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Abstract

Background: Rate of progression of periodontitis has been used to inform the design
of classifications of periodontal diseases. However, the evidence underpinning this
topic is unclear and no systematic review has yet been conducted.

Objectives: The focused question for this systematic review was: in adults, what is
the progression of periodontitis in terms of clinical attachment loss, radiographic bone

loss, and tooth loss?

Data sources: Highly sensitive electronic search was conducted for published data in
MEDLINE, EMBASE, LILACS, and unpublished grey literature in OpenGrey up to
February 2016. Reference lists of retrieved studies for full-text screening and reviews

were hand-searched for potentially eligible studies.

Study eligibility criteria and participants: Prospective, longitudinal observational
studies with follow-up of at least 12 months and presenting data on the primary out-
come, change in clinical attachment level, in adults (age >18 years). Secondary out-
comes, tooth loss and bone level change, were only assessed in studies reporting the
primary outcome. Studies investigating specific disease populations or only on treated

periodontitis patients were excluded.

Study appraisal and synthesis methods: Risk of bias and methodology were
assessed using the Newcastle-Ottawa Scale with two additional questions on security
of outcome assessment. Studies were pooled by abstracting or estimating mean annual
attachment or bone level change and annual tooth loss. Random effects meta-analysis

was conducted with investigation of effect of potential modifiers where possible.

Results: A total 11,482 records were screened for eligibility; 33 publications of 16
original studies reporting on more than 8,600 participants were finally included as
eligible for the review. The studies represented populations from both developing
and developed economies. Mean annual attachment loss was 0.1 mm per year (95%
CI0.068, 0.132; I = 99%) and mean annual tooth loss was 0.2 teeth per year (95%
CI 0.10, 0.33; I” = 94%). Observational analysis of highest and lowest mean attach-

ment change quintiles suggested substantial differences between groups with minimal
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annual change in the lowest quintile and an average deterioration of 0.45 mm mean
attachment loss per year in the highest group. This value increased to 0.6 mm per year
with periodontitis alone. There was surprisingly little effect of age or gender on attach-
ment level change. Geographic location, however, was associated with more than three
times higher mean annual attachment loss in Sri Lanka and China (0.20 mm, 95% CI
0.15,0.27; I = 83%) vs North America and Europe (0.056 mm, 95% CI 0.025, 0.087;
1?2 = 99%) P < 0.001.

Limitations: There were a limited number of studies (N = 16), high variability of
design in key study components (sampling frames, included ages, data analyses), and

high statistical heterogeneity that could not be explained.

Conclusions: Within the limitations of the research, the data show that mean annual
attachment level change varies considerably both within and between populations.
Overall, the evidence does not support or refute the differentiation between forms of
periodontal diseases based upon progression of attachment level change.

KEYWORDS
chronic periodontitis, disease progression, epidemiology, periodontal attachment loss, periodontal

diseases, systematic review

Periodontitis is characterized by non-reversible tissue destruc-
tion resulting in progressive attachment loss, eventually lead-
ing to tooth loss.! Severe periodontitis is the sixth most preva-
lent disease of mankind? and is a public health problem since
it is so widely prevalent and causes disability, impaired qual-
ity of life, and social inequality.>* The prevalence of peri-
odontitis remains high globally, although periodontal health
has shown signs of improvement in representative national
and regional epidemiologic surveys in recent decades in coun-
tries with high incomes.>*® However, the most severe forms of
periodontitis have remained constantly high, affecting approx-
imately 10% of surveyed populations.®-

Understanding the nature of the disease is crucial to
research and development of more effective health promotion,
disease prevention, and treatment. For instance, if there are
different forms of periodontitis, should management strate-
gies be tailored to the variants? It is unclear whether periodon-
titis comprises a group of distinct diseases (chronic periodon-
titis, aggressive periodontitis)” ! or a syndrome with a range
of presentations.' 12 In attempting to address these issues, the
two most common criteria used to evaluate similarities and
differences during the last half century or more of periodon-
tal disease classification have included age of onset of disease
and rate of progression. The word “rate” is used here, not in
the usual epidemiologic sense of proportion of people affected
by a condition, but instead in the sense of how quickly the dis-
ease deteriorates. Age of onset is not the topic of this review
and will not be addressed further, although is investigated by
another review.

Rate of progression could be important as a distinguish-
ing criterion of forms of periodontitis, and there is general
consensus in most disease definitions that the primary mea-
sure of the condition is attachment level change.'* Rapid dis-
ease progression was a criterion for periodontosis nearly half
a century ago.'> Rate of progression became embedded in the
identity of certain classifications with labels such as rapidly
progressive periodontitis and aggressive periodontitis.” How-
ever, even with promotion of this criterion to a defining char-
acteristic, there was widespread unease about whether it was
truly distinctive.%10-12.16.17

Clearly, much uncertainty remains about the progres-
sion of attachment loss. Systematic reviews are designed
to assemble, appraise, and make sense of the totality of
the evidence'® as far as possible. No previous systematic
review has investigated rate of progression of attachment
loss; therefore, the aim of this study was to critically and
comprehensively evaluate the evidence for progression of
periodontitis and associated determinants of progression.

METHODS

Focused question

In adults, what is the progression of periodontitis in terms
of clinical attachment loss, radiographic bone loss, and tooth
loss? The reason for limiting the investigation to adults,
i.e., persons aged >18 years was a request to constrain the
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investigation in this manner to avoid overlap with a separate
investigation into periodontal diseases in younger individuals

for the 2017 World Workshop on the Classification of Peri-
odontal and Peri-Implant Diseases and Conditions.!?

Objectives:

e To investigate the evidence for progression of periodonti-
tis, defined as change in attachment level during a period
of 12 months or more — What is the evidence for different
mean values of progression?

o Which risk factors are associated with different mean values
of progression of periodontitis?

e Which etiologic factors are associated with different mean
values of progression of periodontitis?

The protocol was registered prior to commencing the
study on the PROSPERO database: CRD42016035581
(www.crd.york.ac.uk/PROSPERO). The manuscript has been
prepared following the PRISMA statement for reporting of
systematic reviews.

Population

Included were studies on periodontally untreated adults aged
>18 years. Studies including both adults and younger indi-
viduals without distinction were eligible, and it was planned
to stratify for this criterion. The plan was to stratify data into
studies based on baseline status of periodontitis populations,
non-periodontitis populations, and mixed/unclear populations
if available. Studies with participants in continuous periodon-
tal maintenance after periodontal therapy were excluded.

