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Abstract

Aim—This nested case-control study sought to determine whether an accelerated rate of
leukocyte telomere length (LTL) shortening over six years was associated with chronic
periodontitis.

Materials and Methods—We sampled cases (n=178) with severe chronic periodontitis and
controls (n=178) with no/mild chronic periodontitis from the Atherosclerosis Risk in Communities
study. Controls were frequency-matched to cases by study site, age, sex, and race. Age ranged
from 53 to 73 years. Severe chronic periodontitis was defined using the CDC-AAP case
classification. LTL was measured from DNA collected at two time points, six years apart, with
quantitative polymerase chain reaction relative to a single-copy control gene. Multiple linear
regression evaluated associations between LTL measured at baseline, follow-up and change scores
with severe chronic periodontitis, adjusting for potential confounders.

Results—Cases had shorter LTL than controls at baseline (p=0.03) and follow-up (p=0.04) after
adjusting for confounding. Overall there was a net reduction in LTL over time (p=0.02). The rate
of LTL did not differ between cases and controls (p=0.80).

Conclusions—LTL shortening occurred at the same rate among adults with and without severe
chronic periodontitis. This suggests that LTL shortening may have occurred earlier in the life
course.
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INTRODUCTION

Chronic periodontitis is an inflammatory polymicrobial disease characterized by episodic
progressive destruction of gingivae, periodontal ligament and bone. In 2009-2010, 38.5% of
the U.S. population aged 30 years or older had moderate or severe periodontitis (Eke et al.,
2012a). Older age, male sex, African American race, and low socioeconomic status are
characteristics associated with earlier onset, higher prevalence and greater severity of the
disease, whereas psychological stress, alcohol consumption and obesity are risk indicators
for periodontitis and cigarette smoking and diabetes mellitus are established causal risk
factors (Genco and Borgnakke, 2013). Recent large-scale genetic studies have provided new
insights into possible genetic factors and pathways underlying the disease (Divaris et al.,
2013, Teumer et al., 2013). Models of disease pathogenesis are congruent in emphasizing
the role of oral microbial dysbiotic shifts (Berezow and Darveau, 2011, Hajishengallis,
2014) and deregulated host immune response (Darveau, 2010) which, beyond clinical
disease, result in chronic systemic inflammation and oxidative stress (D'Aiuto et al., 2010).

Molecular mechanisms may also shed light onto reasons for heterogeneity in chronic
periodontitis prevalence between population groups. Levels of oxidative stress, for example,
are higher in African Americans than whites (Morris et al., 2012). Oxidative stress is
involved in the pathogenesis of chronic periodontitis and it accelerates cellular aging.
Chronic activation of the stress response system—more common in low income and
minority racial groups (Geronimus et al., 2006) also accelerates cellular aging (Tomiyama et
al., 2012) which in turn mediates immune function deregulation (Montoya-Ortiz, 2013)
impairing immune resistance to oral pathogens. Aging itself alters expression of genes in
gingival fibroblasts (Domon et al., 2013). Central to each of these mechanistic pathways is
the putative effect on of cellular aging.

Leukocyte telomere length (LTL) is a widely used biological marker of cellular age.
Telomeres are nucleoprotein caps located at the end of chromosomes that protect them from
degradation and fusion (de Lange, 2009). With mitotic DNA replication during cell division
the telomere progressively shortens. Attrition also occurs as a consequence of exposure to
oxidative stress, secondary to cumulative inflammatory load. Critically short telomeres
induce cellular senescence, at which time senescent cells secrete proinflammatory proteins
(Rock and Kono, 2008).

Numerous cross-sectional studies report that shorter LTL is associated with a variety chronic
inflammatory disorders, including chronic periodontitis (Masi et al., 2011). To date no study
has examined the association of longitudinal changes in LTL and chronic periodontitis. To
address this gap, we investigated longitudinal LTL changes and chronic periodontitis,
hypothesizing that severe periodontitis would be associated with increased LTL attrition.

