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Abstract

Aim: This study was conducted to determine periodontal changestmenopausal breast cancer
(BCa) survivors.using aromatase inhibitors (Al) as compared to postmenopausal wahaarn ®Ca.
Methods: An 18 month prospective examination of periodontal health in postmenopausal women (29
receiving Alrtherapy; 29 women withoBCa) was conducted at University of Michigan.
Comprehensive periodontal examinations includilvgolar bone heigh®BH) were conducted at
baseline, 6;"12"and 18 months. Bisphosphonate, vitamin D, and calcium supplementation vied collec
via chart eview. Linear mixed modslwereutilized to investigatéhe relationship between Als and
periodontal measures.

Results: Al _users had significantly, deeper probing deptiwedental plaquand clinical attachment
lossas compared toontrols at the 6, 12, and18 month study vi$ts0.05). ABH loss wasseen over

time within Al group. The linear mixed model showed a significant effect of time as walhas

interaction between aromatase inhibitor use and calsuyplemenstatis. Al users t&ing calcium
experienced less ABH loswer the study thaAl usersnot takingcalcium(P=.005).

Conclusion: Aromatase inhibitotherapy has a negative impact on the periodontal health of
postmenopaus@Capatients. Calcium supplementatiappears to mitigatdBH loss in women on

Als.
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Clinical Relevance

Scientific rational for the study: Aromatase inhibitofAl) use is associated with severe and rapid
depletion of estrogen and is known to accelerate osteoporosis within breasipediects. Estrogen
deficiency has been shown to impact periodontal heHtibeffectof Als on perbdontal health is

understudied.

Principal findings: Periodontal measures including clinical attachment loss, periodoatahg along
with inflammatory salivey biomarkers increased over 18 month#btlise in early stage breast cancer

patientscompared to postmenopausal controls.

Practical implications: This study indicatethat breast cancer patients should be regularly monitored

for periodontal healtchangesluring and after angstrogen therapy.

I ntroduction

Breast cacer(BCg) isthe most common canceifecting USwomen In 2016, arestimated
232,670 women:will be diagnosed witbwcases of invasivBCa(American Cancer Society 2013).
Although incidence oBCais high, the 5 yeagurvival rate $ nearly 90% (Anderson et al. 2002he
large number ofvomen affead by BCa, and the high survivaltemakes cancer treatment toxicities a
public health concern.

The majorityof BCasare dagnosed in postmepausal women. Approximately 75% of these
cancers express the estrogen rem@mtogesterone receptor and are congidbormone receptor
positive (HR+) Anderson et al. 2002). Adjuvant endocrine therapy (whereby estrogen signaling is
disruptedyeduces the riskf BCarecurrence. Aromatase inhibitors (AEe the preferred agent in
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postmenopausal women with HB€a (Bursteinet al.2010).Side effects of Alsesult fromrapid
decreases in circulating estrogéastellet al.2008).

The depletion of estrogen in postmenopausal women hasabseciated witlskeletal and
alveolar bone loss (Ramesh et al. 2010)oreover, aelationship between skelethd mandibular
bone mineral.densittBMD), hormones, and markers of bone resorptias been demonstrated
(Makker et al. 2012).Low skeletal BMDcorrelats withalveolar bone loss and clinical attachment
loss placing‘poestmenopausal women with osteoporosis at a greater risk for paliddeaise
(Vishwanath'etal. 2011, Sultan et al. 2011).

Bone mass imfluenced bymultiple factors, includindperedity and the availability of calcium
(Hildebolt 2005)»Vitamin D and calcium supplementation have been associated with improved
periodontal healthhowever, previous studies show conflicting results (Hildebolt 2B@%ciaet al.
2011, Miley et al} 2009).Both calcium and vitamin D are pivotal in the process of bone
mineralization and the prevention of osteopordsisthermorelow levels of vitamin Oncrease
vulnerabilityto infectious and inflammatorgiseasesuch as periodontiti€&sarciaet al. 201}