Exposure

The primary outcome measure was clinical attachment level
(CAL) change (or variants including relative attachment level
change). All probing methods (manual, controlled force, etc.)
were included. Change of probing depth (PD) was not con-
sidered. Secondary outcome measures were only included for
studies which first presented attachment level change. For
radiographic bone loss, all methods (film, digital, subtraction,
customized film holders) were eligible. Tooth loss data were
included irrespective of whether the cause of tooth loss was
reported. Clearly, tooth loss might have been related to factors
other than periodontitis.

Disease determinants, risk factors,
and etiologic agents

The association of attachment level progression with disease
determinants was recorded where available, including gen-
der, age, socioeconomic position, genetics, lifestyle, health
behaviors, nutritional, and microbiologic factors. Wherever

possible, the quality of measurement of the determinant/
exposure was assessed (see below).

Study follow-up duration

Any study duration or follow-up interval of at least 12 months
was included. Data were recorded for all follow-ups, and the
longest follow-up available was selected.

Types of studies

The aim was to be inclusive of research, and there are many
possible approaches to designing eligibility criteria for this
research question. Considered as eligible was any longitudi-
nal, prospective, observational study with a follow-up of >12
months that assessed changes in CAL (or variants including
relative attachment level) in adult individuals (>18 years of
age). Secondary outcomes were assessed only for those stud-
ies first reporting data for CALs and comprised radiographic
bone loss, tooth loss, and risk factors associated with clini-
cal attachment loss. Intervention studies, cross-sectional stud-
ies, and reviews were excluded. Included was any prospective
longitudinal study whether population- or institution-based.
Studies on specific disease populations, such as diabetes, were
excluded because the aim of the review was to establish evi-
dence as far as possible for periodontitis in general popu-
lations. Clearly, within population studies, accurate general
health status might not be known. In addition, studies exclu-
sively reporting data for treated periodontitis patients would
not represent overall population values.

Inclusion Criteria:
e Prospective, longitudinal studies.
e Duration of follow-up at least 12 months.

o Adults >18 years of age. Studies that also included younger
participants within a combined data set were included
although data was stratified separately.

e Study reporting progression of periodontitis using attach-
ment level assessments.

e Periodontally healthy, untreated periodontitis or partici-
pants not part of periodontitis treatment investigations. This
was set broadly as it was anticipated that population stud-
ies would not report detailed periodontal treatment status of
participants.

e Tobacco use was not an eligibility criterion. Population
studies would include both tobacco and non-tobacco users;
it was planned to analyze the effect on periodontal health if
data were available.

Exclusion Criteria:

e Studies investigating solely specific systemic disease pop-
ulations, e.g., diabetes.
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e Experimental studies testing the effect of interventions on
periodontitis.

o Cross-sectional or retrospective studies.

o Studies only recruiting participants for periodontitis treat-
ment or previously treated for periodontitis.

Search strategy

A highly sensitive search was conducted. Electronic databases
(MEDLINE via OVID, EMBASE via OVID, LILACS) were
searched using a string of medical subject headings and free-
text terms (see Appendix 1 in online Journal of Periodontol-
0gy). OpenGrey was searched for unpublished, grey literature.
The search strategy was developed with author ADI, a medi-
cal librarian with extensive experience in designing searches
for systematic reviews. The search strategy was first designed
for the MEDLINE database and was then modified appropri-
ately for the other databases searched. There were no language
or publication date restrictions. Reference lists of all stud-
ies included for full-text screening and previous reviews were
searched for missing records. The search results were down-
loaded to a bibliographic database and duplicate records were
removed.

Study selection

Titles and abstracts (if available) of the studies identified in
the searches were screened by two of the review authors (NG
and FM), in duplicate and independently. Subsequently, the
full text of all publications appearing to meet the inclusion
criteria or for which there was not sufficient information in
the title and abstract to make a decision, were obtained. At
this first stage, any study considered as potentially relevant by
at least one of the reviewers was included for the next screen-
ing phase. Subsequently, the full-text publications were also
evaluated in duplicate and independently by the same review
examiners. The examiners were calibrated with the first 10
full-text, consecutive publications. Any disagreement on the
eligibility of studies was resolved through discussion between
both reviewers until consensus was reached or through arbi-
tration by a third reviewer (IN). All potentially relevant studies
that did not meet the eligibility criteria were excluded and the
reasons for exclusion noted. Publications in languages other
than English, Greek, Portuguese, or Spanish were sent to an
interpreter with clear instructions on inclusion and exclusion
criteria. Interexaminer agreement following full-text assess-
ment was calculated via kappa statistics. In addition, the final
list of eligible studies was circulated to all members of the
review group and the workshop chairmen for evaluation of
possibly missing studies.

There were several studies which accounted for more than
one publication since it was common to find publications
investigating the same population at different follow-up inter-

vals and/or secondary analysis of the same data. For this rea-
son, a decision was made to pool together all relevant publica-
tions for any given principal study. FM and NG assessed the
pooled studies independently and included only those report-
ing data on the primary and/or secondary outcomes assessed
in this review for the original study sample. Disagreement on
the selection of the studies was resolved in the same manner
as in previous stages.

Unclear or missing data

Regarding studies for which a clear decision on eligibility
could not be made following full-text assessment or when
there were missing data, the corresponding authors were con-
tacted up to twice, one month apart, to seek the information
needed to aid the final decision. In the absence of response,
and/or if the data could not be used, these studies were
excluded from the final review.

Data extraction and management

Study details were collected using a form specifically
designed for data extraction for this review and which was first
piloted in a small number of studies. Two of the review authors
(NG and FM) independently extracted all relevant data from
all included studies except publications written in any lan-
guage other than English, Greek, Portuguese or Spanish. In
this case, data extraction (and quality assessment) was com-
pleted by interpreters who received clear instructions on how
to collect the data using the data collection form. Any dis-
agreements were resolved through debate and consensus or
through assessment of a third reviewer (IN).
The following study details were extracted:

- Type of study

- Number of centers

- Sample frame (e.g., community, university)
- Age of participants

- Periodontal status

- Definition of periodontitis cases

- Duration of follow-up

- Type of attachment level measurement (e.g., probing attach-
ment level (PAL), CAL, Relative attachment level (RAL),
etc.)

- Method of attachment level measure (e.g., manual probe,
pressure sensitive probe, etc.)

- Frequency of CAL measurement

- Method for radiographic assessment of bone loss
- Cause of tooth loss reported in study (yes/no)

- Risk factors reported in study

- Number of participants (baseline/last follow-up)
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- Outcomes
o Mean attachment level change
o Mean attachment level change stratified by subgroups
o Mean radiographic bone loss
o Mean radiographic bone loss stratified by subgroups
o Mean tooth loss

o Mean tooth loss stratified by subgroups

Quality assessment

Risk of bias was assessed using the Newcastle-Ottawa Scale,
appropriately modified (see Appendix 2 in online Journal of
Periodontology), because it is the mostly widely used tool for
epidemiologic studies.

