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Background: It has been suggested that periodontal disease (PD) was associated with an increased risk
for cardiovascular diseases (CVD), although evidence is inconclusive.
Purpose: We first sought to prospectively evaluate the relationship of PD to CVD and all-cause mortality
using a national representative sample in the United States.
Methods: The study population consisted of 10,849 participants who were 30 years or older and received
a periodontal examination from NHANES III mortality follow-up sample (1988–2006). CVD and all-cause
deaths were ascertained from the National Death Index records. The causes of death were defined using
the International Classification of Disease coding (ICD-10). The severity of PD was categorized as non-PD,
modest and severe PD based on clinical attachment loss and pocket depth.
Results: Of the study sample, 3105 and 561 participants were identified as modest and severe PD cases,
respectively. After up to 18 years of follow-up, there were total 2894 deaths, of which 1225 were from CVD.
The levels of inflammation markers (high sensitivity C-reactive protein, white cell count and fibrinogen)
were significantly higher in men with severe PD compared to men without PD (p < 0.05). The prospective
associations were evaluated using multivariable Cox proportional-hazards models. After adjusting for
age, gender, race, household income and traditional risk factors of CVD, severe PD was associated with
an increase risk of CVD mortality and all-cause mortality in men aged 30–64 years (HR = 2.13 with 95%

confidence interval of 1.37–3.31 for CVD mortality; HR = 1.64 with 95% confidence interval of 1.25–2.15
for all-cause mortality). In addition, significant linear trends were found in CVD and all-cause mortality
across the severity of PD (p < 0.001). However, no significant associations were found in men aged ≥65
and in women.
Conclusions: There appears to be prospective associations between PD and CVD and all-cause mortality
in men aged 30–64 years. Inflammation may be one possible pathway to link PD with CVD.

© 2011 Elsevier Ireland Ltd. All rights reserved.
. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the
nited States [1]. Traditional risk factors such as cigarette smok-

ng, hyperlipidemia, hypertension, and diabetes only explain part
f the variation in the risk of CVD [2]. In the last decade, low-grade

ystemic inflammation has been advocated as one of the impor-
ant novel risk factors for CVD [3]. Periodontal disease (PD), which
s a chronic infection in the supportive tissue of teeth and caused
y complex dental biofilms composed of microorganisms found in

∗ Corresponding author at: Brigham and Women’s Hospital and Harvard Medical
chool, 75 Francis Street PBB-B3, Boston, MA 02115, USA. Tel.: +1 617 525 9513;
ax: +1 617 731 9032.

E-mail address: nhblu@channing.harvard.edu (B. Lu).

021-9150/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.atherosclerosis.2011.07.091
the oral microbiota, is common among U.S. adults [4]. The asso-
ciation between PD and CVD has been reviewed extensively in
the literature [5–7]. The majority of epidemiological studies have
shown the presence of a significant positive association between
PD and CVD [8–10], although reports from the Health Profession-
als Study [11] and the Physicians’ Health Study [12] observed no
association between PD and either coronary heart disease or stroke
among more than 66,000 male health professionals. The large sam-
ple sizes of these two studies provide a good reason for caution
with regard to the overall hypothesis. To date, few studies have
investigated the prospective associations between PD and CVD and
all-cause mortality, especially in a national representative sam-

ple. We therefore sought to assess the associations of PD with
CVD and all-cause mortality based on National Health and Nutri-
tion Examination Survey III (NHANES III) mortality follow-up data
(1988–2006).

dx.doi.org/10.1016/j.atherosclerosis.2011.07.091
http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
mailto:nhblu@channing.harvard.edu
dx.doi.org/10.1016/j.atherosclerosis.2011.07.091
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modest or severe PD were more likely to be younger, non-Hispanic
black, current smoker and have lower levels of education and family
F. Xu, B. Lu / Atherosc

. Methods

.1. Study population

The data for this study were taken from the National Health and
utrition Examination Survey III (NHANES III), a nationally rep-

esentative health survey conducted between 1988 and 1994 by
he National Center for Health Statistics (NCHS) of the Centers for
isease Control and Prevention (CDC) [13]. NHANES III used a mul-

istage cluster design with oversampling of racial/ethnic minorities,
hildren, and the elderly. Sample weights are provided for each
ndividual that correct for non-response and unequal probability
f selection. Participants completed a household interview and a
hysical examination in the Mobile Examination Center (MEC). We

imited analyses to the 10,849 adults aged more than 30 years (male
156, female 5693) who received a periodontal examination and
ere eligible for mortality follow-up.