Multiplerstudies have shown a positive relationship between bimnadetected in the saliva
and thedifferentsstagesitiflammation, collagen degradation and bone turnowgoeriodontal disease
status(Ramselier et al. 200%iller et al. 2008. Interleukin (IL)IL-a, IL-1b, IL-6,andtumor necrosis
factor o (TNF-a) have been associated with periodontal probing depitisleeding on probing
(Salminen etl. 2014 0zcaka etl. 2011) Alveolar bone losss associated withatrix
metalloproteinase (MMPg, MMP-9, csteocalcifOCN), odeoprotegerin (OPGInd stromal cell
derived factor1:(SDF-1 or CXCL12) (Salminen et al. 2MHaens et al2008). In postmenopausal
women low esteocalcin levetsd IL-6 havebeen associated with periodontal chan@eslon et al.
2007, Strekus et al.997). Currently, little is known about the oral side efteof Al. The objective of
this 18 month investigation was to determine changes in the periodontium in postmenopausal BCa
patientsundergoing Al treatment througfinical parameters, salivary bone biomarkers, and
radiographic.examinations. In addition, we examined the impact of bisphosphonate, vitame¢h D
calciumsupplementation on alveolar bone heigkiBH).

Methods

This study was approved e University of Michiganlinstitutional Review Boardnd conducted
from April 2009 to September 2013. Written informed congeior to enrollment of all participants
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was required The authors have followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE}trategies outlined for the reportingaifservational studies (Von Elm
2007).

Observations were conducted overl@monthperiod in aprospective cohort desigof 29
postmenopaus&Capatients treated witAls ard 29 postmenopausabntrols A detailed description
of the study protocol and baseline findivgaspreviouslyreported( Taichman et al2015). In brief,
postmenopausal'women with and withB@adiagnosishaving at least5 teethwere recruitedrom

the University"of‘Michigan Hospital, Ann Arbor, Michigan CBpatientshadhistologially confirmed
diagnosis of BCaStage 0, 1, Il, or 11l with no evidence of metastatic diseasenemeundergoing
treatment with@an Al (Al could be anastrozole,regstane or letrozoleJhe comparison group was
postmenopausal women without a BCa diagnosis. This comparison group wastchogestigate
how Al therapy might disrupt oral health from the “healthy normal” of the general populBtien.
control groupwas recruited at thbospital’'s Breast Imaging Clini®Women using chronic medications
that wereknownto affect the periodontal states having conditions such as uncontrolled diabetes
(Alc, >7.2)werevexcludedBoth groups used oral bisphosphonates oilairpotency The patient

recruitment and-followup flow diagram is shown in Figure 1.

Clinical and Radiographic M easur es

Examinatiton Procedures. Dental examinations were conducted at baseline, 6, 12, and 18 months by
two trained and calibratezkaminerdlinded to the cohort’s group status. A comprehensive

periodontal examination, including periodontal pocket d€ipi), clinical attachment levelsCAL),

bleeding upon probin@BOP), and dental plaqueas condcted on all teetfor each subjecClinical
measures werestaken usiagJniversity of North Carolina periodontal praléu-Friedy, Chicago IL)

on 6 sitesspertoot D was the distance from the free gingival margin to the base of the sulcus/pocket
that could"be"probedhe loss ofCAL was defined as the distance in mm from the cemengémnel
junction(CEJ)to the base of the periodontal pocKeistance was recorded to the next lowest

millimeter. BOP.and dental plague were recorded as prészme of 1) or absent (score 9f O

In order to.calibrate and set the measurement scale, vertical measurements of the inserted step wedge
were taken from 5 separate radiographs.

Standar dized Radiographs. Two periapical radiographs, each positioned to visualize the premolar
area in the mouth, wertaken using Bpeed #2 size intraral film at baseline 12, and 18 montAdl

films were taken using the method described by Zaki and colleagues (Zaki, eb)al 201
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Utilizing the standardized radiographs, the presence or absence of alveolar bomerltisne
was determined using theage J software program. Linear measurements betwee@ Bior
restoration margin, and the alveolar crest of first molars were madeelmieal2 and 18 months
radiographs. Two separate lineaeasurements were taken attiafie points, and the average of both
measurements,was recorded. All radiographs measurements were pelprangdgle calibrated
examiner(l.E.). Im order to set the measurement scale, vertical measurements of the step wedge were
taken from 5'separate radiographs. The average of the measurements determined the distance in pixe
value.The rreasured known distance of the step wedge was 5.0mm and the pixel agpaegat0.

