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Abstract

Aim—To evaluate the relationship between periodontal diseases and subclinical atherosclerosis in 

a younger and lean South Asian population.

Methods—We conducted a cross-sectional study in 917 subjects (mean age 46 years and mean 

body mass index 21.1 kg/m2) from the Health Effects of Arsenic Longitudinal Study in 

Bangladesh. Multivariate linear regression models were used to assess the associations between 

multiple clinical measures of periodontal diseases and carotid intima-media thickness (IMT).

Results—Mean attachment loss (AL) and percentage of sites with AL ≥ 4 mm (% AL ≥ 4) were 

associated with increased IMT. The IMT was 20.0-μm (95% CI: 2.2, 37.8) and 26.5-μm (95% CI: 

8.9, 44.1) higher in those in the top quartile of mean AL (> 3.72 mm) and % AL ≥ 4 (> 58.4%), 

respectively, compared to those in the bottom quartile. In a subset of 366 subjects, mean AL was 

positively associated with plasma levels of matrix metalloproteinase-9 (P < 0.05) and soluble 

intercellular adhesion molecule-1 (P < 0.01).

Correspondence to: Dr. Yu Chen, Departments of Population Health and Environmental Medicine, School of Medicine, New York 
University, 650 First Avenue, Room 510, New York, NY 10016 (Tel.: +1 212 263 4839; fax: +1 212 263 8570; yu.chen@nyumc.org); 
or Dr. Moise Desvarieux, Department of Epidemiology, Mailman School of Public Health, Columbia University, 722 W 168th Street, 
Room 525, New York, NY 10032 (Tel.: +1 212 305 5172; fax: +1 212 342 2756; mdesvarieux@columbia.edu). 

Conflict of Interest: The authors declare that there are no conflicts of interest in this study.

Disclosures
None

HHS Public Access
Author manuscript
J Clin Periodontol. Author manuscript; available in PMC 2017 November 01.

Published in final edited form as:
J Clin Periodontol. 2016 November ; 43(11): 909–917. doi:10.1111/jcpe.12597.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—Attachment loss was associated with subclinical atherosclerosis in this young and 

lean Bangladeshi population. Future prospective studies are needed to confirm this association.
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atherosclerosis; Bangladesh; cardiovascular disease; carotid intima-media thickness; periodontal 
diseases

Introduction

Accumulated epidemiologic evidence suggests a positive association between periodontal 

diseases and cardiovascular disease (CVD) (Lockhart et al., 2012). The effect of periodontal 

diseases has been extended to subclinical measures of CVD, particularly the intima-media 

thickness (IMT) of the carotid artery. Carotid IMT is a surrogate marker for subclinical 

atherosclerosis and predicts CVD risk (de Groot et al., 2004, Stein et al., 2008). Although a 

number of studies have reported an association between periodontal diseases and increased 

IMT levels or odds of having carotid atherosclerosis (defined as carotid IMT ≥1 mm) as 

summarized in a recent systemic review and meta-analysis (Orlandi et al., 2014), most of the 

previous studies were conducted among older adults, with limited evidence in younger 

populations, populations with low body mass index (BMI, < 23 kg/m2) (WHO, 2004), or in 

South Asians. Whether the association between periodontal diseases and atherosclerosis can 

be generalizable to these populations remains controversial.

The prior literature presents several methodological challenges that have not been 

adequately addressed. Firstly, definitions of periodontal diseases were based on one or a few 

clinical periodontal measures. As specific periodontal measures may represent current or 

cumulative inflammatory burden and convey differential risk for atherosclerosis (Demmer et 

al., 2008, Beck and Offenbacher, 2002), multiple measures from full mouth exams should be 

considered. Secondly, few studies have explored whether the association between 

periodontal diseases and atherosclerosis differs by the status of smoking, an established risk 

factor for both periodontal diseases and CVD. In addition, systemic inflammation has been 

raised as one of the mechanisms connecting periodontal diseases and atherosclerosis. 

However, only a limited number of inflammatory markers have been investigated 

(Paraskevas et al., 2008, Loos, 2005, Nakajima et al., 2010).

We aimed to evaluate the association between various clinical measures of periodontal 

diseases and carotid IMT in a rural Bangladeshi population. In a subset, we also assessed 

whether the strongest periodontal predictor of carotid IMT was associated with plasma 

levels of a panel of inflammatory markers.