.2. Mortality follow-up

Participants were linked to death records from the National
eath Index for the years 1988–2006. Vital status was determined
y NCHS through a rigorous process of probabilistic matching and
eath certificate review based on participant social security num-
er, full name, date and state of birth, gender, race/ethnicity, state
f residence, and marital status [14]. The primary underlying cause
f death was used for case definition. These causes were defined
sing the International Classification of Disease coding (ICD-10).
VD mortality was defined as ICD-10 codes I00-I99 including all
eaths from coronary heart disease, cerebrovascular diseases and
ther disorders of circulatory system.

.3. Assessment of periodontal disease

The periodontal examination for NHANES III was conducted in
he mobile examination centers. Briefly, the periodontal exami-
ation was conducted at 2 sites, mid-buccal and mesiobuccal for
ach tooth, in 2 randomly chosen quadrants, 1 maxillary and 1
andibular, on the assumption that conditions in these 2 quadrants
ould represent the mouth. Third molars were excluded because

f their frequent extraction in young adulthood, so a maximum 14
eeth and 28 sites per individual were examined. Detailed exam-
nation procedures can be obtained from the CDC website [13].
urrently uniform criteria for an accurate definition of PD have not
een established in epidemiological studies [15]. For this study, we
efined modest PD as at least one site with >4 mm clinical attach-
ent loss or at least one site with probing depths >5 mm; severe

D as at least one site with CAL ≥6 mm and one or more sites with
D ≥5 mm in 2 quadrants (half mouth).

.4. Assays of markers of inflammation

Laboratory methods and quality control procedures are
escribed in detail elsewhere [13,16]. Serum C-reactive protein
as quantified using latex-enhanced nephelometry. The assay
as standardized using the World Health Organization’s interna-

ional reference preparation of C-reactive protein. Both within- and
etween-assay quality control procedures were used, and the coef-
cient of variation of the method was 3.2–16.1% (median, 6.3%)
hrough the study period. The white blood cell count was obtained
sing a Coulter Counter. The coefficient of variation for this assay
as no more than 3.0%. Fibrinogen was measured in citrated plasma

sing an automated coagulation analyzer. The total coefficient of
ariation across normal pooled plasma was 3.9%.
218 (2011) 536–542 537

2.5. Potential confounders

We evaluated several variables for potential confounding.
Demographic variables included age (in years), race (non-Hispanic
white, non-Hispanic black and all others), education (high school
education or less versus more than high school) and household
income level. Household income level was measured based on
poverty income ratio (PIR) which is the ratio of family income
to the appropriate poverty threshold: low (PIR < 1.35), medium
(1.35 ≤ PIR < 3.0) and high (PIR ≥ 3.0). The potential risk factors for
CVD included smoking status, alcohol use, total to HDL cholesterol
ratio (TC/HDL ratio), hypertension, diabetes, and a history of coro-
nary heart disease (CHD) or stroke. Smoking was categorized as
never, current and former smoking. Alcohol use was dichotomized
as at least 12 drinks in the last 12 months or not. TC/HDL ratio
was calculated as total cholesterol divided by HDL cholesterol (<5
and ≥5) [17]. Obesity was defined as body mass index ≥30 kg/m2.
Hypertension was defined as mean SBP ≥140 mm Hg, mean DBP
≥90 mm Hg, or current treatment for hypertension with medica-
tion. Diabetes was defined from self-report of diagnosis or taking
diabetes medications. A history of coronary heart disease (CHD) or
stroke was determined by self-reported.

2.6. Statistical analysis

Analyses were performed using SAS-callable SUDAAN version
10 (Research Triangle Institute) to account for the complex sam-
pling scheme used in NHANES III. Descriptive statistics were used
to summarize variables as well as to detect outliers and missing
values. We compared characteristics of the sample according to
periodontal status. Person-years were calculated from the date of
NHANES III survey participation (1988–1994) through the date of
death or December 31, 2006, whichever came first. All the analy-
ses were stratified by gender and two age groups (30 ≤ age < 65 and
age ≥ 65). We evaluated the associations between PD and inflam-
mation markers by fitting 3 multiple linear regression models with
hsCRP, white blood cell count and fibrinogen as continuous out-
comes respectively. hsCRP and white blood cell count were natural
logarithm transformed in the analyses due to the skewed distri-
butions. Then we compared Kaplan–Meier curves to graphically
display the survival functions across participants with and with-
out PD, and log-rank tests were used to test the difference. The
unadjusted and multivariable-adjusted associations were evalu-
ated using Cox proportional-hazards model, stratified by gender
and age groups. The independent association of CVD and all-cause
mortality with PD was assessed in multivariable models after
adjusting for age, race, household income level, education, smoking
status, alcohol use, TC/HDL ratio, hypertension, obesity, diabetes,
and a history of coronary heart disease (CHD) or stroke. The effects
of PD and other covariates were evaluated using adjusted haz-
ard ratios with 95% confidence intervals. The proportional hazard
assumption was tested based on the smoothed plots of the scaled
Schoenfeld residuals [18].