Unit of lengthwasrecorded imillimeters.

Saliva Coallection: To determine whether Al therapy increases bone remodeling biomatkets,

IL-18, IL-6, [L-8,1L-10, IL-17, IL-18, as well agNF- o, CRP , MMP-8, MMP-9, OCN OPG,

VEGF, SDF-1 or CXCL12were examined in the saliva of Al and non Al users at baseline, 12 and 18
months.Whelessaliva (unstimulated) was collectedm all participants at baseline, 12 months and 18
months threugh=passive drooling into a sterile plastic tube. (Mandel et al $316a collection was
conducted until eittr 2ml was collected amp to15 minutesProtein biomarker levels in the saliva
samples weranalyzed using austom human arralgased multiplex sandwich ELISA systa®

previously reperted (Quantibody Human Cytokine Custom Array, RayBiotech, Norcross, GA.).

Questionnaire: Self-report questionnairesere usedo collect data on sociocultural-
demographicsdental care utilization, histof periodontal cleanings, dental insurance status,
behavioral factors (smoking, home care frequency) and the use of bisphosphonatesDyitnd
calcium(Yes/No)prior to the oral examination atich study visitPatient charts were reviewed to
extract information regarding cancer diagnosis, diagno$es dancer treatments, all other medical
conditionsgands«verify the medication list including vitamin D, calcium, and bisphosphaoset

Statistical Analyses: Data analysis was performed using the statistical package IBM &#§6n 21
(IBM SPSS,2012). Betweengroup differences ineimographic, behavioral characteristic and
periodontal measures weassessedt each time point farsing either an Xtest of associatiofor
categorical measures an independent sampléstfor continuous measure®aired itests weraised
to investigate withirgroup changes over tinier ABH, CAL, PD, and BOP Bonferroni adjustments
wereappliedas appropriateLinear mixed models wengsedto investigate thempactof Al use over
time along with calcium, vitamin D and bisphosphonate status on petadmricomesThis
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modelling approach allowed for incomplete data due to loss to follow up (without any fiimpatia

missing values) and provided valid estimates of treatment differences under the assumption that such
data are missing at randoRotential confounders incleddental insurance status, igtory of

periodontal cleanings amqmevious chemotherapy treatmeftbackwardstep selection was used to
determine the.final modelnteractios between Al and calcium statuere testedAs Al severely
diminishes estrogen, negatively impacting bd@apatients using\ls are mordikely to be
prescrib@’bisphosphonasghereforewe kept bisphosphonates in the modielan effort tocontrol for

this potential’‘confounder.The meansalivary biomarker levels were assesk@doth between group
differences{Vilcoxon Rank Sum test) and intragroup differences over time (Wilcoxon Rank Signed

tes).

Results

There were 142 potential particifa assessed for eligibility the study. Othese 58 participantamet
studyeligibility criteria andwere enrolled29 controlparticipantsand 29 Al treatmergarticipants
After the baseline visipneAl treatment participanvithdrew due t@Al toxicity. After the 6 month
visit, 3 Aktreatment participantsithdrew due tdAl toxicitiesthus resulting in 25 Al study
participantsat the'18 month study visitThere were no withdrawadsnong the contrgdarticipants
Table 1 providessummarybaseline characteristics study participants according £d statuswhich
have been @viously rg@orted in full (Taichman et a2015). There were no significant differences
between the groups.

An averview of the clinical data for both groups is showm @ble 2. Significantdifferencesn
clinical parametera/ere noted between the growgiseach study visit as well as within studyugpe
over time==8ynificant increasein the mean PMetween the baseline ahf monthfollow-up usit
wereobserved in the Al grouas well as between the Al and control group at the last study visit
WhenmeanCAL was considered, statistically greater attachmentMas®bserved over time in the
Al group as well.as between both groups at all study visits (P < 0.0GQf)ifi&int differencesn BOP
werefoundbetween the grougsom baselingo 18 month vsitswith agreatelincrease seen in the
control group than the Al group (P = 0.002). Plaque scores between grengssgnificantly
differentat baseline, 6, and 12 month visits. Within-groupdifferences were seen betwebe

baseline and 18 monthisits.
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An increasing value fokBH from each time point indicatesgreater loss of alveolar bone
(Table 2) No differences wer@entified between Al users and contréts ABH at baseline, 12, or 18
monthvisits. However wthin groups ABH loss was seen from baselittel8 monthgor womenon
Als (0.32mm = SD 0.36, P=0.00H8s well as controJ$0.19mm + SD 0.22 P=0.002).