Methods

Study population

The parent study, the Health Effects of Arsenic Longitudinal Study (HEALS), is an ongoing 

prospective cohort study designed to investigate the health effects of arsenic exposure from 

drinking water in Araihazar, Bangladesh. Since it is a population-based study, the HEALS is 

also appropriate for assessing other CVD risk factors in South Asians. Study details have 
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been presented previously (Ahsan et al., 2006). Briefly, between October 2000 and May 

2002, we recruited 11 746 participants (original cohort) from a well-defined 25-km2 

geographical area, who met the following eligibility criteria: married (to reduce loss to 

follow-up); aged 18–75 years; user of a tube well as a primary water supply and living in the 

study area for at least five years before recruitment. During 2006–2008, the cohort was 

expanded to include an additional 8287 participants (expansion cohort) following the same 

methods. The overall participation rate was 97%.

The cohort has been followed up with in-person home visits at 2-year intervals. Informed 

consent was obtained from the study participants and study procedures were approved by the 

Ethical Committee of the Bangladesh Medical Research Council and the Institutional 

Review Boards of Columbia University and the University of Chicago.

Between April 2010 and January 2012, we randomly selected 800 participants from the 11 

224 original cohort members as well as 700 participants from the 5136 participants over 30 

years of age in the expansion cohort, as part of a previous study on urinary arsenic and 

carotid IMT (Chen et al., 2013). In total, IMT was measured for 1206 individuals, and 294 

participants did not complete IMT measurements due to deaths, move, serious illness, or 

time constraints (McClintock et al., 2014). A comprehensive oral examination was 

performed on the same day between April 2010 and September 2011 for the first 951 of the 

1206 participants, consisting of 585 from the original cohort and 366 from the expansion 

cohort. Comparison of demographics and lifestyle factors between the total participants with 

IMT measurements and the 951 participants included in this study did not show significant 

difference (data not shown).

Questionnaire data

Demographic and lifestyle characteristics were collected at baseline using a standardized 

questionnaire. Physicians measured height, weight and blood pressure with standard 

protocols and equipments (Chen et al., 2007a, Pierce et al., 2010). Diabetes status was 

defined by self-report of physician-diagnosed diabetes which was validated by comparison 

with results from glycosylated haemoglobin and glucosuria tests. Questions on tobacco 

smoking included cigarettes and bidis (filterless, locally-produced cigarettes) smoked alone 

or together, past and current use, number of cigarettes or bidis smoked per day, and years of 

tobacco smoking. Smoking intensity in past and current smokers was calculated as pack-

years (Wu et al., 2013). Information on betel quid chewing included past and current use, the 

number of times per day betel was used and years of betel use. We also estimated the 

intensity of betel quid chewing (quid-years) as the product of times used per day and years 

of use (Wu et al., 2015, McClintock et al., 2014). All covariate data were derived from the 

time of IMT measurement, except sex and educational attainment (years) which were 

ascertained at baseline only since they do not change over time.

Measurement of carotid IMT

Detailed methodology for IMT measurements have been described previously (Chen et al., 

2013). Briefly, one designated physician who had extensive training in carotid sonography 

performed all measurements using a SonoSite MicroMaxx ultrasound machine (SonoSite, 
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Inc., Bothell, Washington) equipped with an L38e/10-5-MHz transducer according to a 

specific research protocol developed and implemented in the Oral Infections and Vascular 

Disease Epidemiology Study (INVEST) (Desvarieux et al., 2005). IMT was examined in the 

near and far walls of the common carotid artery (CCA), bifurcation and internal carotid 

artery (ICA) of both sides of the neck. Overall IMT was calculated as a mean of the 

maximum measurements of the 12 carotid sites in mm, which was found to be more strongly 

associated with coronary atherosclerosis than IMT from individual segments (Crouse et al., 

2002).

Of the 951 participants, 14 participants were excluded from the present analysis due to 

missing IMT at all 4 sites of the CCA and bifurcation, as IMT data were largely complete at 

these two segments. An additional 20 subjects were excluded because of unsuccessful IMT 

measurements at all sites of the ICA. The final study population included 917 participants 

with all measurements of the CCA and bifurcation and at least one measurement of the ICA.

Oral examination

Participants underwent a comprehensive dental examination by two trained and calibrated 

examiners also following the INVEST protocol (Desvarieux et al., 2005). The number of 

missing teeth was recorded. The periodontal examination was performed at six sites 

(mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual) per tooth 

of all retained teeth excluding the third molars, using a UNC-15 manual probe (Hu-Friedy, 

Chicago, IL) (Loe, 1967). Several clinical measures of periodontal diseases were recorded in 

millimeters for each of the six sites, including probing depth (PD), defined as the distance 

from the gingival margin to the base of the gingival sulcus, and clinical attachment loss 

(AL), defined as the distance from the cementoenamel junction to the base of the sulcus. 

