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Abstract

Background—The accumulation of amyloid B plaques (AB) is a central feature of Alzheimer’s
disease (AD). First reported in animal models, it remains uncertain if peripheral inflammatory/
infectious conditions in humans can promote A brain accumulation. Periodontal disease, a
common chronic infection, has been previously reported to be associated with AD.

Methods—Thirty-eight cognitively normal, healthy, community residing elderly (mean age 61;
68% female) were examined in an Alzheimer’s Disease research center and a University-based
Dental School. Linear regression models (adjusted for age, ApoE and smoking) were used to test

"Corresponding author: Angela Ruth Kamer, DDS, MS, Ph.D., Associate Professor, NYU College of Dentistry, Department of
Periodontology and Implant Dentistry, 345 East 24t Street, New York, NY 10010, Tel (212) 998-9868, Fax (212) 995-4603.
Contributors

ARK, MJD, RGC, LG and DS designed the study. ARK and EP analyzed the data with assistance from MJD. ARK, MJD and LP
interpreted the data. ARK wrote the manuscript with assistance from MJD, LG, RC and LM. PMH and SW performed medical
examinations and collected the cognitive data. ARK performed the oral examinations assisted by PC, RL, SS and CS. HR, SV, RL,
LM, LY and WT performed image analysis and assisted with data collection and interpretation. All authors reviewed the manuscript
for intellectual content and approved the final draft.

Conflict of interest: No conflict of interest is reported for A. Kamer, P. Corby, R. Craig, D. Saxena, H. Rusinek, S. Vallabhajosula, S.
Williams, R. Linker, S. Svetco and C. Shi. L. Mosconi, W. Tsui, and M. de Leon have a patent on an image analysis technology that
was licensed to Abiant Imaging, Inc, by NYU, and have a financial interest in this license agreement, and NYU holds stock options on
the company. Y. Li, L. Mosconi and M. de Leon have received compensation for consulting services from Abiant Imaging. Dr L.
Glodzic was a Principal Investigator on an Investigator-Initiated project funded by Forest Laboratories, Inc, and received an
honorarium for serving as a consultant to Roche Pharma.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kamer et al.

Page 2

the hypothesis that periodontal disease assessed by clinical attachment loss was associated with
brain AB load using 11C-PIB PET imaging.

Results—After adjusting for confounders, clinical attachment loss (= 3mm), representing a
history of periodontal inflammatory/infectious burden, was associated with increased 11C-PIB
uptake in A vulnerable brain regions (p=0.002).

Conclusion—We show for the first time in humans an association between periodontal disease
and brain AP load. These data are consistent with prior animal studies showing that peripheral
inflammation/infections are sufficient to produce brain AB accumulations.
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1. Introduction

Worldwide, more than 35 million persons suffer from dementia among which 50-60% are
diagnosed with Alzheimer’s disease (AD) (Association, 2014). It is estimated these numbers
will double by 2030 and double again by 2050. These statistics underline the enormous
public health importance of identifying modifiable risk factors.

The accumulation of amyloid p plaques is a central feature of Alzheimer’s disease (AD)
whose cause is poorly understood. Post mortem studies have shown that amyloid
accumulation can start as early as 30 years of age and increases with age (Braak and Braak,
1997, Kok, et al., 2009). These findings have been confirmed by imaging studies (Jack, et
al., 2009, Klunk, et al., 2004, Landau, et al., 2012). The results of clinical trials designed to
remove brain amyloid from impaired individuals have been largely unsuccessful possibly
due to the late intervention (Holmes, et al., 2008, Morgan, 2011, Ozudogru and Lippa,
2012). This has placed a great emphasis on identifying factors and mechanisms that promote
brain amyloid deposition in advance of symptoms.

Both animal models and clinical evidence show that inflammation is involved in the
pathogenesis of AD (Akiyama, et al., 2000, Griffin, et al., 1998, Holmes and Butchart, 2011,
McGeer, et al., 2006, Tanzi, 2012), but it remains unknown which peripheral inflammatory
and infectious conditions play a role and at which stage of AD development (Kamer, et al.,
2008a, Kamer, et al., 2008b, Miklossy, 2011a, Miklossy, 2011b). We examined human
periodontal disease as a model for testing the relationship between peripheral inflammation/
infections and brain amyloid . Periodontal disease is a chronic, peripheral, polymicrobial
infection (Socransky and Haffajee, 1997) characterized by local and systemic inflammation.
Periodontal disease is defined by the loss of the tissues surrounding the teeth, clinically
defined by clinical attachment loss (CAL)(Demmer, et al., 2008).