Table.3.shows ABH by bisphosplair, vitamin D and calcium usocusing oAl users
significantABH_loss was seeduring the 18 month observation period for those women who were not
using bisphoesphonates compared to those who did ( p=Q.3&wise ABHchangesvere seein Al
userswhen examiningalcium supplementation. Tlawerage ABHamong Al userdliffered
significantlyat each exam vishietween women on calcium supplementation vevaasienwho were
not on calciumssupplementation. Al users not using calcium demonstrated a sigaiferaige ABH
lossover thesstudy period (baseline to 18 montA8H did not differamong Al users byitamin D
use or over time.\Bisphosphonate, vitamiamal calciunusage had no significant impact on average
ABH in the control group.

Linear mixed modelg/erefit using restricted maximum likelihood estimationaccount for
the dependencerin the data due to repeated measures per study parfitipaggults of these models
arepresented in“Table ¥hencontrolling for time, Al use, history of periodontal cleanings, dental
insurance, calcium supplementatieitamin D and bisphosphate use in the model, PD and CAL
increased,andBH significantly decreased over timdaving had history of periodontal cleanings
was significantly correlatedith both theCAL and ABHmodels but dental insurance was not. A
significant effect of time was found along with a significant Al status by calcium use tieratien
examining ABHwand controlling for the other variables in the model. Those recéiMsrand calcium
hadsignificantlyless ABH losgyMean=2.50, SE=Q3) than tlhse on Al but not taking t@um
(Mean=3.32, SE=03) (P=0.005) but no impact was observed among controls.

Analysis of the inflammatory and bone turnover markers in saliva demondigéicant
differencedetweerthe experimental and control groups as weW#kin-groupdifferencesoverthe
study period. Btweengroupdifferencesveredemonstrated at baseline fiKFa, osteocalcin|L -8,
OPG,MCP1with the Al group exhibitinghigher levelTable 5. The two groups also d&fred
significantly at the at 18 month visit regardiegels of salivary TNF, Il-6, IL-8, and OPG with the
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Al group exhibiting higher levels than the control gr@apticipantsThe salivaniL-1blevels in the
Al groupweresignificanty decreasefrom the baseline tthe 18 month follow-up. In contrashe
salivary levels ofL -6, (P=0.02),IL18 (P= 0.03) and osteocalcin (P = 0.02) in the Al growgre

significanty_increasd at 18 months when compared to the baseline visit.

Discussion

Als have'become a standard intervention for postmenopausal women withagelyHR+
BCa because'they reduce the risk of disease recuri@arsein et al. 2010)Therefore, tens of
thousands of womemse these drug¥hus,understanding the impact Als onperiodontal health is
importantto BCasurvivors. Postmenopausal women with a histofg@&taking Als demonstrated
significant differences iaverage PD and CAL and at the 6, 12, and 18 month visits compared to
postmenopausalicontrols. Furthermdoe Al users the mean PD and CAL increased significantly
from the baseline to 18 month visiTheseclinical changes were accompanied by small, but
statistically 'significant alteratioria the radiographic bone levels of Al users over tmeegzeriod.
Linear regressiomixed models demonstrated thiate was significantly associatedtv all
periodontal euteomes in both adjusted and unadjusted models. These findings suggest that women wh
use Als may.be at greater risk for adverse periodontabmes.

Estregen has been shown to play a critical rokhénmaintenance of oral tissues (Grd€98).
Hormone replacement therapgs a positive impaadn clinical attachment leve(®einhardt et al.
1999). Furthermore, estrogen status has beported tanfluence alveolar bone densityariges
among postmengpausabmen Payne et al. 1997). Adssociated skeletal bone lasgstimated
between 3.9%:10 4.1%sswithin the first 2 years of treatmegiastell et al2008). Thus it is
reasonable to hypothesize that the loss of estrogen signaling related to Aleealddgireater risk for
periodontal disease amstgnificant alveolar bone losse in postmenopausal BCa patieifitss
longitudinal.analysis demonstratesntinued impacten clinicalperiodontameasures while patients
are exposed.to Alraichman et al2015).

