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Abstract
Aim: The purpose of this study was to investigate the oral health in monozygotic
twins where one twin had coronary heart disease (CHD) and the other twin had no
clinical signs of the disease.

Methods: Ten monozygotic twin pairs (age 55–81 years, eight male, and two female
pairs) were recruited from the Swedish twin register. The inclusion criterion for
participation was discordance regarding the presence of CHD within every twin pair.
All participants underwent a full dental clinical examination including a panoramic
radiograph.

Results: Twins with CHD had 51.5% bleeding on probing compared with 21.1%
without CHD (p 5 0.01), and more pathological pockets (X4 mm) were detected
among those with CHD (20 � 15 versus 8 � 5), p 5 0.047). Twins with CHD had a
reduced horizontal bone level in comparison with the healthy group (73% versus 78%,
p 5 0.03). Logistic analyses using odds ratio (OR) showed that an increase of one
periodontal pocket (X4 mm) resulted in an increased risk for the actual twin of
belonging to the CHD group (OR 1.17, p 5 0.03).

Conclusions: This study indicates worsened periodontal conditions among twins with
CHD compared with their siblings with no history of CHD. This strengthens the
association between periodontal inflammation and the presence of atherosclerosis.
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This study involves two of the most
common diseases of the world: cardio-
vascular disease (CVD) and perio-
dontitis. Today, both diseases are
known to have an inflammatory origin
(Page & Schroeder 1976, Ross 1999).
Atherosclerosis is the most common
underlying mechanism behind coronary
heart disease (CHD) (Ross 1999). The
periodontal pathogens and periodontal
inflammation may trigger a systemic

inflammatory response, which favours
an atherosclerotic process. Since 1989,
when the first of several carefully
designed Finnish studies investigated
the association between CVD and oral
health, the alleged association has been
one of the main research areas in perio-
dontology (Mattila et al. 1989, 1995,
Paunio et al. 1993, Persson et al. 2003,
Spahr et al. 2006). Periodontal disease
as a possible risk factor for the devel-
opment of atherosclerosis has been the
subject of investigation, albeit with con-
flicting results (for a review, see Meur-
man et al. 2004). According to some
researchers, the association depends on
mutual risk factors, such as smoking, as
this is a known risk factor for both CVD
and periodontitis (Hujoel et al. 2002).
However, there are also other factors
that could cause a false association, and

these have been discussed in this con-
text, such as the genetic influence, dia-
betes mellitus (Salvi et al. 1997, Beck
et al. 1998, Patel & Kent 1998) and
different socio-economic variables (for
a review, see Klinge & Norlund 2005).
The role of inheritance in periodontitis
may be so great as to be around 50%
(Michalowicz et al. 2000). Likewise the
hereditary effect on CVD is substantial
(Haskell 2003). Therefore, a common
genetic predisposition could provide an
explanation for some of the alleged
association of the two diseases (Offen-
bacher et al. 1999, Kornman & Duff
2001). Different polymorphisms in the
interleukin-1 (IL-1) genes have been
associated with the risk of periodontal
and CVD (Kornman & Duff, 2001) and
also TNF-a have been discussed (Craan-
dijk et al. 2002). These cytokines are
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associated with a high risk of perio-
dontal disease and could be correlated
with a risk for CVD, depending on the
linkage pattern of the polymorphisms.
However, as the specific genes asso-
ciated with an inceased risk remain
unknown, it is impossible to control
for potential genetic confounders in a
classical epidemiological approach. An
investigation of monozygotic twins
minimizes the genetic influence and
can thus provide a unique opportunity
to study the association between perio-
dontitis and CHD without genetic con-
founders.

The aim of this study was therefore to
investigate the oral health in monozy-
gotic twins where one twin had CHD
and the other twin had no clinical signs
of the disease.

Material and Methods

Study population

A total of 20 men and women partici-
pated in this case–control study and
were born between 1923 and 1949.
They were recruited from the Swedish
twin registry (STR; Lichtenstein et al.
2002). This is currently the largest twin
registry in the world, it is population
based and it has registered more than
60,000 pairs of twins born in Sweden
since 1886. The merging of the STR
register with the Swedish National Birth
Registry and the Health and Disease
Register further augments the STR, by
allowing an almost complete health fol-
low-up of twins. The only inclusion
criterion for the participation in the
study was discordance regarding CHD
within every twin pair, which is one
twin with CHD and the other without.
The diagnosis of CHD, which includes
exclusively WHO diagnosis codes ICD
8–10, (WHO ICD 10, 1992), was based
on information obtained from the med-
ical records and confirmed by patient
interviews. This excludes pairs in which
at least one twin had signs of angina or
CHD, but had not sought or received a
medical diagnosis or care. This excludes
also pairs in which the healthy one
developed one of the mentioned CHD
diagnoses recently.