3. Results

Demographic characteristics and potential risk factors of CVD in
the study population with and without PD are presented in Table 1.
Of 10,849 participants who were 30 years or older, 3105 and 561
participants were identified as modest and severe PD cases, respec-
tively. The median follow up time was 14 years. Individuals with
income, and higher levels of TC/HDL ratio, and more likely to have
hypertension, diabetes and a history of CHD or stroke compared
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Table 1
Baseline characteristics of study participants by periodontal disease (PD), NHANES III mortality follow-up study, 1988–2006.a

Men Women Total

Non
(n = 3046)

Modest
(n = 1729)

Severe
(n = 381)

P Non
(n = 4137)

Modest
(n = 1376)

Severe
(n = 180)

P Non
(n = 7183)

Modest
(n = 3105)

Severe
(n = 561)

P

Age (year) %
30–39 41.58 21.18 25.88 36.92 19.25 19.06 38.98 20.32 23.73
40–49 27.12 25.57 26.10 26.54 19.88 22.89 26.80 23.07 25.09
50–59 12.88 23.02 17.84 14.07 19.65 16.59 13.54 21.54 17.45
60–69 10.58 16.76 18.64 11.52 20.30 21.94 11.11 18.32 19.68
70–79 5.95 10.04 10.10 7.64 13.61 15.72 6.89 11.61 11.87
80+ 1.89 3.44 1.44 <0.001 3.31 7.30 3.80 <0.001 2.68 5.14 2.18 <0.001

Race %
Non-Hispanic white 81.62 73.22 64.07 77.43 73.76 57.96 79.29 73.46 62.15
Non-Hispanic black 8.14 11.86 21.36 10.55 12.92 28.49 9.48 12.33 23.61
Mexican-American 4.55 5.15 5.27 4.21 4.45 5.92 4.36 4.84 5.48
All others 5.70 9.77 9.29 <0.001 7.81 8.87 7.62 <0.001 6.87 9.38 8.77 <0.001

Poverty ratio %
Low (<1.35) 16.00 21.63 32.20 22.82 28.60 43.67 19.79 24.70 35.81
Medium (1.35–2.99) 30.52 30.75 36.30 30.92 36.09 41.70 30.74 33.10 38.00
High (≥3.00) 53.48 47.62 31.50 <0.001 46.26 35.31 14.63 <0.001 49.47 42.21 26.19 <0.001
Education (<12 yrs) % 21.17 27.79 44.89 <0.001 21.25 32.11 36.59 <0.001 21.21 29.69 42.28 <0.001

Smoking %
Never 38.23 23.70 20.10 58.27 45.82 40.59 49.36 33.43 26.56
Current 25.32 37.53 48.01 20.24 30.44 34.04 22.50 34.41 43.61
Former 36.45 38.77 31.89 <0.001 21.49 23.74 25.36 <0.001 28.14 32.16 29.83 <0.001
Alcohol use % 66.75 59.89 67.43 0.012 43.15 35.30 29.61 <0.001 53.63 49.07 55.52 0.016
TC/HDL ≥ 5.0b 41.42 44.92 39.29 0.188 19.29 23.31 33.57 0.002 29.12 35.42 37.49 0.001
Hypertension % 24.36 27.13 30.63 0.001 24.83 31.97 40.34 <0.001 24.62 29.26 33.69 0.001
Obesity % 21.81 21.09 26.73 0.391 26.36 28.04 42.21 0.024 24.34 24.15 31.61 0.078
Diabetes % 4.27 7.54 12.76 <0.001 5.70 7.70 13.82 0.002 5.06 7.61 13.09 <0.001
CHD/stroke history % 3.62 6.48 6.09 0.005 1.77 2.75 0.61 0.036 2.60 4.84 4.36 0.001

a All proportions are weighted to account for the sample design.
b TC/HDL, total cholesterol/HDL cholesterol ratio.
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Table 2
Periodontal disease (PD) and levels of high-sensitivity C-reactive protein (hsCRP), white blood cell count and fibrinogen (regression parameter estimates ˇ and standard
errors, SE).a

hsCRPb White cell countb Fibrinogen, mg/dL

ˇ (SE) P ˇ (SE) P ˇ (SE) P

Men
Non-PD Referent Referent Referent
Modest −0.01 (0.03) 0.774 0.02 (0.01) 0.270 4.34 (5.98) 0.471
Severe 0.15 (0.06) 0.010 0.07 (0.02) 0.001 20.34 (8.63) 0.022

