 0.22 . the intervention group. Preventive
Taietal. 2009 6 661 (0.50) (0.09) 3 0.07 2000s China /h intervention program (education)
(100%).
Intervention study. Preventive
. intervention extra fluoride and
;/frzn(;ize et 6 179 (82:) (SZ;) (8:; 3 0.11 2000s Netht:rTands I/h sealants (70%). Data as reported for
subgroups have been pooled. SDs
were requested from the author.
Virtanen 2001 | 6 453 0.02 6.41 6.39 12 053 | 1990s Finland m/h | OPservational study. We included only

the cohort 80-81.
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Observational study. We included only
grade 8. At baseline exclusion of

Poulsen 1987 7 316 1.53 7.24 >-71 0.82 1970s Denmark m/h | children with extremely high levels of
caries experience. Data as reported for
subgroups have been pooled.

Sanchez-

Pérez et al. 7 88 0.02 0.82 0-8 0.2 ? Mexico I/m | Observational study.

(0.15) (1.8)

2010
Observational study. Preventive

Ruiken et al. 1.44 3.25 1.81 the intervention school-based education

1986 8 355 (1.9) (2.81) 0.45 1980s Netherlands m/h program (100%). Data as reported for
subgroups have been pooled.
Intervention study. Preventive

Alanen et al. 2.01 4.7 2.69 . intervention xylitol and other

2000 10 267 (3.16) (4.92) 0.9 1990s Estonia l/m polyalcohols (74%). Data as reported
for subgroups have been pooled.
Intervention study. Preventive
intervention xylitol and other
polyalcohols (80%). Data as reported
for subgroups have been pooled.

Lenkkeri et al. 0.32 1.84 1.52 . Follow-up data was provided for

2012 10 496 (0.9) (2.1) 0.38 2000s Finland /h clinical as well as clinical and
radiographical assessments; baseline
was only assessed clinically, therefore
we used only the clinical data at
follow-up.

Intervention study. At baseline
selection of caries-free children.

Truin and van 0 1.04 1.04 the Preventive intervention extra fluoride

‘t Hof 2005 10 >16 (0) (1.88) 0.26 1990s Netherlands m/h (51%). Used bitewing radiographs.

Data as reported for subgroups have
been pooled.

12



Hanachowicz

5.36

10.66

5.3

Intervention study. We included only
the intervention group. Preventive
intervention — (the intervention group

1984 1 473 (4.72) (4.45) .77 1980s France \/m used fluoridated toothpaste which is
care as usual). Used bitewing
radiographs.

Intervention study. At baseline
exclusion of children with high caries

Isogangas et 2.83 7.01 4.18 . risks; preventive intervention xylitol

al. 1993 11 165 (2.98) 0.6 1980s Finland m/h and other polyalcohols (58%). Data as
reported for subgroups have been
pooled.

Intervention study. Exclusion of
children with fixed orthodontic

Skold et al. 1.9 4.2 2.3 appliances. Preventive intervention

1994 11 124 (1.9) (4.3) 0.58 | 1980s Sweden M/h | extra fluoride (52%). Used bitewing
radiographs. Data as reported for
subgroups have been pooled.

Bruno . . .

Ambrosius et 12 162 1.68 3.79 2.11 0.7 2000s Sweden m/h Obs:ervatlonal study. Used bitewing

(2.85) (5.13) radiographs.

al. 2005

David et al. 2.7 8.7 6.0 Observational study. Used bitewing

2006 12 112 (3.5) (9.4) 1.0 1990s Norway m/h radiographs.

Intervention study. Preventive

Heidmann 297 5.47 37 intervention — (this study compared

and Poulsen 12 2,765 (3'13) ) (4‘8) 1.07 1990s Denmark m/h | two dentifrices, which is care as usual).

1997 ' ’ Data as reported for subgroups have
been pooled.

gggguck etal. 12 434 (12133) (36322) 3.7 1.23 2000s Germany I/h Observational study.

Intervention study. At baseline
. o selection of children with high caries-
Eg(l)lsstal 12 903 (;2;) (222) (zgi) 0.79 1990s Sweden m/h | risks. Preventive intervention extra

fluoride (49%). Used bitewing
radiographs.

13



Intervention study. Selection of
children with high levels of caries
experience and low SES. Preventive

Morgan et al. 12 445 3.43 >-11 1.68 0.56 1990s Australia m/h | intervention extra fluoride and

1998 (3.82) (5.6) .
sealants (47%); preventive program
(education) (100%). Data as reported
for subgroups have been pooled.
Intervention study. At baseline
selection of children that had past

. caries experience and were MS-

;ggg(;e etal. 13 987 (ggg) 13.36 (66661) 1.65 1990s UK I/m positive. Preventive intervention
chlorhexidine varnish (22%). Used
bitewing radiographs. Data as reported
for subgroups have been pooled.

Foster Page 29 36 0.7

and Thomson 13 255 ) ’ ’ 0.23 2000s | New Zealand | m/h | Observational study.