Bleeding on probing (BOP) was recorded dichotomously for each tooth and deemed positive 

if it occurred within 15 s of probing. The percentage of sites with PD ≥ 4 mm (% PD ≥ 4), 

AL ≥ 4 mm (% AL ≥ 4), and BOP (% BOP) was calculated by dividing the number of sites 

with PD ≥ 4 mm, AL ≥ 4 mm, and BOP by the total number of sites measured.

Prevalence of periodontitis was also reported according to the CDC-AAP case definitions 

(Page and Eke, 2007). Severe periodontitis was defined as the presence of 2 or more 

interproximal sites with ≥ 6 mm AL (not on the same tooth) and 1 or more interproximal 

site(s) with ≥ 5 mm PD. Moderate periodontitis was defined as 2 or more interproximal sites 

with ≥ 4 mm AL (not on the same tooth) or 2 or more interproximal sites with PD ≥ 5 mm, 

also not on the same tooth. No or mild periodontitis was applied if neither moderate nor 

severe periodontitis was diagnosed. Based on these definitions, only 7 subjects were defined 

as having no or mild periodontitis. We therefore did not investigate the difference in IMT in 

the multivariate model by case status of periodontitis.

Measurements of plasma levels of CVD markers

Five inflammatory markers, including matrix metalloproteinase-9 (MMP-9), 

myeloperoxidase (MPO), soluble E-selectin (sE-selectin), soluble intercellular adhesion 

molecule-1 (sICAM-1), and soluble vascular adhesion molecule-1 (sVCAM-1), were 

measured in baseline blood samples for 500 subjects from the expansion cohort for a prior 
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investigation of arsenic exposure and CVD markers (Wu et al., 2012). The data were 

available for all the 366 (40%) expansion cohort participants who also had data on IMT and 

periodontal measures. sICAM-1 and sVCAM-1 are highly reproducible (Wu et al., 2012, Pai 

et al., 2002, Chen et al., 2007b) and one-time measurement can represent long-term level to 

be associated with periodontal diseases. In brief, plasma levels of MMP-9, MPO, sE-

selectin, sICAM-1, and sVCAM-1 were analyzed by multiplex assays using MILLIPLEX 

MAP Human CVD Panel 1 kits (Millipore, Billerica, MA). The range of the inter-plate, 

inter-individual, and intra-individual coefficient of variation for the five markers were 

0-2.1%, 3.5-11%, and 1.9-5.6%, respectively, and the range of intraclass correlation was 

0.75-0.90.

Statistical analyses

We excluded participants with missing data on the periodontal measures in their respective 

analyses (n = 2 for % BOP and n = 3 for mean PD, mean AL, % PD ≥ 4, and % AL ≥ 4). We 

first conducted descriptive analyses to assess the associations of demographic, lifestyle, and 

periodontal measures with carotid IMT levels using Chi-square tests and analysis of variance 

(ANOVA). Multiple linear regression models using IMT as the response variable were used 

to estimate the difference in IMT comparing each of the higher three quartiles of the 

periodontal measures with the bottom quartile. We also considered periodontal measures as 

continuous variables and examined the difference in IMT in association with a difference of 

1-mm in mean PD and AL, 1 missing tooth in number of missing teeth, as well as 10% in % 

PD ≥ 4, % AL ≥ 4, and % BOP.

We first adjusted for sex and age (model 1); we then adjusted for BMI, educational 

attainment (years), smoking status (never and ever), and betel quid chewing (model 2). 

Sensitivity analyses were conducted to include additional adjustment for well water arsenic, 

smoking intensity (pack-years), intensity of betel quid chewing (quid-years), systolic blood 

pressure, and diabetes at baseline. Sensitivity analyses were also conducted using the mean 

of the maximum measurements of the four CCA sites as the response variable. We selected 

the periodontal measure that demonstrated the strongest association with IMT in the 

aforementioned regression analyses and conducted stratified analyses to examine whether 

the association differed by sex, age, BMI, or smoking status (never versus ever). Age and 

BMI were dichotomized by the median value in the overall population. The P value for the 

cross-product term between a potential effect modifier and the periodontal measure as a 

continuous variable was used to judge the statistical significance of the multiplicative 

interaction. Lastly, in a subset, we examined the associations between the periodontal 

measures and plasma levels of the CVD markers using multiple linear regression models 

with each periodontal measure as the independent variable and each marker as the dependent 

variable. The associations between plasma levels of each marker and carotid IMT were also 

explored. All analyses were completed using SAS (version 9.3; SAS Institute Inc, Cary, 