Other domains of methodologic quality comprised:

e Security of measurement of attachment level. Studies were
assessed as secure if the method involved appropriate train-
ing and calibration of examiners, insecure if training was
absent or inadequate or unclear if unreported.

e Security of assessment of bone level change. Studies were
assessed as secure if the method involved standardized posi-
tioning of the radiographs, e.g., cephalostat or customized
film holders, insecure if standardization was absent or inad-
equate or unclear if unreported.

Data synthesis

Data were first entered into evidence tables stratified by study
design. Decisions on which studies to include in a meta-
analysis were made depending on the similarity of chief study
characteristics related to each research question, i.e., mean
progression of periodontitis and association of progression
with disease determinants.

When a study provided the mean progression at a known
time point, it was assumed that the progression was con-
stant with time in order to estimate the mean progression
rate, i.e., the mean progression per year. When a study only
provided the relevant progression information for subgroups
(e.g., gender or age groups), the mean annual progression for
the study was estimated as a weighted mean, with the weights
being inversely proportional to the variance if the latter could
be calculated or directly proportional to the frequency oth-
erwise. The same approach was used when estimating the
mean annual progression for each of the three age subgroups,
namely age <30, 30-50, and >50 years. Assuming that the
data were normally distributed in each study, the lowest and
highest quintiles (i.e., the 20th and 80th percentiles) of annual
progression were calculated for each study from its mean and
standard deviation.

Statistical heterogeneity of mean annual progression
between relevant studies was assessed using both the chi-

square test and the I” measures. The I? was interpreted accord-
ing to the guidance of the Cochrane Handbook:

e 0% to 40%: might not be important
e 30% to 60%: may represent moderate heterogeneity
e 50% to 90%: may represent substantial heterogeneity

e 75% to 100%: considerable heterogeneity

If meta-analysis appeared appropriate, it was used to pro-
vide an overall estimate of the mean annual progression,
with its 95% confidence interval (CI), using a random-effects
approach if there was evidence of statistical heterogeneity and
a fixed-effects approach otherwise. Statistical heterogeneity
was anticipated, and it was planned to investigate the contri-
bution of risk of bias, security of disease progression method,
and type of population, i.e., initially healthy or periodonti-
tis. Similar methods were planned to assess the association
between mean progression and potential modifiers. However,
the available data were limited for meta-analysis, allowing
only few exploratory analyses. For these analyses of associ-
ation, a chi-square test of heterogeneity between the overall
mean annual progression for each subgroup of the potential
modifier (e.g., males and females) was performed to deter-
mine the effect of the factor (i.e., gender, geographic location,
or age group) on the mean annual progression. Statistical anal-
yses were conducted by AP, a biostatistician experienced in
systematic reviews and meta-analysis. A significance level of
0.05 was used for all statistical hypothesis tests. Data were
analysed using appropriate software.*

RESULTS

Search

A total of 11,482 potentially eligible records were found
through the sensitive searches. A total 11,286 publications
were excluded following review of the titles and abstracts
and finally the full publications of 196 records were retrieved
(Figure 1).

Interexaminer agreement at full-text screening was excel-
lent (kappa score = 0.756).%° Following careful assessment of
the full papers, 116 records were excluded. Of the remaining
80 records, 4 original studies accounting for only one pub-
lication were included in the final review, while 76 publi-
cations were nested into 12 different original studies which
had more than one publication (e.g., different follow-up inter-
vals). Finally, 29 of the nested publications were also included
which resulted in a total of 33 publications of 16 studies which
were included for data extraction and quality assessment. The
reasons for exclusion of all studies that were not included at

* Stata Statistical Software, Release 14, College Station, TX.
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Search

MEDLINE 6543
EMBASE 4703
LILACS 232
OPENGREY 4
TOTAL 11482

- /

~

Excluded from title and abstract assessment

v

Full-text publications

196

v

11286

Excluded following Full-text assessment

v

Full-text publications
33 publications
(16 studies)

. J

FIGURE 1 Flow chart of inclusion of studies

the stage of full-text review were recorded (see Appendix 3 in
online Journal of Periodontology).

Study characteristics

Location

The following study geographic locations (supplementary
Table 1 in online Journal of Periodontology) were found;
two studies from Brazil,21?2 two from China,2>23 one from
Germany,”>? one from Indonesia,?!*? one from Japan,3334
one from New Zealand,> one from Norway and Sri
Lanka,30#! and seven from the United States.*?>54

Sample characteristics
Eight

samples,
one was a community cohort,>!32 two were specialist peri-

odontal clinic or practice patients,*>*4
22,36,42,53,54

studies
21,23-29,33,34,45,46,49,51,55

were epidemiologic

one was a birth cohort,3®

and the status of four
was unclear.

The age groups of included participants varied. Five studies
reported data on only participants <50 years,>32431,32,35-41.43
three studies reported only >50 years of age,33- %42
studies included a wide age range,?!2%2>-30:44-52,55
study was unclear.’3>*

Both male and female participants were included in 11
studies,?!23-35:43-52.55 women only in two studies,>*>*? men
only in one study, 3**! and unclear in one study.>3>*

Study  duration/follow-up  was <5
nine studies,?!2433:3442-4547-52 6 to 10 years in

four studies,>> 30354155 and  >10 years in three
studies 31:32.46.53.54

seven
and one

years  in

A4

162

The completeness of follow-up of the initial sample was
at least 80% in two studies,>**% 50% to 79% in five
studies, 2344255 pelow 50% in four studies,?!-30-41.47-54 apnd
unclear in five studies.?>#3-46

Generally, participants of the population studies included
both those with and without periodontitis as would be a nor-
mal population finding. The proportion of each within the
study was not stated in most publications. Periodontitis was
an inclusion criterion for two studies,*>*** and one excluded
“severe” periodontitis.*>

CAL was measured by manual probing in most studies.
Controlled force probes were employed fully or for the PD
component alone in four studies.’!=*424 Bone level was
assessed on dental radiographs using linear measurement in

both included studies.***>

Risk of bias and methodologic quality

Based on the Newcastle-Ottawa Scale (Table 1), seven publi-
cations were rated 6 or 7 stars, eight were rated 4 or 5 stars,
and one was at 3 stars of a maximum of 7. Security of mea-
surement of the primary outcome, attachment level change,
was graded as secure for 14 of 16 studies and insecure for the
remaining two. In relation to bone level measurement of the
two studies, one was assessed as secure and the other insecure.