(4.7) (4.7)

2012
Intervention study. Preventive

Skold et al. 2.78 5.09 2.31 intervention extra fluoride (49%). Used

2001 13 118 (3.1) (4.36) 0.7 1990s sweden /h bitewing radiographs. Data as reported
for subgroups have been pooled.

Kruger et al. 5.1 7.68 2.58 Observational study. Data as reported

1998 15 649 (4.25) (6.64) 0.86 1980s | New Zealand | m/h for subgroups have been pooled.
Observational study. Used bitewing

Holmén et al. 2.83 4.12 1.29 radiographs (individually indicated).

2013 16 10,068 0.43 2000s Sweden m/h Data as reported for subgroups have

been pooled.

() RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.
") This refers to the percentage of participants in the cohort that had received a preventive intervention exceeding preventive care as usual.
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Appendix Table 9. Study characteristics and results of the annual increments in DMFT (Ds) ordered by age at baseline

First author Age N Mean Mean Incre- | Follow- | Mean Decade | Country RoB/ | Additional information
and year of at DMFT DMFTat | ment | up incre- RoE
publication base- at follow- in (years) | ment *
line base- up (SD) DMFT in
line (SD) DMFT
(SD) per
year

gﬂoalszmd etal. | ¢ 1,830 (8:2‘;) (01'?17) 0.51 5 01 | 2000s | Malaysia I/h | Observational study.

Observational study. The reported
results were adjusted for oversampling
of low birth weight children, the

Peres et al. 0.06 21 504 unadjusted results were requested

6 302 12 0.17 1990s Brazil m/h | from the author. SDs were not
201 i 2.
016 (0.4) (2.3) provided and have been calculated
based on provided SEs for DMFT at age
6 yr and on the provided frequency
table for DMFT at age 18 yr.
Intervention study. We included only
. 0.07 0.26 0.19 . the intervention group. Preventive
Tai et al. 2009 6 661 3 0.06 2000 Ch I/h . . .
areta (0.31) (0.07) > ina / intervention program (education)
(100% ).
Virtanen2001 | 6 | 453 | 002 | 404 | 402 | 12 034 | 1990s | Finland | myh | Opservationalstudy. We included only
the cohort 80-81.
Heinemann et 0.1 0.6 0.5
7 17 2 h i I .
al. 2017 505 (0.5) (1.1) 3 0 000s Germany m/ Observational study
Intervention study. Preventive
Karjalainen et 0.61 1.33 0.72 . intervention extra fluoride (46%). Data
7 206 3 0.24 ? Finland h
al. 1994 (1.2) (1.1) nian m/ as reported for subgroups have been
pooled
Sdnchez-
Pérez et al. 7 88 0.01 0.54 0.53 4 0.13 ? Mexico I/m | Observational study.

(0.11) (1.01)

2010




Zimmer et al.

0.41

1.64

1.23

Intervention study. Selection of
children with high caries levels at
baseline and low SES. Preventive

1999 / 253 (0.76) (1.71) 0.41 1990s Germany m/h intervention extra fluoride (26%). Data
as reported for subgroups have been
pooled.

Bruno 1.47 2.56 1.09 Observational study. Used bitewin

Ambrosius et 12 162 ’ ’ ’ 0.36 2000s Sweden m/h . v 8

(2.27) (2.95) radiographs.

al. 2005

David et al. 1.9 6.1 4.2 Observational study. Used bitewing

2006 12 112 (2.2) (4.4) 0.7 1990s Norway m/h radiographs.

Heyduck et al. 1.78 3.97 2.19 .

2006 12 434 (2.15) (3.68) 0.73 2000s Germany I/h Observational study.

Observational study. Exclusion of
. 0.46 2.13 1.67 children with severe systemic diseases
L 1. 2017 12 282 2 201 H K
tetal. 20 8 (0.94) (2.48) 0.28 010s ong fong m/m and/or a history of orthodontic
treatment.
Julihn et al. 1.28 3.39 2.11 Observational study. Used bitewing
1 1 . 1 h

2009 3 2938 1 184y | (3.54) 0.35 980s Sweden m/h | adiographs.

Swedberg, Observajuonfa\l study. We included only

Fredén the longitudinal group. Data as

Norén, and 15 4,380 5.5 7.05 1.55 0.39 1980s Sweden m/h reported for subgroups have been

(3.46) (4.17) pooled. SDs were not reported and

Johnsson

1997 have been recalculated based on

reported Cls.

