] Periodontol * September 2006

Periodontal Disease and Coronary

Heart Disease

Karen Geismar,* Kaj Stoltze,* Bjarne Sigurd,’ Finn Gyntelberg,* and Palle Holmstrup*

Background: Several epidemiological studies have demon-
strated an association between periodontal disease and coro-
nary heart disease (CHD). The association could be a result of
confounding by mutual risk factors. The present study was
undertaken in a Danish population to reveal the significance
of common risk factors.

Methods: The investigation was conducted as a case-control
study comprising 250 individuals: 110 individuals with verified
CHD from a Department of Cardiovascular Medicine and 140
control individuals without CHD from the Copenhagen City
Heart Study. Information on diabetic status, smoking habits,
alcohol consumption, physical activity, school attendance,
household income, body weight and height, triglyceride, and
serum cholesterol was obtained. Full-mouth probing depth
(PD), clinical attachment loss (CAL), bleeding on probing
(BOP), and alveolar bone level (ABL) on radiographs were
registered. ABL was stratified into ABL1 = ABL <2 mm;
ABL2 = ABL >2 to <4 mm; and ABL3 = ABL >4 mm. Multiple
logistic regression models with stepwise backward elimination
were used allowing variables with P<0.15 to enter the multi-
variate analysis.

Results: The CHD group had a significantly lower out-
come with respect to PD, BOP, CAL, and ABL. For participants
<60 years old, only risk factors such as smoking and diabetic
status entered the multivariate analysis. For the ABL3 group,
there was a significant association with CHD for participants
<60 years old, the odds ratio being 6.6 (1.69 to 25.6). For par-
ticipants 260 years old, there was no association.

Conclusions: The present study showed a positive associa-
tion between periodontal disease and CHD in agreement with
several other studies. The association was highly age depen-
dent and could only be attributed to diabetes and smoking to
some extent. J Periodontol 2006;77:1547-1554.
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ithin the past decade, epi-
demiological studies have re-
peatedly shown an association

between periodontal disease and coro-
nary heart disease (CHD). Periodontal
disease and CHD are widespread condi-
tions, and, therefore, an association be-
tween them is an important scientific
subject from a preventive point of view.
Several studies have been conducted
using cohort, cross-sectional, or case-
control designs with varying conclusions
on the strength of the association as re-
viewed by Holmstrup et al.! Most of the
results reporting a lack of association
between periodontal disease and CHD
are from prospective studies.

In earlier studies, the measurement of
periodontal disease has ranged from self-
reported periodontal disease, partial
recording of attachment, the number of
teeth left, and the Russell plaque index
to clinical attachment loss (CAL) and al-
veolar bone level (ABL), but no studies
have been based on full-mouth registra-
tion of CAL and registration of ABL to
our knowledge.

It has been suggested that the spread
of bacteria and bacterial products from
the periodontal lesion to the bloodstream
may contribute to arteriosclerosis and
CHD.23 However, whether an associa-
tion between periodontal disease and
CHD could be causal is still uncertain.
Another explanation for the observed as-
sociation could be that the two disease
entities share common risk factors.

For CHD, several modifiable and
non-modifiable factors, such as elevated
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serum lipids, smoking, diabetes, age, male gender,
low socioeconomic status, hypertension, dyslipide-
mias, and alcohol consumption,* are generally ac-
cepted risk factors. Studies have also linked several
of these risk factors to periodontal disease, including
smoking, diabetes, age, male gender, and low socio-
economic status. Recently, studies have even shown
that dyslipidemias may be related to periodontal
disease,®’ and a few studies have shown that alco-
hol consumption resulted in increased periodontal
disease.®

In this study, we aimed to test the hypothesis that a
high prevalence of periodontal disease among CHD
patients could be explained, at least in part, by mutual
risk factors.

MATERIALS AND METHODS

The Scientific Ethical Committee of Copenhagen and
Frederiksberg approved the study, and informed writ-
ten consent was obtained from all participants.