MATERIALS & METHODS
Study Design and Setting

This nested case-control study is ancillary to the biracial Atherosclerosis Risk in
Communities (ARIC) study. ARIC is a prospective investigation of the etiology of
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atherosclerosis, its natural history and its relationship with cardiovascular risk factors.
Between 1987 and 1989, ARIC recruited 15,795 men and women aged 45-64 years from
four U.S. communities: Forsyth County, North Carolina; Jackson, Mississippi; suburban
Minneapolis, Minnesota; and Washington County, Maryland. Interviews and clinical
examinations collected information at Visit 1, and three follow-up visits (Visits 2 to 4)
conducted at 3-year intervals.

Periodontal Status Case Definitions

In 1996-1998, the Dental ARIC ancillary study evaluated periodontal health in 6,691
dentate adults of the 11,656 cohort members who participated in Visit 4. Four trained and
calibrated dental examiners measured probing pocket depth (PD) and gingival recession on
six sites for all teeth to calculate clinical attachment loss (CAL). In this analysis, controls
were participants with mild or no periodontitis according to the case definition developed
jointly by Centers for Disease Control and Prevention and American Academy of
Periodontology (CDC/AAP)(Eke et al., 2012b) . Cases had severe CP defined as presence of
>4 interproximal sites with =6 mm CAL (not on the same tooth) and =2 interproximal sites
pocket depth = 5 mm. This case definition is more stringent than that of the CDC/AAP by
doubling the number of sites, without changing the millimeter thresholds. The rationale for a
more stringent definition was that this cohort, aged 54-73 years old at the time of diagnosis,
had a much greater percentage of people who met the CDC/AAP classification for severe
periodontitis (17%) than the U.S. adult population where prevalence based on the CDC/AAP
classification in NHANES 111 was 1.8% (Eke et al., 2010).

Sampling Design

Sampling of Dental ARIC participants for this study was stratified by race, selecting equal
numbers of cases and controls within each racial group: all participants in the Jackson study
site were African American and participants in the other field centers were white. To
maximize statistical efficiency and control for potential confounding, cases and controls
were frequency matched by sex, 5-year age group and field center to yield 356 participants.
A sample size requirement of 160 cases and 160 controls was calculated based on a
magnitude of difference in relative LTL for periodontitis cases (mean = 1.12) and controls
(mean = 1.23) with a pooled standard deviation of 0.35, (Masi et al., 2011) assuming 80%
power and a two-tailed type | error of 5%.

DNA Isolation and Extraction

At ARIC Visits 1-4, fasting blood was drawn and stored under standardized conditions.
DNA from Visit 1 was extracted using phenol chloroform and from Visits 2, 3, and 4 was
extracted using the QIAGEN Gentra Puregene Kit. Because the use of two different methods
of DNA isolation was a potential threat to the validity of LTL measurement, this analysis
considered LTL attrition over a 6-year period between ARIC visits 2 (“baseline”) and 4
(“follow-up) where only Puregene extraction was used. DNA obtained at ARIC visits 2 and
4, 6 years apart, was used to measure LTL.
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Telomere Length Measurement

Covariates

DNA was shipped to the Cytometry and Telomere Center, Department of Pathology,
University of Washington where telomere length was measured by quantitative polymerase
chain reaction (QPCR) using the method described by Cawthon (Cawthon, 2002). For each
sample, two PCRs were performed: the first one to amplify the telomeric DNA and the
second one to amplify a single-copy control gene (36B4, acidic ribosomal phosphoprotein
P0). This provided an internal control to normalize the starting amount of DNA. A four-
point standard curve (2-fold serial dilutions from 5 to 0.625ng of DNA) was included in all
PCRs to allow the transformation of Ct (cycle threshold) into nanograms of DNA. All PCR
reactions were performed in a Rotor Gene Q (in 100-well discs). All samples were run in
triplicate and the median was used for subsequent calculations. The amount of telomeric
DNA was divided by the amount of control-gene DNA, producing a relative measurement of
the telomere length of the sample. Two control samples were run in each experiment to
allow for normalization between experiments and periodical reproducibility experiments
were performed. The median inter-assay variability was 5%, consistent with published data
(Martin-Ruiz, 2014).