™) RoB is risk of bias; RoE is relevance of evidence; | is low; m is moderate; h is high.
**) This refers to the percentage of participants in the cohort that had received a preventive intervention exceeding preventive care as usual.
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Appendix Table 10. Output of the hierarchical, multivariable meta-regression analyses of the
relationship between caries incidence rate per person-year at risk (Ds) in the permanent dentition
and follow-up

Caries incidence rate per person-year at risk ")
(number of studies: 15; number of participants: 10,768)

Unadjusted
Variable Regression SE P 95% ClI
Coefficient
Follow-up time (year) -0.00 0.00 0.85 -0.01 o0.01
| Intercept 0.12 0.02 <0.01 0.07 0.16
Adjusted for group 1
Follow-up time (year) 0.00 0.00 0.47 -0.00 0.01
Intercept 0.02 0.04 0.68 -0.06 0.09
Bitewing radiographs
no reference
yes 0.01 0.03 0.86 -0.05 0.06
Age at baseline (year) 0.01 0.00 <0.01 0.00 0.02
Adjusted for groups 1 and 2
Follow-up time (year) 0.00 0.00 0.19 -0.00 0.01
Intercept 0.00 0.04 0.91 -0.07 0.08
Bitewing radiographs
no reference
yes -0.00 0.03 0.93 -0.05 0.05
Age at baseline (year) 0.01 0.00 0.02 -0.05 0.02
Caries experience at baseline
low reference
moderate 0.05 0.02 0.04 0.00 0.09
high -0.00 0.04 0.92 -0.08 0.07
Adjusted for groups 1, 2 and 3
Follow-up time (year) -0.00 0.01 0.95 -0.02 0.02
Intercept -0.02 0.05 0.63 -0.12 0.08
Bitewing radiographs
no reference
yes -0.04 0.06 0.51 -0.15 0.07
Age at baseline (year) 0.01 0.01 0.06 -0.00 0.03
Caries experience at baseline
low reference
moderate 0.01 0.07 0.88 -0.12 0.14
high -0.07 0.14 0.63 -0.34 0.21
Decade
2000s or 2010s reference
1990s 0.05 0.08 0.53 -0.11 0.21
1980s 0.03 0.09 0.70 -0.13 0.20
Preventive intervention
no reference
yes 0.01 0.03 0.73 -0.05 0.08
Adjusted for groups 1, 2, 3 and 4
Follow-up time (year) -0.02 0.02 0.26 -0.05 0.01
Intercept -0.02 0.05 0.62 -0.12 0.07
Bitewing radiographs
no reference
yes -0.15 0.10 0.15 -0.34 0.05
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Age at baseline (year) 0.03 0.01 0.03 0.00 0.06
Caries experience at baseline
low reference
moderate -0.10 0.10 0.32 -0.29 0.09
high -0.38 0.26 0.15 -0.89 0.13
Decade
2000s or 2010s reference
1990s 0.22 0.15 0.15 -0.08 0.52
1980s 0.21 0.15 0.18 -0.10 0.51
Preventive intervention
no reference
yes -0.06 0.07 0.33 -0.19 0.06
Risk of bias
low reference
moderate -0.06 0.05 0.29 -0.16 0.05
Relevance of evidence
high reference
moderate -0.06 0.04 0.15 -0.15 0.02

(") Caries incidence rate per person-year at risk is the number of participants acquiring a first dentine lesion in a
population at risk (population with only caries-free persons) divided by the total caries-free time of all

participants during follow-up.

18




Appendix Table 11. Output of the hierarchical, multivariable meta-regression analyses of the

relationship between increment in DMFS (Ds) and follow-up

DMFS increment per year (number of studies: 22; number of participants: 11,300)

Unadjusted
Variable Regression SE P 95% Cl
Coefficient
Follow-up time (year) 0.43 0.20 0.03 0.04 0.83
I Intercept 0.85 0.91 0.35 -0.93 2.62
Adjusted for group 1
Follow-up time (year) 0.64 0.17 <0.01 0.31 0.96
Intercept -4.13 1.50 0.01 -7.07 -1.19
Bitewing radiographs
no reference
yes 0.76 0.59 0.20 -0.40 1.92
Age at baseline (year) 0.38 0.11 <0.01 0.16 0.59
Adjusted for groups 1 and 2
Follow-up time (year) 0.37 0.17 0.03 0.04 0.70
Intercept -1.92 1.49 0.20 -4.84 1.00
Bitewing radiographs
no reference
yes 0.75 0.50 0.13 -0.22 1.73
Age at baseline (year) 0.14 0.14 0.31 -0.13 0.41
Caries experience at baseline
low reference
moderate 1.43 0.80 0.07 -0.14 3.00
high 2.95 0.98 <0.01 1.02 4.87
Adjusted for groups 1, 2 and 3
Follow-up time (year) 0.36 0.19 0.06 -0.02 0.73
Intercept -1.92 1.75 0.27 -5.35 151
Bitewing radiographs
no reference
yes 0.72 0.60 0.23 -0.46 191
Age at baseline (year) 0.13 0.15 0.37 -0.16 0.43
Caries experience at baseline
low reference
moderate 1.60 0.99 0.11 -0.35 3.54
high 3.27 1.35 0.02 0.62 5.92
Decade
2000s reference
1990s -0.00 0.85 1.00 -1.67 1.66
1980s -0.46 0.98 0.64 -2.38 1.46
Preventive intervention
no reference
yes 0.10 0.68 0.89 -1.24 1.44
Adjusted for groups 1, 2, 3 and 4
Follow-up time (year) 0.46 0.19 0.02 0.08 0.83
Intercept -3.27 1.82 0.07 -6.85 0.30
Bitewing radiographs
no reference
yes 0.70 0.57 0.22 -0.43 1.82
Age at baseline (year) 0.29 0.17 0.08 -0.04 0.62
Caries experience at baseline
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low reference
moderate 1.24 0.97 0.20 -0.66 3.14
high 1.59 1.59 0.32 -1.52 4.69
Decade
2000s reference
1990s 0.31 0.86 0.72 -1.38 1.99
1980s 0.44 1.09 0.68 -1.70 2.59
Preventive intervention
no reference
yes -0.14 0.69 0.84 -1.49 1.22
Risk of bias
low reference
moderate -1.03 0.86 0.23 -2.71 0.66
Relevance of evidence
high reference
moderate 0.68 0.91 0.46 -1.11 2.47
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Appendix Table 12. Output of the hierarchical, multivariable meta-regression analyses of the
relationship between increment in DMFT (Ds) and follow-up