Mean annual attachment level change

Random-effects meta-analysis of nine studies with 13 data
sets showed a mean annual attachment loss (Table 2) of
0.10 mm (95% CI 0.068, 0.132) with considerable hetero-
geneity (I = 99%) (Figure 2). When considering inter-
proximal sites only, mean annual attachment loss was very
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TABLE 2 Summary table of meta-analyses: mean annual attachment level change

Mean annual attachment Number of
Analysis level change (mm) 95% CI data sets 1*%
General population, including both 0.100 0.068, 0.13 13 99
full-mouth and partial-mouth recording
Only interproximal sites 0.093 0.022, 0.16 99
Only periodontitis 0.57 —0.38, 1.51 99
Postmenopausal women 0.052 —0.084, 0.19 89
Subgroup analyses
Effect of geographic location
North America and Europe 0.056 0.025, 0.087 8 99
Sri Lanka and China only 0.20 0.15,0.26 5 82
Difference between North America/Europe and Sri Lanka/China, P <0.001
Effect of gender
Males only 0.067 0.023, 0.11 2 50
Females only 0.070 0.064, 0.076 2 0
Difference between males and females, P = 0.893
Effect of age
Age <30 years 0.12 0.068, 0.16 8 99
Age 30-50 years 0.074 0.052, 0.096 5 95
Age >50 years 0.13 0.072,0.19 4 98
Difference between age groups, P = 0.093
Study %
ID ES (95% Cl) Weight
North America and Europe E
Gatke 2012, Kocher 2016 . 0.07 (0.07,0.07) 9.85
Loe 1978 Norway Mesial - 0.07 (0.06,0.08) 9.73
Loe 1978 Norway Buccal - 0.10 (0.09,0.12) 9.73
Schatzle 2003 O 0.05 (0.05, 0.06) 9.85
Ismail 1990 - 0.04 (0.03,0.05) 9.77
Thomson 2003 . ! -0.00 (-0.01, -0.00) 9.86
Beck 1997 . 0.04 (-0.00, 0.08) 8.29
Machtei 1999 — : 0.12 (-0.04,0.28) 2.88
Subtotal (12=99.5%, P=0.000) <> 0.06 (0.02,0.09) 69.96
Sri Lanka and China E
Loe 1978 Sri Lanka Mesial E g 0.24 (0.22,0.25) 9.65
Loe 1978 Sri Lanka Buccal e 0.22 (0.12,0.32) 4.93
Baelum 1997 Dahlen 1995 | 0.17 (0.14, 0.20) 9.06
Suda 2000 Pei 2015 - 0.06 (-0.11,0.24) 2.50
Neely 2001 — & 0.24(0.12,037) 3.89
Subtotal (I2=82.7%, P = 0.000) <l 0.20 (0.15,0.26)  30.04
Overall (I12=99.5%, P = 0.000) Q 0.10 (0.07, 0.13)  100.00
NOTE: Weights are from random-effects analysis E
T T
-.367 0 367

FIGURE 2 Random effects of meta-analysis: Mean annual attachment level change

similar to the estimate for all sites, 0.093 mm (95% CI 0.022,
0.16; I> = 99%) (Figure 3). The estimate for the four studies
reporting data only for periodontitis was considerably higher
at 0.57 mm, although with very wide uncertainty (95% CI
-0.38, 1.51) and high heterogeneity (I> = 99%) (Figure 4).

The combined estimate for the two studies reporting data for
postmenopausal women was 0.052 mm (95% CI -0.084, 0.19;
I? = 90%) (Figure 5). The small values of <1 mm change are
of course not measurable but represent the effect of calculat-
ing mean change.
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Study

Haas 2012

Timmerman 2000, Van der Velden 2006
Smith 1995

Loe 1978 Norway Mesial

Loe 1978 Sri Lanka Mesial

Gatke 2012,Kocher 2016

Overall (12 =99.5%, P=0.000)

NOTE: Weights are from random-effects analysis

%

ES(95%Cl)  Weight
—— 0.10 (0.08, 0.12) 16.70
i
— 0.06 (0.03, 0.09) 16.44
— 0.01 (-0.02, 0.05)16.25
- 0.07 (0.06, 0.08) 16.84

- 0.24 (0.23,0.25) 16.86

0.07 (0.06, 0.08) 16.91

0.09 (0.02, 0.16) 100.00

T
-.253

T
0 .253

FIGURE 3 Random effects of meta-analysis: Mean annual attachment level change, interproximal sites only

Study

Brown 1994

Harris 2003

Gunsolley 1995 SP

Gunsolley 1995 LJP

Gatke 2012, Kocher 2016(moderate & severe)

Overall (12=99.8%, P=0.000)

NOTE: Weights are from random-effects analysis

%

ES (95% ClI) Weight

- 2.29(2.19,2.38) 20.04

- 0.32(0.19, 0.45) 20.01

0.07 (-0.14,0.28) 19.89

0.09 (-0.08, 0.25) 19.97

0.07 (0.06, 0.08) 20.09

0.57 (-0.38, 1.51) 100.00

T
-2.38

0 2.38

FIGURE 4 Random effects of meta-analysis: Mean annual attachment level change, periodontitis only

Exploration of subgroups

Geographic location was associated with statistically signif-
icantly greater mean annual attachment loss for Sri Lanka
and China (0.20 mm, 95% CI 0.15, 0.27; I? = 83%) vs North
America and Europe (0.056 mm, 95% CI 0.025, 0.087; I? =
99%) P<0.001 (Table 2, Figure 2). There was no evidence of
a difference for gender; males had 0.067 mm (95% CI 0.023,
0.11; I2 = 51%), females averaged 0.070 mm (95% CI 0.064,
0.076; I = 0.0%) P = 0.89 (Figure 6). Similarly, differences
between age groups were not statistically significant; age <30

years had 0.16 mm (95% CI 0.068,0.16; I? = 99%), age 30
to 50 years 0.074 mm (95% CI 0.052,0.096; I* = 96%), and
age >50 years 0.13 mm (95% CI, 0.072, 0.19; I> = 99%) P =
0.093 (Figure 7).