Covariates included the selection and matching characteristics (age, sex, race, and ARIC
study center), socioeconomic characteristics (education and income), behaviors (smoking
and alcohol consumption), body mass index (BMI), comorbidities [hypertension, diabetes
mellitus (DM)], as well as the number of remaining natural teeth excluding third molars.
Socioeconomic status was determined by education (assessed at Visit 1) and income (Visit
4). Education was classified as basic (<12 years) intermediate (12-16 years) or advanced
(17-21 years). Income was classified as a 7-level ordinal variable. Participants were
classified as never, former, or current smokers and alcohol drinkers based on self-report at
Visit 2. Additional covariates measured at Visit 2 included body mass index (BMI), diabetes
mellitus, and hypertension. Weight was measured with participants wearing underwear and
examination suit. Both weight and standing height were recorded to the nearest 0.5 cm,
rounding down. BMI was calculated using the formula: BMI = (Weight (Ibs)/2.20 / Height
(cm)/100)2 and categorized as normal (<25.0), overweight (25.0-29.9), and obese (=30.0).
Participants were asked to fast for 12 hours before the clinic visit. Serum glucose was
assessed by the hexokinase method. Prevalent diabetes mellitus was a derived variable
defined as a fasting glucose of 2126 mg/dL, nonfasting glucose of =200 mg/dL, a self-
reported history of diabetes, or treatment for diabetes. Systolic and diastolic blood pressure
were measured three times using a random zero sphygmomanometer in the right arm of
seated participants. The mean of the last two measurements were used. Hypertension was
considered present if: systolic blood pressure was =140 mmHg; if diastolic blood pressure
was = 90 mmHg; or if antihypertensive medications were being used.” Number of remaining
natural teeth (excluding third molars, 0-28) was determined at the Visit 4 dental
examination. To conduct additional exploratory analyses we considered the following
biomarkers that were available at Visit 4 for a subset of ARIC participants: gingival
crevicular fluid interleukin 1B (GCF-1L1B), GCF-prostaglandin (PG) E2, and serum C-
reactive protein (CRP).
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Analytical strategy

Descriptive methods were used for initial data presentation. The distribution of covariates
across strata of sex and race was examined using X2 tests of equivalence for categorical
variables and analysis of variance for continuous ones. Descriptive tabular and graphical
methods were used to summarize LTL characteristics in visits 2 and 4, as well as changes in
LTL during the 6-year study period. Change in LTL between the 2 visits was tested using a
paired t test. For subsequent analyses, LTL values were normalized using age and sex-
specific Z-scores. To examine the association between CP and LTL, we employed
multivariate regression modeling adjusting for study design characteristics and potential
confounders. Multivariate models were constructed to examine contemporaneous
associations between CP and sex- and race-standardized LTL scores in visits 2 and 4, as
well as changes in LTL. Age, sex, race, and their interactions with CP were included a
priori in all models, while the inclusion of additional covariates was determined by a 10%
change-in-CP beta coefficient criterion. We used a conventional p<0.05 statistical
significance threshold and present p values rounded to one significant digit. Because a
“regression to the mean” bias has been reported in previous studies of LTL change, we
conducted additional analyses using a correction equation recently proposed by Verhulst
(Verhulst et al., 2013). Further, we explored the inclusion of biomarker variables in the final
models, acknowledging the limitation of substantial data missingness in some strata. Finally,
to enable comparisons with previous studies in the field, we computed Spearman's rank
correlation coefficients for cross-sectional LTL associations with study covariates, and
Pearson's correlation coefficients between ARIC visit 2, visit 4, and LTL-change
measurements. All analyses were conducted with Stata 13.1 (StataCorp LP, College Station,
TX) statistical software.

RESULTS

The sampling design ensured that cases and controls were balanced with respect to sex, race,
and age. The descriptive characteristics of the study sample in ARIC visit 4 are presented in
Table 1 and Table 1 in the online supplement. Overall, the mean age of participants was 63
years (range: 53-73), approximately 20% were current smokers, 39% were obese, 17% had
diabetes mellitus, and 36% had hypertension. The mean number of teeth excluding third
molars was 23 (range: 2-28). As expected, a greater proportion of chronic periodontitis cases
reported smoking, lower income, and few remaining teeth. Whites had higher educational
attainment and higher income, lower BMI, lower prevalence of DM and hypertension, and
retained more teeth than African Americans. Whites had also lower LTL compared with
African Americans, as had men compared to women (Table 2). Apart from race, age, and
seX, bivariate associations of LTL were also found with alcohol consumption and CRP in the
entire sample, as well as education, income, BMI, DM, hypertension, and GCF-PGE2 in
certain race-sex strata (Table 2 in online supplement).