DMFT increment per year (number of studies: 13; number of participants: 24,753)

Unadjusted
Variable Regression SE P 95% Cl
Coefficient
Follow-up time (year) 0.18 0.11 0.10 -0.04 0.40
I Intercept 0.56 0.58 0.33 -0.58 1.70
Adjusted for group 1
Follow-up time (year) 0.18 0.08 0.03 0.02 0.35
Intercept -0.98 0.81 0.22 -2.56 0.60
Bitewing radiographs
no reference
yes 0.65 0.57 0.25 -0.46 1.76
Age at baseline (year) 0.15 0.07 0.05 0.00 0.29
Adjusted for groups 1 and 2
Follow-up time (year) 0.23 0.09 0.01 0.06 0.40
Intercept -1.06 0.77 0.17 -2.56 0.44
Bitewing radiographs
no reference
yes 0.37 0.57 0.52 -0.75 1.49
Age at baseline (year) 0.10 0.08 0.22 -0.06 0.25
Caries experience at baseline
low reference
moderate of high 0.74 0.54 0.16 -0.31 1.79
Adjusted for groups 1, 2 and 3
Follow-up time (year) 0.07 0.16 0.65 -0.24 0.39
Intercept -1.36 1.19 0.25 -3.68 0.96
Bitewing radiographs
no reference
yes 0.43 0.57 0.45 -0.68 1.54
Age at baseline (year) 0.24 0.12 0.05 -0.01 0.48
Caries experience at baseline
low reference
moderate of high -0.16 0.99 0.87 -2.09 1.78
Decade
2000s or 2010s reference
1990s 1.29 0.98 0.19 -0.64 3.22
1980s -0.54 0.77 0.48 -2.06 0.97
Preventive intervention
no reference
yes -0.48 0.74 0.52 -1.94 0.98
Adjusted for groups 1, 2, 3 and 4
Follow-up time (year) -0.04 0.15 0.79 -0.34 0.26
Intercept -1.48 1.02 0.15 -3.48 0.53
Bitewing radiographs
no reference
yes 0.72 0.51 0.16 -0.29 1.73
Age at baseline (year) 0.40 0.14 <0.01 0.12 0.67
Caries experience at baseline
low reference
moderate of high -1.35 1.09 0.22 -3.49 0.80
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Decade

00s or 10s reference
90s 2.69 1.12 0.02 0.50 4.88
80s -0.09 0.72 0.90 -1.50 1.33
Preventive intervention
no reference
yes -0.58 0.64 0.37 -1.83 0.68
Risk of bias
low reference
moderate -0.99 0.52 0.05 -2.00 0.02
Relevance of evidence
high reference
moderate -0.51 0.57 0.37 -1.63 0.61
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Appendix Table 13. Description of the covariates included in the hierarchical, multivariate meta-

regression analyses caries incidence rate per person-year at risk and increments in DMFS and
DMFT (D3, permanent dentition)

Caries incidence rate
per person-year at
risk (")

N studies = 15
N persons =10,768

Ruiken et al. 1986,
Karjalainen et al. 1994,
Swedberg, Fredén, and
Norén 1997, Kruger et
al. 1998, Virtanen 2001,
van Rijkom et al. 2004,
David et al. 2006,
Sanchez-Pérez et al.
2010, Foster Page and
Thomson 2012,
Lenkkeri et al. 2012,
Masood et al. 2012,
Vermaire et al. 2014,
Peres et al. 2016,
Heinemann et al. 2017,
Li et al. 2017

Increment in DMFS

N studies = 22
N persons =11,300

Hanachowicz 1984,
Ruiken et al. 1986,
Isogangas et al. 1993,
Skold et al. 1994,
Heidmann and Poulsen
1997, Kruger et al.
1998, Morgan et al.
1998, Alanen et al.
2000, Forgie et al. 2000,
Skold et al. 2001, van
Rijkom et al. 2004,
Bruno Ambrosius et al.
2005, Kallestal 2005,
Truin and van ‘t Hof
2005, David et al. 2006,
Heyduck et al. 2006, Tai
et al. 2009, Sanchez-
Pérez et al. 2010,
Foster Page and
Thomson 2012,
Lenkkeri et al. 2012,
Vermaire et al. 2014,
Schmoeckel et al. 2015