The CHD patients in this study had a
history of angina pectoris and/or pre-
vious myocardial infarction. Twenty-
four monozygotic twin pairs living in
the region of Mälardalen, Sweden, were
identified in the STR to fulfil this criter-
ion. The twins also had all participated

in the screening across the lifespan of
twins (SALT) study (Lichtenstein et al.
2002). In this study, the verifiability of
the zygosity of the twin pairs were
tested and based on a detailed validated
questionnaire. Based on the SALT ques-
tionnaire findings, all the participating
twins in this present study population
were monozygotic.

All subjects were contacted and the
study protocol was explained in detail.
Seven pairs (29.2%) could not partici-
pate in the study because of personal
reasons, two pairs were excluded from
the study because they did not fulfil
inclusion criterion and five pairs
(21.8%) declined to participate in the
study because of varying health pro-
blems. They all received a questionnaire,
and 10 pairs (mean age 65 � 9) agreed
to take part in the oral health examina-
tion (41.7%). According to their ICD
diagnosis and cardiovascular health, no
differences could be found between
those who declined to participate and
those who took part in the study. The
participants were asked questions con-
cerning general health, smoking habits
and different socio-economic variables
regarding income, education, profession,
and civil status. The healthy twin of the
pair acted as the control for the CHD
ones. Therefore, the genetic influence on
CHD and periodontitis in this study can
be disregarded. Twins with CVD were
treated with conventional cardiac medi-
cation, such as aspirin, ACE inhibitors,
b-blockers and statins.

Both current and former smokers
were considered in this study to be
smokers and the non-smoking group
consisted of only those who never
smoked. Within this patient and control
group, the number of smokers were few:
only three patients and four controls.
Therefore, it was impossible to carry
out any statistical calculations or draw
any conclusions from the perspective of
smoking habits.

The study was approved by the Ethics
Committee at Huddinge University Hos-
pital and also by the Swedish Twin
Registry’s Review Board. The study
was performed in accordance with the
Helsinki declaration. All participants
gave their informed consent.

Clinical and radiographic examinations

Patients and controls underwent a com-
prehensive dental examination, includ-
ing digital panoramic radiographs
(Planmeca Dimaxis, Planmeca Oy/Ab,

Helsinki, Finland). One dentist (F. T.)
performed all the clinical examinations
without prior knowledge of the coronary
heart status of the examined twin. The
oral examination of the participants con-
sisted of the following parameters: eva-
luation of the teeth, gums and soft
tissues, measurement of periodontal
pocket depth with a Hu-Friedy
(PCPUNC 15, Chicago, IL, USA) probe,
assessment of hygiene (HI-index, Love
et al. 1975) and bleeding on probing.
Probing depth was defined as the dis-
tance between the gingival margin and
to the bottom of the gingival pocket
measured from six angles of each tooth.
Gingival pockets 4 mm or deeper were
considered pathogenic (Nyman &
Lindhe 2003). All teeth except third
molars were assessed.

Dentures, both complete and partial,
in either jaw, were classified as remo-
vable dentures.

The clinical measurement was also
combined with the marginal and vertical
bone height evaluated from the panora-
mic radiographs for the assessment of
periodontal disease.

The examination was performed,
using the hygiene index (%), to deter-
mine the presence or absence of dental
plaque at the gingival margin. Dental
plaque was made visible by gently mov-
ing the tip of the probe along the gingival
margin of the four sides of each tooth.

Gingival inflammation was noted as
bleeding on probing and expressed as
the proportion of bleeding sites in rela-
tion to the total number of sites in the
dentition (Ainamo & Bay 1975).