Study Population

The study was designed as a case-control study. It
involved 110 consecutive CHD patients (mean age:
65 years; 70% male) diagnosed at the Department
of Cardiology, Bispebjerg University Hospital. After
discharge, they were invited to participate in the
study. From the Copenhagen City Heart Study, Epide-
miologic Research Unit, Bispebjerg University Hospi-
tal, 140 people without CHD (mean age: 62.6 years;
60% male) were recruited consecutively to match
the age and gender distribution of CHD patients as
closely as possible. Enrollment started in May 2002
and ended in June 2003. Participants with chronic in-
flammatory disease, human immunodeficiency virus
(HIV) infection, a history of organ transplant, or can-
cer treatment 6 months before examination were ex-
cluded during the selection period.

To confirm the diagnoses of individuals with CHD,
hospital case records were examined. A total of 42 in-
dividuals had clear ischemic changes on the electro-
cardiogram (ECG). Among the rest of the CHD cases,
17 had been subjected to coronary artery bypass graft
surgery, 34 to percutaneous transluminal coronary
angioplasty (PTCA), and 17 had signs of coronary ische-
mia from coronary angiography. Sixty patients with CHD
had their first CHD event a maximum of 12 months
prior to the examination. No ischemic changes were
observed on the ECG of control individuals.

Medical Examination

All 250 participants had a medical examination in the
Copenhagen City Heart Study involving a question-
naire concerning symptoms and diseases, familial
dispositions, education and socioeconomic status,
smoking and drinking habits, eating habits, physical
activity, medication, and previous contacts with the
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Table 1.

Univariate Association Between Coronary
Heart Disease and Oral Variables

Oral CHD Non-CHD
Variable (N=110) (N = 140) P
ABL (mm) 36 (1.8) 28 (14) <0.001
CAL (mm) 37 (1.5) 29 (1.3) <0.00!
PD (mm) 29 (09) 25 (0.6) 0002
BOP (%) 384 307 0015
NUM 179 (9.6) 208 (8.7) 0015
Edentulous (%) 116 7.3 0236
ABLI (%) 165 35.1

ABL2 (%) 525 469 0.003
ABL3 (%) 31.0 180

Values presented are mean (SD) or frequency in percent.
NUM = number of teeth.
* Student t and x_ tests.

health care system. Smoking was recorded as the
type of tobacco, amount used, and duration of smok-
ing period in years. Height and weight were measured.
A resting ECG was taken, and an echocardiography
was performed. Arm blood pressure was measured
with the subject seated, a blood sample was taken,
and total serum cholesterol, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein choles-
terol (LDL-c), and triglyceride were measured. Any
use of medicine was registered. The methods have
been described in detail previously.®

Oral Examination
A dentist (KG) performed the oral examination at a
dental unit in the Department of Cardiology, Bispebjerg
University Hospital. Periodontal registrations were
performed by a trained periodontist. Information on
dental hygiene procedures was registered, and a clin-
ical examination was carried out: probing depth (PD),
recession, and bleeding on probing (BOP) were regis-
tered by the use of a periodontal probe on six sites of
all existing teeth excluding third molars. An indirect
measurement of CAL was calculated on the basis of
PD and the level of the gingival margin. Six intraoral
radiographs were taken: two vertical bitewings on each
side and two periapical radiographs of the incisors of
both jaws.

The radiographs were scanned and digitized.$ Two
blinded measurements of ABL were made on each
tooth present, excluding third molars. ABL was

§ Epson expression 1680 pro, Hemel Hempstead, U.K.



‘Table 2.

ar Risk Factors

Univariate Association Between Coronary Heart Disease and

made for CAL. The means were
calculated based on all measured
sites from each individual.