The present cross-sectional study used positron emission tomography (PET) amyloid
imaging and clinical periodontal examinations to test the hypothesis that in cognitively
normal subjects the magnitude of periodontal disease burden is associated with the brain
amyloid load.
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2. Methods
2.1. Study subjects and design

Thirty-eight cognitively normal, healthy subjects were included in this study. All subjects
were participants in NIH supported Alzheimer’s Disease studies at the NYU School of
Medicine. Subjects were recruited from a random community sampling of voter registration
lists. Among the 250 elderly individuals that were contacted and invited to participate, 70
subjects agreed to participate. Of these, 40 subjects had standardized medical and cognitive
examinations consistent with the National Alzheimer Coordinating Center guidelines
(Beekly, et al., 2007). The standardized diagnostic evaluation at the New York University
School of Medicine consisted of medical, psychiatric, neuropsychological, ApoE
genotyping, MRI examinations, and standardized periodontal examinations. Thirty-eight
subjects also participated in 11C-PIB PET amyloid brain imaging performed at the Cornell
Medical Center. All subjects provided written informed consent to participate in this
Institutional Review Board (IRB)-approved study. The average interval between the PET
scan and the periodontal examination was 1.29+0.89 years. All research measures were
performed blinded to the clinical data.

Inclusion Criteria: All included subjects had at least 12 years of education and were fluent
English speakers. Subjects were defined as cognitively normal if they had Clinical Dementia
Rating (CDR) = 0 (Berg, 1984), Global Deterioration Scale (GDS) < 2 (Reisberg, et al.,
1982), and Mini—Mental State Examination (MMSE) = 28 (Cockrell and Folstein, 1988).

All subjects were required to have a minimum 10 evaluable teeth (Stein, et al., 2007) and to
have the physical capacity to manage their personal dental hygiene.

Exclusion Criteria: Individuals were excluded if they had history/medical conditions that
could affect brain structure or function, such as clinical or MRI evidence of cortical stroke,
uncontrolled hypertension, diabetes, head trauma with loss of consciousness, any manifest
neurodegenerative disease, chronic depression, MRI evidence of hydrocephalus, or
intracranial mass. Subjects taking anti-inflammatory medications for chronic conditions (i.e.
NSAIDS, anti-TNFa), or antibiotics or having periodontal treatment 3 months prior to the
periodontal evaluation were also excluded.

2.2. Clinical Evaluations

2.2.1 Measures of periodontal disease—The assessment for periodontal disease was
conducted as follows: Teeth were counted and the presence of dental plaque on six surfaces
of all teeth was recorded (Silness and Loe, 1964). Clinical Attachment Loss (CAL), the
primary dependent variable, was measured using a Michigan probe (Demmer, et al., 2008)
and recorded in millimeters at six sites per tooth. CAL defined the long-term periodontal
inflammatory/infectious condition. CAL was obtained by adding the probing depth to the
distance from the free gingival margin to the cemento-enamel junction (positive if the
gingival margin is apical to the cement-enamel junction and negative if it is coronal. The
probing depth (PD) was measured as the linear distance in millimeters from the gingival
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margin to the base of the periodontal pocket. Bleeding on probing (BOP) was assessed at
each probing site.

