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ABSTRACT

Aim: The goal ofthis study was tadentify progressing periodontal sitdsy applyinglinear
mixed model§LMM) to longitudinalmeasurements afinical attachment los<CAL ).
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Methods. 93 periodontally healthy and 236 periodontisigbjectshad theirCAL measuredi-
monthly for 12 monthsThe proportios of sitesdemonstratingncreases in CAL from baseline
abovespecifiedthresholdsvere calculatedor eachvisit. The proportios of sitesreversingfrom
the progressing, stateerealso computed.MM werefitted for each tooth site and tipeedicted
CAL levels used to categorizgites regardingorogres®n or regres®n. The threshold for
progression wasstablished based on the modstimated error in predictions.

Results: Over 12 months21.246, 2.8%, and 0.3% of sites progressed, accorditigrésholds of
1, 2, and &hm“of CAL increaseHowever, m average, 4%, 644% and77.7%%6 of progressing
sites for the'different thresholdsversed insubsequent vist Conversely97.1%, 76.9% and
23.1% of sitesselassified as progressing udivgM had observe@€AL increases abav1, 2 and

3mm afters2-monthsyhile mean rates of reversal wet®.6%, 30.2% and 536, respectively.

Conclusion: LMM accounted for several sources of error in longitudinal CAL measurement

providing an improved method for classifying progressing sites.

CLINICAL RELEVANCE

Scientific rationale: Periodontal disease progressiondiagnosedbased on changes in CAL
measurements which are known to be pronertor. We used linear mixed models to account

for errosin.classifying periodontal sites regarding disease progression

Principal findings: Fluctuations in éngitudinal CAL measurements over time resdilin
implausiblyhigh proportions of sites reversing from a progressing staelinear mixed model
for each siteprovided subjectspecific predicted trendshaving patterns consistent with

periodontal disease progression.
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Practical implications. Due to high longitudinal fluctuations in CAL,uttiple measurements of
CAL over timemight be needetb reliably detect periodontal disease progression.

Conflict 'of tnterest and Source of Funding Statement: The authors declare that they have no
conflict of{interest. This study was supported by researaht YE02112701 from the National
Institute of Dental and Craniofacial Research.

INTRODUCTION

For manyears it was generally believed that periodontal diseases progresshd lieeaith a
constant, relatively slow rate of increase in clinical attachment loss (CAL). This assumpion wa
challenged when data from longitudinal studies on uniemibjectsuggestedhe possibility of

abrupt changes in CAL, leading to the competing "burst hypothesis" of progression (Goodson et
al., 1982,-Haffajee et al., 1983, Socransky et al., 19BiAre then, researchers and clinicians
have pursued different approaches to identify sites that are undergoing or will undergo
periodontal disease progressiomotivated in part by the belief that sudden changebserved

CAL datacould, be artifacts resulting frommeasurement errqHaffajee et al., 1983, Aeppli and
Pihlstrom,.1989, Machtei et al., 1993, Breen et al., 1999b).

Several methods have been proposed that accou@Aformeasurement erroAmong
such approachethe tolerance method described by Haffajee et al. in 1983 (Haffajee et al. 1983)
accoungdfor crosssectionalvariance in CAL measurement at the site, subjectpapailation
levels andrequireddata fromonly two time points.However, arecent examiation of the
reproducibility.of CAL measurement@Corraini et al., 2013)ndicatedthat measurement error
frequencies'were too high to permit the reliable detection of CAL chasgegdata fromonly
two visits thus) questioning the validity of the tolerance methadother limitation of the
tolerancemethod was that it did not take into account theersibility of changes in CAL
(Goodson et al., 1982, Harley et al., 1987, Jeffcoat and Reddy, 1991, Breen et al., 1999a).

Studies onthe reliability of longitudinal CAL measurementgdicated that theross
sectional characterization oéproducibility of CAL may not fully account for all sources of
variation in measurements of CAdver time(Espeland et al., 1991Although nethodssuch as
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linear regression analysis; running median (Haffajee et al., 1983); the cwendaith method
(Aeppli and Pihlstrom, 1989); and an individualized mtliteshold approactMachtei et al.,
1993) use datafrom multiple visits they usemeasurementsnly from the subjec¢s site to
classify progressiorignoring information from other sites or subjectbereby, theyail to take
into consideration th&ll impact of multiple sources of variation in CAheasurements the

diagnoss of periodontal disease progression.