Our studies sought to explore and validate the association between salivary borer turno
markers and*Al.use. While direct comparistmsther investigationsxgoring salivary biomarkers in
BCa patients using Als is not possible, the biomarker concentrations reportedsiudlyi are similar
to those reported in investigatioos postmenopausal women (Rahnama et al. 2013, Seekls
1997).

This article is protected by copyright. All rights reserved



In this study several of the biomarkers of bone turnover demonstrated significage€ha
between groups and over tin@PG a rank ligand inhibitor, has been shown to reduce inflammatory
and neoplastic bone remodeling (Lerner 20@BIPGlevelsin Al users were higher than controls at
each time poinéxamined. Over time OPG levels decreased in the Al group but these changes did not
reach a level.ef significanc€onsistent with previous studies, OPG levels decrease over time in
postmenopausal women not using HRT (Rahnama, et al. 2013). The cytbkindk-6 and TNFa
are well established mediatorsasteoclastic resorption in periodontif@kada & Murakami 1998).
Matching the"OPG resultifferencedn osteockin, TNFa, MCP1, andL18 were observetetween
the groups, along with significantncrease irTNFa, IL6, andosteocalcirfrom baseline to 18
months Theseobservations are in keeping with the known activity of estrogen which has been shown
to inhibit thevexpression of bommesobing cytokines IL-1, TNFa, and ILi6& postmenopausal women
(Payne et al1997, Kwan 2004)Our results suggest that Al users, who are in a severely estrogen
deficient statemay be at higher risk for the production of elevatedipflammatorycytokines, and
ultimately enhanced destruction of the periodontium.

Postmengpausal women using bisphosphoratesbeen shown to havess plaque
accumulation, less gingival inflammation, laweD, less CALand alveolar bonkss suggesting
bisphosphonates play a beneficial rol@amiodontal statu§Palomo et al. 200Ralomo et al. 2011,
Rocha 2004)Al userson bisphosphonates in this study demonstrated less bone loss over the 18 month
relativeto Al users not on bisphosphonatesununadjusted analysip£0.05). However
bisphosphonate use was aatignificantfactorrelativeto the periodontal outcomes the linea mixed
models.Onespossiblegasorfor these observations thatbisphosphonate useas defined agséno
use rather thaly duration or type of drug. Another reason mayheesmall number of Al usetaking
bisphosphanates.o determine tla benefits of bisphosphonates on periodontal health, an effective dose
related tahe periodontiumRalomoet al. 2007) as well as a more robust sample size is needed

Like bisphosphonate usetaimin Dsupplementation did nbtave a significant impacin ABH
in either group.Our results are similar tdillen et al.,who conducted a largprospective study on the
effects ofvitamin D and the progression of periodontal disease in postmenopausal women who found
no associatiasbetween vitamin D status and ABH as well as CAL, PD, and gingival ble@dilhen
et al. 2014) Likewisg, Krall showed no link between vitamin D and alveolar bloss; however the

authors did find a 30% higher loss of alveolar bone among those men with low calciunjdeatls
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2001). However, other clinical studies have demonstrated a positive impatamirv D on
periodontal health (Garcet al. 2011).

Increased levels of calcium are positively correlated with a reduced prevalence of clinical
attachmentoss and a lower risk of tooth lo@srall 2001). In this study, Al users supplementing with
calciumexhibited lesslveolarbone loss at baseline andeach subsequent time point compareAlto
users not takingCalcium; however, there was no significant differeneedrethese groups in ABH
change frombaseline to 18 montmepossible explanation for these findings is the loss of four
patientswhich*may have impacted our abilitydetect a differencen ABH among Al users at thel8
month examinationAs there isconflicting evidence regarding the impactv@amin D and calcium
supplementation,on alveolar badoss a randomized controlled clinical trial needed