Increment in DMFT

N studies =13
N persons = 24,753

Karjalainen et al. 1994,
Swedberg, Fredén,
Norén, and Johnsson
1997, Zimmer et al.
1999, Bruno Ambrosius
et al. 2005, David et al.
2006, Heyduck et al.
2006, Julihn et al. 2009,
Tai et al. 2009, Sanchez-
Pérez et al. 2010,
Masood et al. 2012,
Peres et al. 2016,
Heinemann et al. 2017,
Li et al. 2017

Follow-up (years)

NOoO b~ Ww

11
12

Group 1
Bitewing radiographs
No or not described (")
Yes
Age at baseline

00 N o wn

10
11
12

N studies / N persons

5/1,794
5/5,995
1/1,830
2/394

2 /755

13/9,980
2/788

1/676
4/2,764
3/799
1/355
1/496

2/394

N studies / N persons

11/ 6,708
773,242
1/903
1/112
1/165
1/170

13/7,229
9/4,071

2/846
2/840
1/88
1/355
3/1,579
3/762
6/4,821

N studies / N persons

6/2,221
2 /4,468
1/1,830
3/15,932

1/302

10/ 8,941
3/15,812

3/2,793
4 /1,052

4 /990
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13
15
Group 2
Caries experience at baseline
Low 9
Moderate
High
Group 3
Decade
2000s or 2010s "
1990s
1980s
Preventive intervention
No (")
Yes
Group 4
Risk of bias
Low (9
Moderate
Relevance of evidence
High
Moderate

1/255
2/5,029

9/4,811
4/928
2/5,029

7/3,6350
5/1,749
3/5,384

10/ 8,856
5/1,912
5/3,269

10/ 7,499

13/10,398
2/370

3/1,360
1/649

6/2,616
12/ 6,405
4/2,279

772,275
10/ 7,259
5/1,766

9/5,108
13/6,192
11/ 4,849

11/ 6,451

17/ 9,015
5/2,285

1/15,538
1/4,380

6/ 3,668
6/ 16,705 ")
1/4,380 ")

7/3,962 0
4/873
2/19,918

10/ 23,633
3/1,120
4/3,013

9/ 21,740

11/ 24,383
2/370

() Caries incidence rate per person-year at risk is the number of participants acquiring a first dentine lesion in a
population at risk (population with only caries-free persons) divided by the total caries-free time of all

participants during follow-up.
(**) Reference category.

(***) Only one study (Li et al., 2017) was performed in the 2010s. Hence, the decades 2000 and 2010 were

merged.

(****) For the DMFT, only one study (Swedberg, Fredén, Norén, and Johnsson 1997) consisted of a population
with high caries experience at baseline. Hence, the categories for baseline caries experience moderate and

high were merged for the meta-regression analysis on DMFT.
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Appendix Table 14. PRISMA 2009 Checklist

caries incidence rate in the permanent dentition; and hierarchical meta-regression analyses to assess the impact of
study methods and explore the possible bias in the reported caries progression rates.

Section/topic Checklist item AT
on page #
TITLE
Title Identify the report as a systematic review, meta-analysis, or both.
Caries progression rates revisited: a systematic review. 1
ABSTRACT
Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
Background — Caries progression seems to follow universal, predictable rates, depending largely on the caries 3
severity in populations: the higher the caries severity, the higher the progression rates. Quantification of these rates
would allow prediction of future caries increments.
Objectives — In this research, we first systematically review studies reporting on follow-up in Western-like 3
populations of children and adolescents for annual progression of caries in the primary and permanent dentition.
Secondly, using meta-analyses, we provide an estimate for the caries incidence rate in the permanent dentition.
Thirdly, using meta-regression methods we assess the impact of study methods to explore the possible bias in the
reported caries progression rates.
Data sources — MEDLINE-PubMed, Embase, Cinahl and the Cochrane library. 4
Study eligibility criteria — reporting empirical data from at least 2 full-mouth dental caries examinations in a closed | 4
cohort during a follow-up of at least three years; a first examination after 1974; a second examination before the
age of 22; caries assessed as dentine caries (ds/Ds); caries reported in dmfs, dmft, DMFS, DMFT or in caries-free
participants.
Participants — children and adolescents. 3
Interventions — n/a. n/a
Study appraisal and synthesis methods — Study appraisal by scoring items on relevance of evidence and risk of bias. | 5
The relevance of evidence was based on Western situations. The synthesis methods were a meta-analysis on the 3
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Results — The annual decline in caries-free children ranged from 3.8% to 12.2% in the primary dentition and from
0.8% to 10.2% in the permanent dentition. The annual increment in DMFS ranged from 0.07 to 1.77, in DMFT from
0.06 to 0.73. Pooled caries progression rates were not achievable for the primary dentition due to the limited
number of included studies and the non-standardized approaches of exfoliated teeth. For the permanent dentition
our pooled findings on caries progression in populations were a caries incidence rate of 0.11 (0.09-0.13) per person-
year at risk; an increment in DMFS of 0.43 per year of follow-up; and an increment in DMFT of 0.18 per year of
follow-up.