Women
Non-PD Referent Referent Referent
Modest −0.02 (0.03) 0.553 0.01 (0.02) 0.417 −6.01 (3.38) 0.073
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Severe 0.14 (0.09) 0.096

ith non-PD participants. We explored the associations between
D and systemic inflammation markers including hsCRP, white cell
ount and fibrinogen. The separate multiple linear regression mod-
ls illustrated that there were consistent relationships between
D and systemic inflammation markers after adjusting for other
ovariates (Table 2). The levels of hsCRP, white cell count and fib-
inogen were significantly higher in men with severe PD compared
o men without PD (p < 0.05). In women severe PD cases have higher
evels of fibrinogen than non-PD participants (p = 0.001).

After up to 18 years of follow-up, there were total 2894 deaths,
f which 1225 were from CVD (233 from stroke, 685 from coro-
ary heart disease). In comparisons of Kaplan–Meier estimators of
umulative CVD mortality (Fig. 1), we found that cumulative CVD
ortality rates were increased across the severity of PD in both
en and women aged 30–64 years (p < 0.001). In contrast, no signif-

cant differences in cumulative CVD mortality were found in men

nd women aged more than 65 years (p > 0.250). Similar results
ere found in Kaplan–Meier estimators of cumulative all-cause
ortality (results are not shown).

Fig. 1. Cumulative CVD mortality ra
0.03) 0.239 34.21 (10.00) 0.001

Table 3 presents unadjusted and multivariable adjusted haz-
ard ratios of CVD and all-cause mortality separately in different
age and gender groups. In unadjusted analysis, subjects with PD
were at higher risk for CVD mortality and all-cause mortality com-
pared to subjects without PD in both men and women aged 30–64
years, but not in older age group (age ≥ 65 years). The relationships
also demonstrated a significant linear trend across the severity of
PD (p < 0.01). After controlling for age, race, education, household
income, smoking status, alcohol use, TC/HDL ratio, hypertension,
obesity, diabetes and a history of CHD or stroke in Cox proportional
hazard models, the risk was reduced significantly for both CVD and
all-cause mortality. Men with severe PD still have an increased
risk for CVD and all-cause mortality compared to men without
PD in the younger group (30–64 years) (HR = 2.13 for CVD mortal-
ity with 95% confidence interval of 1.37–3.31, p < 0.001; HR = 1.64
for all-cause mortality with 95% confidence interval of 1.25–2.15,

p < 0.001). In addition, significant linear trends were found in
CVD and all-cause mortality across the severity of PD (p < 0.001).
However, no significant associations were found between PD and

tes by PD in men and women.
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risk of CVD and all-cause mortality in men aged ≥65 and in
women.

4. Discussion

Although a number of epidemiological studies have demon-
strated that periodontal disease may significantly predict car-
diovascular diseases, causality still needs to be confirmed. In
this prospective analysis using national representative data, we
observed significant associations between periodontal disease and
CVD mortality and all-cause mortality among U.S. men aged 30–64
years after adjusting for demographic factors, traditional risk
factors of CVD and other potential confounders. However, no sig-
nificant associations were found in women and in men aged 65
years and over. Our findings are consistent with previous studies
showing positive associations of poor oral health and CVD mortal-
ity and all-cause mortality in young men [19–21]. More recently, a
large prospective study with 7674 subjects and a median follow-
up period of 12 years presented a dose-dependent relationship
among number of teeth and CVD and all-cause mortality [22].
On the contrary, a large 6-year follow-up study of 44,119 male
health professionals suggested that periodontal disease was not
an independent predictor of subsequent cardiovascular disease in
middle-aged to elderly men [12]. Similarly in the Physicians’ Health
Study of 22,071 U.S. male physicians, no association was observed
between periodontal disease and subsequent CHD [11]. However,
these two large cohort studies had no oral examination data, but
instead relied on participant reports of periodontal disease (no
medical records to confirm the reports).

The gender differences in CVD and metabolic syndrome risk fac-
tors have received a lot of attention [23,24]. Gender has a significant
influence on the cause, clinical manifestation and prognosis of CVD.
Modifiable risk factors, such as smoking, physical activity, show dif-
ferences between the sexes. Sex hormones and sex-specific genetic
factors are also likely to be involved in the pathogenesis of CVD [24].