The primary periodontal exposure was defined as the cumulative number of sites with CAL
> 3mm (referred to as CAL3) and provided a measure of periodontal disease burden
(Tonetti, et al., 2005). The use of CAL = 3mm was based on our a priori hypothesis
proposing a linear relationship between the magnitude of periodontal destruction due to the
history of periodontal inflammation and brain amyloid accumulation, a chronic process. The
threshold of 3mm included also milder forms of the periodontal disease. These measures
were used previously to define relationships between periodontal and cardiovascular disease
and cognitive dysfunction (Beck, et al., 2001, Elter, et al., 2004). An additional
consideration came from evidence showing that CAL associated better with a chronic
systemic process (Demmer, et al., 2008) rather than an acute one. CAL are accepted
measures of cumulative lifetime experience of periodontitis and using these measures, the
5th European Workshop in Periodontology proposed the following case definition for
periodontitis: the presence of proximal attachment loss of >3 mm in at least 2 non-adjacent
teeth. All our subjects had CAL = 3mm on multiple teeth and thus they all fell within this
case definition. To show consistency in the relationship between measures of periodontal
disease and brain amyloid accumulation, other measures of periodontal disease were
evaluated: CAL =4 mm (CAL4) (Page and Eke, 2007), PD = 3mm (PD3) and BOP. By
comparison to CAL, PD and BOP measure the present disease and inflammation. To further
define periodontal disease, we combined historical with current measures of periodontal
disease: the presence of CAL = 3mm at = 66% sites and concomitant PD = 5mm was
defined as Periol (Jonsson, et al., 2014).

2.2.2. Positron emission tomography (PET) outcome variables

Acquisition and preprocessing: Subjects received an11C-PIB-PET scan acquired in 3-D
mode on a LS Discovery PET scanner (GE Medical Systems, Milwaukee, W1, USA) (Li, et
al., 2008, Mosconi, et al., 2013a, Mosconi, et al., 2010). Briefly, as previously reported,
subjects were injected with 15 mCi (550 MBq) of N-methyl[11C]2-(4'-
methylaminophenyl)-6-hydroxy-benzothiazole, Pittsburgh compound B (PIB), followed by a
90 minute PET data acquisition (Mosconi, et al., 2010). Image analysis was carried out at
NYU, blind to the clinical data. For each subject, summed PET images corresponding to the
60-90 minutes of PIB data were coregistered to the subject’s T1 Magnetic Resonance
Imaging (MRI) scan using Statistical Parametric Mapping (SPM). Both the summed 60-90
minute PIB image and SPM2 segmented MRI gray matter (GM) and white matter (WM)
images were reformatted into SPM’s standard template space. In standard space, regions of
interest (ROI) were intersected with the GM to exclude all non-GM pixels. HIPMASK was
used to for accurate ROI sampling (Li, et al., 2008, Mosconi, et al., 2005). A correction for
partial volume effects (PVVC) was done using Muller-Gartner’s 2-tissue method, which
corrects for both CSF and white matter tracer uptake (Muller-Gartner, et al., 1992).

PET regions of interest: The average PIB intensity in each ROl was normalized by the
average intensity from a cerebellar gray matter reference ROI, to create the standard uptake
value ratio (SUVR). From our prior work (Li, et al., 2008, Mosconi, et al., 2013b), 5
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bilateral ROIs known to be vulnerable to amyloid depositions were sampled to create a
composite neocortical PIBap mask (MaskAD), which was the primary outcome measure.
The regions included in the AD mask were: prefrontal cortex. middle frontal gyrus, lateral
temporal lobe, inferior parietal lobule, and posterior cingulate cortex/precuneus (Mosconi, et
al., 2010).

2.3. Statistical methods

3. Results

To determine whether measures of periodontal disease were associated with amyloid load in
MaskAD (shown to be vulnerable to amyloid accumulation), hierarchical regression
analyses were performed in which MaskAD SUVR was the dependent variable and
measures of periodontal disease (i.e. CAL3) and the relevant covariates (Barnes and Yaffe,
2011, Heyanka, et al., 2010, Stein, et al., 2007, Stein, et al., 2010, Xu, et al.) were the
independent variables. Demographic (age, gender, and education), systemic factors (co-
morbidities), oral (brushing, flossing, dentist visits) and social (smoking) measures were
obtained by a standardized examiner-conducted interview at the time of the oral
examination. For high systemic (SBP) and diastolic blood pressure (DBP), BMI, cholesterol,
high-density lipoproteins (HDL), standard cutoffs were used (Barba, et al., 2008, National
Cholesterol Education Program Expert Panel on Detection and Treatment of High Blood
Cholesterol in, 2002). ApoE genotype (carriers vs. non-carriers of ApoE ¢4 allele) was
obtained as previously reported (Mosconi, et al., 2012, Osorio, et al., 2014) and smoking
was classified as never or former/current smokers. Cognitive performance was assessed by
Logic2 of Wechsler Memory Scale-Revised test (De Santi, et al., 2008).