Over the 6-year study period, a statistically significant net decrease in LTL was observed in
the study population overall [LTL change=-0.02; standard deviation (SD)=0.14; paired t test
p=0.02] (Table 2). Telomere attrition was more pronounced among white participants,
whereas a non-significant increase [(LTL change=0.03 (SD=0.17)] was noted among
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African American males. Changes in LTL were correlated with both visit 2 (r=-0.47) and
visit 4 (r=0.34) LTL (Figure 2). As illustrated in Figure 3, LTL in visits 2 and in visit 4 was
highly inter-correlated (r=0.67). Notably, when the LTL change scores were corrected for
the “regression to the mean” effect, the effective true change observed during the 6-year
study period was calculated to be virtually zero.

Table 4 presents the results of the final multivariate regression modeling results for visit 2,
visit 4, and change LTL scores. In addition to sex, race, and age, the final model
specification included terms for income, smoking, BMI category, and number of retained
natural teeth. We found no association between LTL attrition over the 6-year period and
chronic periodontitis risk using either the crude (b=0.05; p=0.8) or corrected LTL change
(b=-0.004; p=0.8). However, our findings provide support for an association between a
contemporaneous LTL and chronic periodontitis, with shorter telomeres associated with
increased risk for chronic periodontitis: visit 4—b=-0.43, p=0.04; visit 2—b=-0.44, p=0.03.
Further exploratory adjustment for inflammatory markers (GCF-IL1B and CRP) did not
result in any substantial changes (<10%) in the estimates of association between LTL and
periodontitis.

DISCUSSION

This study found no evidence of greater LTL attrition among chronic periodontitis cases
compared to controls over six years, either with or without adjustment for baseline LTL.
Neither was LTL attrition greater among African Americans than whites. In fact, counter to
a notion of accelerated cell aging in disadvantaged social status, LTL attrition was apparent
for whites but not for African Americans. Furthermore greater LTL attrition was observed in
high-income relative to low-income participants. Nonetheless, the overall net reduction in
LTL over six years in both cases and controls was in the expected direction. Consistent with
a review of previous studies (Sanders and Newman, 2013), LTL was shorter in men than in
women and shorter in whites than African Americans. The observation of shorter LTL in
cases than in controls at both visits concurs with the cross-sectional findings of shorter LTL
in association with chronic periodontitis (Masi et al., 2011, Masi et al., 2014). Our findings
build on these earlier studies by measuring LTL in the same subjects at two points in time.
Compared to the strength of associations reported earlier by these authors, correlation
analysis of pairwise associations between clinical parameters and LTL revealed only weak
relationships. However the strength of association between age and LTL in our study
(rho=-0.183) was similar to that reported by Masi et al. (r-0.2) (Masi et al., 2011).
Differences in study design might account for differences in the strength of associations
between LTL and clinical parameters between both studies. For instance, our study was
restricted to adults with severe periodontitis. The rationale was to maximize the phenotypic
separation between cases and controls and thereby optimize statistical power to detect
differences. More pragmatically, moderate periodontitis was the norm in this middle-aged to
elderly population. Yet our decision to select the severe case classification may have limited
the potential to find a significant effect if one exists. Unlike moderate chronic periodontitis
that increases in prevalence in the U.S. adult population from 10% at 30 years of age to 70%
at 75 years, on average, prevalence of severe periodontitis is relatively stable, with estimates
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less than 15% across all age groups (Eke et al., 2012a) possibly due to tooth loss as a
consequence of the disease.

One explanation for the null association between LTL change over six years and
periodontitis in the presence of significant contemporaneous, i.e. cross-sectional,
associations of LTL with chronic periodontitis is that much of the reduction in LTL has
already occurred, earlier in life (Aviv et al., 2011). At the time of the ARIC study
periodontal examination, participants were aged from 53 to 73 years. National NHANES
data show that prevalence estimates of severe periodontitis between 30 and 49 years of age
increases 10-fold before reaching a plateau that is constant across older age groups. This
suggests a time of rapid change in the natural history of periodontitis in early midlife that
predates our study. Accordingly, the reduction of LTL may have occurred in the early stages
of the disease or alternatively, individuals with short telomeres were more likely to develop
chronic periodontitis.