For single studies where meta-analysis was not possible,
additional observations were found. Overall mean annual
attachment level change was greater for those with at least
one site showing CAL loss of at least 3 mm compared with all
participants combined (those initially 26 years old, 0.05 mm
loss vs 0.02 mm gain; initially 32 years old, 0.12 mm vs
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Study

LaMonte 2013
Pereira 2015

Overall (12=89.6%, P=0.002)

—

NOTE: Weights are from random-effects analysis

ES (95% Cl) Weight

-0.01(-0.06,0.00)  53.92

'é—'— 0.13 (0.05, 0.21) 46.08

i> 0.05 (-0.08, 0.19) 100.00

-21 0

FIGURE 5 Random effects of meta-analysis: Mean annual attachment level change, postmenopausal women only

Study

Females
Gatke 2012, Kocher 2016
Brown 1994, Beck 1997

Subtotal (I2=0.0%, P=0.427)

Males

Gatke 2012, Kocher 2016

%

ES (95% ClI) Weight

0.07 (0.06,0.08)  57.56

0.05 (-0.00,0.11)  3.01
0.07 (0.06, 0.08)  60.57

0.08 (0.07,0.10)  37.50
0.03 (-0.04,0.10) 1.93

Brown 1994, Beck 1997

Subtotal (12 = 50.6%, P = 0.155)

Overall (I2=35.9%, P=0.197)

NOTE: Weights are from random-effects analysis

0.07 (0.06, 0.08)  100.00

T
=11

;
:
——
.
.
&
!
i
——
.
<> 0.07 (0.02,0.11)  39.43
.
!
!
:
T
1

FIGURE 6 Random effects of meta-analysis: Mean annual attachment level change, subgroup analysis, effect of gender

0.03 mm).> Selecting the 30 participants with greatest change
vs the 30 people with the least change in a rural Chinese pop-
ulation found change of 0.14 mm compared with 0.12mm.>
Overall, ethnicity was associated with higher mean annual
attachment loss in black (0.074 mm) than white participants
(0.006 mm) in one study.’*! For presumed periodontitis-
only data (sites which lost at least 3 mm attachment), there was
little effect of gender, ethnicity, age, or education.’! In another
study, older age, being male, non-white, or from a low socio-

economic background was statistically significantly associ-
ated with greater attachment loss.”! Age, calculus, gingival
index but not smoking or plaque levels were statistically sig-
nificantly associated with greater mean annual attachment
loss in a secondary analysis of data from Sri Lanka.*" Else-
where, younger age (20 to 29 years), being male, current
smokers vs never smokers, <10 years school education, and
existing diabetes were all statistically significantly associated
with greater attachment level change.?*-"
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Study
ID

Age < 30 years

Gatke 2012, Kocher 2016

Loe 1978 Norway Mesial

Loe 1978 Norway Buccal

Loe 1978 Sri Lanka Mesial

Loe 1978 Sri Lanka Buccal
Baelum 1997, Dahlen 1995
Thomson 2003

Schatzle 2003

Subtotal (12 = 99.2%, P= 0.000)

Age 30-50 Years

Gatke 2012, Kocher 2016
Baelum 1997, Dahlen 1995
Thomson 2003

Schatzle 2003

Ismail 1990

Subtotal (12 = 95.9%, P=0.000)

Age > 50 years

Gatke 2012, Kocher 2016
Baelum 1997, Dahlen 1995
Schatzle 2003

Ismail 1990

Subtotal (12 = 98.9%, P=0.000)

Overall (12 =98.7%, P=0.000)

NOTE: Weights are from random-effects analysis

%

ES (95% CI) Weight

1

1

| 0.07 (0.06, 0.08) 6.16

, 0.07 (0.05, 0.09) 587
- 0.1 (0.09, 0.13) 5.87

1

1

1

|

- 0.23(0.21, 0.25) 598
- 0.22 (0.20, 0.24) 598
—— 0.16 (0.11, 0.21) 4.58

' -0.02(:0.03,-0.00) 6.1
! 0.09 (0.08, 0.09) 6.19
0.11(0.07, 0.16) 46.75

1

I

, 0.07 (0.06, 0.08) 6.18

- 0.16 (0.13,0.18) 567

! 0.03(0.01, 0.05) 592

| 0.09 (0.08, 0.09) 6.19

| 0.03 (0.00, 0.04) 598
< 0.07 (0.05, 0.10) 29.94

|

1

1

1

1

1

|

1

|

1

1

1

0.07 (0.06, 0.08) 6.17
—&— 0.37(0.33,0.41) 517

005(0.04,005  6.16
005(0.02,007) 581
<< 013(0.07,0.18) 2331
1
[o) 0.11(0.08, 0.13) 100.00

-412

412

FIGURE 7 Random effects of meta-analysis: Mean annual attachment level change, subgroup analysis, effect of age

Distribution of highest and lowest mean annual
attachment level change

Lowest and highest quintiles (i.e., the 20th and 80th per-
centiles) were calculated for each study from the mean and
standard deviation assuming that the data were normally
distributed in each case (Table 3, Figure 8). Caution should be
exercised when interpreting these results due to the assump-
tion of normality and also in consideration of their high
between-study variability when the quintiles were combined
to provide an overall estimate. However, the data overall show
much different mean annual attachment level change for the
lowest quintile (-0.23 mm, i.e., gain) versus highest (0.45 mm
loss) (Table 3). Values were similar for interproximal sites
alone; lowest quintile -0.048 mm, highest quintile 0.23 mm.
The respective values were higher for the studies reporting on
periodontitis alone; lowest quintile 0.22 mm, highest quintile
0.91 mm).

Mean annual tooth loss

Meta-analysis of included studies showed overall mean annual
tooth loss was 0.20 (95% CI 0.13, 0.26, I = 91%) (Table 4,
Figure 9). There was no evidence of a difference comparing
the geographic groupings of North America, Europe, Japan,
and Oceania; mean annual tooth loss 0.21 (95% CI10.10, 0.33;

I2 = 94%) vs South America and Asia mean annual tooth loss
0.19 (95% CI10.11, 0.28; 1> = 83%) P = 0.80

The data from single studies where meta-analysis was not
possible showed little difference in mean annual tooth loss
between males (0.17) and females (0.13) in one study.?*-*
Small differences in mean annual tooth loss with age were
also reported in a Brazilian population: age <30 years
(0.02) vs age >50 years, 0.03.2! Elsewhere, annual tooth
loss increased with advancing age: age <30 years: 0.04
(95% CI 0.027, 0.053), 30 to 50 years: 0.13 (95% CI 0.16,
0.15), and >50 years: 0.23 (95% CI 0.21, 0.25). Simi-
larly, annual tooth loss was more than twice the magni-
tude comparing severe periodontitis 0.38 (95% CI 0.34,
0.42) vs moderate periodontitis 0.17 (95% CI 0.15, 0.19).3°
In a rural Chinese population, comparing the 30 partici-
pants with the worst attachment loss at 10 years vs 30 peo-
ple with the least attachment loss, annual tooth loss was
0.53 vs 0.18.° In another study, comparison of those with
progressing disease (>one site with attachment loss of
>2 mm) with non-progressing disease (all others) showed the
same annual tooth loss of 0.07.3!