Our initial approach tested the above covariates and only significant covariates in at least
one ROI were retained in the final models. These covariates included: age, ApoE and
smoking. These analyses were repeated with additional measures of periodontal disease
(CAL =4mm, PD = 3mm, BOP, and Periol as independent variables.

The partial correlations, unstandardized B coefficients () and the 95% confidence interval
(95%CI) of the B coefficients are obtained. All models were checked for linearity,
independence, homoscedasticity and normality. The log transformation was used to
normalize the distribution of the MaskAD SUVR. Regression plots are presented in which
the axes represent the standardized residuals for the dependent (MaskAD SUVR) and
independent variables (CAL3 and CAL4) adjusted for covariates. Statistical significance
was set at p<0.05. Statistical analyses were performed using IBM SPSS version 21, Chicago
IL.

3.1. Characteristics of the population

Table 1 summarizes the subject characteristics. Briefly, the mean years of age was 61.3
(sd=8.1; range 44-79; 5 subjects <55), mean years of education 17.6 (sd=2.2; range 13-22;
4 subjects <16 years of education), 68% were female, and 42% were carriers of an ApoE &4
allele. The subjects were relatively healthy with 55% reporting no medical conditions and
73% no smoking history. Three subjects had high SBP and two had high DBP, five were
obese (BMI>30) and none of the subjects had diabetes. Most subjects reported good oral
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hygiene practices and regular visits to the dentist (Table 1). The age, gender, education and
ApoE adjusted means for Logic 2 scores were not different within the oral health categories
(brushing: p=0.581; flossing: p=0.447; dental visits: p=0.727).

3.2. Measures of periodontal disease associate with amyloid load in AD vulnerable areas

The mean CAL3 and CAL4 was 125.4 and 79.4 respectively (sd=30.2 and 29.7) meaning
that 125.4 and 79.4 dental sites had a clinical attachment loss of 3mm and 4mm or more
(maximum possible number of sites=192). The mean for PD3 was 96.3 (sd=22.3) and for
BOP was 36.6 (sd=18.8). The range of CAL3, CAL4, PD3 and BOP was 60-159, 27-135,
44-139 and 6-76. Using the definition of Periol (CAL = 3mm at = 66%sites/PD = 5mm),
13 subjects had extensive moderate to severe periodontitis. Among the covariates tested
(SBP, DBP, obesity, cholesterol, HDL, co-morbidities, Logic2, plaque index, tooth loss,
brushing, flossing, visits to the dentist and time difference between periodontal exam and
PIB), none were found significant in any of the models. The regression analyses with each
of these covariates are presented in Table S1 of the Supplementary Material.

The primary measure of exposure, CAL3 was significantly correlated with PIB retention in
MaskAD after controlling for age, ApoE and smoking (adjusted partial correlation r=0.50,
p=0.002; p=0.011, 95CI (0.004-0.017). Figure 1A shows the regression plot for CAL3 and
MaskAD. Thus, addition of CAL3 to the model predicting PIB retention led to a statistically
significant increase in R% (AR2) of 0.22 (p=0.002), indicating that 22% of the variance of the
PIB retention in the AD vulnerable regions could be attributed to CAL3. The significance of
this observation is also supported by the consistency of the results in each of the regions
comprising the MaskAD (Table 2S in the Supplementary Material). After controlling for
age, ApoE and smoking, CAL4 and Periol also show consistent and significant results while
PD3 correlations were not significant [CAL4: r=0.410, p=0.015, p=0.008, 95CI (0.002—
0.015); Periol: r=0.412, p=0.017, 3 =0.482, 95CI (0.084-0.881; PD3: r=0.299, p=0.085,
3=0.009, 95CI (-0.001-0.019)] Figure 1B shows the regression plot for CAL4 and
MaskAD. By comparison, BOP did not associate with PIB retention in MaskAD [r=-0.096,
p=0.584, f=—0.003, 95CI (—0.003-0.008)]. Regression models showing the adjusted partial
correlation coefficients and the unstandardized  coefficients with the 95%CI for age, ApoE
and smoking adjusted partial correlation coefficients are presented in Table 2S and 3S in the
Supplementary Material. No significant interaction was found between APOE genotype and
any of the periodontal measures. Figure 2 illustrates the PIB PET scans of 4 normal
individuals; 2 of them are ApoE E4 carriers with high vs. low CAL and two of them are
non-carriers of ApoE E4 with high vs. low CAL.