NC).
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Results

Characteristics of the study participants are shown in Table 1. Overall, 41.1% were male 

with a mean age of 46.4 years. The participants were lean with an average BMI of 21.1 and 

had an average of 3 years of formal education. The proportion of ever smokers was much 

higher in men (76.9%) than in women (10.4%). The prevalence of betel quid chewing was 

high (55.8%) while diabetes was not common (1.9%). The prevalence of moderate and 

severe periodontitis was 60.1% and 39.1%, respectively, and only less than 1% of the 

participants had healthy periodontal condition or mild disease status.

Male sex, increasing age, ever smoking among both men and women, betel quid use, and 

elevated blood pressure were associated with higher levels of carotid IMT (Table 1). 

Prevalence of diabetes at baseline was significantly higher in the higher two quintiles of 

IMT. There was no association of BMI, educational attainment, and well water arsenic with 

IMT. Mean PD, mean AL, % PD ≥ 4, % AL ≥ 4, and number of missing teeth were 

increasing whereas % BOP was decreasing with increasing quintiles of IMT. The prevalence 

of severe periodontitis based on the CDC-AAP definition was increasing with increasing 

levels of IMT.

IMT in participants with > 3.72-mm mean AL was 20.0-μm [95% confidence interval (CI): 

2.2, 37.8] higher than that in participants with ≤ 2.30-mm mean AL (Table 2). There was a 

significant dose-response relationship between mean AL and IMT (model 2). Every 1-mm 

difference in mean AL was associated with a 6.4-μm (95% CI: 0.9, 11.9) difference in IMT. 

The association remained significant with additional adjustment for smoking intensity [6.9-

μm (95% CI: 1.1, 12.7)] and did not materially change with additional adjustment for other 

variables (data not shown). For instance, every 1-mm difference in mean AL was associated 

with a difference of 6.2-μm (95% CI: 0.8, 11.5) IMT with the inclusion of systolic blood 

pressure in the model. We observed a similar pattern of associations between % AL ≥ 4 and 

IMT. There was an inverse association between % BOP and IMT (model 1), which was 

attenuated in the full model. On the other hand, mean PD, % PD ≥ 4, and number of missing 

teeth were not associated with IMT. In sensitivity analyses using the average IMT of four 

sites of the CCA, we observed a similar association; IMT was 18.8-μm (95% CI: 1.0, 36.5) 

higher among participants in the highest quartile of % AL ≥ 4, compared with those in the 

lowest quartile.

In stratified analyses (Figure 1), although there was no statistically significant interaction 

between sex and mean AL or between age and mean AL in IMT (all P's for interaction > 

0.05), the positive association between mean AL and IMT was stronger in women and in 

younger individuals aged ≤ 45 years. The positive association between mean AL and IMT 

remained similar in never smokers and did not differ substantially by smoking status (P for 

interaction = 0.13). For instance, among never smokers, every 1-mm difference in mean AL 

was associated with a 6.0-μm (95% CI: −0.6, 12.7) difference in IMT; among ever smokers, 

those with the highest quartile of mean AL had a higher level of IMT by 41.3-μm (95% CI: 

3.0, 79.6).
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Mean AL was positively associated with both MMP-9 and sICAM-1 (Table 3). The highest 

tertile of mean AL was associated with a difference of 28.5-ng/mL (95% CI: 6.9, 50.1) 

MMP-9 and 55.5-ng/mL (95% CI: 14.6, 96.4) sICAM-1, respectively, compared to the 

bottom tertile. The associations between other periodontal measures and plasma levels of the 

CVD markers were shown in Supplemental Table 1. In line with mean AL, % AL ≥ 4 was 

dose-dependently related to plasma levels of MMP-9 and sICAM-1. Mean PD and % PD ≥ 4 

were also significantly related to sICAM-1.

Discussion

In the present study, we found a dose-response relationship of mean AL and % AL ≥ 4 with 

carotid IMT. This association was stronger in women and younger individuals (≤ 45 years). 

Furthermore, AL was related to plasma levels of MMP-9 and sICAM-1 in a dose-response 

manner. To the best of our knowledge, this is the first epidemiologic study to report the 

association between periodontal disease and carotid IMT in a South Asian population.