Participantsat baselinevere socieeconomically homogenouwsith low diseasdevelsreporting
high dental care wutilization. The changes in both groups for PD and CAL, though statisticall
significant,were of small magnitude perhapseflection ohigh dentautilization. There isstill debate
as to the clinical significance of very small changes in clinical paransstéhe population levelay
not reflect individual changeblevertheless, for some individuals the changes can be significant both
in terms of the elinical measures but also in terms of the relatively short dwhtios investigation
(18 months)., These findings expand our understanding of estrogen deficiency and periodontal
changes, Future studies examining more secamomically diverse populatiofisr longer periods
should be considered. Althouglgnificantwithin-group changes in linear radragphicABH occurred
over time for boththe Al and non-Al groups, ndalifferencesin ABH were seetbetween the groups.
The computed'mean differenceABH was based on sample sizes for those on Al that varied slightly
over time beeause of the withdrawalAdfusers Furthermore, baseline ABH measures were taken
after the start of Al initiatiotimiting the ability to determine loss within the first few months of use
Finally, s BCa patients may have additional exposordsehaviors related to havingancer
diagnosis which coulampacttheir oral healthfuture studies should consider a control group
consistingof womenwith BCa but not treated with AlRespite these limitations, this study provides a
unique contribution to understandirigetimpact of Al use operiodontal healtin BCa survivors.
Notable strengths for this investigation included a comprehensive periodontal whitlcaupded
with thesalivary cytokindevelssuggests that cytokine levels in saliva mirror bone and tissue loss

identified in clinical and radiographic analyses.
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Conclusions

This study ighe first to investigate the oral effects of Al on postmenopausal women with breast cancer
within the first 18 months of useAl usersexperiencedjreater increases in CAL, PD&ABH loss
Interestingly, Al use supplemented with calciurmgy helpmitigate Als impact on alveolar bone loss.
Increased knewledge about thial effects othe prolonged use of Al will lead to an improved risk
assessment.of oral and overall health ca@Csd survivors.
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Table 1: Baseline Characteristics of Study Patients on Al and Coftrols

On Al Control
N=29 N=29 PValue

Characteristie % %
Age, mean (SD), year 61.7£7.6 61.6154 0.92
Race/ethnicity

White 26(89.7)  26(89.6)

Non White 3(10.3) 3(10.4) 0.92
Education

L ess than high school 3(10.5) 5(17.8)

High schoal 6(20.7) 5(17.9)

M or e than high school 20(68.8) 18(64.3) 0.70
Income

No incomete:$19,999 5(17.9) 8(28.6)

$20,000-$39,999 3(10.7) 5(17.9)

$40,000-$59,999 3(10.7) 3(10.7)

$60,000-$74,999 6(21.4) 2 (7.1)

Over $75,000 11(39.3)  10(35.7) 0.22
Marital Status

Married 21(72.4)  18(62.1) 0.29
Has Dental"I'nsurance

Yes 21(72.4)  23(79.3) 0.76
Last Dental visit

Within last.6imonths 25(89.3) 27(93.1) 0.67
Smoking Status

Current 1(3.4) 1(3.4)

Past 16(55.0)  10(34.4)
Never 12(41.6)  18(62.2) 0.11
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Bisphosphonate Use
Yes
Calcium Supplement
Yes
Vitamin D Supplement
Yes
Cancer Characteristics
Age at BCA diagnosis-yrs
Time since BEA«diagnosis-mos
Al duration - mos
Tumor stageat.diagnosis
Stage
Stagell
Stagel Il
BCA treatment
Prior Adjuvant-chemother apy
Prior radiation

Prior Tamoxifen use

11(37.9)

20(68.9)

19(65.5)

59.3+7.1
151+6.1
5.7+3.1

15(51.7)
9(31.0)
5(17.3)

11(37.9)
26(86.9)
5(17.2)

5((17.2)

11(37.9)

15(51.7)

(42-73)