The digital panoramic radiographs
were examined with the Image Tool
3.0 programme (Department of Dental
Diagnostic Science, University of Texas
Health Science Center, San Antonio,
USA) for digital radiographic measure-
ments in pixels. In each patient, the
periodontal marginal bone height was
measured mesially and distally to each
tooth and expressed as a percentage of
the root length. Bone height was
calculated using the formula: total
bone height/total root length [the
distance from the radiographic apex to
the cemento–enamel junction (CEJ)]�
100. This percentage corresponded to
the remaining bone height supporting
the tooth. A tooth was judged as non-
measurable if the CEJ or bone crest
could not be identified properly because
of overlapping caries or restorations. In
cases where any one of the dental or
bony landmarks could not be identified
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on one aspect (mesial or distal), the
tooth was excluded. A total of 54 teeth,
most often maxillary pre-molars, were
excluded. To obtain one representative
value per participant, the mean bone
height for all teeth was calculated.

Restorations and dental caries were
also calculated for each participant.
Dental caries was determined under
optimal light conditions with visual
inspections and panoramic radiographs.
The caries lesions were assessed under
dry conditions by colour and gentle
probing with an examination probe
(Hu-Friedy) and missed teeth excluding
third molar observed with visual inspec-
tions and radiographs. The result is
shown according to the DMF-T (decayed,
missed, filled teeth) and DMF-S
(decayed, missed, filled surfaces) sys-
tems (modified from Klein et al. 1938).

The severity of attachment loss (loss
of supportive tissue around the teeth)
was classified as more or less than or
equal to X1/3 of the root length
(Nyman & Lindhe 2003).

Statistical analysis

Statistica 7.0 and the SPSS 11.5 soft-
ware programes were used to perform
statistical analysis. Descriptive statistics
were used to characterize data. Nor-
mally distributed data were expressed
as mean value � standard deviation
(SD), and data with a skewed distribu-
tion as median value with range. The w2

independent test was used for compar-
ison of proportions. Parametric and non-
parametric data were analysed, using
Student’s t-test or Mann–Whitney U-
test, respectively. Univariate regression
analysis was used to calculate the odds
ratio (OR) for any relationship between

oral health and CHD. The level of
significance was set at p 5 0.05 and the
confidence interval (CI) at 95%. CI were
calculated using Wald method.

Results

Clinical characteristics and dental
features

The mean age of the study population
was 65.0 (SD � 9.0) years (range 55–81
years). There was no significant differ-
ence between patients with CHD and
those without with regard to smoking
status, martial status, education,
employment, income before tax, and
body mass index (BMI) (26 SD � 6
and 26 SD � 4, respectively, Table 1).

No patient in the study population had a
history of diabetes mellitus.

Differences were apparent among the
patients concerning the periodontal para-
meters, patients; with CHD showed more
signs of clinical periodontitis. The mean
of bleeding upon probing in the CHD
group was 52% (SD � 23) compared
with 21% (SD � 11), (p 5 0.01) in the
control group, and the mean number of
sites (4–5 mm) among patients with CHD
was 16 (SD � 11) versus 7 (SD � 4),
(p 5 0.05) in the control group. The
mean number of pathological pockets
(X4 mm) was also significantly different:
20 mm (SD � 15), and 8 mm (SD � 5)
(p 5 0.047), respectively (Table 2).

Regarding the remaining dental fea-
ture variables, no significant differences

Table 1. Characteristics (%) of patients within the study, with CHD patients compared with non-
CHD patients

n (%) p-value

twin with CHD, n 5 10 twin without CHD, n 5 10

Smoker (current and former) 3 (30%) 4 (40%) 0.1
Diabetes mellitus 0 (0%) 0 (0%)
BMI>24 5 (50%) 6 (60%) 0.4
Martial status

Married 9 (90%) 8 (80%) 1.0
Single/widow 1 (10%) 2 (20%)

Education
Elementary 1 (10%) 1 (10%) 0.5
Secondary 4 (40%) 6 (60%)
University 5 (50%) 3 (30%)

Employment
Employee 4 (40%) 4 (40%) 1.0
Retired 6 (60%) 5 (50%)
Other 0 (0%) 1 (10%)

Income before tax/month (SEK)
0–10,000 1 (10%) 0 (0%) 0.5
10,000–20,000 3 (30%) 4 (40%)
20,001 or more 6 (60%) 6 (60%)

CHD, coronary heart disease; BMI, body mass index.