The goal of the present study was to classify sites regarding progression of pekiodonta
diseaseshy. applying linear mixed modeléCnaan et al., 1997, Laird and Ware, 1982)
longitudinal, CAL measurements in a population of adults with different staghseafseLinear
mixed maodelsare a type of linear regression model for repeated meafegsCAL) that
include both fixed effectge.g, time, genderandrandom effects, the lattspecificto subjects

and sites.

The rationale was that linear mixed models account for multiple sources atioraiin
CAL measurements and should therefore provide more accurate classification than methods that

do not leverage this information.

MATERIAL & METHODS
Study design:

The _data presented here were obtained from an ongoasgectivemulti-center clinical
studyto sarchfor biomarkers of periodontal disease progressfononsecutive sample &29
participantswasrecruitedbetween January 2012 and April 2046four centers in the United
StatesThe Forsyth Institute (Cambridge, MA), New York University College of Dagt{few
York, NY), Southern lllinois University School of Dental Medicine (Alton, IL), armek t
University at Buffalo, State University of New York (Amherst, NParticipantsvere examined
clinically by calibrated examinersvery 2months for 12 months to monitor for periodontal
diseas@rogressiorbased orCAL measurementslhe study was approved by the Institutional
Review Board at each center prior to initiation.

Study population:

This article is protected by copyright. All rights reserved



The inclusion and exclusioeriteria can be found irthe online supporting informatign
further detailscan be obtained at ClinicalTrials.gdwtps://clinicaltrials.gov/ct2/homeainder the
identifier NCT01489839.

Standard deviations of duplicate measures of CAL and intra-examiner reproducibilit

From 29,189 replicate stgpecific CAL measurementfom the 329 participants’
baselinedata we computed the average standard deviation (SD) of Wigiin each subject and
across subjects. Data obtained from 16 clinical examiners based on 318,237 replicate measures

across all yisitsvereused to calculate intraxaminer agreement.
Clinical Examination

Periodontal assessments perforroaceach subjedncluded up to 168 sites per subje@t (
sites per tooth mesiobuccal, buccal, distobuccal, mesiolingual, lingarad, distolingual for up
to 28 teeth.exeluding third molars) and included: presence or absence of gingivalsraddes
plaque;prebing.dept (PD); measurement of distance from the cementoenamel junction (CEJ) to
the free gingival margin (B measui@) case of recession, a negative value was assigGéd)
(calculated by subtracting the B measure from thg BEsence or absence méaque, gingival
rednessBOR.,and suppuratiorPD andthe B measure were measurading a North Carolina
manualgperiodontaprobe (PCPUNC 15 Hériedy Co, Chicago, IL), rounding dowto the
nearest millimeterand at premolars andthe first and second mats these variables were
measured.twiceCAL was calculated for each pass by the electronic data capt{EDG)
system. Ifsthe difference between the 2 measuremer# wiasg the examiner was prompted
by the EDCto"obtainPD andthe B measure a third time. The median CAmongthe 2 or 3

passesvas used for analysis.
Rescue Fherapy:

Subjects with>6 sites with cumulative loss of attachmefitmm from baselineluring
monitoring phasehad their monitoring interruptednd proceeded ttreatment. Participants
displaying=4 mm of CAL increase at a given siteeceived periodontal rescue therapysath
sites and continuewith monitoring. After the monitoring phase, periodontally healthy subjects
received professional dental prophylaxis and exited the stwihgreas participants with

periodontal disease receivednsurgical mechanicaleriodontal therapy.
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Subjects and Sites Included in Analyses:

The datasetsed in this report consisted participantswho had enrolled in the study up
until April 12, 2015. Participants that had their monitoring interrupted due to rescue therapy were
excluded.rlf a subject received rescue therapy in some but not all sites, data for such sites were
removed fromiytheanalyss and the subjectvas otherwise retained in the analysis for any
remaining-sitesin=addition, sites with extreme variations in CAL (i.editierencebetween the

minimum CAL and maximum CA:5 mm) were also excluded.
Data Analyses:

The_ analyseproceededn three stagesve 1) calculated th@bserved proportion of sites
with progression and regressiancording to different threshold) performed aralternating
logistic regressiom (ALR) implementation ofthe generalized estimating equat®i(GEE)
procedurdo assessvhetherthe proportion of progressing sitelsange®ver time and 3) applied
linear mixed modeldo predict subjeespecific trends in CALfor each siteand from which
classifications.of progressicand regression we made Statistical significancevasdefined as p

<0.05 throughoutAll statistical analyses were conducted using $a8&ftware.