Mean annual bone level change

Only two included studies also reported on bone level
(Table 5). These were not comparable (general population
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TABLE 3 Quintiles of mean annual attachment level change

Mean annual

attachment level 1st quintile 2nd quintile 3rd quintile 4th quintile
Study SD (mm) N change (mm) (mm) (mm) (mm) (mm)
Kocher et al. 2016 0.09 1,892 0.07 —0.0058 0.047 0.093 0.15
Loe et al. 1978 Norway 0.077 167 0.07 0.0048 0.050 0.089 0.14
Mesial
Loe et al. 1978 Norway 0.092 167 0.10 0.027 0.081 0.13 0.18
Buccal
Loe et al. 1978 Sri Lanka 0.071 196 0.24 0.18 0.22 0.26 0.30
Mesial
Loe et al. 1978 Sri Lanka 0.071 196 0.22 0.16 0.20 0.24 0.28
Buccal
Schatzle et al. 2003 0.068 1,557 0.054 —0.0036 0.037 0.071 0.11
Neely et al. 2001 0.67 114 0.24 -0.32 0.072 0.41 0.81
Ismail et al. 1990 0.066 165 0.04 —0.016 0.023 0.057 0.096
Baelum et al. 1997, 0.28 323 0.17 —-0.067 0.097 0.24 0.40
Dahlen et al. 1995
Thomson et al. 2003 0.033 831 —0.0034 —0.031 —0.012 0.0049 0.024
Beck et al. 1997 0.39 292 0.04 -0.28 —0.058 0.14 0.36
Suda et al. 2000, 1.79 413 0.065 —1.44 —-0.39 0.52 1.57
Pei et al. 2015
Machtei et al. 1991 1.63 415 0.12 -1.25 -0.29 0.53 1.49
Overall mean —0.23 0.45
Postmenopausal women
LaMonte 2013, Osteoperio 0.26 995 —0.012 —0.23 —0.078 0.054 0.21
Buffalo
Pereira 2015 0.15 15 0.13 0.0018 0.089 0.17 0.25
Overall mean —0.11 0.23
Interproximal sites only
Haas et al. 2012 0.26 697 0.1 —0.12 0.033 0.17 0.32
Timmerman et al. 2000, 0.19 155 0.056 —-0.10 0.0086 0.10 0.21
Van der Velden et al.
2006
Smith et al. 1995 0.29 264 0.014 —-0.23 —0.059 0.088 0.26
Loe et al. 1978 Norway 0.077 167 0.07 0.0048 0.050 0.089 0.14
Mesial
Loe et al. 1978 Sri Lanka 0.071 196 0.24 0.18 0.22 0.26 0.30
Mesial
Kocher et al. 2016 (SHIP) 0.11 1,872 0.07 —-0.023 0.042 0.099 0.16
Overall mean —0.048 0.23
Periodontitis only
Brown et al. 1994 0.79 260 23 1.62 2.09 248 2.95
Harris 2003 0.34 30 0.32 0.034 0.23 0.41 0.61
Gunsolley et al. 1995 SP 0.45 20 0.066 —0.31 —0.048 0.18 0.44
Gunsolley et al. 1995 LIP 0.36 21 0.086 -0.21 —0.0044 0.18 0.39
Kocher et al. 2016 0.1 932 0.07 —0.014 0.044 0.095 0.15
(moderate and severe
disease)
Overall mean 0.22 0.91
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FIGURE 8 Distribution (with means) of highest and lowest quin-
tiles, mean annual attachment level change (mm)

study® vs post-menopausal women*?) and therefore meta-
analysis was not performed. Annual bone level loss was low
with similar values in both studies 0.04 mm? and 0.038 mm.*?

DISCUSSION

Key findings

Overall, in a general population including both people with
and without periodontitis, mean annual attachment loss was
0.1 mm per year, and mean annual tooth loss was 0.2 teeth
per year. Observational analysis of highest and lowest mean
attachment change quintiles suggests substantial differences
between groups with minimal annual change in the lowest
quintile and a substantial average deterioration of 0.45 mm
mean attachment loss per year in the highest group. This value
increased to 0.6 mm per year with periodontitis alone. There
was surprisingly little effect of age or gender on attachment
level change. Geographic location, however, was associated
with more than three times higher mean annual attachment
loss in countries with developing economies (0.2 mm) com-
pared with developed economies (0.06 mm, P <0.001).

At a first glance these low values may seem remarkable,
but it has to be considered that very few sites in a subject
progress beyond a 3 mm threshold of attachment level change.
Thus, most sites have no or little progression with time, which
may be within the range of periodontal measurement error.

TABLE 4 Summary of meta-analyses: mean annual tooth loss

Furthermore, these mean values are further influenced by the
observation that the periodontal attachment level change may
also decrease.?*3>30-51 To what extent remission measure-
ments reflect biologic changes or measurement error is open
to debate, but they have a big influence on these mean values.

Overall completeness and applicability
of the evidence

The limited number of studies that were eligible to be included
in this review might seem surprising considering the long and
distinguished history of periodontal epidemiology. However,
most prior studies have been either cross-sectional in design
or have used relatively short follow-up periods of <1 year. The
review focused on studies that could contribute to an investi-
gation of attachment level change during a period of at least
12 months and this, in part, accounts for the limited num-
ber of eligible studies. Retrospective studies were excluded
on the basis that the design of a prospective study was more
likely to be robust since it was designed a priori to address
the research question. The same could not be said of retro-
spective studies. Subject-based mean attachment level change
was our primary outcome and is justified in terms of its fun-
damental importance to epidemiology and disease classifi-
cation. Nevertheless, within the included studies, a total of
8,607 participants contributed to follow-up data. Other stud-
ies presented data in different formats such as numbers of sites
(overall or per participant) with different thresholds of attach-
ment level change. They were not included for two reasons;
first, there was substantial heterogeneity in the definition of
what constituted a progressing site, making statistical combi-
nation in meta-analysis not possible or highly selective. Sec-
ond, the number of progressing sites would be less informa-
tive to the review aims because they depend on the number
of teeth present and do not include remission. The complete-
ness of data in this review on bone level change and tooth loss
is even less as, a priori, it was planned only to include these
data if presented in studies also reporting the primary out-
come of attachment level change. The reason for this approach
was that to include all studies on bone and tooth loss would
have required additional searches resulting in a substantially
increased workload for all stages of the review. It was not pos-
sible to embark on this within the available time scale. A fur-
ther limitation was the difficulty in assessing the evidence for

Analysis Mean annual tooth loss 95% CI Number of data sets ’%
General population. studies 0.20 0.13,0.26 10 91
Subgroup analyses
North America, Europe, Japan, Oceania 0.21 0.10, 0.33 6 94
South America and Asia 0.19 0.11, 0.28 4 82

Difference between groups P = 0.80
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North America, Europe, Japan, Oceania
Kocher