An unexpected finding was of a dose-response increase in LTL shortening across successive
categories of higher household income. It is possible that exposures associated with higher
income confer protection against LTL attrition earlier in the life course, and that now in
middle age, more affluent adults were losing that advantage. This “postponement” of LTL
attrition might also explain why we saw greater LTL attrition in whites than African
Americans. Interestingly, LTL shortening has been associated with social deprivation in
early childhood (Drury et al., 2012) and recent experimental data indicate that telomere in
early life may predict life expectancy (Heidinger et al., 2012).

The association between contemporaneous LTL and periodontitis in both study visits
persisted after adjustment for markers of inflammation, including GCF-IL1B and CRP. This
observation was based on a small subset of approximately 210 study participants, and should
be regarded with caution. Although inflammatory load has been shown to be associated with
short LTL (O'Donovan et al., 2011) our findings indicate that the observed association with
periodontitis was not explained by these inflammatory markers and other pathways may be
in play. For example, oxidative stress is associated with both shorter telomeres (Demissie et
al., 2006, Houben et al., 2008) and chronic periodontitis (Bullon et al., 2014) and is likely
important in both conditions.

Recent evidence indicates that LTL dynamics are complex, with patterns of change being
more consistent with a constant oscillation rather than a monotonic linear decrease (Svenson
etal., 2011). Since LTL shows large inter-individual variability, cross-sectional
investigations with a single LTL measurement are less informative. Our study has a major
advantage over those cross-sectional designs with its measurement of change in LTL over
six years. Another design strength was the frequency-matching of cases and controls on age,
sex and race characteristics within ARIC study field centers. This causes cases and controls
to have balanced distributions across confounding variables, providing greater efficiency for
stratified analysis of race and sex while simultaneously reducing a source of confounding
bias. Other strengths were the full mouth periodontal examination protocol which results in
less bias than partial mouth protocols and the conservative case classification.
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Recognizing that our study used a different quantification method than Masi et al., (2011),
we also calculated power post hoc using our study's observed mean (1.07) and standard
deviation (0.18) of LTL at baseline, and applying type | error protection of P<0.05. The
results showed power >0.99 to detect a difference in mean LTL of 9%, which is the
percentage difference in mean LTL between periodontal cases and controls reported by Masi
etal.”

We draw attention to several limitations in this study. Firstly our failure to detect differential
amounts of LTL attrition between cases and controls over six years may reflect inadequate
statistical power. To investigate this possibility, we conducted a post-hoc power calculation
for LTL attrition assuming our observed pooled standard deviation of 0.14 and a
conventional alpha of 0.05. For this sample size of 356 subjects, there was 77% power to
detect a minimum of difference in LTL attrition of —0.04 between cases and controls: e.g.
reduction in LTL of —0.01 in controls versus reduction of —0.05 in cases. Therefore the
study was adequately powered to detect change of this magnitude. However we did not
observe this magnitude of differential LTL attrition. In fact, cases and controls did not vary
at all in their amount of LTL attrition. It is possible that six years of follow-up may be
insufficient to detect differential LTL attrition giving the high population variance in LTL
and the slow rate of LTL with age. On the other hand, a recent study of 611 breast cancer
survivors found that greater telomere shortening over a follow-up period as short as 24
months predicted breast cancer—specific and all-cause mortality (Duggan et al., 2014). Of
note, in the breast cancer study, telomere length was analyzed by our laboratory with the
same methods as the present periodontitis study and the variability was comparable (average
intra and inter-assay CV of 6% and 7%, respectively). This indicates that the LTL assay that
we used and the time span between measurements in our study should have been sufficient
to detect longitudinal changes in telomere length. Another limitation is that although LTL
was measured at two time-points, a periodontal examination was conducted only once,
limiting our understanding of change in periodontitis in relation to LTL dynamics. Finally,
although the nested case control design was efficient, by using a rigid case classification for
periodontitis, it does preclude a more comprehensive examination of LTL dynamics across a
spectrum of periodontal parameters.