Several previous cross-sectional studies have assessed the association between AL and 

continuous IMT measurement (Hayashida et al., 2013, Jung et al., 2014, Yu et al., 2014). To 

date, all these studies have been conducted in middle-aged to elderly population (mean age > 

60 years) with a higher BMI (mean 23-29 kg/m2). The current study adds to the weight of 

the evidence linking AL to subclinical atherosclerosis in a younger (mean age 46 years) and 

largely lean (mean BMI 21.1) population. In our study, the magnitude of IMT difference in 

association with mean AL persisted in those with a BMI ≤ 20.2 kg/m2, suggesting that the 

effect of periodontal diseases on subclinical atherosclerosis is independent of obesity. We 

also observed that the positive association between mean AL and IMT was stronger in 

women and in younger individuals. The contribution of periodontal diseases might have 

been masked by other risk factors among men (such as smoking) and older individuals (such 

as aging). AL, which represents an individual's cumulative history of periodontal diseases, 

may be the most appropriate measure of long-term periodontal diseases for atherosclerosis, 

which also develops over a long period of time as a result of lifelong exposure to 

cardiovascular risk factors (Demmer et al., 2008, Beck and Offenbacher, 2002). In our study, 

severe AL (the highest quartile of mean AL and % AL ≥ 4) was associated with a difference 

of 20-30-μm carotid IMT. Prior literature has shown a 100-μm difference in IMT being 

associated with a 50% increased risk of coronary heart disease (Chambless et al., 1997). 

Therefore, the IMT difference associated with severe AL in this Bangladeshi population 

could translate into a substantial proportion of CVD risk, given the high prevalence of 

moderate and severe periodontitis (Corbet et al., 2002, Petersen and Ogawa, 2012, van 

Palenstein Helderman et al., 1996, WHO, 2013) and the existence of a broad range of social 

and behavioral risk factors for periodontitis (Kalam, 1996), in particular cigarette smoking 

(76.9% in men) and betel quid chewing (55.8%), lack of oral health care, as well as an 

average of low education attainment (mean 3 years).

Previous studies have documented an association between periodontal diseases and higher 

circulating levels of C-reactive protein and interleukin-6—general markers for inflammation 

(Loos, 2005). Our finding on MMP-9 and sICAM-1 is in concert with the concept that 

cumulative history of periodontal diseases measured as higher levels of AL is related to 
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systemic inflammation pertaining to atherosclerosis. MMP-9 is expressed in vulnerable 

atherosclerotic plaques (Galis et al., 1994) while sICAM-1 mediates the attachment of 

circulating leukocytes to activated endothelium early in atherosclerotic plaque formation 

(Springer, 1994). Both markers are positively associated with CVD risk (Ridker et al., 1998, 

Hansson et al., 2011). The association between periodontal diseases and MMP-9 has 

previously been observed in a small European study (80 periodontitis cases and 31 healthy 

controls) (Soder et al., 2009). In a large US study (n = 5410), several clinical periodontal 

measures including AL were associated with serum levels of sICAM-1 (Beck and 

Offenbacher, 2002). However, these studies are limited in that they reported univariate 

association and that they assessed one or two inflammatory markers. The present study, 

although modest in sample size, investigated a panel of five inflammatory markers for CVD 

and depicted a dose-dependent relationship between mean AL and plasma levels of MMP-9 

and sICAM-1. Interestingly, sICAM-1 was also positively associated with IMT and every 1-

SD difference in sICAM-1 was associated with a difference of 6.5-μm (95% CI: -1.4, 14.4) 

IMT in the present study (P = 0.11; Supplemental Table 2). However, our sample size is 

limited to conduct mediation analyses. Future larger studies are warranted to explore the 

biological importance of these markers as mechanistic mediators of the association between 

periodontal diseases and subclinical atherosclerosis.

We did not find an association of PD with carotid IMT, consistent with a recent study in an 

Australian population with a median age of 39 years, and studies in China and Korea in 

older adults, all of which failed to show an association between mean PD or % PD ≥ 4 and 

carotid IMT (Jung et al., 2014, Kapellas et al., 2014, Yu et al., 2014). The Japanese study 

was the one single study that reported a dose-response relationship between mean PD and 

carotid IMT (Hayashida et al., 2013). PD represents current periodontal inflammatory 

activity and is modifiable. As expected, compared with AL, mean PD demonstrated a 

stronger association with plasma levels of sICAM-1 (Supplemental Table 2), which is a 

relatively short-lived marker of vascular stress (Beck and Offenbacher, 2002). However, the 

lack of a significant association between PD and IMT highlights that this periodontal 

measure may not be informative for outcomes with long induction periods like 

atherosclerosis (Beck and Offenbacher, 2002, Demmer et al., 2008).