(8 -19)
(2-11)
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0.42

0.52



Table 2: Clinical and Radiographic Measures of Al Users and Non Al Users

Index Group Baseline 6 months 12 months 18 months | A
(meantSE) | (meantSE) | (meantSE) | (meantSE) | (meanzSE)
PD(mm) Control 200+0.29 |1.73+0.24 |1.94+0.20 2.01+0.19 |0.01+0.22
Mean Al.user 200+0.27 |212+0.31 | 2.23+0.29 2.35+0.30 |0.35+0.28*°
CAL (mm) Control 142+0.39 |1.42+0.29 [1.40+0.29 1.45+0.20 | 0.03x0.22
Aluser 151+0.75 |1.73+0.74 |1.72+0.36 1.96+0.40 | 0.45+0.38"
BOP Control 0.11+0.80 |0.17+0.15 | 0.17+£0.02 0.25: 0.12 0.14+ 0.13°
Al user 0.18+0.14 |0.19+0.13 | 0.26+0.14 | 0.19+0.16 | 0.02+0.36
Alveolar Bone| Control 2.65+0.63 | N/D 2.73+0.52 |286+0.58% |0.19+0.22
Height Aluser 2.69+£0.45 2.85+0.55 |[294+049 |0.32+0.38
Plaque Control 0.10+0.11 | 0.19+0.17 | 0.30+0.19 0.46 £0.26 |0.36+0.14
Aluser 0.36 £0.283 | 0.44+0.28 |0.52+0.27 0.59+0.25 | 0.24 +037

Values are meansSE

A, Change using a paired t-test

PD, probing depth; CAL, clinical attachment level, BOP, Bleeding on Probing; PI, Plaque Index; RBL,

radiographic bone level; SE, standard error.

2 Significantdifference between Al users and controls (P < 0.05).

P Significant'difference within group over time (P < 0.05).
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Table 3: Alveolar bone measures of calcium, bisphosphonate and Vitamin D users

Index Group Baseline 12 months 18 months A
(meantSE) | (meanzSE) (mean+SE) (meanzSE)

Al user

Calcium No Calcium 3.11+0.37 |3.18+0.37 3.36 + 0.50 0.31 +0.47
Calcium 2.45+0.58 |251+0.46 2.71+£0.54 0.26 +0.34

Bisphosphonate No use 251+0.76 | 2.58 +0.56 2.81+0.77 0.42 +£0.37
Bisphosphonate 2.82+0.33 | 2.73+£0.40 2.91+0.25 0.09 £ 0.27

Vitamin D No Vitamin D 285+0.68 |2.67+0.61 290+0.78 0.19+0.45
Vitamin D 252+058 |263+0.44 2.84 + 0.50 0.31+0.32

Control

Calcium use No Calcium 272+041 |2.89+0.46 3.01 +0.50 0.28 +£0.20
Calcium 270055 |291+0.72 2.91 +0.57 0.21 +0.12

Bisphosphonate No use 266+0.47 |282+0.54 2.93 +0.52 0.27 +0.24
Bisphosphonate 2.79+0.38 | 3.00+0.65 3.00 + 0.37 0.20+ 014

Vitamin D No Vitamin D 2551043 |2.69+0.44 2.84 +0.45 0.28 + 0.26
Vitamin D 2.79+0.48 |2.97+0.64 3.03+0.54 0.24 +0.24

Values are'means +SE

&Significant differences among Al users on calcium and no calcium supplements

bSignificant diffefences among Al users on bisphosphonates and no bisphosphonates (P < 0.05).

¢ Significant difference within group over time (P < 0.05) using a paired t-test
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Table 4: Mean Periodontal Pocket Depth, Mean Clinical Attachment Loss, and Mean Alveolar Bone

Height Loss (in mm) between 0 and 12 months and 12 and 18 months

Periodontal Attachment Alveolar
Pocket Loss bone height
Variable T e e = B I = B
Error | Value Error | Value Error | Value
Intercept 19| 0.21| <.001 14| 0.23| <001 242 0.17| <.001
Time
Baseline Ref Ref Ref
6 Months -0.08| 0.03 0.02| -0.03| 0.04| 0.52 NA NA NA
12 Montfe 0.06| 0.03 0.04| 0.11| 0.04( 0.020 e ———" <0.0f
18 MonfGs 0.13| 0.04| <0.001| 0.17] 0.04| <0.00 a7l @ <0.00
1 1
Al use
Not onzAl -0.23| 0.08| 0.008( -0.44( 0.20( 0.038( 0.27( 0.20( 0.19
On Al Ref Ref Ref
History of periodontal
cleanings
No 0.21| 0.07 0.05| 0.35| 0.12f 0.04| 0.86( 0.29| 0.052
Yes Ref Ref Ref
Bisphosphenateuse
at baseline(Y/N)
No Bisphosphonate us| 0.06| 0.06 0.36( 0.23| 0.14| 0.12f 0.04f 0.17| 0.81
Bisphosphonate use Ref Ref Ref
Dental insuranee
No 0.10| 0.07 0.15| -0.01| 0.16( 0.95| 0.12| 0.05( O0.16
Yes Ref Ref Ref
Adjuvant chemother apy
No 0.11| 0.08 0.20| 0.29| 0.18( 0.13] -0.20( 0.21| 0.39
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Yes Ref Ref Ref
Vitamin D supplement
use at baseline
No Vitamin D -0.03| 0.06| 0.69| 0.07| 0.15( 0.65| -0.15| 0.17( 0.37
Vitamin b Ref Ref Ref
Calcium supplement
use at basdline
No Calcium use 0.02| 0.07| 0.69| -0.05| 0.20| 0.81| 0.81| 0.27| 0.005
Cdcium use Ref Ref Ref
Not on Caleiumiand Not
on Al Basdline -0.17, 0.12| 0.17| -0.17| 0.27| 0.53| -0.70| 0.34( 0.04
I nteraction