Stage.l— The observegroportion of sites with changes in CAlom the baseline values
greater@requdb 1, 2 and 3mm, respectively, were summarizéat everyvisit in each clinical
group separatelyln addition, we alsssummarizedthe proportion ofprogressedsites with
reversals at,thgubsequent visifi.e. being progressed a visit j, and then-paoigressed at visit
j+1). For these, calculations, missing data points in the observed CAL measurements were
imputed by“EOCF (lasbbservatiorearriedforward) from the previous visit. In contrast, all
linear mixed models and the GEE analysis described below were condudtedtwitputation
of missing:dataspoints.

Stage 2= The ALR (Carey et al., 1993nplementation ofSEE for populationaveraged
modelingwas performediusing all the sés simultaneouslyo assessvhetherthe population-
averagedgoroportions of observed CAincreases1mm from baseline to 2, 4, 6, 8, 10, and 12
months changed over timewhile adjusting for disease cohort (healtmyild, severg For

additional details on this model refer to thrdine supplementary appendix.
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Stage 3-For each of the 168 tooth sitesseparatéinear mixed effects modé€Laird and
Ware, 1982, Holditctbavis et al., 1998ith a cubic polynomial for time (months) wasdittto
guantify thecourseof progressionwithin individuals Specifically, the model for CAL the

value of attachment loss from thsubject at timet (fort = 0, 2, 4, 6, 8, 10 or 12 months) is

CAL; = B, + byt + B1Age + BFemale+ BbCAL; + (B, + by)time+ (Bs + by)time” + Bgtime?
+ B, X bCALi2+ BsAge x time +BgFemalex time +f;bCAL,; X time +g;

The model includes fixed effects for age, gender (with males as the reference group), time, time
squared and timeubed, the two-way interactions age by time and gender by time, mean baseline
CAL for the subject (bCAD and its square, as well as the iatdion of bCAL; and (linear)

time. The fixed effectand theirparameters o,...,p10, define the populaticaveraged regression.

This is a fairly; rich model for fixed effects with respect toclusion of polynomial and
interaction.terms The rationalewas to account for betweembject variabilityand thereby
reduce error.in.the prediction stibjectspecific trendswhich in turn should improve accuracy

of classification of withirsubject change. To this end, the model additionally includes random
effects lyi, byj,"and b; for subjects, time and timsguared, respectively; these and the random
error term giyare independent and normally distributed with unknown variances. The random
effects eomponent for each subject is the difference between the subject’s regression and the
populationaveraged regressiqihe latter determined from fixed effectgjhis random effects
componenis. a measure of how progression of periodontal disease at the sacfasubject
systematicallydiffers from thetypical cairse of progressionin the whole population after
accounting“for age, gender and baseline CAL. Furthermore, each tooth edtehasubject has

his or herown regression curve faCAL given by the sum of the fixed effects and random
effects components. From the subjspécific curves generated from tlegressiormodels (one

model persite)y predicted values@AL werecomputedat baseline and at 2, 4, 6, 8, 10, and 12
months for.each site and persbfodel assessment was basedl@RPRESS residuajye which

is the difference between observed and predicted @A the ith subjectat the tth visit based

on the fit of'the model that leaves out that subject. The prediction accuracy iofetirenhixed

model for each site was calculated using two summaries of PRESS residuals, the Predicted
Residual Error Sum of Squares (PRESS) statistic (Liu et al. 1999) andithedfSAbsolute
Predicted Residual Errgreach divided by the total number of observations across all subjects
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and visits for the siteThesestatisticsenable identification of sites whepeediction of CAL is
bestandwhere it ispoorest(for additional details, see online supplementary material)