In conclusion, our findings did not reveal any association between LTL attrition over a 6-
year period and chronic periodontitis; however, we detected an association between
contemporaneous shorter LTL and the disease. Future investigations of LTL dynamics
across the life course may provide additional insights into systemic influences, cellular
markers and operating pathways underlying biological aging in oral health and disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Relevance

Scientific rationale for study: Chronic periodontitis is strongly associated with age and
leukocyte telomere length is a measure of cellular age. It is plausible that people with
chronic periodontitis are undergoing cellular aging at a faster rate. Principal findings:
Severe chronic periodontitis cases had shorter telomere lengths than age-matched
controls, indicative of greater cellular aging. However the rate of telomere shortening
over 6 years was the same in periodontitis cases and healthy controls. Practical
implications: People with severe chronic periodontitis may be born with shorter
telomere lengths, or may have experienced greater telomere shortening earlier in life.
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Figure 1.
Changes in leukocyte telomere length (LTL) between visits 2 and 4 by age among the 356

participants of the Atherosclerosis Risk in Communities Study, illustrated with polynomial
smoothing functions with Epanechnikov kernel, stratified by sex and race. Dots represent
normalized (Z-scores of) individual LTL changes. The solid line and grey areas represent
the moving mean and 95% confidence interval according to participants’ ages.
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Correlation of Leucocyte Telomere Length (LTL) Change by LTL at ARIC visit 2 (a) and
visit 4 (b) among the 356 participants of the Atherosclerosis Risk in Communities Study,

illustrated with scatter plots.
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Figure 3.
Correlation of Leucocyte Telomere Length (LTL) in visits 2 and 4 among the 356

participants of the Atherosclerosis Risk in Communities Study, illustrated with a scatter plot.
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Sociodemographic, behavioral, anthropometric, clinical, and biomarker characteristics of the analytical sample
of 356 Dental Atherosclerosis Risk In Communities participants, stratified by chronic periodontitis case status.

Cases Controls p t
L L 7
Entire sample 178 100 178 100
Race 0.8
African American 86 48 83 47
White 92 52 95 53
Sex 1.0
Female 91 51 91 51
Male 87 49 87 49
Education 0.002
Basic 47 26 24 13
Intermediate 72 40 69 39
Advanced 59 33 85 48
Income 0.004
< $12,000 32 19 13 8
$12,000 - $15,999 23 13 9 5
$16,000 - $24,999 25 15 30 18
$25,000 - $34,999 25 15 34 20
$35,000 - $49,999 25 15 25 15
$50,000 - $74,999 23 14 35 21
> $75,000 18 11 23 14
Smoking status <0.0005
Never 69 39 86 48
Former 55 31 7 43
Current 52 30 15 8
Drinking status 0.7
Never 35 20 41 23
Former 39 22 36 20
Current 102 58 101 57
BMI categoryi 06
Normal (<25.0) 34 20 31 18
Overweight (25-29.9) 68 39 78 45
Obese (=30.0) 71 41 66 38
Diabetes mellitus 0.9
No 113 64 115 65
Yes 64 36 63 35
0.9

Hypertension§
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Cases Controls p t
n %* n %*
No 113 64 115 65
Yes 64 36 63 35
Natural teeth<> (n) 0.02
26-28 42 24 63 35
19-25 73 41 52 29
2-18 63 35 63 35
Mean SD Mean SD
Age (years; mean, SD) 62.6 55 62.4 5.4 0.7
I_TI_//in visit 4 (length, SD) 1.05 017 106 0.17 0.6
LT invisit 2 (tength, spy 107 048 108 018 08
-0.02 014 -0.02 0.14 1.0

LTL//change (SD)

Page 16

Diabetes mellitus was defined as was defined as fasting plasma glucose = 126 mg/dL, non-fasting plasma glucose = 200 mg/dL, self-reported-

history of physician-diagnosed diabetes, or current medication for diabetes;

*
Column percentages;

TCorresponding to X2 tests of equivalence for categorical variables and t test for age and LTL;

j:One participant had BMI in the underweight category;

§Hypertension was defined as a previous diagnosis of hypertension, taking hypertensive medication, or having a current systolic blood pressure
=140 mmHg or a diastolic blood pressure = 90 mmHg;

OEchuding 3rd molars;

I
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Table 2

Leucocyte telomere Iength* (LTL) distribution of the analytical sample of 356 Dental Atherosclerosis Risk In
Communities participants, overall and stratified by race and sex.