Limitations — Wide variation in study methods between included studies, the follow-up of at least 3 years might
have been too long for primary teeth, inclusions of studies with complete cases only.

Conclusions — We described caries progression rates in the primary and permanent dentition in Western-like
populations, and pooled the rates for the permanent dentition in a caries incidence rate among others. So far, the
caries incidence rate measure has rarely been used in longitudinal oral health research, but seemed fairly stable and
therefore most promising. When using our progression rates for the prediction of caries increments caution is
justified, because these measures were influenced by methods of the studies included. For better insight in caries
progression rates in populations and usefulness for policy makers, more standardization of measuring- and study
methods in (epidemiological) research is essential.

Implications of key findings — Our findings for the permanent dentition provide indications for caries progression
rates in populations. These rates could be used for planning, targeted use of preventive care and evaluation of
(preventive) oral healthcare services.

Systematic review registration number — n/a

8,9

10,11

11

11

n/a

INTRODUCTION

Rationale

Describe the rationale for the review in the context of what is already known.

Dental caries is one of the most prevalent chronic diseases in the world, affecting 60-90% of schoolchildren (WHO
2012). There are disparities in caries onset and caries progression rates between and within populations. This is due
to differences in behavioral and socio-demographic conditions that interact with the etiology of dental caries
(Fejerskov 2004).

Nevertheless, progression of dental caries seemed to follow predictable rates that depended largely on the caries
severity in a population; the higher the caries severity, the higher the progression rates (Broadbent et al. 2013).
Other studies also described fixed patterns for caries progression, and suggested that these were universal, both for
the permanent and the primary dentition (Massler et al. 1954; Sheiham and Sabbah 2010).

If these patterns are indeed universal, it would be possible to predict future caries increments in a population. This
would have several advantages. As well as improving the planning of oral health services and targeted use of
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preventive care (Sheiham and Sabbah 2010), it would also indicate which improvements in oral health are
achievable. While many studies have described the incidence, prevalence and progression of caries, we do not
know of systematic reviews or meta-analyses reporting on caries progression from pooled findings of longitudinal
studies.

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).
Participants — children and adolescents 3,4
Interventions — n/a
Comparisons — n/a
Outcomes — number or percentage of caries-free participants, mean dmfs/dmft/DMFS/DMFT
Study design — studies with follow-up
METHODS
Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.
We did not use a review protocol. n/a
Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.
Study characteristics
e aclosed cohort and results reported for complete cases (for the number of events to calculate the caries 4,11
incidence rate)
e afollow-up of at least three years (as it takes a relatively long period for enamel lesions to develop into dentine | 4
lesions)
e atleast two examinations of dental caries (otherwise there was no follow-up) 4
e asecond caries examination before the age of 22 (our scope was limited to children and adolescents up to the 4,3
age of 21)
e caries assessed as dentine caries (ds/Ds) (as this is the stage at which restorative interventions are generally 4,3
indicated)
4,3

e caries reported in decayed, missing and filled surfaces or teeth (dmfs or dmft for the primary dentition; DMFS
or DMFT for the permanent dentition) or in number or percentage of caries-free participants (the DMF-index is
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the leading index in research for decades (Larmas 2010; Ekback et al. 2016)) 4
e the results presented full-mouth examinations
Report characteristics 4
e first examination after 1974 (as the use of fluoridated toothpastes became common practice from the mid-
1970s (ten Cate 2013) and we opted for a follow-up period of at least three years, we excluded studies
published before 1978 (1975+3 years) 4,5
e the results of the cohort concerned an age range of not more than three years (to ensure not too much
spreading in the variable “age at baseline”) 4
e the publication was written in English, Dutch or German language 4,10
e prospective, retrospective, cohort and intervention studies were all supposed eligible, but cross-sectional and
case-control studies were not (we needed studies with follow-up and corrected for interventions in the meta-
regression analyses)
Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.
Searched databases were MEDLINE-PubMed, Embase, Cinahl and the Cochrane library. All databases were last 4
searched on 16 April 2018.
Reviews and systematic reviews were evaluated for their relevance, and were used to identify additional studies 5
that had not yet been found in our search.
Search Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.
Search strategy MEDLINE-PubMed Table 1

#1 Search (child*[tw] OR adolescen*[tw])

#2 Search (“Tooth Demineralization”[Mesh] OR (tooth[tiab] AND demineralization[tiab]) OR caries[tiab] OR
carious[tiab] OR "DMF Index"[Mesh] OR DMF[tiab])

#3 Search (“Disease Progression”[Mesh] OR prognos*[tiab] OR progres*[tiab] OR incidence[Mesh] OR
incidence[tiab] OR “cohort studies”[Mesh] OR cohort*[tiab] OR follow-up[tiab] OR prospect*[tiab] OR
longitudinal[tiab])

#4 Search #1 AND #2 AND #3

Study selection

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

28




Screening - Two researchers (RH and NA) independently screened titles and abstracts for meeting the eligibility
criteria for full-text reading. If the eligibility was unclear, the full text was read.