We developed a thsholdfor progression empirically based on the prediction standard
errors from a second series of linear mixed models (again, one per site) fitted to ACALj;, which
is the change,in CAL value from baseline to tangor t = 2 4, 6, 8, 10 or 12 months) for
subjecti. These models are identical to the models described abreept that the outcome is
ACAL; "The“threshold for change wassedon the 75" percentile of thedistribution of the
standard errors for subjespecifc predicted ACALj Sites were then classified as progressing
based on the jpredictions from the first series of linear mixed models th@nghreshold
established frem the second seris.particular, onsidering that théhalf-width of a 95%
prediction‘interval for predictexdCAL is 1.96Q;5 (mm), we grouped sites based on changes in
pCAL (ApCAL) into: 1) regressing siteafCAL <-2Qys); 2) stable sites2Q75 <ApCAL <2Qy5
mm); 3) intermediate site2Q;s <APCAL <4Q;s mm); and 4) proggssing sitesApCAL >4Qys)
(for additional.details on this model, see online supplementary matéiia)high thresholaf
4Q;s for progression was motivated by the desire for high specificity in the clagefficaf

progression operiodontitispotentially at the expense of lower sensitivity.

To show, the effect of classification of sites based upon linear mixed model prediction,
the mean-ebserved and predicted CAL values were calculated at each visit across all sites and
subjects within each aagory of disease progression. In addition, the observed proportion of sites
with changes“irobservedCAL from the baseline values greater or equal to 1, 2 and 3 mm,
respectively, were summarized for every visit in each site category of progres&oalso
summarized the proportion of progressed sites with reversals at the subsesjudit illustrate
further the fluctuation of CAL over time for individual sites and the smoothing effect of the
linear mixed=model on the profile of longitudinal cheagn CAL measurements, we selected a
participant(subject X) with a large number of sites (n = 30) with increase ixThin from
baseline to 12 months. The observed and estimated values for CAL over time and the

longitudinal changes in CAL were then plotted for every progressing site.

RESULTS
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Out of the 533articipantavho attended a baseline vi$t, subjectfhiad their monitoring
interrupted due to rescue therapyhile 350 had already completed the -f#bnth monitoing
(Figure 1) Out of these21 were excluded because of a change in examiner, irgsutt 329
participantsin the final analysis. Periodontally healthy subjetéshded to be younger, more
likely to be female, and to have fewer missing teeth than subjectsmadtior severe periodontal
loss(Table,1).0ne can alsobserve that subjects in the Healthy category presented less plaque,
gingival” redness, BOP and suppuration than the periodomfitsps. However, subjects
classified as™periodontally healthy” were not necessarily periodontallyt mt@chad an average
CAL of 1.2 mm. This was the result of our inclusion criteria, which allowed foptégence of
recessions; with the intent aellowing for therecruitment of older subjects in this category.
Among theseaticipants 48 sites wereexcludeddue to a fluctuation in CAL greatthan 5 mm
and 107sites were excluded due to rescue therapy fional number of 52,444&ites included in

analyses
Standard dewviations of duplicate measures of CAL and exaainemreproducibility:

The subjectevel mean SD of duplicate measures was 0.26 mm (range 0 to 0.79 mm).
The intrasexaminer agreemerfor the 16 clinical examinerswas: exact greement (+ SD)
66.2% (+ 6.80) of the time andagreemenwithin 1 mm- 95.9% (+ 2.36).

Proportion of sitesvith progression anceversals

A total.of 2,192 sites42%) that had missing CAL data points had data carried forward
from the previous visit in @afirst (descriptive) stage of the analysi¥ithin 12 monthspverall,
21.2, 2.8, and 0.3%f sites progressed according to the thresholds of 1, 2, and 3 mm,
respectively.The proportion of sites that progressed according to simple threshotdased
over timey withsa high proportion of reversals, irrespective of the dsiigninresholdand the
clinical greupw(Table 2)The data indicate a higher proportion of progressing sites in the
periodontal-disease groups compared to healthy subjects for all 3 thre3h@&dwoportion of
sites reversing was relatively independent of the duration of fallpwthough the proportion of
sites classifiedyas reversing within a given time period increased greatly as the progression

threshold increased.