African American White
Overall Mean (SD) Women Mean (SD) Men Mean (SD) Women Mean (SD) Men Mean (SD) p t

LTL at visit 2 1.08 (0.18) 1.13(0.18) 1.07 (0.19) 1.07 (0.16) 1.03 (0.17) 0.006

missing, n 6 2 1 1 2
LTL at visit 4 1.06 (0.17) 1.10 (0.15) 1.10 (0.19) 1.03 (0.16) 1.01 (0.16) 0.0001

missing, n 0 0 0 0 0
LTL change (visits -0.02 (0.14) -0.03 (0.15) 0.03(0.17) -0.04 (0.13) -0.03 (0.11) 0.008
2-4)

missing, n 6 2 1 1 2

t 0.02 0.07 0.1 0.005 0.03

LTL change P

*
Measured using quantitative-polymerase chain reaction relative to a single-copy control gene, 36B4 (acidic ribosomal phosphoprotein P0);
TCorresponding to analysis of variance

icorresponding to paired t tests for LTL change between visits 2 and 4
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Table 4

Multiple linear regression modeling* results of leucocyte telomere IengthJr (LTL) at visits 2 and 4 and change

between visits 2 and 4° among the 356 Dental Atherosclerosis Risk in Communities participants.

Leukocyte telomere length
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Model: Visit 2 Model 2: Visit4 Model 3: Change between visits 2 and 4
b(95%CI) P b(95%CIl) P b (95% CI) P
Chronic periodontitis
None/mild referent referent referent
Severe -0.44(-0.85,-0.04) 0.03 -0.43(-0.83,-0.02) 0.04 0.05 (-0.37,0.47) 0.8
Number of teeth -0.01 (-0.02, 0.01) 0.5 0.01 (-0.01, 0.02) 0.4 0.02 (-0.00, 0.32) 0.08
Sex
Female referent referent referent
Male -0.78(-1.22,-0.34) 0.001 -0.62 (-1.05,-0.18) 0.005 0.27 (-0.18,0.72) 0.2
Race
African American 0.27 (-0.23, 0.76) 0.3 0.36 (-0.13, 0.85) 0.1 0.12 (-0.39, 0.64) 0.6
White referent referent referent
Smoking -0.04(-0.19,0.11) 06 0.01(-0.14,0.16) 0.7 0.08 (-0.08, 0.23) 0.3
Age -0.02 (-0.04, —0.00) 0.1 -0.02 (-0.04, -0.00)  0.03 -0.00 (-0.03, 0.02) 0.7
BMI category 0.10 (-0.04,0.25) 0.2 0.06 (-0.09,0.20) 0.5 -0.06 (-0.22, 0.09) 0.4
Income
< $12,000 referent referent referent
$12,000 - $15,999 -0.01 (-0.48, 0.45) 0.9 0.01 (-0.44, 0.46) 0.9 0.06 (-0.42, 0.54) 0.8
$16,000 - $24,999  -0.30 (-0.72,0.12) 0.2 -0.38(-0.79,0.03)  0.07 -0.08 (-0.51, 0.36) 0.7
$25,000 - $34,999 0.11 (-0.32, 0.54) 0.6 -0.08 (-0.50, 0.34) 0.7 -0.21 (-0.65, 0.23) 0.3
$35,000 - $49,999 0.39 (-0.07,0.84)  0.09 0.03 (-0.42, 0.47) 0.9 -0.44 (-0.91, 0.03) 0.07
$50,000 - $74,999 0.42 (-0.04,0.87) 0.07  -0.02(-0.46,0.43) 0.9 -0.53 (~0.99, -0.06) 0.03
= $75,000 0.51(-0.02,1.04) 0.06 0.15 (-0.37, 0.67) 0.6 -0.43(-0.98, 0.12) 0.1

*
The multivariate linear regression models included terms for ARIC study examination center and a three-way interaction for the selection and

matching variables (chronic periodontitis diagnosis*race*sex) the coefficients of which are suppressed in this table

TLTL was measured using quantitative-polymerase chain reaction relative to a single-copy control gene, 36B4 (acidic ribosomal phosphoprotein

P0)
t

LTL and change scores were normalized via Z-score transformation prior to analysis
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