Statistical Methods

Statistical analysis was performed

CHD Non-CHD
(N=110) (N = 140) p* using statistical software.
The Student t test was used
) for continuous variables, and the
Disbetes, self-reported (%) 17.3 <0001 Mann-Whitney rank sum test was
B o used if they did not meet the de-
B 0 pack years (%) 206 mand for vgriance homoggneity
Smoking >20 to <40 pack years (%) 340 0025 and normality. All oral variables
Smoking >0 to <20 pack years (%) 20.6 were tested using b_oth parametric
Alcohol, daily consumption (%) 336 03¢ and non-parametnc analyses; .all
Physical activity, <2 hours weekly (%) 173 0.038 analyses were in agreement. With
more than two groups, the Kruskal-
Socioeconomic factors Wallis test was used. Differences
School attendance (years) 8.8 (1.9) 9.5 (2.0) 0005  between groups for categorical
Household income, smallt (%) 427 0.138  variables were analyzed using x2
90 distribution. The Spearman cor-
Other characteristics : : ;

relation for continuous variables
= (fe) 00 alol and the Kendall + B correlation
GEe(eals) 22 UH) G2etos) Go70 test for ordinal variables were
Clinical and paraclinical measurements used when testing for a trend. A
BMI (kg/m?) 27.1 (47) 267 (42) 0488 two-sided 5% level of significance

Blood pressure, systolic (mmHg) 1349 (22.6) 141.1 (21.6) 0027  was used in statistical analyses.
Triglyceride (mmol) 1.7 (0.8) 1.5 (09) 0.131 Multiple logistic regression
HDL-c (mmol) 1.3 (0.5) 1.5 (0.4) 0002 ~models with stepwise backward
LDL-c (mmol) 2.8 (1.0) 3.6 (1.0) <0.00 elimination were used allowing

Values presented are mean (SD) or frequency in percent.
BMI = body mass index.

* Compared to non-smoking group, using the Student ¢ test for continuous variables and the y° test for

categorical variables.

T Individuals with a household income less than <200,000 Danish kroner yearly.

defined as the distance between the cemento-enamel
junction (CEJ) to the most apical level of the alveolar
crest or, in cases of an evident infrabony pocket, to the
bottom of the defect. If the point to mark the alveolar
crest could not be decided, the site of the tooth was
omitted.

If a crown or filling covered the CEJ, an estimated
placement of CEJ was marked using the CEJ level of
adjoining teeth. If no CEJ could be found, or if it was
covered by a neighboring tooth, the site of the tooth
was excluded. The measurement was carried out
blinded on the digitized radiograph with an image-
handling program|| using a mouse-driven cursor. Prior
to the measurement of ABL, measures of agreement
were made by the use of k statistics. The simple «
values were 0.66, and the weighted values were
0.84, which were regarded as acceptable.

ABL was stratified into three groups: in the ABL1
group, the means were <2 mm; in the ABL2 group,
the means were >2 to <4 mm; and in the ABL3 group,
the means were >4 mm. The same stratification was

variables with P <0.15 to enter
the multivariate analysis. Odds
ratios were calculated with a con-
fidence interval of 95%.

RESULTS

Table 1 shows periodontal variables characteristic
within the CHD and non-CHD groups. The CHD
group had a significantly poorer outcome with respect
to all periodontal variables (P <0.05) except for the
proportion of edentulous individuals (25 of all partic-
ipants) where the difference was insignificant.

A comparison of risk factors (Table 2) showed sig-
nificant differences in self-reported diabetes, physical
activity level, and years of school attendance be-
tween the CHD and non-CHD groups. The distribution
of smoking (pack years) in the CHD and non-CHD
groups had an overall significant difference at P =
0.025. The differences seen in HDL-c, LDL-c, and
blood pressure were found to be opposite to the ex-
pected values, so that the CHD group had lower values
than the non-CHD group. HDL-c, LDL-c, triglyceride,

| DP-soft, version 3.2 for Windows, Olympus, Hamborg, Germany.
9 SAS for PC, Statistical Analysis System, SAS Institute, Cary, NC.
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Table 5.