Hujoel 1998

Ismail 1990 Burt 1990 Dentate

Ismail 1990 Burt 1990 Edentulous
Machtei 1991

Slade 1995

Subtotal (I-squared = 94.2%, p = 0.000)

South America, Asia

Haas 2012

Timmerman 2000 Van de Velden 2006
Baelum 1997 Dahlen 1995

Brown 1994 Beck 1997

Subtotal (I-squared = 82.6%, p = 0.001)

Overall (I-squared = 91.3%, p = 0.000)

NOTE: Weights are from random effects analysis

%
ES(95%Cl)  Weight

B 0.15(0.14, 0.16) 13.78
- 0.06 (0.01,0.10) 12.78
- 0.11(0.00, 0.30) 7.69

: 0.65 (0.14, 1.15) 1.40
_._ 0.08 (0.00, 0.19) 10.59

= 0.58 (0.48, 0.68) 10.03
0.21(0.10, 0.33) 56.26

0.16 (0.10, 0.22) 12.24
0.11(0.00, 0.22) 9.61
0.14(0.10,0.17) 13.25
0.42(0.29, 0.55) 8.64
0.19(0.11,0.28) 43.74

0.20 (0.13, 0.26) 100.00

T
-1.15

FIGURE 9 Random effects meta-analysis: Mean annual tooth loss

TABLE 5 Mean annual bone level change (mm): single studies (no meta-analysis)

Study n SD
General population excluding severe periodontitis

Machtei et al. 1999 415 .002?
Postmenopausal women

LaMonte et al. 2013 1025 219

2SE given as 0.00, taken as 0.0001.
LL, lower limit; UL, upper limit.

the second and third objectives, i.e., risk factors and etiologic
factors. The data were analyzed as far as they allowed, but
were prevented from more investigation typically by a lack of
reporting or of reporting in formats that could not be com-
bined.

Aspects of the included studies that favor applicability of
the evidence are the number of large population-based surveys
in both developing and developed economies, with a spread
of included ages. Challenges to applicability are mainly pre-
sented by the lack of consistency as discussed below.

Overall quality, strength, and consistency of the
evidence

The Newcastle-Ottawa Scale demonstrated that 11 of 16
studies received at least 5 stars of a possible 7, indicat-
ing reasonably low levels of risk of bias. Furthermore, only
two studies showed an insecure method of measurement of
attachment level,***® and one an insecure method of bone
level. ¥

Mean 95% CI LL 95% CI UL
.04 .04 .04
.038 .025 .051

The consistency of evidence is much more problematic.
While the total number of included participants, 8,607,
might appear to be a substantial number, the high statistical
heterogeneity and the major differences in study design are
troubling to the development of an overview of the data.
Key differences in methodology include sampling frames
(random or convenience population-based samples, patient
populations, birth cohorts, practice samples), included ages
(some studies only <50 years and others only >50 years),
men- or women-only studies, study duration (from 2 to 28
years), full-mouth and partial-mouth recording and inclusion
of only teeth present at both baseline and follow-up vs all
teeth at baseline whether lost at follow-up. Remaining teeth in
a mouth may represent “healthy survivor” teeth because those
extracted tend to be more periodontally affected.’® Thus, the
loss of teeth due to progression of periodontitis could result
in underestimation of attachment level change.'® While some
studies have shown a clear effect of this phenomenon,49
others have reported little or no differences when modelling
the analysis in different ways.*?
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The included studies might also represent the effect of
period/cohort effects such as the differences between the
two Chinese samples, which were recruited approximately a
decade apart. The Gusheng population had a mean annual
attachment loss (0.17 mm/year) almost three times that of the
Cheng-de cohort (0.065 mm/year). The first cohort resem-
bles much more that of a low-income country such as the Sri
Lanka cohort from 1978, and oral health may be influenced
by malnutrition and low level of personal hygiene, whereas
attachment progression of the Cheng-de cohort is compara-
ble to the European and United States cohorts. The Cheng-de
cohort might reflect the dynamic change of Chinese economy,
where for example malnutrition, hygiene, access to medical
care, etc. have progressed. To what extent period and cohort
effects influence these values cannot be explained with the
available data.

The statistical heterogeneity in particular suggests that
there are important differences in outcomes between stud-
ies that could not be explained. Consequently, the overall
estimates from the meta-analyses, despite representing best-
available evidence, should be used with caution and likely rep-
resent a low strength of evidence.

Tooth loss data are especially challenging to interpret.
Tooth loss, if not exfoliation, could be due to many rea-
sons, including but not limited to severe periodontitis. Tooth
extraction will be influenced by availability of dental profes-
sionals, existing disease (including periodontitis, caries, and
endodontic disease), patient preferences, financial consider-
ations related to affordability of the treatment, professional
practices, and cultural norms.>’->® This might help to explain
the lack of difference in annual tooth loss comparing stud-
ies conducted in North America, Europe, Japan, and Oceania
(potentially higher economic development) with South Amer-
ica and Asia (lower economic development) although the het-
erogeneity within these two strata was very high. Only lim-
ited information was available in the reported studies to tease
out if tooth loss was determined by periodontal status because
tooth loss was not reported according to periodontal severity
or progression. In the SHIP and Gusheng cohorts, tooth loss
was much more pronounced in subjects with periodontitis in
comparison with healthy subjects, whereas no such relation
was found in the Java cohort. In the United States and Ger-
many, chronic periodontitis is closely related to tooth loss in
persons aged >40 years.>%¢0

Additional approaches to assessing progression of peri-
odontal diseases, such as quantitative assessment of bone
height and density, show promise®' and would have been
included if data had been presented in the included studies.
These techniques have limited relevance to population epi-
demiology but could be valuable in small, more controlled
institution-based studies. Interestingly, radiographic assess-
ments did not form part of the common data set recently rec-
ommended for periodontal epidemiology.®?

Potential biases in the review process

In order to minimize the risk of bias in the review process, the
review protocol was registered a priori CRD42016035581
(www.crd.york.ac.uk/PROSPERO). Screening, -eligibility
decisions, and data abstraction were carried out in dupli-
cate and independently. The search was also designed to
minimize bias, including development of a highly sensitive
electronic search strategy of multiple databases, no language
restrictions, and searching for grey literature. Sources of
potential biases were changes to the protocol during the
review process. Two post hoc analyses were included based
on the data collected. These were subgrouped by geographic
location and estimation of quintiles of attachment level
change. Since both were treated as purely exploratory, the
level of bias introduced would seem to be low.

Agreements and disagreements with other
reviews

To our knowledge, there has been no systematic review of this
topic. Progression of periodontitis has been considered in pre-
vious comprehensive narrative reviews.'%93:%* These reviews
report values of mean annual attachment level change ranging
from 0.04 to 1.04 mm. The findings from the current system-
atic review are consistent with the values, although the narra-
tive reviews included fewer studies.