This article is protected by copyright. All rights reserved



Alternating logistic regessiors:

All three groups— healthy, mild and severe periodontal diseasexperienced a
statistically significant increase in progression of periodontitis over time (Figure 2). Additional

results and.interpretations are presentetieronline supportingnformation
Linear mixed modelfor CAL measurements:

The=distribution of mean valudse. minimum, 28 quartile, median, 7% quartile and
maximum)fersthe PRESS statiss and absolute value ®RESS residualfor each of the 168
sites measured wer@:51; 0.79; 0.95; 1.22; 2.12 and 0.53; 0.64; 0.71; 0.79; 1.06, respectively.
The latter set.of results indicate that for the site with the best prediditen445 the average
absolutePRESS residuatas 0.53 mm. &t the site with the wrst predictiongite 273, the mean

lack of fitwas 1.06 mn{see online supplementary material for additional details)

From.the linear mixed moddbr changes in CALthe 7%" percentile forthe standard
errois d prediction wad.238 andhe width ofthe 95% prediction interval for predictad AL
0.47mm(seeonline supplementary material)Jsing this thresholdto classify sites according to
their progressingtate progression occurreth 0.2%, 0.9%, and 0.7% of the sites for healthy,
mild and severe subjecf$able3). Line plots of meawbserved and predict&d€" AL (+ SD) for
sites insh€ four categories gbrogressionllustrate how the classification scheme resulted in
distinguishable patterns of changes in CAL for both observedpesttictedvalues of CAL
(Figure 3).».The proportion of progressing and reversing sites based on observed CAL
measurementstratified for the 4 categories of progressimvealedthat progressing sites had
the highest™proportions of sites crossing the threshtddsCAL change and the lowest
percentages of reversal from the progressing state (TalBmd can also observe that for the 1
and 2 mmythresholds, the rates of reversals decreased over time in progressing sites.

Using all sites from a single participasubject X)with change$2 mm at 12 months to
illustrate, plotting the observed CAL measurements or their changes from baseline does not
distinguish profiles for the different sites (Figur@$sa and 34, respectively). In contrast, the
linear mixed model smoothed tHengitudinal profiles of CAL measurements, helping to
differentiate profiles from different sites (Figure cd1Plotting changes in pCALAPCAL)

values revealed distinct patterns of change. For instance, the three curves that had the greatest
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change in pCAL, including the one highlighted in red, were the only 3 classified as being
progressed based on the linear mixed model approach (Figure S1d).

DISCUSSION

The use 'of linear mixed models to predict periodontal disease progression showed several
advantagesverstraditional methods described in the literature. First, the linear mixed models
could be applied to all visits from all subjects simultaneously whileuating for variation in

CAL measurements within subjects over time and between subjects. Sigcifig intoducing
subjectspecific,intercepts, slopes and quadratic trer(@de. random effects)the models
accountedwforstheandom fluctuations in CAL measurements over time, while providing
smootted predicted profiles of sHgpecific changeni predcted CAL for each site The
predictions were additionally based on “fixed effgctghich are similar to the more familiar
coefficients from standard linear regression models. In particular, the model adjusted for
potential influences on CAL changes from age, gender and baseline mean CAL (subject level)

differences:

Using.a cutoff based on the standard errors of predicted change of CAL, weedassifi
small percentage of sites as progressing. Although we cannot verify the biologicalical cli
accuracy of this classification, this proportion agrees with literatuygesting that periodontal
disease pregression affects a very small percentage of examinedLBitise et al., 1983,
Lindhe etzal., 1989, Papapanou et al., 1989, Hddyfield et al., 2003, Schatzle et al., 2003)

Also in accerd with the literature, we classified as progressing a higher percentage of sites in

subjects withversus without periodontitis (Loe et al., 1986).

Different approaches in the literature have been used to overcome the influence of error
in measurement of CAL in classifying periodontal disease progression @¢atajal., 1983,
Aeppli and Pihlstrom, 1989, Machtei et al., 1993). Most strategies focus on identifying
thresholds of change in CAL that would compensate for variance in CAL assessagents
determined by pairs of crosgctional measurementdowever, given the higlevel of errors in
CAL measurements in periodomitsubjects, detection of changes in CAL are subjectéigto
rates of falsepositives(Corraini et al., 2013)Anotherweakness of this approach is liack of

accouning for longitudinal sources of variation in CAL meurementgEspeland et al., 1991)
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An additional challenge is that apparent longitudinal fluctuation in CAL that is partly due to
measurement error may be indistinguishable from actual reversal in Ailustrated by the
high proportion of sites demetrating reversal after crossing the threshaf8l min of CAL
increase in our_ dataset, raising the threshold for progression does not avoid sssweseml
with reversal.of changes in CAand in fact was associated with a hmlerall proportion (70
80%) classified‘as reversing within any time interval