4. Discussion

To our knowledge, this is the first study to show that clinical measures of periodontal
disease in cognitively normal healthy elders are positively associated with the magnitude of
brain amyloid accumulation assessed by [11C]PIB-PET. This conclusion was reached after
showing that neither medical confounds, smoking, oral health behaviors, tooth loss, memory
performance, nor ApoE genotype accounted for this association. These results are consistent
with the hypothesis that chronic periodontal inflammation/infection contributes to brain
amyloid load and that these associations are not secondary to impaired cognition.
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4.1 Periodontal Inflammation/Infection associate with amyloid load in AD-vulnerable
amyloid areas

Periodontal disease is a chronic, peripheral, polymicrobial infection (Socransky and
Haffajee, 1997) characterized by local and systemic inflammation ((Paraskevas, et al.,
2008). Approximately 85% of the bacteria colonizing the subgingival biofilm are Gram
negative (Socransky and Haffajee, 2002) which are rich in LPS. Among them,
Aggregatibacter actinomycetemcomitans, Tannerella forsythus, Por phyromonas gingivalis
(P.gingivalis) and Treponema denticola (T.denticola) are important periodontal pathogens
(Haffajee and Socransky, 2006, Socransky and Haffajee, 1997). Periodontal disease is more
prevalent in adulthood and elderly, but it can start in childhood. Approximately 64% of
adults aged 65 or older have chronic moderate and severe periodontitis (Eke, et al., 2012). It
is known that periodontal-derived pro-inflammatory molecules, bacteria and bacterial
products can reach the brain via systemic circulation and/or neural pathways (Holmes and
Cotterell, 2009, Kamer, et al., 2008b, Rivest, 2003) and increase brain cytokine levels.
These types of inflammatory changes are separately known to contribute to brain amyloid
accumulation, and cognitive dysfunction (Kamer, et al., 2008b, Perry, et al., 2003). Our
prior clinical data as well as other studies have linked periodontal disease and AD with
moderate odds ratios (Gatz, et al., 2006, Grabe, et al., 2009, Kamer, et al., 2012, Kaye, et al.,
2010, Noble, et al., 2009, Stein, et al., 2007, Stewart and Hirani, 2007). For example, in a
survey of over 6,000 subjects with a broad age range, CAL=3mm associated with cognitive
dysfunction (Stewart and Hirani, 2007). In a sample of 197 subjects, antibodies to known
periodontal pathogens predicted the development of AD years before its clinical diagnosis
(Sparks Stein, et al., 2012). However, prior clinical studies included subjects with a broad
range of cognitive performance by including cognitively impaired subjects. Our study used
robust standardized criteria to define medically and cognitively “normal” subjects thus
minimizing the effect of cognitive and other confounds on periodontal and brain health. The
strongest correlation between measures of periodontal disease and amyloid retention was
achieved using 3 mm as the threshold for the clinical attachment loss. Although not as
strong, CAL = 4mm correlation to amyloid was also significant and PD = 3mm approached
statistical significance in some areas. BOP, a marker of current inflammation was not
significant. When interpreting our results, it is important to bear in mind that our subject
population is receiving good oral care. These findings are consistent with our hypothesis that
long-term inflammatory burden is more important than current inflammation. These results
also suggest that even mild cases of disease can have long terms effects as found previously
(Demmer, et al., 2008).