Table 2. Oral health variables in all twin pairs

Twin
pair

DMF-T
No. A/B

DMF-S
No. A/B

No. of
teethn A/B

Plaque
(% A/B)

BOP
(% A/B)

No. of sites
4–5 mm A/B

Total no. sites
X4 mm A/B

1 18/18 52/52 28/27 43/25 67/8 18/6 19/6
2 14/25 36/40 28/27 31/11 59/14 31/3 38/5
3 25/20 71/28 26/28 100/3 100/12 36/6 53/6
4 25/21 70/54 25/24 41/27 54/36 18/5 20/7
5 13/16 25/39 28/28 15/35 18/28 1/2 1/2
6 15/18 29/46 25/25 30/15 34/23 10/12 11/16
7 20/19 69/65 26/26 22/6 54/9 15/10 21/11
8 28/28 89/87 26/23 37/11 56/15 18/2 18/2
9 26/18 83/65 23/27 18/16 28/35 8/10 8/11
10 20/19 66/59 22/24 43/25 45/31 8/13 13/14
Mean � SD 20 � 5/20 � 4 59 � 22/53 � 17 26 � 2/26 � 2 38 � 24/17 � 10 52 � 23/21 � 11 16 � 11/7 � 4 20 � 15/8 � 5
p-value p 5 0.9 p 5 0.3 p 5 0.76 p 5 0.06 p 5 0.01 p 5 0.049 p 5 0.047

nThird molar excluded.

A, twin with CHD; B, twin without CHD; BOP, bleeding on probing %; DMF-S, decayed, missed and filled surfaces; DMF-T, decayed, missed and filled

teeth; SD, standard deviation; CHD, coronary heart disease.
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were observed between the two groups
and only one participant had a partial
denture (Table 2).

Radiographic examination

We observed that the mean horizontal
alveolar bone levels were lower on the
panoramic radiographs of the CHD
patients compared with the patients
without CHD, 73 � 5%, and 78 � 3%
(p 5 0. 03), respectively (Fig. 1).

Regressions analysis

In the univariate analyses, a significant
relationship was apparent between
the clinical criteria for the diagnosis
of periodontitis (measured as dental
plaque, gingival bleeding and pockets
4–5 mm) and the prevalence of CHD
(Table 3). These associations were also
found between the total numbers of
pockets 4 mm or deeper (OR 1.17,
CI 1.01–1.54, and p 5 0.033) and
the mean marginal bone height (OR

1.3, CI 1.01–1.98, and p 5 0.041)
(Table 3).

Discussion

The periodontal–CVD association has
generated considerable debate. One
explanation for the positive findings is
confounded by the shared genetic fac-
tors. As specific genes are unknown for
either disease, it is impossible to control
for multi-factual genetic traits in a clas-
sical epidemiological approach. Our
present study design investigating
monozygotic twin pairs directly
addresses this limitation.

The present pilot study is the first
that has shown an association between
periodontal disease and CHD in
monozygotic twins, which completely
takes into consideration genetic varia-
bility, although the findings indicate
that a genetic influence is not enough
to explain the associations observed
in this study and in previous studies
(e.g. Buhlin et al. 2005, Spahr et al.
2006).

Studies calcutated by (Michalowicz
et al. 1991, 1999, 2000) have suggested
that 40–80% of the population variance
for gingivitis, probing depth, attachment
loss, and plaque might be attributed to
genetic influence. In another study, the
concordance for periodontal disease was
38% among monozygotic compared
with 16% among dizygotic twins, lend-
ing further support for a significant
genetic component of periodontal dis-
ease (Corey et al. 1993). In a Swedish
study, heritability estimates of perio-
dontal disease were 39% and 33% for
women and men, respectively (Mucci
et al. 2005). Analysis of data from
this large, population-based study
demonstrates a moderate role of genetic
factors in periodontal disease, and
suggests potential gene–environment
interactions.

Regarding oral status and CHD, a
possible mechanism of pathogenesis is
that periodontal inflammation may trig-
ger the atherosclerotic process in the
blood vessels (Li et al. 2002, Buhlin
et al. 2003, Lalla et al. 2003). The
atherosclerotic process is slow and accu-
mulates over time, therefore; the loss of
teeth as a consequence of periodontal
disease could be an important risk indi-
cator for atherosclerosis.

The results from this investigation
show an association between marginal
bone loss and CHD. This is interesting
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Fig. 1. Radiographical bone height (%) in twins with (solid bars) and without (open bars)
coronary heart disease (CHD). The mean values (with standard deviations), shown in the last
set of columns, differ signficantly (p 5 0.03).