Indeed, oe of the first questions raised aftee detected relativellgigh rates of reversal
was if disease progressitvad occurredat all in ths population. Taglobally address this issue
we tested.ifthe proportion of sites crossing certain thresholds of increases in viAild
accumulate over timéhe use ofalternating logistic regressiomsovided strong evidendhat
the percentage of sites with increases in CAL accumulated oveintiatleclinical groups That
the apparenhigh rate of reversal did natullify increases in CAlLsupports the notiohat
disease progressidruly occurred Noteworthy when the proportions of sitesossing the preset
thresholds“ef*CAL increase and treges of reversal were computed for siasitifiedin the 4
categories of progression, progressing sites had the highest proportions ofosisasycthe 3
thresholds of increases in CAL and the lowest rategwadrsal These results indicate that our
classificationef progression was able to identify sites with a high likelihobdwhg undergone

“irreversible”progression.

Because the diagnosis of periodontal disease progression relies on chadjds, in
which are known to have many sources of ef@worraini et al., 2013)we made every effort to
minimize ‘the error inthe CAL measurementsValues for the average standard deviation of
duplicate sitespecific CAL measurements reported in the literahaeevaried from 0.63 mm
(Zappaset-als=1991fp 0.84 mm (Goodson et al., 1982)ur results compad favorably with
these figureswith an overall mean SD of replicate CAL measurements of only 0.28 mm. This
could be partly explained by the inclusion of periodontally healthy subjecthis study
population(most studiegxaminedonly subjects wittperiodontiti anda lowerlevel of disease
in the Subjects with periodontitisSome investigatorshave reported intraxaminer CAL or
relative attachment levelgreement1.0 mm for replicate measurements of CAdarying from
93% (Baelum et al., 19930 97% (Chambers et al., 1991)e obtained96% intraexaminer
agreement within 1 mm.Further longitudinal followup of examiner reproducibility

demonstrated no drift in intraxaminer agreement over time.
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The approach deribed here is not withoshortcomingsPerhaps the main limitation of
the analysis was that it was impossible to determine the diagnostic reliabilibe giroposed
method,as the true diagnosis of disease progression remains unkiovact, because we
cannot separate biologically or clinically meaningful fluctuation from measurement error, it is
possible that.we smoothed relevant changes in CAL along with noise. This problem is not unique
to the proposed approgchnd we anticipatethat as the field accrues more wedlllected
longitudinal“data, we can begin to develop gold standard measures of progrEssibar,
computational“difficulties associated with model complexgpecifically with respect to the
number of variance compomis requiring estimationprohibited the simultaneous fitting of all
sites.Fully Bayesian model estimation may circumvent these difficullesethelesshe linear
mixed modelapplied to individual sitedeveragedrepeated measurementiata from all
participantsandishouldetter account for errors in CAL measuremehés previously proposed

approaches.

In summary the linear mixed model accounted for several sources of error in longitudinal
CAL measurement with the goal of enabling a more acculatgification of progressing sites.
The results corroborate previous investigatiormuggesting that the diagnosis of disease

progression‘based on a pair of visits is prone to a high rate opiadgeres.
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TABLES:

Table 1. Demographicand clinical parameters of study subjects in the 3 clinical categories
periodontally healthy subjects, subjects with mild periodontal loss and subjictsenvere

periodontalloss

Clinical Groups

Healthy Mild Severe Total
N of subjects (sites) 93(15,260)  113(17,822) 123(19,359)  329(52,441)
Ne Male/Female 24/69 46/67 61/62 131/198
Age (years;imeanit SD) 38+13 52+12 49+12 47+13
Ne AA/C/Other/ND 17/51/23/2 20/72/12/9 50/64/4/5 87/187/39/16
Ne of Missing Teeth (mean £SD) 0.6+1.2 1.5+15 1.5+1.6 1.3+1.5
pocket depth (mm; mean +SD) 1.7+0.3 2.3+0.3 2.8+0.5 2.3+0.6
clinical attachment level (mm; mean +SD) 1.2+0.4 2.2+0.5 2.6+0.7 2.1+0.8
Percentage of sites per subject with:
plague (mean £SD) 50+ 23 64 +22 71+21 63+ 25
gingival redness (mean +SD) 27122 52+26 65+ 24 50+ 28
bleeding on'prebing (mean + SD) 19+20 34+20 54 +24 37+26
suppurations(mean + SD) 0.03+0.15 0.01+£0.07 0.12+0.34 0.05+0.23
Ne of sites/subject
<4mm (mean + SD) 164+ 8 141+12 120121 140+ 23
4-6mm (mean,t SD) 0.5+£1.2 169 34+15 18+17
>6mm (mean.xSD) 0 0.7+1.8 27144 1.3+3.1