We observed a significant inverse association between % BOP and IMT in the model 

adjusting for sex and age, but not in the fully adjusted model (Table 2). This can be 

explained by confounding due to other factors such as cigarette smoking, which has a strong, 

chronic effect on vasoconstriction of the gingival vasculature that suppresses the normal 

gingival inflammatory response and bleeding on probing (Dietrich et al., 2004, Amarasena et 

al., 2003, Bergstrom and Bostrom, 2001). In the full model (model 2 in Table 2), despite that 

the point estimates were negative, there was not much an association between % BOP and 

IMT, since there wasn't a consistent trend in the estimates and the confidence intervals were 

wide.

No significant relationship between number of missing teeth and carotid IMT was found in 

this study. An earlier study of 1710 subjects aged 45-75 years in Germany demonstrated a 

significantly increased IMT among edentulous men relative to those with 0 to 8 missing 

teeth (Desvarieux et al., 2004). A Korean study also documented a dose-dependent effect of 
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number of missing teeth on CCA IMT, which was robust in never smokers (Jung et al., 

2014). As our participants were relatively young, their median number of missing teeth was 

2 teeth, much lower than the number reported in the Korea (median 7 teeth) or Germany 

(mean 13 teeth) study. Our cohort may have a narrow range of missing teeth to detect a 

positive effect.

Strengths of our study include a large population from South Asia that has received little 

epidemiologic attention, the use of standardized IMT protocols, and the extensive data on 

periodontal measures and potential confounders. Our study is primarily limited by its cross-

sectional design, which prevents us from establishing a temporal relationship between 

periodontal diseases and subclinical atherosclerosis. However, the possibility of reverse 

causation was largely reduced as all the participants were free of clinical CVD conditions 

and unaware of their periodontal conditions. In fact, the oral examination was the first 

periodontal exam for most of the participants. Our study extended the generalizability of the 

association between AL and IMT observed in studies largely consisting of older subjects to a 

younger (mean age 46 years) and mostly lean (mean BMI 21.1) South Asian population 

residing in rural Bangladesh. Measurements of the inflammatory markers and the clinical 

periodontal examination were performed at different time points, hence we could not 

evaluate the impact of periodontal diseases on the markers at the same time of periodontal 

exam or after periodontal exam. However, given the short time gap (mean 4 years) between 

baseline blood collection (2006–08) and periodontal exam (2011), we do not believe our 

findings would have been significantly biased for markers that have good long-term 

reproducibility, such as sICAM-1 and sVCAM-1. Nevertheless, future studies are needed to 

confirm a cause-effect relationship between periodontal diseases and systemic inflammation 

and to evaluate other markers. We did not include lipid profiles in the multivariate model as 

the data were not collected. However, lipids may serve as pathological mediators 

underpinning the association between periodontal diseases and atherosclerosis (Schenkein 

and Loos, 2013, Iacopino and Cutler, 2000), which should not have been controlled in the 

analyses. Nevertheless, we acknowledge that it could have been helpful to have such data to 

assess the extent that the effect of periodontal diseases on IMT can be accounted for by the 

effect of periodontal diseases on lipid profiles.

In conclusion, we found that AL was dose-dependently related to carotid IMT. Our findings 

add to the growing body of epidemiologic evidence that periodontal diseases may be an 

important and independent risk factor for atherosclerosis.

Supplementary Material

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

Scientific rationale for study: A number of studies have reported that periodontal 

diseases are associated with carotid intima-media thickness (IMT), a surrogate marker for 

subclinical atherosclerosis. However, most of these studies were conducted among older 

adults, with limited evidence in younger populations, populations with low body mass 

index (< 23 kg/m2), or in South Asians. Further, previous studies often did not conduct 

stratified analyses by smoking, and few studies have investigated systemic inflammatory 

markers as potential underpinnings linking periodontal diseases and subclinical 

atherosclerosis.

Principal findings: Attachment loss was positively associated with IMT in this young 

and lean Bangladesh population and among never smokers. Attachment loss was also 

positively associated with plasma levels of matrix metalloproteinase-9 and soluble 

intercellular adhesion molecule-1.