Considerable in vitro, animal model, and clinical data show that peripheral inflammations
and infections are sufficient to increase brain amyloid load possibly by: augmenting amyloid
beta synthesis (Weintraub, et al., 2013), disrupting the brain blood barrier and/or amyloid
beta trafficking (Erickson, et al., 2012). Further clinical evidence for the importance of
inflammation in brain amyloid accumulation is suggested by data coming from the
Alzheimer’s Disease Neuroimaging Initiative. This study reported that inflammatory
molecules such as chemokine ligand 13, IL-17, fibrinogen, alpha-1-antitrypsin, complement
C3, interleukin-3, interleukin-13 were associated with PIB retention (Kiddle, et al., 2012).
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Infection-induced brain amyloid load has also been reviewed critically in the literature
(Miklossy, 2008, Miklossy, 2011a, Miklossy, 2011b). It has been reported that spirochetal
and chronic bacterial infections can cause cognitive decline and brain amyloid deposition
(Miklossy, 2008, Miklossy, 2011a, Miklossy, et al., 2004, Miklossy, et al., 2006). A classic
example of infection is the atrophic form of general paresis caused by Treponema pallidum,
a spirochete that presents with progressive dementia and brain amyloid deposits. Miklossy
proposed that oral spirochetes may be possible candidates to invade the brain and cause
cognitive impairment in AD (Miklossy, 1993, Miklossy, et al., 1994). Riviere et al. detected
6 different periodontal pathogen Treponemes in the brains of more than 90% of the 16 AD
cases analyzed (Riviere, et al., 2002). Moreover, P. gingivalis-derived LPS was also
detected in the brains of AD patients (Poole, et al., 2013). It is accepted that periodontal
bacteria can be found at distant sites (Cavrini, et al., 2005, Haraszthy, et al., 2000, Okuda, et
al., 2001, Reichert, et al., 2013). These data indicate that peripheral inflammation/infections
can lead to infection/inflammation in the brain and promote amyloid accumulation. Whether
the amyloid constitutes an immune protective molecule or an injurious agent or both remains
to be established (Castellani, et al., 2009, Soscia, et al., 2010, White, et al., 2014).

Our results can also have other explanations. Reduced masticatory abilities due to
periodontal disease may result in dietary deficiencies and increased stress response, and
these may lead to increased amyloid beta (Ekuni, et al., 2013). It is also possible that the
relationship between CAL and amyloid load is related to a relationship between CAL and
cognitive dysfunction. However, our subjects are cognitively normal and the inclusion of
Logic2 was not significant in the models. It is also possible that people with periodontal
disease also have poorer systemic health. However, our use of exclusion criteria mitigated
this effect. And still another explanation may be related to host response (hyper-
inflammatory) that could affect both periodontal disease and brain pathology (Kamer, et al.,
2008a, Kamer, et al., 2008b).

Among the multiple covariates investigated, smoking associated with PIB retention in
MaskAD but only at trend level (p=0.067). Smoking is a risk factor for periodontal disease
and we expected that smoking would negatively confound the association between CAL and
PIB retention. Contradictory to our prediction, smoking did not down-regulate the CAL
effect on PIB retention. Controversy exists regarding the associations between smoking and
AD. Some studies found that smoking may provide a protective effect (Brenner, et al.,
1993), while the majority of studies showed a deleterious effect (Anstey, et al., 2007,
Cataldo, et al., 2010, Reitz, et al., 2011). Moreover, in an animal model, it was shown that
smoking was able to up-regulate brain amyloid possible through brain inflammation
(Moreno-Gonzalez, et al., 2013). It is tempting to speculate that perhaps a common
inflammatory mechanism for CAL and smoking leading to amyloid increase may explain
these results. However, this sample size is small. Additional longitudinal studies are needed
to untangle the relationship between smoking, periodontal disease and AD pathology.

4.2. Strengths and weaknesses

As in most cross-sectional studies, reverse causation should also be considered, as the
direction of the associations observed in these studies cannot be determined. The observed
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association between CAL and brain amyloid accumulation and cognitive dysfunction may
reflect the effects of amyloid load/cognition on periodontal health. Equally possible is that
people with poor cognition have poorer oral health and several studies have shown that oral
health measures such as tooth loss, caries level, and plaque control are impaired in subjects
with cognitive impairment or dementia (Ellefsen, et al., 2008, Ellefsen, et al., 2009, Ship,
1992). However, our subjects are defined cognitively normal by robust tests. The presence
of periodontal disease in individuals with lower cognitive function or dementia is
contradictory (Ship, 1992, Yu and Kuo, 2008). However, the potential effect of cognition on
periodontal condition cannot be ignored (Kaye, et al., 2010).