Eligibility - Full texts were reviewed independently for confirmation of eligibility (by RH and NA). All disagreements
on inclusion of studies were discussed and resolved by mutual agreement. Hence, results are based on full
agreement.

Inclusion in systematic review - Studies with insufficient quality, i.e. a low relevance of evidence and/or a high risk
of bias, were excluded. All other studies were included. Disagreements on the quality of study methods were
discussed until consensus was reached.

Inclusion in meta-analyses - These analyses were carried out for the permanent dentition. In the analyses of the
caries incidence rate, we only included studies that reported caries-free survival as well as the mean DMFS or
DMFT, as these indices were needed to determine baseline caries experiences. In the analyses of increments in
DMFS and DMFT, only studies that reported measures for data distribution were included.

Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from investigators.

A data-extraction form was developed that comprised nine variables: number of years of follow-up; use of bitewing
radiographs (no or not described/yes); age at baseline (is age at the start of the study); year in which the study
started; collective preventive intervention (no/yes); risk of bias (low/moderate); relevance of evidence
(high/moderate);

dmfs-, dmft-, DMFS- and DMFT-scores with standard deviations and percentage of caries-free participants at
baseline; idem at follow-up. One investigator (RH) extracted the data from the included studies. The data were
checked by the other investigator (NA) and initial disagreements were resolved by consensus discussion.

We contacted a few authors by mail to ask for additional information on spreading measures and unadjusted
results.

appendix

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Variables for which data were sought were: number of years of follow-up; use of bitewing radiographs (no or not
described/yes); age at baseline (is age of the participants at the start of the study); decade in which the study had
been performed (based on year in which the study started and number of years of follow-up); collective preventive
intervention (no/yes); risk of bias (low/moderate); relevance of evidence (high/moderate); mean increment in
dmfs-, dmft-, DMFS- and DMFT-scores with standard deviations; decline in percentage of caries-free participants
during follow-up; number of events (number of caries-free participants who developed caries during follow-up).
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Preventive interventions that might have influenced caries progression were recorded if they had been collectively
provided to all or part of the study population and were considered as additional to care as usual in general dental
practices.

Risk of bias in individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

Three dichotomous (yes/no) items on the study level were used to assess the risk of bias: 1) the number of
dropouts; 2) the reasons for dropping out; and 3) the investigator had been blinded for the clinical history of the
participants and/or blinded for the group allocation in case of interventions. The risk of bias was considered high if
none of the items were met, moderate if 1 or 2 items were met, and low if all 3 items were met. Studies with a high
risk of bias were excluded.

We assessed the impact of the risk of bias in the hierarchical meta-regression analyses to explore the possible bias
in the reported caries progression rates.

Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

The principal summary measures are: annual decline in percentage of caries-free children and adolescents, annual
increment in dmfs/dmft/DMFS/DMFT, and caries incidence rate per year at risk.

Synthesis of results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., I?) for each meta-analysis.

These analyses were carried out for the permanent dentition.

The meta-analysis on the caries incidence rate was performed with the package “metamean” from R software (3.3,
Development Core Team, Vienna, Austria). We used a random effects model weighted by total person-years. A
forest plot was made to show the estimated effect across studies. The I-square was 100%. Then we performed
multivariate, hierarchical, linear meta-regression analyses using the R package “metaphor”. The random effects
model assumption was used to explore the impact of covariates on the pooled caries incidence rate and DMFS- and
DMFT increments.

Risk of bias across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

We included different types of study designs, but explored the impact of these different study designs on the

3,10
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estimates in meta-regression analyses.

Additional analyses

16

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

Our additional analyses consisted of hierarchical meta-regression analyses. First, all covariates, notably study design
features, were categorized into four hierarchical groups based on an a priori expectation of effect on the estimates.
Group 1 consisted of the use of bitewing radiographs and age at baseline; group 2 of caries experience at baseline;
group 3 of decade and preventive intervention; and group 4 of risk of bias and relevance of evidence. Next, the
meta-regressions were conducted starting with crude analyses on follow-up years. Subsequently, we added group
by group to the analyses.

7,8

RESULTS

Study selection

17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

The number of studies screened was 6,343; 410 studies were assessed for eligibility; 43 studies were included in the
systematic review and 32 studies in the meta-regression analyses. The overview of the numbers and reasons for
exclusions at each stage are provided in a flow diagram (figure 1).

figure 1

Study characteristics

18

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

The characteristics of each included study are provided in the tables in the appendix.

appendix

Risk of bias within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

The risk of bias (low or moderate) of each included study is provided in the tables in the appendix.

appendix

Results of individual studies

20

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

The results per study per outcome considered are provided in the tables in the appendix. Standard deviations are
presented if spreading measures were provided in the included studies.
The pooled caries incidence rate is presented in a forest plot (figure 2).

appendix

figure 2

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.
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The results of the caries incidence rate are described in the results section and presented in a forest plot (figure 2).
In the legend of figure 2 we described the following: Forest plot of the caries incidence rate per person-year at risk
(Ds) in the permanent dentition and the 95% confidence interval (95% Cl).The caries incidence rate (first caries
events (Ds) per person-year at risk) could be recalculated for 15 studies. These reported on 1,995 caries events for a
total of 10,768 participants with a total follow-up time of 22,292 person-years. The data were pooled using a
random effects model, because the reported caries incidence rates showed marked heterogeneity (I-Square is
100%). The studies were weighted by the number of total person-years. The weight of the studies ranged from 6.5
to 6.7%, the median was 6.7%.