Practical implications: Periodontal diseases may be an important and independent risk 

factor for atherosclerosis.
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Figure 1. 
Carotid intima-media thickness (μm) in relation to mean attachment loss (mm) overall and 

stratified. Cut-off points for mean attachment loss were determined by quartiles (Q1: ≤ 2.30; 

Q2: 2.31−2.85; Q3: 2.86−3.72; Q4: > 3.72) in the overall population. β represents the 

adjusted difference in average carotid IMT values between the comparison and reference 

groups, adjusting for sex, age, BMI, smoking status (never and ever), and betel quid chewing 

at the time of IMT measurement, as well as educational attainment at baseline (except for 

the variable stratified by in the stratified analyses). P for trend was based on continuous 

mean attachment loss. P for interaction was based on the cross-product term between each 

effect modifier and continuous mean attachment loss.
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Table 2

Associations [β*
 (95% CI)] between periodontal indices and carotid IMT (μm)

n
Model 1

†
Model 2

‡

Mean probing depth, mm

    ≤ 2.25 226 Reference Reference

    2.26–2.46 226 −6.2 (−20.5, 8.0) −3.4 (−17.5, 10.8)

    2.47–2.69 226 −1.2 (−15.4, 13.0) 3.2 (−11.1, 17.4)

    > 2.69 225 −0.4 (−14.9, 14.2) 4.8 (−9.8, 19.4)

    P for trend
§ 0.87 0.37

    Per 1-mm increase 2.3 (−12.1, 16.8) 7.7 (−6.8, 22.3)

Mean attachment loss, mm

    ≤ 2.30 224 Reference Reference

    2.31–2.85 228 2.1 (−12.3, 16.5) 6.4 (−8.0, 20.8)

    2.86–3.72 226 8.5 (−7.1, 24.1) 12.0 (−3.9, 27.9)

    > 3.72 225 12.9 (−4.3, 30.0)
20.0 (2.2, 37.8)

∥

    P for trend
§ 0.12 0.03

    Per 1-mm increase 3.7 (−1.6, 9.1)
6.4 (0.9, 11.9)

∥

Percentage of sites with bleeding on probing

    ≤ 7.8 225 Reference Reference

    7.9–15.6 223 −11.5 (−25.8, 2.8) −9.8 (−24.1, 4.5)

    15.7–25.6 227 −5.7 (−20.3, 8.8) −3.1 (−17.7, 11.5)

    > 25.6 229
−18.1 (−33.2, −3.1)

∥ −11.4 (−26.8, 3.9)

    P for trend
§ 0.05 0.27

    Per 10% increase
−4.6 (−8.8, −0.4)

‡ −2.6 (−6.9, 1.7)

Percentage of sites with ≥ 4 mm probing depth

    ≤ 2.0 227 Reference Reference

    2.1–4.8 226 −6.9 (−21.1, 7.2) −6.2 (−20.2, 7.8)

    4.9–11.1 224 −7.2 (−21.5, 7.0) −5.9 (−20.1, 8.2)

    > 11.1 226 5.8 (−8.6, 20.3) 8.6 (−5.9, 23.0)

    P for trend
§ 0.49 0.29

    Per 10% increase 2.3 (−2.7, 7.3) 3.4 (−1.6, 8.3)

Percentage of sites with ≥ 4 mm attachment loss

    ≤ 14.3 225 Reference Reference

    14.4–29.4 227 4.7 (−9.7, 19.1) 9.6 (−4.7, 24.0)

    29.5–58.4 226 6.0 (−9.5, 21.5) 9.5 (−6.1, 25.1)

    > 58.4 225
18.4 (1.3, 35.5)

∥
26.5 (8.9, 44.1)

#

    P for trend
§ 0.05 < 0.01

    Per 10% increase 1.4 (−0.8, 3.7)
2.4 (0.1, 4.7)

∥
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n
Model 1

†
Model 2

‡

Number of missing teeth

    0 265 Reference Reference

    1–2 268 2.3 (−10.9, 15.5) 1.1 (−12.0, 14.2)

    3–4 177 −4.0 (−18.9, 10.9) −1.4 (−16.1, 13.3)

    > 4 196 2.0 (−13.6, 17.6) 5.4 (−10.2, 21.0)

    P for trend
§ 0.96 0.63

    Per 1-tooth increase 0.1 (−1.0, 1.3) 0.4 (−0.7, 1.5)

*
For categorical variables, β represents the adjusted difference in average carotid IMT values between the comparison and reference groups. For 

continuous variables, β represents the change in IMT for every 1-unit increase in the exposure variable.

†
Adjusted for sex and age at the time of IMT measurement.

‡
Adjusted for sex, age, BMI, smoking status (never and ever), and betel quid chewing at the time of IMT measurement, as well as educational 

attainment at baseline.