Odds Ratio (95% confidence limits) for Coronary Heart
Disease According to ABL With Different Adjustment Criteria

where the periodontal bacteria
invade the arterial wall®6:27
or an indirect pathway where
bacterial products from the
periodontal pocket exert a sys-
temic effect on atherosclerosis

Logistic Regression With Forced Entry of Variables

development.?8:2° Chlamydia

Group ABLI ABL2 ABL3
pneumoniae has also been
Al linked with CHD, and it was
Crude odds ratio I 24 (121 t0 473) 37 (.67 to 8.07) proposed that infection with
Adjusted for C. pneumoniae was a cause
1) Age l 24 (11310 497) 36(1571t0844)  of CHD. However, recent meta-
2) |) + diabetes | 2.1 (096 to 44|) 34 (l45 o 806} ana]ysis rEjECtS any Strong as-
3) 2) + smoking >0 pack years | |.7 (076 to 3.71) 2.2 (0.87 to 5.61) sociation between infections
4) 3) + school attendance >0 years I 1.6 (071 to 3.51) 2.0 (0.77 to 5.08) with C. pneumoniae and CHD,
<60 years old _although a modest association
Crude odds ratio [ 38 (13810 104) 98 (27710 349) nayounger goge group cannot
Aditicted for be excluded. o
1) Smoking 50 pack years | 31 (10910891) 69 (1800 268) In our study, it is evident that
2) 1) + diabetes [ 24 (08210 741) 66 (1.69 t0 25.6) periodontal disease and CHD
share common risk factors,
260 years old and smoking and diabetes
Crude odds ratio | 13 (046t0472) 15(044t0356) could explain half of the ob-
Adjusted for served associations between
1) Age I 1.0 (03410 383) I.I (034 to 3.00) periodontal disease and CHD.
2) 1) + diabetes I 09 (0.31 to 2.97) .l (0.30 to 3.74) Smoking and diabetes are
3) 2) + smoking >0 pack years | 07 (0.181t0274) 0.8 (026 to 2.69) known to induce changes in
the microvascular function af-
fecting the peripheral blood
mm circulation.3!32 The functional impairment of the
(s r=0.844 microcirculation in smokers has been shown to affect
the gingival tissue.3> Furthermore, smoking and dia-
betes are known to be associated with a greater sus-
10 - ceptibility to infections.>*3> This is in agreement
5 with the result of seroepidemiological studies showing
< that C. pneumoniae infections are more common in
s S oty smokers.3®
_*,;‘;,a With a poor adjustment for smoking, a study could
:-;.?5.5: i correlate periodontal disease to smoking-related dis-
i t L eases like chronic obstructive lung disease, lung can-
o ois i 75 10.0 ik cer, and CHD.37 These associations disappeared after
CAL relevant adjustment, including duration, amount, and
type of smoking.>® In the present study, available data
Figure 1. on tobacco use enabled the calculation of pack years,

Correlation between ABL and CAL.

(Table 5) among participants <60 years old indicates
that a dose-response relationship between ABL and
CHD may exist.

The biologically plausible explanation of the ob-
served association between periodontal disease and
CHD has been that chronic infections and associated
inflammatory processes may be involved in the initi-
ation and progression of atherosclerosis. Two path-
ways are suspected to be involved: a direct pathway
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and this variable was found to be associated with ABL
and CHD (Tables 2 and 3). Despite the adjustment
with smoking recorded as pack years, the asso-
ciation in the present study remained statistically
significant.

CONCLUSIONS

The present study has shown a positive association
between periodontal disease and CHD in agreement
with several other studies. The association was highly
age dependent and could only be attributed to diabe-
tes and smoking to some extent.



Periodontol + September 2006 Geismar, Stoltze, Sigurd, Gyntelberg, Holmstru
~

ACKNOWLEDGMENTS 17. Renvert S, Ohlsson O, Persson S, Lang NP, Persson
; . GR. Analysis of periodontal risk profiles in adults with

The auti'fors than}.( the Velux Eoundatjon, Fut/Calcin or without a history of myocardial infarction. J Clin

Foundation, Danish Foundation for Mutual Efforts Periodontol 2004:31:19-24.

in Dental Care, and Wedell-Wedellsborg Foundation, 1. Wolf B, von Bethlenfalvy E, Hassfeld S, Staehle HJ.