Our sample size was modest and therefore the results of this study should be considered in
this context. We observed statistically significant associations between measures of
periodontal disease and brain amyloid load even after controlling for covariates, because of
our population characteristics. Our sample was quite homogeneous with respect to having
excluded confounding measures. The cohort had high education, good systemic health, high
cognitive function and lost few teeth. On the other hand, this homogeneity allowed us to
detect statistically significant differences despite the limited number of subjects. All medical
and dental exams were standardized and one trained periodontist performed all periodontal
evaluations blind to both PIB retention data thus minimizing observer bias. A potential
weakness is that some measurement misclassification of exposure variables was possible as
oral health behaviors were assessed by subject report and recollection. An additional bias
may be related to the participants themselves. Although, our sample was derived from the
community, the participants were self-selected, thus introducing a potential bias. Notably,
95% of our subjects were white and 42% were ApoE carriers and most currently have good
oral care. Finally, although homogeneity of the study population constituted a strength of
our project, it also limited the generalizability of our findings.

In conclusion, we showed that after accounting for the relevant confounds, measures of
periodontal disease were associated with amyloid accumulation in brain in areas that are
prone to amyloid accumulation in patients with AD. Our results suggest that periodontal
inflammation/infection may increase the risk for brain amyloid deposition. Future
longitudinal and therapeutic studies involving changes in periodontal disease could
potentially reveal what is the cause and what is the effect.
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Partial regression plots show the relationships between CAL3 (A) and CAL4 (B) and PIB
retention in MaskAD. The x and y axes are the residuals for CAL3 and CAL4 respectively
and PIB retention adjusted for age, ApoE carrier status and smoking. The changes in R2
(AR2) and p values for these changes are shown. MaskAD is defined by combining the
standardized uptake value ratios (SUVR) of inferior parietal lobule, lateral temporal lobe,
middle frontal gyrus, posterior cingulate cortex/precuneus, and prefrontal cortex. Note, the
CAL3-SUVR and CAL4-SUVR associations are significant.
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Figure 2.
PIB-PET scans of four representative NL individuals: two of them age 72 and 75 are ApoE

carriers with high CAL3 (A) and low CAL3 (C) and two of them age 79 and 76 are ApoE
non-carriers with high CAL3 (B) and low CALS3 (D). Note: the subjects in the upper row
have significant amyloid accumulation and high CAL3 measures while the subjects in the
lower row have low brain amyloid accumulation and low CAL3. PIB-PET scans for each
subject are displayed as axial sections encompassing basal ganglia (first slide) and inferior
parietal level (second slide) respectively. PIB measures are standardized uptake value ratios
(SUVR) to cerebellar gray matter. Note: the APOE4-positive subject presents with a positive
PIB pattern while the APOE4-negative subject presents with an “emerging PIB pattern” in
the right temporal-occipital cortex. A. PIB positive e4 carrier; B. PIB positive e4 non-
carrier; C. PIB negative e4 carrier; D. PIB negative e4 non-carrier.
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Table 1

Characteristics of the subject population.

Demogr aphic data

Number Subjects (n) 38

Female [n (%)] 26 (68.4)

Age [mean (SD)] 61.3(8.1)

Years of education [mean (SD)] 17.6 (2.2)

ApOE carriers- total [n (%)] 16 (42.1)

Systemic health findings [Means (SD)]] [n % high]

BMI (n=38) 248(42)  5(13.2)

Systolic blood pressure (n=37) 116.2 (16.6) 3(8.1)

Diastolic blood pressure (n=36) 68.4 (9.1) 2 (5.6)

Total Cholesterol (n=37)
HDL (n=37)
Smoking (n=38)

198.7(33) 20 (54.1)
65.4(22.6)  34(91.1)
10 (26.3)

Oral Hygiene Behavior characteristics (n=38)

Brushing (%)
<once/day
>once/day

Flossing (%)
<once/day
>once/day

Visits to dentist (%)
< 6 month

> 6 month

31.6
68.4

63.2
36.8

711
28.9

Periodontal exam findings [Means (SD)]

Tooth number
CAL=3mm
CAL=4mm
CAL=5mm
CAL=6mm
PD=3mm
PD=4mm
PD=5mm
PD=6mm
BOP
Periol[n (%)]

25.86 (5.1)
125.4 (30.2)
79.4 (29.7)
35.3 (23.6)
10.2 (11.5)
96.3 (22.3)
26.3 (14.9)
6.9 (6.5)
1.7 (3.0)
36.6 (18.8)
13.0 (36.1)

Page 17

CAL=clinical attachment loss; PD=pocket depth; BOP=bleeding on probing; Periol= CAL=3mm at 266%sites/PD=5mm); HDL=high-density

lipoproteins.
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