Implications for practice and policy

Within the limitations of the research, the data show that
mean annual attachment level change varies considerably both
within and between populations. This finding has important
implications both for classifying periodontal diseases and for
the management of periodontal health.

In relation to classification, mean annual attachment
level change was a challenging concept in the 1999 Work-
shop on Disease Classification.” However, rapid attachment
level loss was considered a key characteristic of aggres-
sive periodontitis,® whereas chronic periodontitis showed
slow to moderate progression but could demonstrate peri-
ods of rapid progression.®® Therefore, while it was accepted
that the use of progression thresholds was problematic to
defining different types of disease, the final classification
incorporated such elements. Previous workshops have also
struggled with such issues and accepted the substantial vari-
ability of presentation of periodontitis, including progres-
sion of attachment level change.''®” Furthermore, sever-
ity of attachment loss at initial assessment (and by impli-
cation annual attachment loss at that point) can be a poor
predictor of trajectory.'!%8 A recent review of aggressive
periodontitis highlighted the variability in mean annual
attachment level progression, although the values cited are
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within those found in the present systematic review. Despite
the variability, one of the distinctive criteria recommended for
case definition was “relatively high progression rate of peri-
odontal tissues loss”.% The operationalization of such a char-
acteristic is unclear. Also, the data in the incorporated studies
represent “progression” of disease based on mean values of
all sites and do not inform the behavior or biologic mecha-
nisms of attachment level change at individual sites. This is a
significant limitation of the current research base.

The 2015 Task Force Update to the 1999 classification
enlarged on this issue.'” In relation to chronic periodon-
titis, they acknowledged a spectrum of annual attachment
level change, including a slow, continuous pattern of disease
progression, bursts of periodontal destruction around certain
teeth in relatively short periods (random burst pattern), and
many bursts of destructive periodontal disease activity at a
high frequency during certain periods (multiple burst pattern).
Age of onset (detection) was recommended as the general
guideline to distinguish aggressive from chronic periodontitis
and not annual attachment level change, although this could
provide supportive evidence. Overall, the results of this new
systematic review do not support or refute the continuing dif-
ferentiation between forms of periodontal diseases based upon
progression of attachment level change.

Prevention of periodontitis includes both prevention of gin-
givitis or if already established, treatment of gingivitis.! This
review has not sought to ask whether preventive outcomes
are different across people who will go on to follow low or
high trajectories of mean annual attachment loss. Since it is
not currently possible to screen for such tendencies, a univer-
sal approach to prevention is indicated rather than attempt-
ing to identify individuals at high risk.”” However, manage-
ment of periodontal health should also be conceived broadly
to include healthy lifestyle promotion and risk factor reduction
through the combined engagement of policy makers, health
professionals, and empowered individuals' and with an under-
standing of the impact of social inequalities.”!

Implications for further research

The unexplained high levels of statistical heterogeneity point
to a need for future studies to investigate attachment level
change. Many population-based studies collect data from six
sites per tooth and from all teeth other than third molars. This
is recommended as part of developing a standardized data
set as proposed for reporting periodontitis prevalence.®? Stan-
dardized statistical analysis will be equally important. Impor-
tant key limitations of the existing data are the presentation
chiefly of the difference in full-mouth mean attachment level
between baseline and final evaluations. Even though some
studies report little impact on the method of analysis,*? it
is recommended instead data analysis based on the change
in attachment level for each site at each time point still

present.>>4%-72 This would reduce the tendency to underes-
timate change from the loss of teeth due to periodontitis.
Employing repeated follow-up, perhaps annually, rather than
one final assessment after several years might also help to pre-
vent this effect, although this would be impractical for large
epidemiologic studies.

However, since many sites will show no or minimal change,
calculating a full-mouth mean value will both lose informa-
tion and not adequately characterize periodontal health. A
consensus on more meaningful data presentations is urgently
required and could include separate estimation of change for
regressing and progressing sites (above an arbitrary thresh-
old of for instance 3 mm) as well as the proportion of
sites affected or, if the data are normally distributed, mean
values percentile. A percentile-based analysis (on tertiles,
quartiles, quintiles, etc.) might help to dissect the within-
population variation of periodontal disease as well to under-
stand if there is a link between periodontal health and
tooth loss.

Characterizing participants at baseline by diagnosis, i.e.,
periodontitis and non-periodontitis is challenging. First, gin-
givitis and periodontitis are increasingly viewed as part of a
continuum,! and therefore an arbitrary threshold for diagno-
sis might lack validity. This is highlighted by the high preva-
lence values of at least mild forms of periodontitis which
typically affect almost half of most populations.>® Similar
difficulties exist with case definitions for other chronic con-
ditions such as hypertension, diabetes, etc. For these condi-
tions, case definitions are based on natural history/treatment
studies, where subjects beyond a certain threshold have dif-
ferent health/treatment outcomes. As an analogy for peri-
odontitis, a starting point might be to look across cohorts
to determine whether there are subjects with a certain base-
line periodontal status, who go on to lose more attachment
and teeth and then define them as periodontally “healthy” or
“severe.”

In addition to periodontal data, a consensus is required for
a standardized data set of potential modifiers of attachment
level change including certain oral microbiomes, genetic fac-
tors, lifestyle, general health, and socioeconomic measures.%?

Finally, tooth loss, as a measure of periodontitis progres-
sion requires further research. Prevention of tooth loss is
arguably the chief objective of prevention and treatment of
periodontitis and is implicit in definitions of oral health.”?
Although this parameter would potentially seem to be ideal
in terms of being an objective measure and a true endpoint
for assessing the impact of periodontal diseases,’* the many
contributors to tooth loss/retention (e.g., patient preference,
caries, dental professional treatment planning) complicate
the interpretation of the data currently beyond very general
observations. Further modelling in both existing data sets and
in future research studies might help to unravel the associa-
tions between periodontal health and tooth loss.
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CONCLUSIONS

Within the many limitations of the data, it is possible to con-
clude that mean annual attachment level change is highly vari-
able both within and between populations. The differences
in magnitude of mean annual change are clinically impor-
tant, representing progression values potentially commensu-
rate with tooth retention during a lifetime to tooth loss within
three decades. Only geographic location or ethnic status, a
likely proxy for socioeconomic position (and its associated
risk determinants), showed evidence of a statistically signif-
icant effect on mean change. Most of the substantial statis-
tical heterogeneity between studies could not be explained
from available data. Overall, the evidence does not support
or refute the differentiation between forms of periodontal dis-
eases based upon progression of attachment level change in
adults >18 years of age.
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