Several possible pathways relating periodontal disease and CVD
including bacteremia, inflammation and vascular injury have been
discussed in previous studies [7,10,25]. The bacteria may contribute
to the vascular pathology either directly through their cytotoxic-
ity or indirectly by inducing or exacerbating inflammation. They
are present in atherosclerotic plaques and may play an important
role in the development and progression of atherosclerosis leading
to CVD [26]. Inflammation is a normal response to many physical
states including fever, injury and infection. Laboratory evidence
and findings from clinical and population studies suggest that a
chronic low-grade inflammation, such as periodontal disease, may
be involved in the process of development of atherosclerosis for
CVD [27,28]. Inflammation (triggered by environmental factors or
genetic influences) causes a sequence of actions in the artery such
as, plaque rupture, thrombus formation and immobilization into
the blood vessels, therefore increasing plaque build up and con-
tributing to diminished flow in arteries [29]. The inflammatory
biomarkers teleologically plays an important role in the body’s
immune response and has been associated with increased risk of
CVD [30]. Additionally, previous studies have been shown that
the systemic inflammation markers: C-reactive protein, IL-6, TNF-
� and fibrinogen were elevated in patients with PD [31,32]. Our
multivariable analyses verified that PD cases had higher levels of
hsCRP, white cell count and fibrinogen than non-cases. Therefore,
our results also support that inflammation may be an important
pathway linking PD with CVD.
This is the first fairly large retrospective cohort study with a long
follow-up period using U.S. national representative data in which
PD was associated with an increased risk of CVD and all-cause mor-
tality in men aged 30–64 years. The NHANES III baseline and dental
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xamination data were collected based on standard procedures.
ge, as the most important factor of mortality, was adjusted care-

ully in analyses. First, we separated the analyses by age groups
30–64 and ≥65 years), and then age as well as all known tradi-
ional CVD risk factors were also adjusted in separate multivariable

odels. Our findings were less likely to be interpreted as residual
onfounding effects. Moreover the present study provided multi-
le indexes of inflammation to consistently show the association
etween PD and inflammation.

Unlike other measures of PD, such as gingival bleeding, peri-
dontal attachment loss and pocket depth are generally considered
rreversible, can provide a cumulative record of current and past
isease. A recent review of analytical epidemiology revealed a con-
picuous lack of uniformity in the definition of periodontitis in
pidemiological studies [15]. In 2003 a working group appointed
y the Centers for Disease Control and Prevention (CDC) and the
merican Association of Periodontology (AAP) defined moderate
eriodontitis as two or more interproximal sites with >4 mm CAL,
ot on the same tooth, or two or more interproximal sites with
robing depths >5 mm, not on the same tooth. Severe periodon-
itis was defined as two or more interproximal sites with CAL
6 mm, not on the same tooth, and one or more interproximal

ites with probing depths PD ≥5 mm [33]. These definitions are
xpected to serve as the standard definitions of moderate and
evere periodontitis in surveillance and epidemiological studies.
owever, a recent validation study demonstrated that NHANES III
artial mouth periodontal examination protocols using CDC/AAP
efinition substantially understated the prevalence of periodonti-
is by 50% or more [33]. Therefore, we used a different criterion to

easure the severity of PD to reduce misclassification due to the
alf-mouth examination in NHANES III. The prevalence of severe
D in this study was 5.1%, which is consistent with a recent valida-
ion study using a subsample of NHANES III [33]. The prevalence of
evere PD was 4.8% based on a full-mouth “gold standard” exami-
ation.

Our study has several limitations. A large number of partici-
ants were excluded from the periodontal examination and many
otential confounding factors were based on self-report. Also, using
he National Death Index to determine our outcomes may result in

isclassification due to the inaccuracies of death certificates. More-
ver, we failed to exclude the subjects with transient inflammatory
isease or trauma which may increase the levels of inflammatory
iomarkers since no detailed information was available in NHANES

II. However, the subjects with recent infection or trauma might be
ess likely to participate in the survey. Finally, PD is a condition
hat undergoes exacerbations and remissions, and recent studies
upported that periodontal treatment may improve inflammatory
arkers and vascular function [34]. Our study was based on one-

ime assessment of the periodontal status and we have no data on
ubsequent treatments. Thus we cannot evaluate possible varying
ffects of active inflammation and clinical markers over follow-up
eriod.

In conclusion, this study provides support for the hypoth-
sis of the association of periodontal disease with CVD and
ll-cause mortality in men younger than 65, and for a
otential oral-infection-inflammation pathway for CVD using
ational representative data in United States. Our results will

urnish novel information about oral health and CVD and
eneral health, thus have large potential public health implica-
ions.
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