Copenhagen, Denmark, for financial support. Eickholz P. Reliability of assessing interproximal bone

loss by digital radiography: Intrabony defects. J Clin

REFERENCES Periodontol 2001 ;28:869-878.

! Holmstup P, Podsen A, Andersen L. Skadbl T, 19- Kim TS, Benn DK, il . Accuracy of computer
Fighn NE. Oral infections and systemic diseases. Dent bone loss in ve?rticpal bone defects. Oral Surg Oral Med

D) o Prham R0BAES B9, ) Oral Pathol Oral Radiol Endod 2002;94:379-387.

. Cairo F, Gaeta C, Dorigo W, et al. Periodontal patho- : ’ : : .

; Pl 20. Robinson PJ, Vitek RM. The relationship between gin-
gens in atheromatous plaques. A controlled clinical and ival inflammation and resistance to probe penetra-
laboratory trial. JPeriodgnta! Res 2004;39:442-446. gon J Periodontal Res 1979:14:239-243

3. Pussinen PJ, Jousilahti P, Alfthen 'Q, Falosuo T; 21. Jansson L, Lavstedt S, Frithiof L, Theobald H. Rela-
ASIE&]I‘IEI‘I S, Salomaa X Al_rl.'t'bOd'es tﬁ per:jodontal tionship between oral health and mortality in car-
pathogens are associated with coronary heart disease, . . . ; .2q.
Arterioscler Thromb Vasc Biol 2003;231250-1254, S Cyascular diseases. J Clin Periodontol 2001;28:

e omery aitery disesse; ‘The role of lipids, SEERERE L0 o 4 RF, Kahn HS, Williamson DF,
Ig'lgpgrtenrlc]m‘lggdg?okmg. Basic Res Cardiol 2000; Russell CM. Dental disease and risk of coronary heart

(Suppl. 1):152-158. . : disease and mortality. BMJ 1993;306:688-691

5. Wood D. Established and emerging cardiovascular 23. Mattila KJ, Valle MS, Nieminen MS, Valtonen VV
risk factors. Am Heart J 2001;141:549-857. y Hietaniemi KL. Dental infections and coronary athero-

6. Katz J; Flugelma_n MY, Goldberg A, Heft M. Associa- sclerosis. Atherosclerosis 1993:103:205-211.
tion between periodontal pockets and elevated cho- 5, =255 HI, Ellison LF, Taylor GW. Periodontal dis-
lesterol and low density lipoprotein cholesterol levels. ease and risk of fatal coronary heart and cerebrovas-
J Periodontol 2002;73:494-500. cular diseases. J Cardiovasc Risk 1999;6:7-11.

7. Losche W, Karapetow F, Pohl A, Pohl C, Kocher T. 25 Mattila KJ, Valtonen VV, Nieminen M, Huttunen JK.
Plasma !lpld anf.:I blood glu_cose levels in pat:epts with Dental infection and the risk of new coronary events:
destructive periodontal disease. J Clin Periodontol Prospective study of patients with documented coro.
2000:27:537‘54}' nary artery disease. Clin Infect Dis 1995:20:588-592.

8. Tezal M, (Grossi SG, Ho AW, Genco RJ. Alcohol 56 cpiy B. Multiple infections in carotid atherosclerotic
consumption and periodontal disease. The Third Na- plaques. Am Heart J 1999:138:S534-S536.
tional Health and Nutrition Examination Survey. J Clin 27. Choi JI, Chung SW, Kang HS, Rhim BY, Kim SJ, Kim
Periodontol 2004;31:484-488. SJ. Establishment of Porphyromonas gingivalis heat-

9. The Copenhagen City Heart Study. Osterbrounderso- shock-protein-specific T-cell lines from atherosclero-
gelsen. A book of tables with data from the first exam- sis patients. J Dent Res 2002:81:344-348.
ination (1976-78) and a five year follow-up (1981-83). g, D’Aiuto F, Ready D, Tonetti MS. Periodontal disease
The Copenhagen City Heart Study Group. Scand J Soc and C-reactive protein-associated cardiovascular risk.
Med Suppl 1989;41:1-160. . J Periodontal Res 2004;39:236-241.