AA - AfricansfAmerican
C- Caucasian
ND - Not disclosed
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Table 2: Observed percentage of sitgith progressiorand percentage girogressedites with
reversals athe subsequent visit (i.e., no longer being in the state of progredsam®@d on
changes in CAL from baseline greater than or equal ®dnd 3mm at eachvisit; data for all

subjectsand stratified for the 3 clinical groups

Threshold of change in CAL

Cohort Visit 1mm 2mm 3mm
Progression Reversal Progression Reversal Progression Reversal
2 months 14.4% - 1.5% - 0.1% -
4 months 17.6% 45.6% 1.9% 67.0% 0.2% 72.0%
6 months 17.7% 44.4% 2.2% 64.9% 0.2% 83.9%
Overall "8months 18.6% 42.5% 2.1% 68.6% 0.2% 80.9%
10 months 19.9% 39.3% 2.6% 59.8% 0.3% 69.3%
12 months 21.2% 38.3% 2.8% 61.7% 0.3% 82.2%
Mean: 18.2% 42.0% 2.2% 64.4% 0.2% 77.7%
2.months 10.6% - 0.4% - 0.01% -
4:months 13.2% 49.0% 0.5% 67.0% 0.02% 100.0%
6 months 15.5% 37.0% 0.8% 66.0% 0.04% 100.0%
Healthy 8 months 15.6% 42.0% 0.7% 69.0% 0.02% 100.0%
10 months 16.3% 38.0% 0.9% 62.0% 0.01% 67.0%
12'months 17.9% 36.0% 1.1% 63.0% 0.01% 100.0%
Mean: 14.9% 40.4% 0.7% 65.4% 0.02% 93.4%
2 months 15.0% - 1.8% - 0.2% -
4 months 18.7% 43.0% 2.2% 67.0% 0.3% 59.0%
6 months 18.2% 46.0% 2.6% 63.0% 0.3% 84.0%
Mild 8 months 19.4% 42.0% 2.6% 67.0% 0.3% 86.0%
10.months 20.6% 38.0% 3.1% 55.0% 0.3% 69.0%
12:months 22.7% 37.0% 3.4% 56.0% 0.4% 80.0%
Mean: 19.1% 41.2% 2.6% 61.6% 0.3% 75.6%
2 months 16.8% - 2.1% - 0.2% -
4 months 20.0% 46.0% 2.8% 67.0% 0.4% 78.0%
6'months 19.0% 47.0% 2.9% 66.0% 0.3% 83.0%
Severem =8months 20.3% 43.0% 2.8% 70.0% 0.3% 75.0%
10months 22.0% 41.0% 3.6% 64.0% 0.4% 70.0%
12 months 22.5% 41.0% 3.6% 66.0% 0.5% 83.0%
Mean: 20.1% 43.6% 3.0% 66.6% 0.4% 77.8%
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Table 3: Numberof subjectsandnumber angercentage of sitgen parenthesisfor each of the
4 categories of progressifmom baseline to month 1&ith classifications based on linear mixed

model predictions of CAL for subjects in the 3 distinct clinical groups.

Categories of Progression

Cohort Regressing Stable Intermediate Progressing Total

Healthy 35 (85;0.6%) 93 (14,149;92.7%) 89 (992; 6.5%) 20 (34;0.2%) 93  (15,260; 100%)
Mild 89  (616; 3.5%) 113 (15,817;88.8%) 109 (1,237;6.9%) 62 (152;0.9%) 113 (17,822; 100%)
Severe 114 (1,217, 6.3%) 123 (16,695; 86.2%) 121 (1,306;6.8%) 65 (141;0.7%) 123 (19,359; 100%)
Total 238.4(1,918;3.7%) 329 (46,661;89.0%) 319 (3,535;6.7%) 147 (327;0.6%) 329 (52,441;100%)

Thresholds for categories of progressibnregressing site\pCAL <-0.47 mm); 2) stable sites
(-0.47 mnE ApCAL <0.47 mm); 3) intermediate sites (0.47 mm <ApCAL <0.94 mm); and 4)
progressing SiteAPCAL >0.94 mm).