§
Based on ordered variables for quartile categories of periodontal indices.

∥
P < 0.05.

#
P < 0.01.

J Clin Periodontol. Author manuscript; available in PMC 2017 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wu et al. Page 19

Ta
b

le
 3

A
ss

oc
ia

tio
ns

 [
β*  (

95
%

 C
I)

] 
be

tw
ee

n 
m

ea
n 

at
ta

ch
m

en
t l

os
s 

an
d 

pl
as

m
a 

le
ve

ls
 o

f 
M

M
P-

9,
 M

PO
, s

E
-s

el
ec

tin
, s

IC
A

M
-1

, a
nd

 s
V

C
A

M
-1

M
ea

n 
at

ta
ch

m
en

t 
lo

ss
, m

m
n

M
M

P
-9

 (
ng

/m
l)

M
P

O
 (

ng
/m

l)
sE

-s
el

ec
ti

n 
(n

g/
m

l)
sI

C
A

M
-1

 (
ng

/m
l)

sV
C

A
M

-1
 (

ng
/m

l)

≤ 
2.

68
11

5
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

2.
69

–3
.5

3
11

6
7.

6 
(−

11
.1

, 2
6.

4)
0.

7 
(−

3.
1,

 4
.6

)
−

3.
6 

(−
8.

3,
 1

.2
)

22
.9

 (
−

12
.5

, 5
8.

4)
−

46
.3

 (
−

13
9.

8,
 4

7.
2)

>
 3

.5
3

11
8

28
.5

 (
6.

9,
 5

0.
1)

†
0.

9 
(−

3.
6,

 5
.4

)
−

3.
0 

(−
8.

5,
 2

.5
)

55
.5

 (
14

.6
, 9

6.
4)

†
30

.7
 (

−
77

.2
, 1

38
.5

)

P 
fo

r 
tr

en
d§

<
 0

.0
1

0.
70

0.
29

<
 0

.0
1

0.
55

Pe
r 

1-
m

m
 in

cr
ea

se
11

.0
 (

2.
5,

 1
9.

5)
‡

0.
3 

(−
1.

4,
 2

.1
)

0.
8 

(−
1.

3,
 3

.0
)

27
.0

 (
11

.0
, 4

2.
9)

†
22

.2
 (

−
20

.1
, 6

4.
6)

* Fo
r 

ca
te

go
ri

ca
l m

ea
n 

at
ta

ch
m

en
t l

os
s,

 β
 r

ep
re

se
nt

s 
th

e 
ad

ju
st

ed
 d

if
fe

re
nc

e 
in

 a
ve

ra
ge

 p
la

sm
a 

le
ve

ls
 o

f 
th

e 
m

ar
ke

rs
 b

et
w

ee
n 

th
e 

co
m

pa
ri

so
n 

an
d 

re
fe

re
nc

e 
gr

ou
ps

. F
or

 c
on

tin
uo

us
 m

ea
n 

at
ta

ch
m

en
t l

os
s,

 β
 

re
pr

es
en

ts
 th

e 
ch

an
ge

 in
 p

la
sm

a 
le

ve
ls

 o
f 

th
e 

m
ar

ke
rs

 f
or

 e
ve

ry
 1

-u
ni

t i
nc

re
as

e 
in

 m
ea

n 
at

ta
ch

m
en

t l
os

s.
 β

 w
as

 a
dj

us
te

d 
fo

r 
se

x,
 a

ge
, B

M
I,

 s
m

ok
in

g 
st

at
us

 (
ne

ve
r 

an
d 

ev
er

),
 a

nd
 b

et
el

 q
ui

d 
ch

ew
in

g 
at

 th
e 

tim
e 

of
 I

M
T

 m
ea

su
re

m
en

t, 
as

 w
el

l a
s 

ed
uc

at
io

na
l a

tta
in

m
en

t a
t b

as
el

in
e.

† P 
<

 0
.0

1.

‡ P 
<

 0
.0

5.

§ B
as

ed
 o

n 
or

de
re

d 
va

ri
ab

le
s 

fo
r 

te
rt

ile
 c

at
eg

or
ie

s 
of

 m
ea

n 
at

ta
ch

m
en

t l
os

s.

J Clin Periodontol. Author manuscript; available in PMC 2017 November 01.


	Abstract
	Introduction
	Methods
	Study population
	Questionnaire data
	Measurement of carotid IMT
	Oral examination
	Measurements of plasma levels of CVD markers
	Statistical analyses

	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