9, figure 2

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

The risk of bias across studies was assessed in meta-regression analyses [see further Item 23].

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

The results of the meta-regression analyses are described in the results section, summarized in tables 3 and 4, and
fully provided in the appendix.

The caries incidence rate was constant over time as the unadjusted regression coefficient for follow-up was zero.
Adjusting for the covariates did not affect the estimate. Only in the last step, when risk of bias and relevance of
evidence were added, the estimate changed into -0.02. So, the pooled caries incidence rate of 0.11 is probably an
overestimation.

The unadjusted increment in DMFS per year of follow-up was 0.43. Adjusting for group 1 (bitewing radiographs and
age at baseline) increased the regression coefficient for annual increment to 0.64. Adding group 2 (caries
experience at baseline) decreased this estimate to 0.37 and adding group 3 (decade and preventive intervention) to
0.36. Adding group 4 (risk of bias and relevance of evidence) increased the estimate again to 0.46. The estimate of
the annual increment in DMFS ranged probably from 0.36 to 0.64 and was affected by covariates.

The unadjusted increment in DMFT per year of follow-up was 0.18. Adjusting for group 1 (bitewing radiographs and
age at baseline) did not change the estimate. Adding group 2 (caries experience at baseline) increased the estimate
to 0.23. Adding group 3 (decade and preventive intervention) showed a large decrease to 0.07. Adding group 4
(relevance of evidence and risk of bias) led to a remarkable, negative increment of -0.04. The estimate of the annual
increment in DMFT was highly influenced by covariates.

9, tables 3
and 4,
appendix

DISCUSSION

Summary of evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).
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Our findings for the permanent dentition provide indications for caries progression rates in populations. These rates
could be used for planning, targeted use of preventive care and evaluation of (preventive) oral healthcare services.
They provide a starting point for further research. They could also be used by general dental practitioners for
reflections on the caries progression rates in their patient populations. And last but not least, they emphasize the
importance of preventing caries at early ages as progression rates for DMFS/T were higher in populations with
higher baseline caries experiences.

11

Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

Some aspects of this review warrant further attention.

First, the wide variations in study methods. For future research adequate study designs and standardized methods
of data collection are desirable. Harmonization of study designs can contribute to reduction of the uncertainties
that the meta-regression analyses demonstrated. The inclusion of both intervention and observational studies
might cause some confusion. Our aim was to find data on caries progression in studies with follow-up for cohorts
with or without collective, uniform, preventive interventions. We corrected for such interventions in the meta-
regression analyses. Yet, we found that this did not elucidate the variation in outcomes.

Secondly, the filled component of the DMF-index was probably influenced by lesion thresholds of dentists to
intervene restoratively.

Thirdly, the assessment of dental caries is complex and methods for assessment were varied like use of bitewing
radiographs, drying of teeth, etc. This would have resulted in differences in the diagnosis of dental caries. However,
these differences were probably reduced as the included studies used the same methods for the baseline and
follow-up measurements.

Fourthly, meta-analyses were not possible for the primary dentition as a result of the limited number of included
studies, and the inconsistent results due to exfoliated teeth. A follow-up of three years might not have been
necessary for the primary dentition, caries lesions in primary teeth generally progress faster than in permanent
teeth.

Finally, another source of bias may have been the inclusion of studies with only results of complete cases, i.e. the
results at baseline and at follow-up were for the same participants. This might have caused a selective follow-up.
Nonetheless, we needed complete cases to determine the number of events for the caries incidence rates.

10,11

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future
research.

11
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In this systematic review we described caries progression rates in the primary and permanent dentition in Western-
like populations. Pooled caries progression rates were not achievable for the primary dentition due to the limited
number of included studies and the non-standardized approaches of exfoliated teeth. For the permanent dentition
our pooled findings on caries progression in populations were a caries incidence rate of 0.11 (0.09-0.13) per person-
year at risk; an increment in DMFS of 0.43 per year of follow-up; and an increment in DMFT of 0.18 per year of
follow-up. So far, the caries incidence rate measure has rarely been used in longitudinal oral health research, but
seemed fairly stable and therefore most promising. When using our progression rates for the prediction of caries
increments caution is justified, because these measures were influenced by methods of the studies included. For
better insight in caries progression rates in populations and usefulness for policy makers, more standardization of
measuring- and study methods in (epidemiological) research is essential.

FUNDING

Funding

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for
the systematic review.

This study received no funding.
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