Est* Estimates-of Fixed Effects
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Table 5: Salivary Biomarkers (log10(pg/ml)

Biomarker Group Baseline 12 months 18 months
(mean+SE) (mean+SE) (meanzSE)
CRP No Al 296+1.2 2.73+0.92 2.89+0.95
Al 3.15+0.76 2.70 £ 0.76 271+1.12
TNFa® No Al 0.97 £ 0.96 1.63 £0.66 1.30+0.70
Al 1.60+0.78 1.53+0.45 1.88 +1.14
Osteocalcin®” No Al 224+1.2 2.52 +0.47 2.36 + 0.50
Al 2.28 £+ 0.62 2.19+0.40 2.60 + 0.46°
IL-1a No Al 2.31 £0.51 2.57 £ 0.53 251+0.51
Al 2.41 +0.52 2.34 £0.49 2.45 +0.64
IL-1b° No Al 1.86 £ 0.66 1.78 £ 0.67 1.99£0.68
Al 2.18 £0.75 2.01£0.61 1.63+0.50
|L-6%° No Al 1.66 £0.40 1.69+0.61 1.45+0.52
Al 1.62 +0.60 1.70+£0.27 1.83+0.3%3"
IL-8° No Al 2.29+0.35 2.20+0.30 2.13+0.36
Al 2.52 +0.37 2.86 + 0.61 2.68 +0.59
IL-10 No Al 0.09 +0.46 0.01 £ 0.46 0.30 £ 0.36
Al 0.03 £0.55 0.04 +£0.38 0.26 £ 0.46
IL-17 No Al 0.63+0.42 0.91 +£0.40 1.06 £0.42
Al 1.04 £ 0.36 1.01+£0.29 1.13+0.29
IL-18 No Al 2.41 +0.62 2.89 £ 0.67 2.77 £0.59
Al 2.66 £ 0.63 2.86 £0.61 2.98 +0.59
MCP1* No Al 3.01+ 0.33 2.96 +0.29 2.99+0.34
Al 3.26+0.26 3.06 +0.29 3.34+0.32
MM P8 No Al 3.85+0.10 3.86 +0.11 3.84 +£0.10
Al 3.84 + 0.07 3.87£0.10 3.87+£0.10
MM P9 No Al 511 +0.11 5.07+0.12 5.05+0.18
Al 5.11+0.14 5.05+0.10 5.08 £ 0.22
OPG? No Al 4.77 £0.53 4.65 + 0.54 4.41 £ 0.50
Al 5.00 +0.69 4,77 £0.62 4.72+0.78
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SDF-1 No Al 2.74+ 0.73 2.80+£0.59 2.38+£1.06
Al 277 +1.05 2.79+0.59 2.71+0.90
TRANCE No Al 3.10 £0.52 | 3.36+£0.44 3.01 +£0.53
Al 3.28 £0.57 3.32+£0.52 3.40+£0.46
VEGF No Al 3.52+0.15 |3.49+0.16 3.47 +0.19
Al 3.51+0.21 |3.47+0.14 3.56 +0.21

a: Wilcoxon'Ranksum Test used to test for significant difference between Al users and Non-users
b: WilcoxonsSighed Rank Test used to test for significant difference between baseline and 18 months
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