10. Mendez MV, Scott T, LaMorte W, Vokonas P, Menzolan 29, §jade GD, Offenbacher S, Beck JD, Heiss G, Pankow
JO, Garcia R. An association between periodontal JS. Acute-phase inflammatory response to periodon-
disease and peripheral vascular disease. Am J Surg tal disease in the US population. J Dent Res 2000:79:
1998;176:153-157. 49.57.

11. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher 30. Danesh J, Whincup P, Lewington S, et al. Chlamydia
S. Periodontal disease and cardiovascular disease. pneumoniae IgA titres and coronary heart disease:
J Periodontol 1996;67(Suppl.):1123-1137. prospective study and meta-analysis. Eur Heart J 2002;

12. Persson RE, Hollender LG, Powell VL, et al. Assess- 23:371-375.
ment of periodontal conditions and systemic disease 31 Stratton IM, Adler Al, Neil HA, et al. Association of
in older subjects. Il. Focus on cardiovascular diseases. glycaemia with macrovascular and microvascular
J Clin Periodontol 2002;29:803-810. complications of type 2 diabetes (UKPDS 35): Pro-

13. Arbes SJ Jr.. Slade GD, Beck JD. ASSOCiatiOl'I be- SPECtiVE observatjona] Study_ BMJ 2000’32]405-
tween extent of periodontal attachment loss and 412.
self-reported history of heart attack: An analysis of 32, [jzerman RG, Serne EH. van Weissenbruch MM, de
NHANES IIl data. J Dent Res 1999;78:1777-1782. Jongh RT, Stehouwer CD. Cigarette smoking is associ-

14. Lopez R, Oyarzun M, Naranjo C, Cumsille F, Ortiz M, ated with an acute impairment of microvascular func-
Baelum V. Coronary heart disease and periodontitis — tion in humans. Clin Sci (Lond) 2003:104:247-252,

A case control study in Chilean adults. J Clin Peri- 33. Hanioka T, Tanaka M, Ojima M, Takaya K, Matsumori
odontol 2002;29:468-473. Y, Shizukuishi S. Oxygen sufficiency in the gingiva of

15. Hujoel PP, Drangsholt MT, Spiekerman C, DeRouen smokers and non-smokers with periodontal disease.
TA. Periodontal disease and risk of coronary heart J Periodontol 2000;71:1846-1851.
disease. JAMA 2001;285:40-41. 34. Ambrose JA, Barua RS. The pathophysiology of cig-

16. Howell TH, Ridker PM, Ajani UA, Hennekens CH, arette smoking and cardiovascular disease: An up-
Christen WG. Periodontal disease and risk of subse- date. J Am Coll Cardiol 2004;43:1731-1737.
quent cardiovascular disease in U.S. male physicians. 35. Dandona P, Aljada A. A rational approach to patho-

J Am Coll Cardiol 2001;37:445-450.

genesis and treatment of type 2 diabetes mellitus,

1553



Association Between Periodontal Disease and Coronary Heart Disease Volume 77 * Number 9

insulin resistance, inflammation, and atherosclerosis. presence of smoking - causal or coincidental? Peri-
Am J Cardiol 2002;90:27G-33G. odontol 2000 2002;30:51-60,

36. Leinonen M. Chlamydia pneumoniae and other
risk factors for atherosclerosis. J Infect Dis 2000:; Correspondence: Dr. Karen Geismar, Department of
181(Suppl. 3):5414-S416. Periodontology, School of Dentistry, Faculty of Health

37. Jansson L, Lavstedt S, Frithiof L. Relationship be- Science, University of Copenhagen, Norre Alle 20, 2200
tween oral health and mortality rate. J Clin Periodontol Copenhagen, Denmark. Fax: 45-35326699; e-mail:
2002;29:1029-1034. kgm@odont.ku.dk.

38. Hujoel PP, Drangsholt M, Spiekerman C, DeRouen TA.

Periodontitis-systemic disease associations in the Accepted for publication April 21, 2006.

1554