Table 3. Odds ratios (OR) [95% confidence interval (CI)] for the relationship between various
indicators of oral health, periodontal health and the patient group

Odds ratio
patient group

95% Confidence
interval

p-value

Dental plaque
(increase of 1%)

1.11 1.01–1.29 0.03

DMF-S (increase of 1 unit) 1.04 0.96–1.17 0.4
DMF-T (increase of 1 tooth) 1.02 0.77–1.35 0.9
Gingival bleeding
(increase of 1%)

1.1 1.01–1.32 0.01

Mean marginal alveolar bone height
(decrease of 1%)

1.3 1.01–1.98 0.04

No. of pockets (4 and 5 mm)
(increase of one pocket)

1.18 1.00–1.59 0.049

No. of teeth (decrease of one tooth) 1.12 0.54–2.51 0.9
Total no. of pockets X4 mm (increase of 1 pocket) 1.17 1.01–1.54 0.03

The associations are shown for all participants.

DMF-S, decayed, missed and filled surfaces; DMF-T, decayed, missed and filled teeth.
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as bone loss is one of the principal signs
of periodontal disease, which cannot be
changed and is also a reliable way of
determining periodontal disease accu-
mulation over time. This result is in
agreement with another Swedish study
(Persson et al. 2003), where they found
an increased risk for acute myocardial
infarction by an OR of 5.5 if one also
suffered from severe marginal bone loss.
In the present study, the mean horizontal
alveolar bone height on the panoramic
radiographs, was lower in the CHD
patients compared with the no-CHD
group: 73% and 78%. Our result of
bone loss related to CHD is in agree-
ment with previous studies in which a
strong association between loss of bone
and CHD has been observed. In a North
American study on men, the severity of
periodontitis was demonstrated to have
a linear relation to future risk of CHD
and stroke (Beck et al. 1996). The result
was that individuals with severe bone
loss at baseline had a 50% increase in
the incidence of CHD. Another study
showed that the percentage of persons
with a history of heart attack increased
with each increasing category of attach-
ment loss (Arbes et al. 1999).

Other findings like the plaque score
and bleeding on probing can easily
be altered by the patient just by improv-
ing his/her oral hygiene. Therefore, the
increased risk for being in the CHD
group if one has a higher plaque or
bleeding on probing score should be
interpreted with caution.

The plaque score and gingival bleed-
ing, together with the other oral health
data may be influenced by various
socio-economical factors, and the data
in Table 3 are based on univariate
analyses. Another explanation for the
differences could be that the twins with-
in the same pair developed and retain
different attitudes towards health and
experienced very different related his-
tories and risk behaviours. However,
after examining the participating twins
this is regarded as unlikely.

This current pilot study has a limited
number of participants, mainly as there
are not that many twins who are dis-
cordant regarding CVD; being based on
10 twin pairs, this is a pilot study, and
larger numbers of subjects should be
studied. Another problem was that
many of the monozygotic twin pairs in
this study declined to participate. There
were several reasons for declining such
as old age, compromised health, geo-
graphical, economical, study fatigue,

among others. The limited number of
participants did not allow us carry out
multivariate comparisons, i.e. to com-
pensate for variables such as smoking,
weight, socio-economy and diabetes
mellitus. However, these variables did
not differ significantly between twins
with CHD and those without. Therefore,
they are less likely to account for the co-
occurrence of CHD and periodontitis in
these patients. Despite these limitations,
this is the first study showing an asso-
ciation between CVD and periodontitis,
without genetic confounders. Thus, a
substantial influence of heredity could
be ruled out.

Conclusion

This study indicates worsened periodontal
conditions among twins with CHD com-
pared with their siblings with no history
of CHD. This strengthens the association
between periodontal inflammation and the
presence of atherosclerosis.
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Clinical Relevance

Scientific rationale for the study:
Several studies have shown an asso-
ciation between CHD and perio-
dontal health. The influences of
genetic factors are considerable in
both diseases. Therefore, investigat-
ing monozygotic twins where the

genetic variability is the same should
result in new information regarding
the association between the two dis-
eases.
Principal findings and practical
implications: Significantly worsened
oral health and periodontal condi-
tions were found in the twins with

CHD compared with their healthy
siblings. This was shown both as
clinical signs and on panoramic
radiographs. Further studies in larger
populations of monozygotic twins
are needed to confirm these findings.
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