Table 4: Observed percentage of sites with progression and percentage of progressed sites with
reversalsathe“subsequent visit (i.e., no longer being in the state of progression) based on
changes in CAL from baseline greater than or equal to 1, 2 and 3 mm at each visit and stratified

for the 4 site categories of progression.
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Threshold of change in CAL

Progression

Visit 1mm 2mm 3mm
Category - - -
Progression Reversal Progression Reversal Progression Reversal
2 months 9.5% - 1.9% - 0.2% -
4 months 6.0% 69.0% 0.8% 72.0% 0.2% 75.0%
6 months 3.1% 76.0% 0.6% 71.0% 0.1% 100.0%
Regressings=m8 months 1.0% 90.0% 0.1% 100.0% 0.1% 100.0%
10 months 0.3% 100.0% 0.0% 100.0% 0.0% 100.0%
12’months 0.0% 100.0% 0.0% * 0.0% *
Mean: 3.3% 87.0% 0.6% 85.8% 0.1% 93.8%
2:months 13.7% - 1.2% - 0.1% -
4. months 15.7% 48.0% 1.4% 73.0% 0.1% 85.0%
6 months 15.0% 50.0% 1.3% 75.0% 0.1% 92.0%
Stable 8 months 15.0% 51.0% 1.0% 84.0% 0.1% 100.0%
10 months 15.7% 50.0% 1.1% 84.0% 0.1% 96.0%
12 months 16.8% 50.0% 0.9% 89.0% 0.0% 95.0%
Mean: 15.3% 49.8% 1.2% 81.0% 0.1% 93.6%
2 months 25.4% - 4.7% - 0.5% -
4months 47.0% 24.0% 8.2% 51.0% 1.2% 44.0%
6 months 58.1% 22.0% 11.5% 51.0% 0.9% 88.0%
Intermediate 8 months 71.4% 16.0% 14.6% 54.0% 1.3% 86.0%
10 months 81.4% 12.0% 20.2% 48.0% 1.7% 70.0%
12 months 86.7% 12.0% 22.8% 55.0% 2.3% 90.0%
Mean: 61.7% 17.2% 13.7% 51.8% 1.3% 75.6%
2 months 29.8% - 7.0% - 1.6% -
4 months 51.9% 25.0% 22.2% 41.0% 3.2% 60.0%
6 months 71.8% 13.0% 33.9% 33.0% 7.6% 40.0%
Progressing 8 months 84.5% 9.0% 50.3% 33.0% 12.0% 46.0%
10 months 92.3% 3.0% 59.2% 27.0% 16.1% 50.0%
12 months 97.1% 3.0% 76.9% 17.0% 23.1% 69.0%
Mean: 71.2% 10.6% 41.6% 30.2% 10.6% 53.0%

*There were'nesprogressing sites at 10 months and, therefore, no subsequent reversal

FIGURE LEGENDS:

Figure 1."Flow chart of subject recruitment for the study: 2,533 subjects were telephone
screenedsfor this study; 1,072 subjects were enrolled (consented) in the study; 549 enrolle
subjects weretdeemed eligible for the staéter clinical screeningand 533subjects aénded a
baseline visit. Of thos&1 subjects were moved to the treatment phase due to rescue therapy and
350 subjects completed their-tibnth visit by April 12, 2015. Twenty one of these individuals

were excluded due to change in the examiner during the monitoring phase, resulting in 329
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subjects (93 periodontally healthy; 113 with mild periodontal loss and 123 with severe

periodontal loss).

Figure 2: Plots of probabilities tha&tCAL > Imm against time for the three disease categories :
periodontally healthy, mild periodontal loss and severe periodontal loss, calcukitey

alternating.logistic regression

Figure 3. Line plots of mean changes in clinical attachment |@$3AL) for observed and
predictedvalues over time for sites grouped in the four categories of progresseonifadhe
linear mixed'models: Regressird.,918 sites from 238 subjects; Stablé6,661 sites from 329
subjects; intermediate 3,535 sites from 319 subjects; and Progressii827 sites from 147
subjects. Whiskers indicagtandard deviation.
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